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ABSTRACT

This thesis discusses the deployment of an interactive sustainability-themed action
tracking tool (as a web-based behavioral intervention) in an empirical study which sought to
evaluate its effectiveness in influencing the waste and energy management behaviors of first-year
Penn State undergraduate students. In the study, which uniquely extends the Health Belief Model
of social psychology to the domain of sustainable behavior change, data concerning waste
diversion across three streams (landfill-bound trash, mixed recycling, and organic compost), as
well as data reflecting electricity consumption, were gathered from two similar university
dormitories: one whose residents were exposed to the intervention, the other whose residents
were not. These data were then analyzed to determine the degree to which exposure to a webbased intervention influences student behavior in the context of sustainability. The results show
slight correlations between exposure to the intervention and sustainable behavior at particular
points in time, but more research is needed to confirm the validity of these results and
extrapolate them to other settings.
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Chapter 1
Introduction

The Challenge of Changing Behavior

Behavior change is a complex concept in the psychology and health literature that refers
to efforts to modify people’s habits over time by leveraging the myriad factors which are known
to influence human actions and decision-making processes. In the public health domain
specifically, behavior change research focuses on identifying and eliminating so-called “risk
behaviors,” which are those behaviors (e.g. smoking, binge drinking, and unprotected sex) that
are highly correlated with the existence of chronic and communicable health conditions in
individuals (Schwarzer, 2011). The problem across all domains is that behavior change is
difficult for many people because it requires active commitment to the change process over
prolonged periods of time (Prochaska & DiClemente, 1983). This investment of time and energy
that is required to achieve long-term behavior change is a deterrent for many who desire to adopt
healthier habits.
Behavior change in the sustainability domain is particularly challenging for this very
reason: in order to make an impact on the ecological health of our planet, not only must we adopt
and maintain sustainable habits over time (a challenge in and of itself)–we must do so despite the
fact that there are often no immediate tangible benefits for us as individuals. This study starts to
break down the motivational barriers associated with sustainable behavior change by equating
sustainability-related habits and the benefits they provide with physical health-related habits (and
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their associated benefits), in terms of both their impact on our overall well-being and their
capacity to motivate us to action. In doing so, this study extends a particular theoretical
framework which has not yet been directly applied in this particular context. The chapters that
follow describe the circumstances which prompted this study, the theoretical lens through which
its primary artifact was designed, the experimental methodology it used, and the results it
produced.

Filling a Programmatic Gap

Discussions about what is now Penn State’s Sustainability Checklist for Residence Hall
Students (hereinafter referred to in short form as “the Checklist”) began in the fall of 2012 and
coincided with the formation of Penn State’s Sustainability Institute. Dr. Rob Andrejewski, then
Associate Director of Engagement at the Institute, identified a shortcoming in the university’s
environmental education programming: While faculty and staff had access to web-based content
and tools designed to help them learn about and adopt sustainable practices, students did not
have access to these same resources (though other non-web-based initiatives did target students).
Andrejewski and his colleagues on the Institute staff saw an opportunity to expand the target
audience for the university’s web-based sustainability engagement tools to include undergraduate
students.
The Institute hoped that by providing students with access to the same on-demand
mechanisms for self-directed sustainability learning and behavior assessment that faculty and
staff are encouraged to explore, it might increase the level of student participation in the
university’s resource conservation efforts. However, when asked to scale their solutions up such
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that they would accommodate a larger user population of both students and employees, the thirdparty vendors whose software Penn State had deployed and customized for use by faculty and
staff quoted the university large sums of money that were outside the scope of its budget for
sustainability programming. Once it determined that the use of third-party tools was not a
feasible strategy for responding to this co-curricular development opportunity, the Institute
decided to design and produce a student-centered tool in house. It was at this time that the idea
for the Checklist was conceived, and I was invited to manage the project. A detailed narrative of
the design process I followed when building the Checklist is provided in Appendix A.

Research Question and Hypotheses
This study investigated whether or not exposure to the Sustainability Checklist would
alter the waste and/or energy management behaviors of undergraduate students living in campus
residence halls. The research hypotheses were as follows:
1. Students who are exposed to a web-based behavioral intervention that encourages
sustainable habits will be more likely than students who are not exposed to that
intervention to dispose of their waste properly.
2. Students who are exposed to a web-based behavioral intervention that encourages
sustainable habits will consume fewer kWh of electricity in their residence halls than
students

who

are

not

exposed

to

that

intervention.

To test these hypotheses, I collected data about electricity consumption as well as data
about waste diversion across three streams (landfill-bound trash, mixed recycling, and organic
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compost) from two Penn State residence halls: one whose residents were exposed to the
Checklist, the other whose residents were not. I then examined the data using trend analysis, as
described in Chapters 3 and 4.

Contribution to Behavioral Science

This project represents one of the first attempts to apply the Health Belief Model
(originally introduced by social psychologists in the 1950s and adapted several times since) to
the study of sustainable behavior change. I make key assumptions about the relationship between
human health and the health of the environment in order to advocate the use of the model as a
theoretical lens through which to view behavior studies and behavior change campaigns in the
sustainability domain. Chapter 2 offers a more detailed description of the model, its constructs,
and how specifically it applies to sustainability.
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Chapter 2
Focused Review of the Literature: Sustainability and the Health Belief Model

Defining Sustainability

Referencing data from its first annual survey of language use in the English-speaking
world, Texas-based media analytics firm The Global Language Monitor (GLM) published Top
50 Business Buzzwords of 2013, a list of the year’s most popular industry terms ranked by
frequency of use. Sustainability is, not surprisingly, third on this list (GLM, 2013). But what
does it really mean? Although the term sustainability holds an increasing amount of charge in
today’s polarizing political climate, there remains some degree of universal significance. That is
to say, numerous organizations with different affiliations and priorities continue to acknowledge
certain fundamental principles that are helping our economy achieve sustainable growth.
In a 1987 report titled Our Common Future, the United Nations World Commission on
Environment and Development (later known as the Brundtland Commission), defines sustainable
development as “development that meets the needs of the present without compromising the
ability of future generations to meet their own needs.” Similarly, L. Hunter Lovins, President of
the nonprofit environmental consulting firm Natural Capitalism Solutions, says that
sustainability “is the practice of meeting our needs in ways that are respectful of future
generations and restorative of natural [resources]” (Natural Capital Solutions, n.d.). According to
the U.S. Environmental Protection Agency (EPA), “sustainability creates and maintains the
conditions under which humans and nature can exist in productive harmony” (EPA, n.d.). The
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current Republican Party platform, while arguably guarded about energy policy reforms that
target coal and oil, also advocates “sustainable prosperity” and calls for “the wise development
of resources that keeps in mind … our responsibility to preserve [them] for future generations”
(Republican National Committee, n.d.).
I have presented only a small sampling of the countless definitions of sustainability
featured in the literature, as reported by a diverse group of individuals and organizations.
However, these definitions–along with many others, including those offered by Harwood (1990)
and Pearce (1993), and by representatives of research and advocacy organizations like the
International Forum on Globalization–all underscore the importance of balancing human
priorities with the long-term ecological health of our planet. It is with this prevailing view of
sustainability that I frame my own understanding of policy and research in the field.

Sustainability Competence and Action-Oriented Leadership as Co-curricular Objectives

In recent years, a new trend has emerged in higher education: Co-Curricular
Sustainability Programs (CoCSPs) have become a part of the student experience at many
colleges and universities. CoCSPs are “intended to complement classroom learning … [and]
offer opportunities for students to participate in sustainability-focused activities on campus and
in their communities” (Spalding, Williams & Wise, 2014). These CoCSPs vary in scope and
nature. Some are conservation-themed leadership development and peer education initiatives;
others are structured advisory roles in which students participate in institutional strategic
planning and provide input to faculty and administrators on issues involving energy and the
environment. A database maintained by the Association for the Advancement of Sustainability in
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Higher Education (AASHE) contains numerous examples of CoCSPs. Among them are Change
Your State, NC State’s sustainability awareness campaign which relies heavily on student
partnerships (Davis & Dunstan, 2014), and GreenHouse, a community-supported agriculture
cooperative managed by resident undergraduates at the University of Vermont (McKee, 2014).
While Spalding et al. argue that the majority of CoCSPs lack defined learning outcomes
and assessment processes, a cursory review of the literature reveals that many U.S. colleges and
universities with CoCSPs do, in fact, publish rubrics outlining their co-curricular learning
objectives for CoCSP participants. For example, Wagner College in New York has established a
global stewardship competency rubric, which measures students’ theoretical understanding of
sustainability and environmental justice, as well as their ability to advance sustainable
development through lobbying and political activism (Wagner College, n.d.). Similarly, in 2006,
Penn State drafted a list of co-curricular learning outcomes for undergraduates, which includes
the following directive in a subsection labeled Active Citizenship: “Develop a deep
understanding of sustainability (locally, nationally, [and] globally), and be prepared to lead
others in the implementation of strategies for sustainable resource use” (Penn State University,
n.d.). The second half of this statement (“be prepared to lead others…”) provides critical
context for my research. Wherever sustainability is concerned, to lead others is to lead by
example.
Writing for the Corporate Social Responsibility Newswire, Dr. Adam Corner, author of
Promoting Sustainable Behaviour: A Practical Guide to What Works, argues in favor of this
“leadership by example” strategy. He claims, based on his own research, that reciprocal
behavioral links between members of social networks are critical for the success of sustainable
behavior change campaigns. Corner says about workplace campaigns that “changes in personal
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behaviours among workers can catalyze further changes from an employer because the argument
… ‘we’ve done our part, now you do yours’ is a powerful one” (Corner, 2013). While my study
focuses on sustainable behavior change in a university residence hall setting (as opposed to in a
corporate environment, as does Promoting Sustainable Behaviour…), there are clear parallels
between my work and Corner’s research. For one thing, this action-oriented lead-by-example
approach to behavior change in a peer community requires that leadership–at least in certain
circumstances–be non-positional. That is, all members of a given community (not just those who
wield authority by virtue of their formal titles) must be able to engage in leadership by example.
In his doctoral thesis (completed at the University of Saskatchewan in 2004), school teacher and
administrator A.J. Propp references a wealth of prior research on the social dynamics of
leadership in order to corroborate the importance of non-positional leadership in today’s “no
longer … linear, hierarchical, or homogenous” society (Propp, 2007). He notes that “any
individual, faculty, staff, or student–regardless of formal position–who serves as an effective
change agent is a potential leader.”
Personal experience leads me to believe that undergraduate students generally perceive
fewer opportunities to engage in positional and non-positional leadership than do their graduatelevel counterparts and members of university staff. My study partially mitigates this leadership
opportunity disparity by providing students with a mechanism through which they can identify
and learn about the rationale for environmentally conscious behaviors, and then take informed
action before an audience of their peers. This learn, do, inspire model of behavior change in a
peer network is what Corner and other scholars believe is the essence of leading by example.
My research design for the study that informed this thesis is almost exclusively
concerned with behavior change; however, I felt it prudent to include this brief discussion of the
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broader contextual issues that frame my work–namely, leadership and knowledge-based activism
in the context of sustainability, and their importance in today’s global industrial society. Penn
State is a large public university with a strong interest in facilitating not only the intellectual
growth but also the social and cultural development of its students, and as such, it seeks to
integrate its core curricular programming with various co-curricular initiatives that promote
awareness of and encourage immersive engagement with the most salient social and scientific
issues of our time. The Student Sustainability Checklist is a prime example of such an initiative.

