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Abstract: For more than four decades, behavioral intervention programs informed by psychology
have been employed to increase pro-environmental behaviors. However, there has been little
evidence for the post-intervention durability of target behaviors. The few studies that have conducted
such evaluations have found that improvements often return to baseline levels post-intervention.
This study evaluated the durability of home energy conservation behaviors before, during, and after
a community based multi-technique intervention program, and examined the relationship between
behavioral durability and the perceived importance, convenience and family norms of each
behavior, as well as generalized pro-conservation decision making. The results show increased
frequency in target behaviors that remain elevated seven months post-intervention. While the
reported generalization of pro-conservation decision-making consistently increased during the
study, perceived importance, convenience, and family norms of target conservation behaviors were
largely unaffected. In addition, the few significant alterations in these perceptions were found to
be due to increases during the post-intervention period only, indicating that they are not necessary
pre-requisites for durable behavior change. These results show that a well designed community
based intervention can have direct impacts on target behaviors that persist beyond its termination.

Keywords: conservation behavior; pro-environmental behavior; behavioral intervention; field
intervention; durability; persistence; social norms; energy

1. Introduction

Since the early 70’s there has been a growing awareness of the significant role human
behaviors play in many pressing environmental issues. In an attempt to increase a wide variety of
pro-environmental behaviors, behavioral intervention techniques derived from social and behavioral
psychology have been employed as part of public intervention programs. Evaluations of the varying
successes of these interventions have suggested that the strategic use of many techniques, such as
information, commitment, prompts, feedback, incentives, role models, and social reinforcement,
can influence individual habits and choices resulting in the short-term reduction of resource
consumption [1-6]. However, these evaluations often limit their focus to standard evaluative measures
such as significance of effect, reliability, effect size, and cost-effectiveness. This may not be sufficient
to determine the long-term success of programs, nor the overall effectiveness of large-scale field
applications [1,3,6]. De Young [3], suggested that in addition to the more common assessments,
techniques should also be evaluated based on speed of change, particularism, or how specifically a
technique appeals to individuals based on their group membership, and durability. Cone and Hayes [7]
have argued that interventions should be assessed in terms of how generally the technique can be
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applied across environmental behavioral domains, circumstances and contexts. Yet other researchers
recommend the examination of qualitative narratives to capture the meaning/motivations behind
behavior change and lived experience [8-10]. One of the most important omissions has been an
evaluation of the long-term post-intervention impact of interventions. Indeed, the few studies that
have looked at long-term post-intervention behavior have suggested that many behaviors return
to baseline after the intervention is discontinued [1]. This potential for post-intervention reversal
is clearly problematic and impacts many other measures as well. For example, an intervention
program quickly loses its cost-effectiveness if it has to be re-employed multiple times to maintain
a desired behavior. Thus, the only reliable way to predict the long-term success of a program is to
evaluate changes in behavior beyond the termination of the intervention. Many reviewers agree
that evaluating the long-term durability of behavior change is important [1,3-6,11,12]. Indeed,
if pro-environmental behaviors revert to baseline as soon as a program is discontinued it cannot
be considered an effective intervention.

1.1. Behavior Durability

An obvious way to create persistence is potentially through the use of permanent interventions.
Both continuous feedback devices and changing defaults to conservation settings on appliances
have the potential to be very cost-effective [13]. There have been positive effects in cases where
continuous feedback devices have been installed in smart meters [14], showers [15] and appliances [16].
Although these studies are limited in their duration, these positive effects may have more chance of
persisting because the intervention is never discontinued. However, more follow-up studies are needed
as the effects seen may be attributable to the novelty of the new device or a pre-existing goal to reduce
energy use, and thus may not persist in all situations [14,16]. In addition, despite continuous real time
feedback being effective in most studies, Delmas et al. [2] concluded in their meta-analysis that even
continuous feedback is not sufficient on its own to produce persistent energy conservation behaviors.

The durability of more temporary interventions has not received much research attention,
most likely due to the fact that it is methodologically difficult and because questions of behavioral
persistence are complicated. For example, many of the techniques that are highly successful in the
short-term are not as successful over the long-term and visa-versa. Incentives, for example, usually
produce significant effects very quickly, however, the few studies that have done post-intervention
analysis have found that as soon as the incentives are removed, participants return to baseline
behaviors [11,17,18]. Techniques that have shown the most promise for creating persistent
pro-environmental behavior tend to work more slowly. Techniques that create an internal change such
as commitment, feedback (combined with personal goal setting and monitoring), direct experience,
intrinsic motivation, and Community-based research (CBR) programs that create a strong sense of
collective identity by altering social norms and values, tend to have smaller initial effects, but also
tend to create self-maintaining behaviors over time [3,19,20]. The few studies that have found
evidence of durable behavior changes, even after interventions have been discontinued, have looked
at interventions that were using techniques like commitment and feedback combined with goal
setting [11,17,18,21-25]. These techniques combined with a social element, such as peer feedback,
public commitment, social marketing pressure, or community-based participation, appear to be even
more promising in their ability to create persistent behaviors [21,22,24,26-29], and are popular in
public health initiatives for that reason [30]. As is suggested by many social psychology theories such
as social identity pathway theory [31,32], perceived personal control [33], citizen participation [34],
self-efficacy [35] and empowerment [36], the self-determined participatory element of these highlighted
techniques, along with the engagement in communal action, may lead to a new self-definition that
includes a sense of belonging, ownership, and responsibility to contribute to the collective group and
act as a change agent.
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1.2. Summary and Research Questions

Although the significance of effect, reliability, effect size and cost-effectiveness are important
measures when evaluating pro-environmental behavioral intervention programs, it is not enough
to stop there. Evaluating interventions while the program is still running tends to give at best an
incomplete, and at worst an artificial picture of the effectiveness of the program. How participants
behave during an intervention does not necessarily reflect how they will behave once the intervention
is discontinued, therefore any long-term conclusions based on these evaluations are likely to be
erroneous. Thus, the durability of behavioral changes after an intervention has been discontinued is
not only an important criterion to measure, but also gives a more complete picture of other criteria,
such as cost-effectiveness and the overall impact of a program.

This paper evaluates the Start Green intervention program, which was implemented at the
University of Toronto between September 2010 and February 2011. Like most intervention programs,
Start Green was limited in its reach and duration, however it also integrated many of the CBR
techniques that have been previously associated with durable changes. By measuring energy
conservation behaviors, and the perceived importance, family expectations, and ease of each
behavior as well as generalized conservation decision making before, during, and seven months
post-intervention, this paper not only shows a rare example of the potential of intervention programs
to create long-term increases in conservation behaviors that persist beyond the program, but also
challenges the assumption that increased attitudes of conservation importance, ease, and social norms
are necessary pre-requisites to durable behavior changes.

2. Materials and Methods

‘Start Green’ is a behavioral intervention program targeting energy conservation behaviors in the
home. It is an off-campus version of the “REWIRE” program, which utilizes Community Based Social
Marketing [12,20], and other types of CBR techniques [30] to encourage increased energy conservation
in campus student residences [37]. REWIRE is a modular intervention program developed by a team
at the University of Toronto Sustainability Office and has been successfully implemented at campus
student residences at the University of Toronto [37,38].

2.1. Intervention Design

2.1.1. REWIRE Design

Each module in REWIRE is a complete set of social psychology and community organization
techniques that synergistically target a specific behavior (e.g., using cold water to wash clothes).
Modules are created by first identifying the unique barriers to the desired behavior that exist in a
specific population, and subsequently identifying the applicable techniques or training to overcome
these barriers. Intervention techniques usually include commitments, prompts, social norms, feedback,
motivation building, personalized/tailored communication or information, and limited incentives
and disincentives. Modules are tailored both to the target behavior and to the target participants and
utilize the existing community structures and social norms.