The Health Belief Model: Constructs and Applications

The origins of the Health Belief Model (HBM) date back to efforts on the part of social
psychologists in the 1950s to explain the surprisingly low rates of participation among U.S.
adults in the disease prevention programs available at the time (Champion & Skinner, 2008).
Although the HBM was originally inspired by disease prevention research, and despite the fact
that it has since almost exclusively been applied to the study of personal health (i.e. the physical
and emotional well-being of individuals), it has obvious parallels to sustainability if we accept
these two fundamental truths: (1) environmental quality has an impact on the health of people;
and (2) people generally desire to be healthy, and under the right conditions, will modify their
behavior in pursuit of health. Prior studies (Nisbet & Gick, 2008; Lindsay & Strathman, 1997)
seem to recognize the relevance of the HBM to behavior assessment in sustainability using selfreport measures, but a cursory review of the literature suggests that this study is the first to make
direct connections between individual constructs in the HBM and quantifiable observational
measures such as actual waste production (see Table 2).
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There are six key constructs in the HBM, and each one ostensibly has the capacity to
influence how people behave under various circumstances. These constructs together arguably
form a sufficiently comprehensive theory of human behavior in the context of personal health
and wellness. The six constructs are perceived susceptibility, perceived severity, perceived
benefits, perceived barriers, cues to action, and self-efficacy (Champion & Skinner, 2008).
Explanations of the HBM constructs, adapted from Perelman School… (n.d.) are shown in Table
1 below:
Table 1. Key constructs in the Health Belief Model and their definitions
CONSTRUCT

DEFINITION

Perceived susceptibility

Belief about one’s degree of risk for contracting a particular illness

Perceived severity

Belief about the seriousness of the illness and its potential to do harm

Perceived benefits

Belief about the (potential) positive impact of taking action to reduce risk

Perceived barriers

Belief about the (potential) costs and/or negative consequences of taking action

Cues to action

Factors that motivate one to take action

Self-efficacy

Belief that one can achieve the behavior required to produce the desired outcome

I explore the parallels between sustainability and the HBM in Figure 1 (next page) by
posing a series of sustainability-related questions and associating them with their corresponding
HBM constructs. To account for variations in population characteristics, I add a seventh
construct (‘modifying variables’) to the model in Figure 1.
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Figure 1. Identifying parallels to sustainability in the Health Belief Model
Once I had established the relevance of the HBM to this project, I took inventory of the
Checklist action content developed earlier in the project (and provided in Appendix C) and then
constructed an action-construct matrix, which summarizes where particular HBM constructs are
operationalized across some of the 35 Checklist actions in five topical categories. This matrix is
presented on the next page as Table 2. Note that few actions in the Checklist–and none of the
actions in the matrix–address every construct in the HBM. For example, several actions highlight
the severity of particular environmental threats without explicitly commenting on our
susceptibility to those threats. The goal is not to achieve one-to-one correspondence between the
ideas presented in the action descriptions and the constructs of the HBM, but rather, to recognize
existing relationships between the Checklist content and the HBM in order to justify use of the
HBM as an appropriate theoretical framework for this research.

12

Table 2. Action-construct matrix for selected Checklist actions
Construct:
Action:
Use. Wash. Repeat.
[Waste]
Recycle in your
room.
[Waste]
Give your
computer a rest.
[Energy]
Measure your
footprint.
[Energy]
Fill up the
washer.
[Water]
Shorten your
shower.
[Water]

Susceptibility

Benefits

Barriers

Cues

Efficacy

●

●

●

●

--

●

●

●

--

●

●

--

●

●

--

●

●

●

--

●

●

●

---

Eat lower on the
food chain.
[Food]
Recover your
resources.
[Food]
Use people
power.
[Getting Around]
Take the
stairs.
[Getting Around]

Severity

●

●

●

●

●

●

--

●

●

●

--

●

●

●

--

It is worth noting that every action in Table 2 (and in fact, every action in the Checklist)
offers information about potential benefits for those who complete it. Also, every Checklist
action offers behavioral cues in the form of fact-based assertions made by credible sources in
industry and academia. The ‘efficacy’ column of the matrix is never marked, as this particular
construct relies on students’ intrinsic beliefs about and motivations for engaging in sustainable
behavior, which can vary considerably from student to student. Finally, the ‘susceptibility’ and
‘severity’ columns are marked less frequently than the ‘benefits’ column, and this is not by
chance–I felt, as did others who shared their ideas about the Checklist design–that emphasizing
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positive ideas about sustainability and the benefits of living sustainably (as opposed to focusing
on the arguably negative environmental realities of the present) would prove most effective in
generating the desired behavioral outcomes.
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Chapter 3
Methodology

Study Objective
The objective of this study was to determine whether (and to what degree) web-based
interventions have the capacity to alter the waste and/or energy management behaviors of
residential undergraduates. I hypothesized that students exposed to the Checklist intervention
would consume fewer kilowatt-hours of electricity and dispose of their waste more appropriately
than students not exposed to the Checklist.

Overview of Study Design
This study used a modified pre-post experimental design involving two Penn State
residence halls, both of which are located in the East Halls area of the University Park campus
and house freshmen students almost exclusively. One of these buildings, Stuart Hall, functioned
as the experimental group in the study design, and the other, Snyder Hall, served as the control.
Since the independent variable in this study is the presence (or lack thereof) of a sustainabilitythemed behavioral intervention (specifically, the Checklist), students living in Stuart Hall who
elected to participate were given access to the Checklist, whereas students in Snyder Hall were
not (nor were they aware of the research in any way).
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Eligibility and Recruitment of Participants
Prospective participants for the interactive component of the experimental condition in
this study were identified based on their status as undergraduate students living in Stuart Hall,
which is part of the freshmen-dominated East Halls complex on Penn State’s University Park
campus. These Stuart Hall residents were contacted via email by the staff of the East Halls
housing operations unit and invited to serve as “pilot testers” for a study on technology-aided
behavior change in the context of sustainability. Key details about our study–including all IRBrequired statements regarding participant privacy and informed consent–were included in the
initial recruitment email. Those students who elected to participate were entered in a drawing for
a chance to win one of three modest participation prizes, valued at $35 each.

Assignment Method and Rationale
The research team chose to assign Stuart Hall as the experimental group because almost
all of its residents are new to the university and therefore less likely (ostensibly) than their more
senior peers to have established affiliations with special-interest groups on campus, whose
shared value systems might influence students’ sentiments toward sustainability-related activities
and their willingness to participate in such activities. This concern regarding socially-constructed
confounds in the study design applies not just to students who are actively opposed to
sustainability initiatives, but also to those who are unusually supportive of these initiatives. One
of the goals of a study such as this one, in which the researchers are primarily interested in the
effectiveness of a particular intervention, is to isolate the effect of that intervention from any
potential effects produced by variability in the demographic characteristics of participants. With
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this in mind, another type of group membership effect which is inevitable in any study of
undergraduate students–but which can be controlled for–is the effect of students’ individual
academic program affiliations on their situational behavioral responses to particular stimuli. For
example, students in degree programs such as biology and environmental science are arguably
more likely than computer science students to respond favorably when prompted to participate in
on-campus environmental initiatives. The research team’s decision to recruit Checklist pilot
testers from Stuart Hall–instead of from one of Penn State’s academically-oriented “Special
Living Options”–largely negates the effect of academic group membership, because the diversity
of degree programs represented among students in Penn State’s first-year residence halls is quite
large.
Snyder Hall was assigned as the control group for this study, as it offers the same benefits
as Stuart Hall from a sample demographics standpoint. For the sake of clarification, at the
aggregate level, the entire populations of both halls participated, as all residents presumably
contributed to the total refuse output of their respective buildings, and their behaviors are thus
represented in the building-level data. (Though only some of the Stuart Hall residents chose to
interact with the Checklist, and none of the Snyder Hall residents were actually aware of their
participation.) The populations of Stuart and Snyder Halls at the time of this study were 294
students and 287 students, respectively. Of the 294 students in Stuart Hall, 35 elected to
participate actively in the study (by interacting with the Checklist), which means that 12 percent
of Stuart Hall residents were exposed to the intervention. The research team considers this a
decent participation rate for a non-compulsory exercise.
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Collection of Electricity Data
Four types of measurements were taken in each building: (1) percentage by weight of
landfill-bound waste; (2) percentage by weight of recyclables; (3) percentage by weight of
organic compost; and (4) kilowatt-hours of electricity consumed. A common data collection
schedule was used for all types of measurements–that is, waste-by-weight scale readings and
electricity meter readings were taken concurrently and on the same days (typically Wednesdays
and Sundays) between early February and mid-March, 2015.
The electricity consumption measurements were performed using an automated metering
system, which recorded usage in 15-minute increments for two 48-hour periods each week of the
data collection schedule. For each date on the schedule, meter readings were taken (four per
hour) for the 24 hours leading up to midnight (12:00am) on that day, and then for the 23 hours
and 45 minutes leading up to 12:00am on the next day. For example, for the Wednesday,
February 11 collection date, meter readings began at 12:00am on February 10 and concluded at
11:45pm on February 11. This entire set of approximately 191 readings (each representing 15
minutes of kilowatt-hour usage) represents the “data haul” for February 11. Another set of 191
measurements was taken on Sunday, February 15, and so on. Unfortunately, due to an equipment
abnormality which occurred between February 18 and February 25, three days’ worth of data had
to be discarded.

Analysis of Electricity Data
To isolate the effect of occupant activity (from that of background energy draw, which is
generated by such things as “always on” emergency lights and fire alarm systems) on the
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electricity consumption of the two buildings, special meter readings performed during Penn
State’s spring break week were used to construct a 24-hour “dead-load” energy profile for each
building. To construct these dead-load profiles, I used meter readings taken on a specific day
during the week of spring break (Wednesday, March 11) on which the average outdoor
temperature (for that day) closely resembled the average temperature for the whole week, thus
further reducing confounds in the data by controlling for the effect of variation in outdoor air
temperature on the dead load kilowatt-hour consumption of the two buildings. I applied these
dead-load profiles to each day’s worth of data in my experimental datasets (one from Stuart; the
other from Snyder) by subtracting the dead load value at a particular time of day in the March 11
model from the original value at that same time on whichever day I was adjusting. For example:
[(original kWh value at 9:00am Feb. 18) - (dead load profile kWh value
at 9:00am Mar. 11) = adjusted kWh value for 9:00am Feb. 18].
Once all values were adjusted, the full sets of adjusted values from the two buildings
replaced the raw datasets and were used, in place of the original values, for analysis. In the
Electricity Consumption Data subsection of Chapter 4, I chart the trends in kilowatt-hour
consumption in Stuart Hall versus those in Snyder Hall, and comment on what the data might
imply. I also chart the difference in kilowatt-hour consumption over time (Stuart v. Snyder) and
apply a trend line to the data to visually represent any shifts in the magnitude of this difference
over the duration of the study, which could be attributable to the presence or absence of the
Checklist intervention at particular temporal points.
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Collection of Waste Data
According to the established schedule for data collection, waste stream data was gathered
twice per week in each building (for a total of four waste audits per week, for the length of the
study). Housing operations staff performed their usual trash and recycling collection duties,
which involved emptying the contents of the landfill-bound trash and recycling containers on
each floor of their assigned buildings into large steel receptacles (dumpsters) in the East Halls
area, using wheeled carts for easier movement of the trash and recyclables from inside the
buildings to the dumpsters outside. However, before depositing the trash and recyclables into the
dumpsters, the staff separated the contents of each load by stream, into landfill-bound trash,
plastics, and compostable organics. The classification of waste by stream (i.e. type) was done
based on the labeled container in which each individual unit of refuse was placed by the students
in the source building. The staff then weighed each of the three separate streams using a pallet
scale and recorded the weight (in pounds) of each stream.

Analysis of Waste Data
Unlike the electricity consumption data, the waste stream data did not require any
“cleaning”–that is, no systematic adjustments were necessary prior to analysis. In the Waste
Stream Data subsection of Chapter 4, I chart the trends in waste production over time by stream
(in terms of the percentage of each building’s total refuse production represented by each stream)
in Stuart Hall versus Snyder Hall, and comment on what the data might imply. I also chart the
differences in the relative contributions of each stream (by percentage of the whole) to the total
waste output of their source buildings over time, as these differences–like those which might
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appear in the electricity consumption data–could be attributable to the presence or absence of the
Checklist intervention at particular points in time.

Collection of Survey Feedback
In addition to the waste and energy data, I also collected both quantitative and qualitative
feedback from those students who completed the Checklist, using a post-exposure user
experience survey administered via the university’s survey administration platform. The students
who were eligible to participate in the survey represented a subset of the total experimental
population. Of the nine students who were eligible for the survey, five (or 56 percent) chose to
participate. These five students were entered in a drawing for a chance to win a single survey
participation prize, valued at $75. The post-exposure survey was designed to capture self-report
data about (1) students’ levels of efficacy toward sustainability in general; (2) their assessments
of any changes to their personal sustainability-related behaviors and/or competencies which
resulted in whole or in part from exposure to the Checklist; and (3) their sentiments about the
Checklist interface and user experience. The results of the survey are summarized in the PostExposure Feedback Survey subsection of Chapter 4, as well as in Appendix D.

Statistical Limitations
Because the collection of waste and energy data at the individual participant level was
outside the scope of this study, data analysis using formal statistical models was not possible.
Had the research team been able to collect more granular data (i.e. waste-by-weight and
electricity consumption measurements attributable to individual participants within the control
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and experimental groups), a two-way repeated measures ANOVA would have been performed to
allow for the comparison of the mean differences between the control and experimental groups
along the time continuum bounded on either end by the start of the baseline data collection
period and the end of the post-exposure data collection period, respectively. As the nature of the
data was not conducive to this type of analysis, trend analysis was instead used to identify
potential correlations between Checklist exposure and student behavior at particular points in
time during the duration of the study.
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Chapter 4
Presentation of Results

Electricity Consumption Data
Figure 2 (below) shows electricity consumption in kilowatt-hours as a function of time in
both Stuart and Snyder Halls, over all three phases of data collection (baseline, exposure, and
post-exposure; which began on February 3, February 17, and March 17, respectively).

Figure 2. Electricity consumption trends (Stuart Hall v. Snyder Hall)
Clearly, electricity consumption is quite similar across the two buildings. This seems especially
true during the baseline data collection phase, when the average difference in the minimum-
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maximum ranges of the data collected from Stuart and Snyder Halls appears to be smallest. This
confirms that, as a pair, Stuart Hall and Snyder Hall are appropriate samples for the electricity
metering aspect of this controlled study.
A closer examination of the data validates the claim I have just made based on Figure 2:
the by-phase average difference in kilowatt-hour consumption between the two buildings varies,
with the average difference of the baseline phase being the smallest and the average difference of
the exposure phase being the largest. The exact values of the average differences (in kilowatthours consumed) for the baseline, exposure, and post-exposure phases are .07, 1.0, and -.16,
respectively. These averages were calculated by subtracting (in a unidirectional manner) the
amount of electricity consumed in Stuart Hall from the amount consumed in Snyder Hall over
corresponding 15-minute periods throughout each of the three data collection phases (negative
values were possible; hence the -.16 result above), and then computing the arithmetic means of
the many individual difference values in each phase. Interpreting the resultant values requires
one to think in terms of the difference of the average differences, and while the difference
between .07 kWh and 1.0 kWh is most likely insignificant (and the result of either external
events or happenstance), it could indicate that Checklist exposure has some degree of effect–
albeit not much–on behavior in the context of electricity use. Figure 3 on the next page charts the
differences in electricity consumption (Snyder Hall - Stuart Hall) over time and attempts, rather
unsuccessfully, to apply a linear trend line to the data. (There is a very slight upward trend in the
magnitude of the differences over time, but it is hardly visible and certainly not meaningful.)
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Figure 3. Differences in electricity consumption (Snyder Hall - Stuart Hall)

Waste Stream Data

Trends in Landfill-bound Trash Quantities

Much to the surprise of the research team, landfill-bound trash production was
consistently higher in Stuart Hall than in Snyder Hall (see Figure 4), which seems to reject the
first of the two research hypotheses defined in Chapter 3. As I note in the Trends in Mixed
Recycling Quantities and Trends in Organic Compost Quantities subsections, related (but
inverse) inconsistencies seem to manifest themselves across the remaining two waste streams:
both recycling production and compost production (as percentages of total waste generation) are
consistently lower in Stuart Hall than in Snyder Hall. The fact that the data reflect consistent
patterns across all three waste-related measures suggests that there are confounds in the research
design which were not known to–or not fully understood by–the research team at the time of the
experiment.
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One potential confound involves differences in the levels of peer-driven collective social
engagement in sustainability, which appear to exist between individual floors in each of the
residence halls. I had the opportunity late in the study to participate in a waste audit as a member
of the operations staff, and one of the insights I gained is that certain resident assistants (these are
student employees of Penn State Housing–at least one per floor in every university residence
hall–who function as peer counselors and enforce university policies governing student conduct)
do more to promote sustainability and sustainable behaviors than others. As a result, the
operations staff in Stuart Hall informed me during the audit that they have been able to detect
consistent patterns in waste management across various floors of the building. While the research
team knew about the presence and function of the resident assistants (and in fact leveraged their
social status as leaders to promote use of the Checklist in Stuart Hall, as implied in Appendix A,
which references “non-virtual mechanisms” for promoting participation), the team did not
control for any pre-existing variations in the strength or effectiveness of the peer-driven
sustainability engagement efforts undertaken by resident assistants with potentially different
values and priorities. If Snyder Hall happens to have a larger number of sustainability-focused
resident assistants than Stuart Hall (despite the fact that Stuart Hall was selected as the
experimental group for this study), then this difference could at least partially explain the trends
we see in the data, which are depicted in Figure 4 on the next page.
Figure 5, also on the next page, charts the differences between the two buildings in terms
of the percentages of total waste generated as landfill-bound trash. Note that many of the
difference values are negative, because in keeping with the prescribed procedure for data
analysis, the (unexpectedly higher) Stuart Hall values were subtracted from the (lower) Snyder
Hall values. A trend line is applied, which shows that the differences in the two buildings

26

decrease over time (as opposed to increase as a result of intervention). This trend therefore
suggests no desirable correlation between Checklist exposure and behavior in the context of
landfill-bound trash production.

Figure 4. Landfill-bound trash production trends (Stuart Hall v. Snyder Hall)

Figure 5. Differences in landfill-bound trash production (Snyder Hall - Stuart Hall)
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The recycling production trends evident in the data, like the landfill-bound trash
production trends, reflect a consistent pattern whereby recycling production (as a percentage of
total waste generation) is higher in Snyder Hall than in Stuart Hall (see Figure 6). The
aforementioned potential confounds in the study design also apply here to our analysis of the
recycling data. One interesting point is that at the time the Checklist was introduced, the data
reflects an increase in the percentage of total refuse generated as recycling in Stuart Hall and a
decrease in that same measure in Snyder Hall. The increase in Stuart Hall is slight, but it could
be at least partially attributable to the presence of the Checklist.

Figure 6. Recycling production trends (Stuart Hall v. Snyder Hall)
Figure 7 on the next page charts the differences between the two buildings in terms of the
percentages of total waste generated as recycling. Note that, like with the differences in landfillbound trash generation, some of the recycling difference values are negative. A trend line is
applied which shows that, on the whole, the differences in the two buildings decrease over time
(suggesting no desirable correlation between Checklist exposure and behavior in the context of
recycling production). However, between the beginning of the exposure period and the end of the
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exposure period, the magnitude of the differences appears to trend slightly upward, which could
suggest that the Checklist does have some small (but likely statistically insignificant) effect on
behavior in the context of recycling production.

Figure 7. Differences in recycling production (Snyder Hall - Stuart Hall)

Trends in Organic Compost Quantities

The trend pattern holds for the compost data: compost production (as a percentage of
total waste generation) is generally higher in Snyder Hall than in Stuart Hall (see Figure 8). The
potential confounds mentioned previously are again worth consideration. As with the other two
waste streams, the overall trend in the differences between the two buildings reflects a decrease
in the magnitude of the differences over time (see Figure 9). However, a localized increase in the
differences values is visible for the approximately the first half of the exposure period, which
could suggest that the Checklist again has some small effect on behavior (this time in the context
of compost production), even if that effect does not result in long-term recidivism.
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Figure 8. Compost production trends (Stuart Hall v. Snyder Hall)

Figure 9. Differences in compost production (Snyder Hall - Stuart Hall)
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General Comments about the Electricity and Waste Data
In some of the analyses described in this chapter, I was able to identify localized
fluctuations in the data that occurred at key moments during the study period and that could have
resulted from short-term effects of Checklist exposure on student behavior. However, any farreaching comments about the notability of these fluctuations would be inappropriate at this stage
in the research process. Due to the limited scope and compressed timeline of this study, further
research is needed before any definitive conclusions can be made about the effectiveness of the
Checklist as a tool for behavior change.

Post-Exposure Survey Feedback
As Chapter 3 notes, the post-exposure survey was open only to those students who
completed the Checklist. The research team’s rationale for restricting access to the survey is that
those students who invested the requisite amount of time in learning how to use the Checklist
interface–at least to the extent necessary to meet the minimum requirements for completion–
were far more qualified than students who merely glanced at the Checklist to offer their opinions
about the design of the application and its effectiveness in influencing their behaviors.
Responses to the quantitative survey items addressing sustainability efficacy and
sustainability competence were generally positive, indicating that those students who completed
the Checklist perceived their participation as beneficial. For example, on a five-point Likert scale
with 1 as the strongly disagree response and 5 as the strongly agree response, the mean response
value for the statement “I know how to qualify the environmental impact of sustainable
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behaviors” was 4.0. The mean response value for “I feel I have a responsibility to help ensure
environmental quality and economic well-being for future generations” was 4.75. An item-byitem breakdown of responses to the quantitative survey items (with basic descriptive statistics) is
provided in Appendix D.
The qualitative section of the survey, which primarily focuses on the Checklist user
experience and students’ sentiments about the interface itself, also generated positive responses.
Responses to the question ‘Which aspect of your Checklist experience did you find most
interesting or informative?’ included “the user interaction,” “[the] many options to be
environmentally friendly,” and “all of the different ways to dispose of ‘trash’.” When asked
‘Were there elements of the Checklist’s visual layout that caused you frustration or confusion?’,
all students responded in the negative: “no,” “nope,” etc.
One item in the qualitative section prompted each respondent to write a brief value
statement about sustainability, and several students addressed the importance of resource
conservation in their responses. For example, one student wrote that “Every resource is scarce,
and … conserving [them] allows for the prolonged sustainability of the population.” Another
student responded with “We need to be more [environmentally] friendly because I want my
children to have clean air to breathe.” Responses such as these indicate that the students who
completed the Checklist generally understand the importance and urgency of making
sustainability a priority in their everyday lives. A full list of the qualitative survey items used in
this study is provided in Appendix D.
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Chapter 5
Conclusions

Effectiveness of the Checklist Intervention and Impact of the Study
In addition to the development of the Checklist application itself as a customizable
software artifact for use in behavioral research, another practical contribution of my work is that
it functions as a proof-of-concept for any future outcome-based behavior assessment study in the
sustainability domain which seeks to measure changes in behavior using actual rates and/or
quantities of resource consumption and refuse production. This study advocates a unique
methodology for running a controlled experiment capable of capturing data that reflects the
actual waste and energy management habits of individuals living in a shared space (such as a
university residence hall). It also demonstrates a particular approach to data analysis that focuses
on identifying and interpreting trends over time.
Perhaps the most valuable and impactful contribution my study makes to behavioral
science is that it breaks new ground in this type of outcome-based research by applying a
theoretical framework (the Health Belief Model) which has previously been used only for studies
of individual physical health behaviors. In doing so, it shows that seemingly novel/unorthodox
measures (like compost production, for example) can be accurate reflectors of behavior, provided
that they are validated through existing theories and models. Essentially, my work opens the door
to a wider breadth of measures that can be used in the evaluation of behavior and behavior
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change, and lays the foundation for future studies that might attempt to implement these more
unique measures. As I will discuss in the Opportunities for Future Work section, applying the
methodology used in my study over a longer period of time and in a setting with more resources
available to support implementation might produce results that are more conclusive and more
generalizable.