2.1.2. Start Green Modules

Start Green consisted of six REWIRE type modules which were implemented monthly, starting
in September 2010 in the following order: participant commitment, cooling awareness, lighting and
electricity awareness, heating awareness, laundry and water awareness, and elevator use awareness
(see Table 1). The modules consisted of tailored information about the target behavior, posters, stickers
and other prompts, as well as a green-house gas (GHG) reduction kit containing relevant tools to reduce
barriers. The modules were designed in collaboration with the program participants via community
meetings, focus groups, interviews, and surveys and were also informed by past iterations of REWIRE.
This collaboration included an analysis of the unique barriers residents faced to conserve energy and
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the recruitment of student volunteers to represent a few floors in their own buildings in order to keep in
contact with neighbors, encourage participation, install and use kit contents, plan activities and events,
post and distribute prompts, and gather feedback from participants throughout the intervention.

Table 1. Description of behavioral modules and supplies provided during the intervention program
from September 2010 to February 2011.

Month Module Target Behaviors Kit Supplies
September Commitment Make a public commitment to increase energy conservation Commitment poster
Reducing AC use
October Cooling Increasing fan use

Increasing window shading—closing drapes during the daytime
Opening windows to circulate air

Reducing the use of lights and electronics when not in use
Using CFL bulbs

Increasing insulation of windows—close drapes at night
Increasing space heating

Reducing temperature

Wearing appropriate warm clothing

November Lighting and electricity 2 CFL bulbs

December Heating Window insulation film

Reducing hot water use

Increasing cold water washing cycles One low-flow showerhead
January Water and laundry Reducing shower length Cold water laundry detergent

Reducing the running of taps Laundry drying rack

Reducing dryer use

Reducing elevator use

February Elevator Increasing stair use as a health promotion

2.2. Setting

The Start Green program was implemented in an off-campus student residence known as Student
Family Housing (SFH), which consists of two high-rise apartment buildings near the University
with a total of 35 floors and approximately 700 private units. In comparison to REWIRE the SFH
buildings have reduced communal space. The apartments in SFH are private with their own kitchen
and bathroom facilities. However, there are common hallways, main entrances and community and
social rooms in the buildings, which were used for regular communication via posters and notices
and community events. The buildings have elevators, common laundry rooms, a central hot water
heating system, and no central air, but many window AC units. Since the buildings are located in
Toronto, Ontario, Canada, the main sources of energy at the time of the intervention were nuclear,
hydroelectric, coal and natural gas. A thorough vetting of the utilities at student family housing
buildings was conducted via walkthroughs and meetings with the building management to identify
how much control residents have over their energy use. Residents in each apartment had control over
their laundry, air conditioning, electricity use, and heating thermostat, however electricity usage was
metered centrally. All utility costs were included in the rent, therefore the residents did not receive
monthly bills or information on energy use. Due to the old infrastructure in the buildings it was not
possible to separately monitor energy usage in each unit. In addition both buildings were undergoing a
multi-year process of improving the infrastructure and installing energy efficient upgrades. This made
it impossible to separate out, and accurately attribute, quantifiable energy savings. Because of this,
energy use data was not included in the evaluation of the Start Green program.

2.3. Participants

Student Family Housing households consist of at least one University of Toronto student and
his or her partner and/or children. While REWIRE focused on first and second year undergraduate
students, the participants of Start Green encompassed a much wider demographic range. The majority
of the student residents (70% of survey respondents) were graduate students at the University of
Toronto who receive a guaranteed minimum stipend as long as they are enrolled in their program.
As it is a pre-requisite to living in the building, student residents either lived with a spouse and/or
children. 60% of the student residents were international students and came from 60 different countries.
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At least 43% of the 700 apartment units, or 301 student residents, made a public commitment to the
program at baseline, and 47%, or 329 residents, responded to at least one survey. Although there was
significant overlap between the survey respondents and the public commitment participants, it is
impossible to know the exact extent of overlap as only 56% of the survey respondents provided their
unit numbers on the surveys, which was the only identifiable information we collected. Although it
may appear strange that more student residents responded to surveys then made public commitments
to the program, there were multiple other Start Green events, as detailed below, that residents could
participate in, such as peer mentoring interactions, greenhouse gas reduction parties, and swap events
for example. Student Family Housing building management kept track of the email addresses of
student residents who participated, and administered the surveys. The surveys were only emailed to
student residents who had participated in the program. Student residents who moved in during the
intervention or during the follow-up period were not sent surveys. Although we only targeted the
student residents with the surveys, many non-student spouses/partners or children were also active
participants in the common actions and social events and could have been involved in answering the
surveys, thus the total reach of the program was much larger. We estimate that the total reach of the
program was over 600 adults and children, as all building residents were exposed to the prompts and
tailored information, they may have been influenced by the program, and in turn, may have influenced
the target student residents.