Opportunities for Future Work
The Sustainability Institute has already expressed an interest in pursuing further
development of the Checklist and expanding its target audience to include not only students, but
also faculty and staff. I will be taking steps to train Institute personnel on the proper procedures
for maintaining the Checklist and updating its front-end content, and I also plan to remain
accessible to the Institute in an advisory capacity as it undertakes future development efforts. I
will recommend that best practices in design–including proper consideration of the theories of
human behavior and cognition which are relevant to user experience prototyping–be adopted by
those planning to implement changes and enhancements to the Checklist.
There is much potential for further investigation of the effectiveness of the Checklist
through additional controlled deployments, using either the current version of the application or a
modified/derivative version that targets a different population or offers different capabilities. In
future experiments involving the Checklist, several key considerations should be made to
maximize the quality and utility of the data:
1. Larger sample sizes should be used if possible, to ensure that any effect of exposure to
the intervention on behavior is detectable in the data. (In this study, the subset of students
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in Stuart Hall who received exposure to the Checklist was too small to reliably produce
an effect.)
2. A method should be developed that allows for the collection of data at the individual
participant level, as opposed to at the building (or aggregate) level. This might require
wearable movement tracking devices (and participants willing to wear them) or video
recording capability of some sort, and there would of course be additional privacy- and
ethics-related concerns. Such a method was not available for this study, and therefore
formal statistical tests (e.g. ANOVAs or two-tailed t-tests) could not be performed on the
data. By adopting a study design that generates data conducive to more formal analysis
than that which is possible using only aggregated data, a future researcher could produce
new insights about behavior at both the individual and group levels, and also establish
greater credibility by testing and reporting the statistical significance of his or her results.
3. The timeframe of any future experiments of this nature should be extended if at all

possible, as allowing more time for the Checklist (or a similar intervention) to take effect
would make any resultant effects more readily detectable in the data.
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Appendix A
Creating the Checklist: A Design Process Narrative

Defining Checklist Requirements

Requirements definition for the Checklist began in the spring of 2013, when I brought
together members of the Institute staff to establish a common vision for the project. After a series
of discussions regarding the role of a student-focused online self-assessment tool in promoting
what the Penn State Sustainability Strategic Plan (Penn State University, 2013) calls
sustainability literacy, the original group of Institute stakeholders (myself included) agreed upon
the following overarching criteria for an effective Checklist design:


The application should be simple to use, graphics-based, and engaging for the target
audience of undergraduate students;



The visual layout should incorporate key elements of the university’s brand identity; and



The Checklist interface should provide students with fact-based (and quantifiable,
wherever possible) justifications for particular actions and behaviors that prior research
has deemed sustainable.
In response to institutional guidelines for information systems security, it was determined

that all authentication and session management functions within the Checklist would be
performed by the Penn State WebAccess system. WebAccess is Penn State’s single sign-on
(SSO) solution and is based on the open-source CoSign project at the University of
Michigan. In mandating the implementation of WebAccess for the Checklist, the Institute
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sought to (a) maximize both convenience and ease of use for the students who would interact
with the application, and (b) boost the credibility of the Checklist project as a universitysanctioned research endeavor. Figure 10 (below) depicts the WebAccess authentication form
with which users are prompted each time they attempt to access the Checklist or any other
secure Penn State system.

Figure 10. Single sign-on screen for Penn State’s WebAccess system

The Evolution of the Checklist Design

The process for prototyping the Checklist design was largely iterative in that it involved a
series of progressive review cycles in which I and the other Institute stakeholders evaluated
particular aspects of the application logic and layout against the functional and visual
requirements established early in the project (and enumerated in the previous section entitled
Defining Checklist Requirements). Informal design review meetings were held frequently
throughout the prototyping process, and formal feedback mechanisms–specifically, workshops
and focus groups I hosted–were also used on several occasions to engage stakeholders in the
development of a working prototype that would later be enhanced and scaled up (i.e. fully
implemented) in preparation for deployment. Each major aspect of the design was subject to
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multiple rounds of review, beginning with the comparative valuation of design alternatives and
ending with a live demonstration to a panel of subject matter experts who would subsequently
offer feedback. As the next section of this appendix is dedicated to a discussion of how the
various elements of the Checklist design were implemented in code, this section does not address
the programming aspect of the project. Rather, it explains the evolution of the Checklist design
itself by framing it in the context of several fundamental design decisions that shaped the
outcome of the development effort.
During the early phases of design, in an attempt to mimic the formats of several
commercially available sustainability action-tracking tools including Practically Green (now
WeSpire) and Cisco Systems’ One Million Acts of Green (developed by GreenNexxus), the
Institute proposed incorporating support for competition among users into the Checklist design.
A competition-based design would have allowed users to view the status of one another’s
activities within the application and attempt to outperform one another, based on some
established measure, in pursuit of either a socially constructed reward (such as a special
certificate or title with status implications) or a tangible prize with monetary value. However,
after extensive deliberation and some rudimentary testing, I and the other stakeholders decided to
remove competitive features from the design in light of the Institute’s focus on the simplicity of
the user experience. The outcome of this decision to exclude competitive features from the final
design is that the Checklist now allows each user to track only his or her own individual progress
within the application–no user may view information about the progress or activities of another
user. This absence of support for peer competition may seem counter to Dr. Corner’s findings
about the importance of reciprocal links in social networks, but the research team was still able
to encourage use of the Checklist (and, by extension, adoption of sustainable habits) by using
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other non-virtual mechanisms that leveraged existing peer networks within the residence halls.
These non-virtual mechanisms are discussed in more detail in Chapter 4.
In addition to support for competition among users, another design proposition that was
ultimately abandoned is the integration of the Checklist into Penn State’s digital badging
architecture. Digital badging (or “micro-credentialing”) is an emerging phenomenon in adult
education, and it is changing the way learning happens in workforce development programs–as
well as in traditional academic settings, to some extent–by challenging the structured classroom
model and advocating for greater flexibility and autonomy in the learning process. Badges are
“digital credentials that represent skills, interests, and achievements earned by an individual
through specific projects, programs … or other activities” (Mozilla Foundation & Alliance for
Excellent Education, 2013). These badges can be earned in a much shorter amount of time than
that which is necessary to complete a formal semester-long course in a particular area of study.
When the Institute first expressed interest in implementing a badging program in
conjunction with the Checklist, it seemed appropriate to categorize particular conservation
activities according to their associated natural resource beneficiaries. In other words, the design
team identified a series of activities (later described as “actions”) which, if performed by
students living in campus residence halls, would help Penn State reduce its consumption of
particular natural resources (e.g. water and energy), and in so doing, decrease its overall
ecological footprint. A list of activities was developed, and each activity was linked to a
resource. Each resource then became a badge that users could earn. For example, Turn off the
lights when you leave your room was associated with the Energy badge. Completing all (or
enough) of the activities associated with the Energy badge would qualify a user to earn that
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badge. In early mock-ups of the Checklist interface, as a user earned badges, those badges would
display on his or her Checklist dashboard, as depicted in Figure 11 below:

Figure 11. Early (Dec. 2013) mock-up of the Checklist interface, displaying
a summary of badges earned by sample user ‘abc1234’
Note that Figure 11 also depicts the user’s level completion status. When the concept of
badging was being explored as a design alternative for progress measurement, the design team
envisioned complementing the badge earning scheme with a points-based level hierarchy that
would capture users’ overall progress toward completion of the Checklist. The intent was to fill
the gap created by the badging scheme (which was concerned only with users’ progress in
particular subcategories of conservation activities–not with their overall progress) and provide
students with two different measures (one targeted, the other more general) for self-assessment.
As noted earlier in this section, the badging scheme was ultimately scrapped from the
Checklist design. According to the Mozilla report, the effectiveness of a micro-credentialing
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program like the one I have just described depends on the strength of the “badge ecosystem” that
surrounds it. A healthy badge ecosystem is sustained through commitment from and cooperation
among badge issuers, badge earners, and badge consumers. (For clarity, badge consumers are the
employers and academic institutions that recognize the value of a badge credential and offer
advancement opportunities and/or credit in some form to those who hold it.) In early 2014, after
initial prototyping was completed, the design team consulted with software developers and
instructional designers in Penn State’s Education Technology Services (ETS) unit to determine
the feasibility of fully developing and fully integrating Checklist badging functionality within the
larger Penn State badge ecosystem. The team learned that badging at Penn State was, at the time,
in its infancy and not yet a mainstream initiative. The ETS developers also noted that there was
more work to be done before the university’s badge management platform would be capable of
efficiently integrating with department-level badging initiatives and special projects like the
Checklist. Recognizing that any further development of Checklist badging functionality would
be resource-intensive and not likely to reach a significant number of students, the design team
decided to cease all badging-related efforts in the spring of 2014.
Although the final Checklist design does not offer badging capabilities, many of the
decisions made and insights gathered by the design team during prototyping of the Checklist’s
badge-related interface components are reflected in the badgeless production version of the
application. For example, based on the content organization scheme that was established to
associate resource conservation activities with their parent badges (recall the example involving
the Turn off the lights… activity, which was associated with the Energy badge), the final design
divides a set of 35 actions (many of which are based on the original activities defined in the
badging model) into five thematic categories: (1) waste, (2) energy, (3) water, (4) food, and (5)
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getting around [transportation]. Additionally, much like a digital badge provides a visual
representation of one’s achievements or qualifications in a particular area, the final Checklist
design provides each user with a graphic indication of his or her progress, as depicted in
Figure 12 below. Category icons are shown as grayscale images until the user completes at least
five actions in a particular category, at which time the icon for that category appears in color.

Figure 12. Checklist main page and visual progress indicator
When a user clicks on one of the category banners or progress icons shown in Figure 12,
he or she is taken to the category tile page for the associated action category. Each of the five
category tile pages lists the actions available in the given category in a grid layout, and to meet
the Institute’s requirement that the Checklist interface be graphics-based, each action is
presented using both a short-form description and a representative image. Actions that the user
has already completed are indicated with a green check mark. Figure 13 (next page) depicts the
category tile page for the Waste action category, as viewed through my own personal profile.
Note that I have completed the ‘Use. Wash. Repeat.’ action, which means I have affirmed that I
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use reusable (plastic or ceramic) dishware, as opposed to disposable products, when preparing
food at home.

Figure 13. Waste category tile page, with one action marked complete
From the category tile page, a user can proceed to view the details of a particular action
and then determine whether or not he or she is eligible to mark that action complete. To do this,
the user simply clicks on the descriptive image of the action he or she is interested in reviewing.
This redirects the user to the action detail page, which is dynamically populated with content
specific to the selected action. The action detail page presents several pieces of information
about every action in the Checklist, as depicted in Figure 14 on the next page, which uses the
[Waste > Use. Wash. Repeat.] action as an example: (1) the short-form description (i.e. title) of
the action, located directly beneath the category banner; (2) a clarifying description of the action,
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located under the ‘What does it mean?’ header; (3) a one- to two-paragraph fact-based
justification for the action, located under the ‘Why do it?’ header (with references to relevant
articles, reports, and other resources, located under the ‘References’ header); and (4) suggestions
for further reading on the topic or issue addressed by the action. The button beneath the
descriptive image appears inactive and reads ‘Done’ because I have already completed this
action, but had I not previously completed it, the button would instead appear active and in color,
and would read ‘I Do This!’, prompting me to mark this action complete if it is one that I
perform with regularity.

Figure 14. Checklist action detail page
All that is required to access the Checklist and use its basic functions is a valid set of
Penn State WebAccess credentials; however, every user has the option to personalize his or her
Checklist experience by supplying additional information in the fields of the user profile.
Figure 15 on the next page depicts the user profile form, which users can view and edit at any
time while authenticated into the Checklist.
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Figure 15. Checklist user profile form, with several optional fields populated
By supplying my name, I am allowing the Checklist (and those authorized to access
Checklist user profile data) to identify and greet me by name instead of by my universityassigned alphanumeric WebAccess identifier (note the Welcome, Justin message in the upper
left-hand corner of Figure 15, which replaces the default Welcome, jgr5095). If I decide for
whatever reason to remove either my first name or my last name (or both) from my profile, I can
do so at any time simply by clearing the ‘First Name’ and/or ‘Last Name’ field(s) as appropriate.
In addition to my name, I am supplying values for two of the three demographic fields
(‘Semester Standing’ and ‘Academic College’, but not ‘Residence Hall’), and my email address.
Demographic information provided by users allows the research team to identify patterns in
Checklist use among students in particular academic disciplines and residence hall areas, and to
focus marketing efforts for the Checklist (and other sustainability-themed interventions) on those
groups within the Penn State undergraduate community that demonstrate little or no exposure to
these interventions. Users who provide their email addresses periodically receive auto-generated
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summaries of their progress toward Checklist completion. These summaries include a breakdown
of users’ progress by action category, as depicted in Figure 16 below:

Figure 16. Example of an auto-generated Checklist progress update email
This section clearly omits any discussion of the minutiae of the Checklist design; I
attempt only to provide a sufficient overview of the key features of the application and its most
common use cases. Provided it is not offline for research purposes or for maintenance, the
production version of the Checklist is available to any individual with Penn State WebAccess
credentials and is accessible via the following URL: https://sustainability.psu.edu/checklist.

Coding the Checklist

I elected to build all server-side functionality in PHP (with SQL commands interspersed
to support database operations). XHTML and CSS were used to display front-end components
and apply the required elements of the university’s visual brand. In this section, I introduce
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several salient ideas in software programming and present short code fragments to demonstrate
how I incorporated these ideas into my development efforts during Phase One of this project. As
I will be handing off responsibility for the maintenance of the Checklist to the Institute in May
2015, I included comments in the majority of my code segments to clarify what particular
statements and functions are intended to do.

Security

Security is a concern on several dimensions with respect to any web-based service that
processes user input on a remote server. Of the numerous vulnerabilities that can exist in web
applications like the Checklist, inadequate filtering of user input is among those most commonly
exploited by attackers through browser-based attacks. One such attack which occurs frequently is
known as SQL injection. The popular web language tutorial site W3Schools.com describes SQL
injection as “a technique [whereby] malicious users can inject SQL commands into an SQL
statement, via web page input” (SQL injection, n.d.). There are a number of user input fields in
the Checklist interface, which means that the Checklist is vulnerable to SQL injection attacks. To
lower the risk of data corruption as a result of malicious code injection, I took steps to sanitize
and properly handle user input. For example, when users update the ‘Preferred Email Address’
field in their profiles, I use the mysql_real_escape_string() function in PHP to verify that
the string values they enter do not contain dangerous characters. (Figure 17 on the next page
shows the code fragment involved in this operation, with variable names changed for security.)
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//Update preferred email address
$userEmail = $_REQUEST['email'];
$userEmailSanitized = mysql_real_escape_string($userEmail);
if((filter_var($userEmailSanitized, FILTER_VALIDATE_EMAIL)) ||
empty($userEmailSanitized)){$changeEmailQuery = mysql_query("UPDATE
userProfile SET emailAddress = '$userEmailSanitized' WHERE
accessID='".$currentUser."'") or die(mysql_error());}

Figure 17. Sample code fragment found in
/checklist/scripts/processProfileChangesCode.php, demonstrating use of the
mysql_real_escape_string() function in PHP to sanitize input
Note that I also validate the email address supplied by the user by calling the
filter_var() function in PHP and passing the FILTER_VALIDATE_EMAIL parameter. The
filter_var() function ensures that the user’s input is in the proper format before allowing

the database update operation to execute; if it is not, the operation fails. Also note that the input
sanitization function demonstrated above (mysql_real_escape_string()) is deprecated as
of PHP 5.5.0; therefore, those who pursue future development of the Checklist should use
mysqli::real_escape_string() instead.

Accessibility

According to the Office of Equity and Inclusion at Oregon State University, “web
accessibility in its most basic definition is about making sure websites work for the widest
possible audience” (Oregon State University…, n.d.). The World Wide Web Consortium (W3C)
has established numerous guidelines for designing with accessibility in mind. These guidelines
address concerns ranging in complexity from readability challenges faced by blind users (which
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can be mitigated fairly easily using screen reading technology) to physical mobility limitations
that make it impossible for certain users to interact with standard input devices such as the
keyboard and mouse/trackpad (Accessibility, n.d.). While I was not able (due to time and
resource constraints) to build around every possible accessibility concern, I did ensure that the
Checklist meets the basic accessibility guidelines set forth by the W3C. For example, to assist
visually impaired users, all images in the Checklist have <alt> tags associated with them, as
shown in Figure 18 below. To accommodate users with more advanced physical and cognitive
disabilities, the Institute will make every attempt to provide Checklist content in alternate
formats upon request.
<img style="width: 201px; height: 19px;" alt="Progress Overview"
src="images/textAsImage/progressOverviewText.png" />

Figure 18. Sample code fragment found in /checklist/main.php, demonstrating use of the
<alt> tag in HTML for accessibility purposes

Scalability

Scalability, in this context, refers to how well the Checklist design will accommodate the
future addition of both new content (i.e. actions) and new units of functionality, and to how
much work will be required on the part of developers in order to implement these added features.
Applications that scale effectively and efficiently share certain key characteristics that enable
them to do so, and chief among these characteristics, I believe, is a centralized framework for
executing critical tasks. By ‘centralized framework’, I mean a thoughtfully-organized
architecture of functions, assets, and algorithms (the “building blocks” of the application) that
can be referenced and/or implemented throughout the application in different ways to deliver
different features of the user experience. In a web-based application, for example, a centralized
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approach minimizes redundancy in the code and allows the developer to propagate changes to
the layout and/or logic structure of the application quickly and easily by modifying only a select
set of core files (which are referenced by many secondary files), rather than making the same
changes to every file in the directory structure. In PHP, these cascading updates can be achieved
with the use of keywords like include and require. These keywords can be used not only to
push important code updates, but also to dynamically populate specific pages within an
application’s content hierarchy. For example, the Checklist’s action detail page (depicted in
Figure 14) accepts certain parameters that tell it which action a user wishes to view in detail, and
then uses those parameters to fetch the appropriate content for that particular action from the
database and display it to the user. From the user’s perspective, it appears as though there are
multiple action detail pages–one for each action–when in reality, a single PHP file is used to
retrieve and present all action content. Figure 19 (below) demonstrates how action titles are
dynamically displayed on the action detail page and styled using the <h2> tag in HTML.
//Display action title (pulled from database)
$pullActionTitleQuery = mysql_query("SELECT actionTitle FROM
actionDetail WHERE actionID='".$actionID."'") or die(mysql_error());;
$pullActionTitleQuerySanitized =
mysql_real_escape_string($pullActionTitleQuery);
$pullActionTitleQuerySanitizedResult =
mysql_result($pullActionTitleQuerySanitized, 0, 0);
echo "<h2>$pullActionTitleQuerySanitizedResult</h2>";

Figure 19. Sample code fragment found in
/checklist/scripts/displayActionContentCode.php, demonstrating the dynamic retrieval and
display of action titles (with HTML styling)
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Testing the Checklist

After development was completed, the research team tested the Checklist using a
scenario-based approach whereby common use cases were modeled in narrative form,
decomposed into their constituent tasks, and then executed in real time at the task level using
multiple browsers (to ensure cross-browser compatibility). Both normal and failure cases were
tested–that is, the research team intentionally supplied invalid input during some of the test
iterations in order to confirm that the Checklist performs as expected when processing input that
is improperly formatted or otherwise invalid. Several minor issues involving the application
logic were identified and documented during the testing process, and then fixed and retested
before the Checklist was declared fit for use in research. A partial list of test cases evaluated
during the testing process is provided in Appendix B. Chapter 3 explains how the Checklist, once
fully tested, was deployed to study participants.
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Appendix B
Checklist Test Cases
The following are one-sentence descriptions of example test cases used in the quality
testing process. (These are the primary test cases; some minor cases are excluded in the interest
of brevity.) Each statement is written in narrative form, and whatever is stated for each case
represents the normal or expected result whenever that particular test case is executed. For
details about the testing process itself, see Chapter 3.

1. User attempts to authenticate into the Checklist via WebAccess with valid credentials,
is successful, and is redirected to the Checklist main page.
2. User attempts to authenticate into the Checklist via WebAccess with invalid
credentials, fails, and is denied access to the Checklist and other Penn State resources
according to the university’s single sign-on policy.
3. User attempts to update the [‘First Name’] / [‘Last Name’] field (standard HTML text
input element) in his or her user profile, inputs a valid string (containing any
alphanumeric concatenation of characters that will pass the escape_string filter),
and successfully pushes the update to the profile update script.
4. User attempts to update [‘First Name’ / ‘Last Name’] field (standard HTML text
input element) in his or her user profile, inputs an invalid string (containing a certain
alphanumeric concatenation of characters that will NOT pass the escape_string

52

filter for security reasons), and attempts but fails to push the update to the profile
update script.
5. User attempts to modify the ‘Academic College’ field (HTML drop-down menu
element) to a value other than the default, sets the drop-down selection, and
successfully submits the update for processing.
6. User attempts to update the ‘Preferred Email Address’ field (standard HTML text
input element) in his or her user profile, inputs a properly formatted email address,
and successfully pushes the update to the profile update script.
7. User attempts to update the ‘Preferred Email Address’ field (standard HTML text
input element) in his or her user profile, inputs an improperly formatted email
address, and is caught by the email address filtering function, which prevents the
update request from being passed to the profile update script.
8. User attempts to navigate to the [Waste / Energy / Water / Food / Getting Around] tile
page by clicking on the corresponding banner link, and is successfully redirected to
the requested page.
9.

User attempts to navigate to the action detail page for a particular action, clicks the
descriptive image for that action on its parent tile page, and is successfully redirected
to the action detail page (which dynamically populates with content specific to the
requested action).

10. User attempts to mark the action selected in Test Case 9 complete, clicks the green ‘I
Do This!’ button, and successfully submits the request to the action completion
update script, which subsequently modifies his or her progress record accordingly.
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Appendix C
Checklist Action Content

The tables in this appendix contain the text of the actions in each of the five topical categories of the Checklist, presented in
landscape layout for easier reading. Note that hyperlinks may not function properly, depending on the format in which this document
is viewed.
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Table 3. Waste category action content
Action Title &
Descriptive Statement

Action Rationale

Related Reading

Master Mobius. Penn State is
committed to keeping waste
out of the landfill. Use the
array of bins – known as the
Mobius station – to recycle
and compost. [To do: Identify
the location of the nearest
Mobius station.]

In the residence halls, we ask students to separate their landfill trash from recyclables and compost.
Students are responsible for bringing cans, paper products, plastics, polystyrene, glass, compost, and
landfill trash from their rooms to central collection areas, known as Mobius stations. Mobius
stations are either in the hallway, in recycling “closets” off the hallway, or in the basement. Each
Mobius station should have clearly labeled bins, as well as posted guidelines explaining what goes
where.

Refer to Penn State’s Recycling Guidelines when
you have questions about what goes where.
This infographic from the Environmental
Protection Agency has some great statistics and
reasons for you to be recycling.

This matters because Americans generate tons of waste -- 251 million tons in 2012 alone! That’s
about 4.4 pounds of trash per person per day (1). Penn State is not immune from the problem of
trash generation, but we are working on closing the loop on waste. We now have the capability of
recycling or composting 88% of the trash we generate. While we haven’t achieved that rate, we are
diverting more than half our waste from the landfill, much more than the national average (2).
(1) http://www.epa.gov/waste/nonhaz/municipal/
(2) http://www.epa.gov/waste/nonhaz/municipal/images/2012_msw_rec_rates_fig2_lg.jpg

Take only what you need.
Avoid things that you may not
need, such as too much food,
receipts, packaging, lids,
straws, and more.

While recycling reduces demand on natural resources and eliminates several environmental,
economic, and public health problems, there’s an even better way to eliminate waste – don’t make
it! Avoiding unnecessary items like plastic bags, paper receipts, or extra napkins is a simple way to
reduce your impact. So, add a fourth ‘R’ – refuse – to the classic trio of Reduce, Reuse, and
Recycle.

Annie Leonard’s Story of Stuff is a fast-paced,
20-minute look at the relationship between
consumption, health, the environment, and the
economy.

To stop generating unnecessary waste, we need a change in perception (1). We have a linear “take,
make, waste” approach to our extraction, manufacturing, shipping, using, and disoposing of
products (2). We need to reimagine our relationship with our stuff.
Second, we need to address the idea that throwing something away makes it disappear. In fact, there
is no “away.” All of our waste has to go somewhere. In our case that is either the Centre County
Refuse and Recycling Authority transfer station for recyclables or 102 miles away to a landfill in
Somerset County. Neither of these solutions is perfect. It’s better to minimize our waste on the
upstream – that’s you – end.
(1) http://upstreampolicy.org/issues/our-throw-away-society/
(2) http://sustainabilityadvantage.com/2010/08/03/4-reasons-our-current-business-model-isunsustainable
Use. Wash. Repeat. Rely on
reusable cups, dishware, and

Back in 1955 Life magazine took note of the increased consumerism and trend toward disposable
goods, which it named “throwaway living.” (1). Convenience, our fast-paced lives, and advances in

Reusing a cup makes a difference. This
infographic tells you how.
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utensils whenever you eat and
drink.

plastics and other technologies contribute to our use-and-toss culture. It’s hard to go through a day
without using something that was meant to be used only once – single use water bottle, plastic
cutlery, foam packaging, to-go coffee cup, paper plate, etc. However, it is possible to avoid them.

When you reuse, be sure to keep your bottles and
cups clean. Here are some tips to stay healthy.

Some of the simplest and most effective ways to live more sustainably in your personal life is to use
durable cups, dishware, water bottles, and cutlery when you eat and drink. There are 25 million cups
disposed of each year (2). You can stem that tide by getting – and remembering to use - your own
reusable mug. Plus, it can save you money. most coffee shops offer a discount for reusing.
(1) http://www.lifemagazineconnection.com/LIFE-Magazines-1950s/LIFE-Magazines1955/1955-August-1-LIFE-Magazine-Dodgers-Paris-Geneva
(2) http://magazine.good.is/articles/ditch-the-disposable-cup-8-innovative-reusable-mugs
Trash the plastic bag. Use
reusable bags when shopping
or buying lunch, and
whenever you’re out.

Paper or plastic? That’s a question for a previous generation. Today it’s quite common to forgo the
disposable by using your own bag. And there’s good reason to do so. Upwards of 1 trillion bags are
used each year, with more than a million used each minute! (1) Though there are more opportunities
than ever to recycle these bags, only 12 percent are (2).
Each American family uses about 1,500 bags per year (3) out of convenience and habit, but there’s a
better way. Bring a reusable bag to the store to carry your groceries or other items. If you forget a
bag, consider carrying it instead of using the disposable one.

You can find out all you ever wanted to know
about why to use reusable bags from the site
ReuseThisBag.com
Want a reusable bag with style? This selection
from Real Simple offers a ton of options.

(1) http://www.reuseit.com/Facts-and-Myths/Facts-About-the-Plastic-Bag-Pandemic.htm
(2) http://www.epa.gov/osw/conserve/materials/plastics.htm
(3) http://www.nrdc.org/media/2008/080109.asp
Turn your Trash to
Treasure. Donate unwanted
or un-needed clothing,
electronics, and supplies so
they can find a new home
through the annual sale.

College students can generate more than 600 pounds of trash over the course of semester, and a lot
of campuses see a spike during move-out (1). At Penn State we are committed to reducing that
waste through an innovative program called Trash to Treasure.

Volunteer at Trash to Treasure.
Check out this video for more on the event.

Trash to Treasure, also called T2T, is a sale of gently used and new items donated by PSU students
living in University Park’s residence halls. Held on a Saturday near Memorial Day each year, the
sale brings in hundreds of people and thousands of dollars. The 2012 Trash-to-Treasure sale broke
records! 75.1 tons of gently-used items were donated, generating more than $60,000 for agencies of
the Centre County United Way, the highest amount in the event's history. (2)Encouraging your
residents to donate is a fantastic way to both divert waste from landfills and contribute to a great
cause.
(1) http://www.chasinggreen.org/article/reduce-waste-college-move-out
(2) http://sites.psu.edu/trash2treasure/

Cut the paper. Tip: Print
and/or copy double sided,

To say we use a lot of paper is an understatement. Every year more than 2 billion books and more
than 24 billion newspapers are published worldwide! (1) Fortunately, we recover about 65% of our

Did you hear about the sixth grade student who
said he could save his school $21,000 in ink and
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double-siding is set as a
default on our personal
computers, reuse paper that
has text on only one side,
reduce paper margins in order
to decrease the length of
documents we may print.

paper in the U.S. (2) Paper accounts for more than half of our total recycling by weight, and each
person in the U.S. accounting for 334 pounds of recovered paper. (3)

paper costs if they switched to Garamond font?
His story is worth looking into.

While there is a trend toward online media and more professors are accepting assignments via
ANGEL, there is still a demand to print. When you do so, be sure to print double-sided, expand your
margins, and use recycled content paper.

Penn State General Stores offers 30% postconsumer recycled paper at costs lower than that
of virgin paper. It is offered in recycled cartons,
which require fewer trees, less water, and no
bleach.

(1) http://www.epa.gov/osw/conserve/materials/paper/faqs.htm#use
(2) http://www.paperrecycles.org/statistics/paper-paperboard-recovery
(3) http://www.epa.gov/osw/nonhaz/municipal/msw99.htm
Recycle in your room. Make
it easier by having at least one
in-room recycling bin

Making things easy to do is one of the key strategies in getting people to adopt sustainable
behaviors. (1) Sometimes going to the Mobius station to recycle or compost doesn’t feel easy. In
fact, a Wall Street Journal article stated that the biggest barrier to recycling in the home is a lack of
bins (2).
You can make it easier by repurposing a container into an in-room recycling bin. You can use
another trash bin, a milk crate, or even get crafty and dress up a cardboard box. In-room bins make
your life easier.
(1) http://www.cbsm.com/pages/guide/convenience:-making-it-easy-to-act/
(2) http://online.wsj.com/article/PR-CO-20140417-909460.html

Setting up a household recycling system cuts
clutter and increases recycling rates.
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Table 4. Energy category action content
Action Title &
Descriptive Statement

Action Rationale

Related Reading

Give your computer a rest.
Set your computer to fiveminute sleep mode.

Adjusting the power management settings on your desktop or laptop computer can significantly
reduce its overall electricity consumption. Sleep mode should be used in place of screensavers,
which use twice as much energy as when the computer is undergoing normal use (1). According to
the EPA and the U.S. Department of Energy, activating these power-saving features can save you
$50 or more per year in energy costs (2). Enterprise-wide power management solutions are also
available and are reasonably cost-effective (at approximately $15 per network device) when
implemented across large organizations to help them realize sizeable savings from electricity cost
reductions (2).

Visit brighthub.com to find out how much
energy a typical computer uses.
And if computers are your thing, check out this
high-tech article on techhive.com explaining
why sleep mode really is the best way to go!

(1) http://www.american.edu/finance/sustainability/upload/ComputerEnergySettings_Windo
wsXP.pdf
(2) https://www.energystar.gov/index.cfm?c=power_mgt.pr_power_mgt_faq
Spotlight your space. Use
task lighting—such as desk
lamps—rather than overhead
lighting. During the day, let
the sun shine in. If you can, sit
near a window or open the
shades and use natural light
whenever possible.

Proper lighting is critical to avoiding accidents and injuries and can make you more alert.
Attempting to perform tasks with insufficient light can affect productivity and precision as well as
cause health hazards (1). What many people don’t realize, however, is that adequate illumination
levels can be achieved more efficiently with desktop task lights than with overhead fixtures. For
example, were a lab with 16 workstations and 16 overhead light fixtures to reduce the number of
bulbs in each of its ceiling fixtures by half and install 16 task lights (one in each workstation), that
lab would reduce its energy consumption by over 30 percent (2)!

Read up on the benefits of task lighting at
littlefootprintlighting.com.
Visit energy.gov to find out how to calculate the
amount you'll save in energy costs by shutting
off the lights!

(1) http://www.ccohs.ca/oshanswers/ergonomics/lighting_survey.html
(2) http://www.dazor.com/benefits.html
Be bulb efficient. Use CFL
(Compact Fluorescent Light
bulbs) or LED (light emitting
diode) light bulbs in desk
lamps.

Did you know that standard incandescent light bulbs lose about 90 percent of their energy
as waste heat? As of January 2014, new regulations prohibit the manufacture and importation of 40and 60-watt incandescent bulbs in the United States (1). CFL and LED bulbs are much more energyefficient and are now becoming the “industry standard” for home and office lighting. According to
lighting engineers at Pacific Northwest National Laboratory in Oregon, those CFL bulbs are four
times more efficient than the equivalent wattage of incandescent bulbs. LEDs are even more
efficient than that! (2). What’s better; the price of these more efficient bulbs has dramatically
decreased in recent years, making them widely affordable and clearly the right choice!

Learn how to perform life cycle analyses on
incandescent and CFL bulbs at
consumerenergycenter.org.
Check out this LED fact sheet at
midamericaenergy.com.

(1) http://thinkprogress.org/climate/2013/12/19/3086891/inefficient-light-bulbs-phased-2014/
(2) http://www.greenamerica.org/livinggreen/CFLs.cfm
Commit to power down. Be
sure to unplug (everything but
refrigerators), clothes the

In addition to shutting off lights and unplugging appliances, there are a number of
additional steps residence hall students can take to save energy while away on breaks. Residence
Life distributes holiday shutdown checklists to help students secure their living spaces for extended

Check out this example of a holiday shutdown
checklist from the Alliance to Save Energy.
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blinds, and turn off the lights
before breaks.

absences. These programs have been effective in schools and businesses. In 2009, the Alliance to
Save Energy helped one school reduce its energy consumption by 24 percent compared to 2008
data. (1) And if most major companies join in by adopting eight-day office shutdowns over the
holidays, we could prevent 30 million pounds of carbon dioxide from being emitted into the
atmosphere each year! (2) The next time you leave campus, do your part by completing the
shutdown checklist. You’ll be helping Penn State cut down on energy waste big time!

Did you know that Penn State uses other
strategies to reduce energy consumption during
break periods? Read up on the university’s
building heat reduction strategy to learn more.

(1) http://www.ase.org/resources/celebrating-energy-efficient-holidays-green-schools-style
(2) http://www.energydigital.com/renewable_energy/energy-savings-of-a-holiday-shutdown
Hang it. Use a clothesline to
air dry your clothes.

According to a recent home appliance survey conducted by the Pew Research Center, one in three
Americans sees the clothes dryer as unnecessary (1). Why? They recognize that air-drying clothes
saves both energy and money. In fact, choosing to ditch the dryer reduces the average household’s
carbon footprint by 2,400 pounds per year (1)! Believe it or not, running the dryer for just one cycle
consumes the equivalent amount of energy as turning on 225 CFL light bulbs for an hour -- so get
out that drying rack and start lowering your energy bill today!

Check out this (very convincing) cost breakdown
at thesimpledollar.com to see how air-drying
your clothing makes sense both ecologically and
financially!
Read more tips on energy efficient laundry at
ase.org.

(1) http://www.greenamerica.org/livinggreen/dryer.cfm
(2) http://blog.opower.com/2013/07/americas-most-unpopular-way-of-saving-energy-is-oneof-europes-favorites/
Unplug. Unplug all
appliances/chargers when not
in use, or use power strips.
(Note: Please keep your
refrigerator plugged in to
avoid spoilage.)

Unplugging appliances in your residence hall room before stepping out for the day not only saves
energy, but also helps Penn State lower its electricity bill. Even when in the ‘off’ position, many
appliances still draw power from wall outlets -- in a typical household, this amounts to as much as
10 percent of total energy consumption! (1) You might hear this phenomenon referred to as
“phantom load” or “vampire power.” According to the Energy Information Administration, phantom
load costs consumers in the U.S. more than $3 billion each year! (2) So be sure to do your part in
slaying the vampire by unplugging dorm appliances (keep your fridge powered) whenever you
leave. It’ll only take a few seconds and you’ll be making a big difference!

Learn more about phantom load with this
factsheet from the Take Control & Save
Cooperative.
Did you know that you can combat phantom load
by installing a smart power strip? Find out how
smart strips work at HowStuffWorks.com!

(1) http://standby.lbl.gov/standby.html
(2) http://www.eia.gov/kids/energy.cfm
Flip the switch. Turn off all
lights when leaving rooms and
while sleeping. (This includes
common areas such as
restrooms, common rooms,
and kitchens.)

Turning off the lights when you leave your room is one of the easiest ways to help Penn State
reduce its electricity demand and save money. But it doesn’t have to stop there -- if you notice lights
on unnecessarily in your classrooms or in other public spaces, shut ‘em off too! Lighting accounts
for 5-10 percent of total energy use in residential settings alone, so it’s important to eliminate waste
whenever possible. (1) A common myth is that leaving the lights on uses less energy than turning
them off and back on again, but this simply isn’t true. (2) So remember to flip that switch!
(1) http://www.unl.edu/unlpub/special/energy/
(2) https://www.mtholyoke.edu/envsustainability/energymyths

Check out some other Energy Myth Busters from
Mount Holyoke College!
And if you’re still hooked on debunking
common energy misconceptions, read on as the
University of Oregon’s Campus Operations
Team sets things straight.
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Measure your footprint.
Take the carbon calculator
quiz to measure your carbon
footprint:
http://www.footprintnetwork.o
rg/en/index.php/GFN/page/
calculators

Knowing your carbon footprint helps you recognize the impact of your daily activities on the planet
and identify opportunities to adopt more eco-friendly behaviors. Though you’ll be taking the quiz
individually, it’s important to consider how quickly our collective impact can grow when we
examine it from the perspective of our families, our schools, and even our larger communities.
According to the Cool Climate Network at the University of California, Berkeley, the typical U.S.
household’s carbon footprint is 48 tons per year (1), the GHG equivalent of over 100,000 miles of
driving (2)! If we take that number and multiply it by the number of households in the U.S.
(approximately 115 million as of 2012), the result is staggering -- upwards of 5 billion tons of
carbon emissions each year (3)!
(1) http://coolclimate.berkeley.edu/footprint
(2) http://www.epa.gov/cleanenergy/energy-resources/calculator.html#results
(3) http://quickfacts.census.gov/qfd/states/00000.html

Visit eia.gov to find out how the U.S. stacks up
against other nations emissions-wise.
See what the Woods Hole Research Center is
predicting for the level of global carbon
emissions in the year 2030 at whrc.org.
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Table 5. Water category action content
Action Title &
Descriptive Statement

Action Rationale

Related Reading

Turn off the tap. Be sure to
shut off the faucet while
brushing your teeth, washing
your face, or shaving. Turn off
any running taps you may see.

Can you imagine if the toilet ran the whole time you were on it? Doesn’t make any sense, does it?
Well, that’s similar to keeping the faucet running while you brush your teeth. That water is not being
put to any good use. You can save up to four gallons of water every day by turning off the faucet
while you brush your teeth. (1) Though we may take it for granted, water is a finite resource. Less
than one percent of the water on the planet is available for drinking (2). Furthermore, there are more
of us using it than ever before, increasing the need to protect our supply.

Water Sense, a partner of the EPA, lets you
calculate your water use, so you can conserve
wisely. And it’s not just the environment that
benefits.

(1) http://water.epa.gov/learn/kids/drinkingwater/water_trivia_facts.cfm
(2) http://www.usgs.gov/blogs/features/usgs_top_story/how-much-water-is-available
(3) http://nationalatlas.gov/articles/water/a_wateruse.html
Fill up the washer. Wash
only full loads of laundry.

The average American family washes 300 loads of clothing each year! (1) Rigorous scientific
research (okay, common sense) tells us that college students don’t do quite that much laundry, but
the washers in the residence halls still do their fair share of work. When you do your laundry, be
sure to wash a full load. Most clothes washers use the same amount of energy and water regardless
of the size of the load (2). Plus, washing more clothing at once means fewer trips to the laundry
room!

American Standard has created a tool to let you
figure out financial savings so your wallet wins,
too.

Learn more about environmentally friendly
laundry tips and some best practices.

(1)
http://www.energystar.gov/certifiedproducts/detail/clothes_washers?fuseaction=find_a_product.showProductGroup&pgw_code=CW
(2) https://www.energystar.gov/index.cfm?c=clotheswash.clothes_washers_performance_tips

Clean it cold. Wash clothes in
cold water.

Having to heat up water for the washing machine makes up about 90 percent of the energy use
needed to operate it (1). Be sure the temperature is on cold to reduce your energy consumption. For
most circumstances, washing in cold water will do just as good a job cleaning your clothing. (Oily
stains are one exception; soak them first.) Washing one load on hot instead of cold is the energy
equivalent of driving 9 miles in your car (2). While that may not seem like much, over the course of
a year the impact – or in your case, the avoidance of impact – can really add up.
(1)
https://www.energystar.gov/index.cfm?c=clotheswash.clothes_washers_performance_tips
(2)
http://www.treehugger.com/culture/washing-laundry-in-cold-water-is-the-same-as.html

Here are some Energy Star guidelines on
washing and drying.
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Shorten your shower. Aim
for five, no more than ten
minutes.

A 2011 study in England revealed that the average amount of time most people spend in the shower
was about eight minutes (1). While this may not seem too long, a conventional shower uses 5-7
gallons of water a minute (low-flow rates use 2-4 gallons/minute), upwards of 50 gallons of water
per person per day. Furthermore, getting the water to a comfortable temperature requires energy. A
quicker shower makes a difference in both water and energy conservation. For every minute you
shorten your shower, you can save about 1800 gallons of water a year (2) and reduce the amount of
fossil fuels burned to keep the water warm.

Check out how a shorter shower can really pay
off.
This water usage chart can help you see how
much water your actions consume.

(1) http://www.bbc.com/news/science-environment-15836433
(2) http://www.watersmart.net/action/program5
Keep water handy. Have a
pitcher of water and/or water
filter pitcher in your
refrigerator for shared use to
minimize time spent waiting
for tap water to become
cold.

According to the United States Geological Survey, Americans use between 80 and 100 gallons of
water each day (1). While much of that has to do with bathing, washing clothes, and flushing the
toilet, we also consume water when we drink. (Did you remember to have your 8 glasses of water
today?) Staying hydrated is critical to our health, so drink up (2)! Keeping a pitcher in your fridge
not only provides a cue to drink more water, it also reduces the need to run the faucet to get it cold
enough to quench your thirst. Your health and that of the planet both win! A pitcher also reduces the
impact that single-use water bottles can have on the environment and your wallet (3).

Some interesting facts about water
Health benefits of drinking more water

(1) http://water.usgs.gov/edu/qa-home-percapita.html
(2) http://www.webmd.com/a-to-z-guides/drinking-enough-water-topic-overview
(3) http://www.nrdc.org/water/drinking/qbw.asp

Call it in. If you see a leaky
faucet or dripping pipe, email
Housing at
uphousing@psu.edu.

A dripping faucet may not seem like a big deal, but at one drip per second, a faucet can leak a
whopping 3,000 gallons per year (1). According to the EPA, the collective loss of water from U.S.
homes caused by leaking is a trillion gallons each year, which is the same amount of water used by
11 million homes (2). The agency even has a “Fix a Leak Week” to bring attention to this issue and
help people conserve water and money by sealing drips. If you spot a leak in your residence hall,
please do your part to contact the Housing Office at uphousing@psu.edu.
(1) http://water.epa.gov/learn/kids/drinkingwater/water_trivia_facts.cfm
(2) http://www.epa.gov/WaterSense/pubs/fixleak.html

This drip calculator from the USGS lets you
figure out water waste.
Learn more about the EPA’s Fix a Leak Week.
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Table 6. Food category action content
Action Title &
Descriptive Statement

Action Rationale

Related Reading

Eat lower on the food chain. (Try
going vegetarian for one day a
week)

Although humans are apex predators – on top of just about any food chain you can think of – we also have
the unique ability to alter our diet based on preference. Choosing to eat lower on the food chain (i.e., more
veggies, fewer animals) will help you lessen the environmental impact of choosing to eat meat. Current
estimates are that meat production generates between 14 and 22 percent of the carbon dioxide-equivalent
greenhouse gas emissions produced in the world each year. One way to test the concept is to try “Meatless
Monday.” (1) Founded in 2003 by Sid Lerner, Meatless Monday is an international campaign aimed at
improving public health and increasing dietary conscientiousness. 34 countries now participate in the
Meatless Monday initiative. (2) Check out the Meatless Monday website for great vegetarian recipes and
inspiration!

Compare the carbon
footprints of five different
diets to see how various
levels of meat consumption
stack up emissions-wise.
Check out this Time
Magazine article about how
meat and dairy can hike up
our carbon footprint.

(1) http://www.meatlessmonday.com/
(2) http://www.scientificamerican.com/article/the-greenhouse-hamburger/
Take me out! Try Green2Go in
Pollock Commons to reduce your
takeout meal trash.

In spring semester 2014, a team of committed students and employees at Penn State championed the
introduction of reusable takeout containers in Pollock Dining Commons. This new program, called
‘Green2Go’, allows students to pay a $5 deposit through their Campus Meal Plan accounts (refunded at
the end of the semester) to use our eco-friendly reusable plastic containers as opposed to single-use
polystyrene containers. Why participate? For one thing, Penn State currently sends almost half a million
polystyrene containers to landfills each year. (1) That’s a LOT of waste, but you can help divert it! The
movement toward sustainable food storage is taking root elsewhere as well: two University of Michigan
entrepreneurs are working to introduce their BizeeBox program to reduce takeout waste at campus dining
locations. (2) So the next time you’re considering dinner on the go, stop by Pollock Commons to pick up
your Green2Go box and join the fight for eco-friendly takeout!

Check out these other
alternatives to disposable
takeout containers.
Read about the University of
Mary Washington’s ‘Choose
to Reuse’ campaign…

(1) http://www.foodservices.psu.edu/FoodServices/EatingSmart/green-2-go.cfm
(2) http://www.independent.com/news/2013/oct/25/ann-arbor-based-bizeebox-kicks-indiegogocampaign-/
Control yourself. Choose smaller
portions and eat everything on my
plate to avoid food waste

We’ve all heard the saying “My eyes are bigger than my stomach!” -- and it turns out there’s quite a bit of
truth to that statement. According to Professor Garry Egger of Southern Cross University in Australia,
there is in fact a difference between appetite (our desire to eat) and the actual physiological signs of
hunger. (1) Recognizing the difference between the two helps us exercise better portion control, an
important factor both in our personal health and in the well-being of our environment. Having trouble
cutting back? Try using smaller plates. Food psychologist Brian Wansink of Cornell University’s Food
and Brand lab claims that “adding about two inches to a plate’s size can increase [our] calorie
consumption by 22 percent.” (2) So be conscious of your eating habits and take only what you need, not
what you think you need.
(1) http://www.medicalobserver.com.au/news/hunger-versus-appetite

Read Gina-Marie
Cheeseman’s take on how
consumers and retailers can
reduce their food waste.
Check out even more waste
prevention tactics from the
EPA.
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(2) http://theadvocate.com/features/people/7462070-123/your-eyes-are-bigger-thanyour
Visit the Farmer’s Market.

There are many reasons to shop locally and support farmers’ markets -- not least of which is that it
drastically reduces the amount of carbon emissions required to transport your food from source to plate.
Calculations performed by John Hendrickson in 1980 estimated that fresh produce traveled an average of
1,500 miles before getting into consumers’ hands, and though more recent examinations of the issue
suggest that this number might be a bit high, there’s no doubt that the environmental impact of food
distribution is significant. (1) (2) In addition to cutting down on emissions, shopping locally ensures that
you receive the maximum nutritional value from your food. The Center for Urban Education about
Sustainable Agriculture (located in San Francisco) claims that “most food found at the farmers market is
minimally processed, and … farmers go to great lengths to grow the most nutritious produce possible by
using sustainable techniques [and] picking produce right before the market.” (3)

Check out our very own State
College Farmers Market
online to find out what’s in
season!
Learn more about the power
of local agriculture at
Nutrition.gov.

(1) https://www.leopold.iastate.edu/sites/default/files/pubs-and-papers/2003-07-checking-foododometer-comparing-food-miles-local-versus-conventional-produce-sales-iowa-institution.pdf
(2) http://www.slate.com/articles/life/food/2008/09/whats_in_a_number.html
(3) http://www.cuesa.org/learn/10-reasons-support-farmers-markets
Sustain the Catch of the Day.
Choose sustainable seafood.

Just as today’s factory farming practices are in many ways detrimental to our environment, unsustainable
fishing practices damage oceans and threaten the health of sea life populations. According to Seafood
Watch, “85 percent of [our planet’s] fisheries are being harvested at capacity or are in decline” -- and
threats to these fisheries aren’t just in the form of overfishing. Illegal and unregulated fishing, habitat
damage, and bycatch (catching species other than the target species) are equally serious problems. (1) So
what can we as consumers do about it? One of the best ways to help champion sustainable seafood is by
choosing to support restaurants and retailers that are committed to responsibility and transparency with
respect to their seafood products. ResponsibleSeafood.org maintains a list of U.S. retailers that have
earned its Best Aquaculture Practices certification. Keep it handy and remember to go sustainable when
eating seafood! (2)

Learn more by reading this
article on sustainable seafood
from National Geographic.
Check out FishWatch.gov for
other interesting facts and
helpful resources.

(1) http://www.seafoodwatch.org/cr/cr_seafoodwatch/issues/
(2) http://www.responsibleseafood.org/bapbuy.html
Visit eatlowcarbon.org and take
the quiz.

You don’t have to go vegetarian to make a difference in greenhouse gas emissions! While a vegetarian
diet is a very effective way to cut back on GHGs, you can also reduce your footprint by being smarter
about your meat consumption instead of eliminating it entirely. Did you know that not all meats are equal
in terms of their impact on the planet? For example, chicken is a more carbon-neutral choice than beef,
because cows are ruminants and thus emit more methane (a greenhouse gas) into the atmosphere than
chickens. (1) By balancing your meat consumption across different types of meat (beef, poultry, fish, etc.)
and sourcing locally whenever possible, you’ll be taking a huge step toward eating more sustainably! Just
remember that a key factor to consider when evaluating the impact of your diet is the amount of methane
it produces. Methane is 23 times more damaging to Earth’s climate than carbon dioxide, so be smart and
do your part to keep emissions in check! (2)

Visit ClimateCare.org for
more ideas on how to live a
low-carbon life!
Learn how food service
company Bon Appétit is
tackling climate change…

64
Recover your resources. Compost
your food scraps and food waste,
like napkins and food-contaminated
paper products.

(1) http://eatlowcarbon.org/
(2) http://timeforchange.org/are-cows-cause-of-global-warming-meat-methane-CO2
According to the EPA, composting benefits the environment in a number of ways: it enriches soil by
improving its nutrient content, naturally remediates contaminated soil, and helps prevent pollution by
lessening the quantity of methane and leachate formed in landfills. (1) Plus, as OneGreenPlanet.org so
aptly puts it, composting helps you “appreciate the cycle of life which involves decay in new growth in
equal measure.” (2) Just as we recycle plastics and other synthetic materials, nature has its own system for
recycling organic matter. So give the planet a hand by thinking twice about your trash -- if it can be
composted, take the time to find that green bin and help keep organic waste out of our landfills!
(1) http://www.epa.gov/composting/benefits.htm
(2) http://www.onegreenplanet.org/lifestyle/5-reasons-why-composting-is-the-greenest-thing-youcan-do/

Time for a lesson in waste
diversion! Find out why the
Huffington Post calls San
Francisco “America’s
greenest city”.
Check out these tips on
composting at home, courtesy
of Gardener’s Supply
Company!
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Table 7. Getting Around action category content
Action Title &
Descriptive Statement

Action Rationale

Related Reading

Use people power. Walk, bike, or roll
(skateboard, wheelchair, scooter, etc.)
as your primary means of transportation
around campus.

According to the Centers for Disease Control and Prevention (CDC), adults need at least 150 minutes of
moderate-intensity aerobic activity per week to stay healthy – and as a college student with a busy
schedule, what better time to meet your exercise quota than on your way to class? (1) Assuming a fiveday school week, you can do this with just 30 minutes of brisk walking per day! If you don’t already,
consider walking to class and taking a moment to enjoy the scenery on the way. Or, if you’re strapped
for time, grab a pair of wheels and bike, skateboard, or scoot to class instead! As long as you’re
supplying the power, your body – and the environment – are reaping the benefits. And according to
U.S. News & World Report, you’ll not only be healthier if you exercise; you’ll be happier and smarter
too! (2)

Learn more about the health
benefits of walking at
MayoClinic.org.
Check out this article from
the American Psychological
Association to find out how
exercise can relieve stress.

(1) http://www.cdc.gov/physicalactivity/everyone/guidelines/adults.html
(2) http://health.usnews.com/health-news/diet-fitness/slideshows/7-mind-blowing-benefits-of-exercise/1
Go together. When you have to use a
vehicle, carpool or take public
transportation to get groceries, dinner,
move-in/out, etc. [Link to Rideshare.]

When you choose public transportation for local trips instead of hopping into your personal vehicle, the
carbon benefits really add up! According to the American Public Transportation Association, almost 5
billion gallons of gasoline are saved by public transportation use in the United States every year! (1)
And bonus -- in 2005, our very own Centre Area Transit Authority (CATA) became the first
transportation agency on the East Coast to operate an entirely natural gas-powered fleet, which
translates to an even greater reduction in greenhouse gas emissions! (2) Plus, with CATA’s convenient
bus tracking app for iPhone and Android, you’ll find it even easier to get around. [Link to CATA App
Download Action]
(1) http://www.wnyc.org/story/288549-fast-facts-carbon-benefits-transit/
(2) http://catabus.com/AboutCATA/CNGProgram/index.html

Know when to go! Download the
CATA app for iPhone/Android and ride
CATA to plan your ride on public
transportation.

Thanks to our partnership with the Centre Area Transit Authority (CATA), Penn State is fortunate to
have a reliable and free on-campus public bus system for students and staff! Blue Loop stops are
conveniently located throughout campus, and buses run every 6-8 minutes during school days. CATA
also operates community routes that will take you nearly anywhere in State College for only $1.50 each
way! Still not convinced? According to TransLōc, users of public transportation are statistically three
times more physically active than non-users, and research has shown that buses are significantly safer
than individual vehicles. (1) But the power of public transportation doesn’t stop there: a single
commuter choosing to travel to and from work using public transit instead of a personal vehicle can
reduce his or her household carbon emissions by 10 percent! (2) So download the CATA app on your
iPhone or Android device TODAY and start making the most of our award-winning transit system!

Public transportation grows
communities and creates
jobs! Find out how at
PublicTransportation.org.
Commuting to campus?
Check out CATA’s
RideShare program!
Case study: Learn about
what Washington DC’s
public transportation system
is doing to promote
sustainability!
While you’re at it, download
a public transit app that
serves your home city (or the
city nearest you, if you live
in a suburban or rural area).
‘Transit’ is a great example!
Sign the Voices for Public
Transportation petition and
lend your voice to advocacy
efforts surrounding public
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Take a tour de sustainability. Use the
self-guided online tour at green.psu.edu
to discover University Park’s
sustainability sites.

Take the stairs instead of the elevator
(if able).

(1) http://transloc.com/6-health-benefits-of-public-transportation/
(2) http://www.apta.com/mediacenter/ptbenefits/pages/default.aspx

transit!

From LEED-certified buildings to efficient groundwater management, Penn State is quickly becoming a
global leader in sustainable campus development. The Penn State Institutes of Energy and the
Environment have teamed up with the Sustainability Institute to create a self-guided walking tour for
students, staff, and community members to experience first-hand the many exciting ways in which Penn
State is maintaining its commitment to environmental stewardship. Did you know that you can purchase
Fair Trade products in the HUB? How about that the new Millennium Science Center features a green
roof which reduces storm water runoff and helps insulate the building to reduce summer cooling costs?
Learn about these and many other sustainably-minded design decisions Penn State has made by taking
the Green Tour!

Find out how major cities
like Melbourne, Berlin, and
London are using walking
tours to engage their citizens
in sustainability!

According to Allegheny County health officials, we burn about 10 calories with every flight of stairs we
climb. This means that by taking the stairs (just one flight!) instead of the elevator 10 times per day, the
average person can lose 10 pounds in a year. (1) Think it costs you more time to take the stairs? A
recent study conducted by doctors at the Royal University Hospital in Saskatchewan (Canada) actually
found that taking the stairs is more efficient than waiting for the elevator. (2) And don’t forget about the
electricity savings you’ll help realize by choosing the stairs. So the next time you have the chance,
make the body- and planet-friendly choice: skip the elevator!

Read about a unique exercise
program taking hold in New
York City

Other universities are in on
this, too! Check out how UC
Berkeley and Portland State
have created walking tours
of their own.

Check out this explanation
of how to calculate the
energy costs of your
residence hall elevator

(1) http://www.county.allegheny.pa.us/hr/wellness/BurningCalories_Stairs.pdf
(2) http://www.huffingtonpost.com/2011/12/12/stairs-save-time-elevator_n_1143803.html
Find a video. Perhaps environmental
forum video on biking or Complete
Streets: http://vimeo.com/22886687 or
TED Talk]

We’re reminded almost every day about the controversial nature of climate change legislation and the
roadblocks our communities face when approaching sustainable development projects. But it’s
important to remember that sustainability starts with sustaining ourselves -- so let’s take a moment to
pause, reflect, and celebrate the achievements of sustainability champions in our own communities!
Check out one of our suggested videos* that highlight what committed individuals across the country
are doing to build a more sustainable world (or find your own!) and share your reaction with us.

Video List:
*NYC Complete Streets
*Majora Carter - Greening
the Ghetto
*Tom Szaky & TerraCycle
Full list of sustainabilitythemed TED Talks…
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Appendix D
Post-Exposure Feedback Survey Questions and Results
Quantitative items: Table 8 (below) lists the quantitative survey items presented to
respondents, along with basic descriptive statistics (i.e. mean and standard deviation values) for
each item. These values are provided to establish the similarity of the responses. Inverse phrasing
was used with certain pairs of statements as a validity measure. Responses were measured on a
five-point Likert scale, with the options (in order of strength of agreement) being (1) Strongly
disagree, (2) Disagree, (3) Neither Agree nor Disagree, (4) Agree, and (5) Strongly Agree. Note
that five respondents started the survey, but one respondent only provided input on a few select
qualitative items (and no quantitative items).
Table 8. Summary of quantitative survey results
Item prompt

The Checklist made me aware of strategies for
energy and resource conservation that I had not
previously considered.
I am confident in my ability to converse with fellow
students, faculty, and staff about sustainabilityrelated issues that affect Penn State.
I know how to quantify the economic benefits of
sustainable behaviors.
I know how to quantify the environmental impact
of sustainable behaviors.
I do NOT feel confident in my ability to quantify
the economic benefits of sustainable behaviors.
I do NOT feel confident in my ability to quantify
the environmental impact of sustainable behaviors.
I feel I have a responsibility to help ensure
environmental quality and economic well-being for
future generations.

Number of
responses

Mean
response

Standard
deviation of
responses

4

3.50

1.00

4

3.75

0.50

4

2.75

1.26

4

4.00

0.82

4

2.25

0.96

4

2.50

0.58

4

4.75

0.50
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I have made changes to my personal habits as a
result of my interaction with the Checklist.
If asked, I could provide examples of ways that
Penn State is incorporating sustainability into its
day-to-day operations.

4

3.75

1.26

4

3.50

1.73

Qualitative items: Below are the prompts used to solicit open-ended feedback from the survey
respondents. A summary of responses to these items is provided in Chapter 4.

-

Please write a brief sustainability value statement (1-3 sentences) that articulates why the
conservation of energy and resources is beneficial (either for you specifically or for
society in general).

-

Which adjective(s) describe(s) your overall experience completing the Checklist? (Please
list as many as you like; separate them with commas.)

-

Were there elements of the Checklist’s visual layout that caused you frustration or
confusion? If so, which ones? Why?

-

Which aspect of your Checklist experience did you find most interesting or informative?

-

Which aspect of your Checklist experience did you find most valuable overall (if
different from your response to the previous question)?

-

Do you have suggestions for how the Checklist might be improved in the future?
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