2.4. Intervention Technigues

2.4.1. Peer Mentoring and Workshops

Student volunteer representatives (SVRs) were recruited during the initial barrier analysis to
represent and help implement the program in both buildings. There were approximately 5-6 student
representatives in each building for a total of 10-12 during any given module. These individuals
represented their own floor and often a few floors above and below them in their building. They were
given Start Green t-shirts, scarves and buttons and trained in multiple workshop sessions on how
to interact with their neighbors to encourage pro-environmental behaviors. Training workshops
were offered during the modules and consisted of information about the target behaviors and their
importance for reducing energy, use of the supplies provided in the kit, as well as event planning
exercises, and a volunteer information booklet. The techniques that were taught ranged from how
to ask their neighbors about energy conservation efforts during casual conversations to how to plan
GHG reduction parties and arrange more formal meetings or training sessions when participants were
having trouble using the provided supplies or module instructions in their homes. The representatives
were responsible for organizing the giveaways for each module, which gave them the opportunity
to meet their neighbors and encourage them to co-operate in helping make their building more
environmentally friendly. They also integrated Start Green messages into other social events in
the buildings.

2.4.2. Other Social Norms

GHG reduction parties with at least 4 residents were organized by SVRs in their units in order
to familiarize their neighbors with the GHG reduction kit contents, demonstrate installation and use,
and create opportunities for peer-learning on the behavioral aspects of using the energy saving devices.
Over 300 of these parties were organized and a total of 220 GHG kits were given out. Therefore the
GHG parties reached an estimated 800 residents (including those attending parties and family members
of those receiving kits). The parties were held in each building at the beginning of each module to
generate social interaction and excitement about the program. T-shirts and scarves with Start Green
branding were printed and given out during these parties to create a sense of belonging and communal
effort. As mentioned above, the kits were distributed at these events and public commitment pledges
were taken from residents. In addition, two “swap events” were organized in November 2010 and
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February 2011 to foster community participation, form strong social ties, and further promote a social
norm of energy conservation (Figure 1). The Start Green organizers and the student representatives
organized a donation period over a week for each building and, at the end of this week, hosted a
day-long swap event where residents could trade their belongings for their neighbors’ belongings.
144 residents participated in the swap events. Any leftover items were donated to charities. The items
that were gathered, exchanged and/or donated were recorded and analyzed to assess the green-house
gas emission reductions from landfill diversion.

oty UNIVERSITY OF TORONTO AnciLuary Svices

CHARLES STREET STUDENT FAMILY HousING
RESIDENTS’ HANDBOOK

Wednesday U OF T o
NOV 17 SWAP .
1am-4pm EVENT
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Figure 1. From top left to bottom right: (a) swap poster; (b) residents handbook; (¢,d) commitment
posters; (e) heating module commitment; (f) cooling module; (g) lighting and electricity module;
(h) heating module.

2.4.3. Commitments

Residents were asked to make a public written pledge to reduce their energy consumption and
participate in the program during the launch month of Start Green. They signed a public poster that
was fixed in a communal space (Figure 1). Student volunteers recorded and tracked commitments
made by residents on their floors. Residents also signed commitment pledges in public when they
received kit supplies during each module kit distribution event (Figure 1). They pledged to use,
install and/or share the items they received in an effort to conserve energy and reduce green-house
gas emissions.
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2.4.4. Prompts

At the beginning of each module large posters and small stickers detailing the target behaviors
were posted in multiple highly visible common areas, such as hallways and entrance lobbies (Figure 1).
In addition, prompts were placed in key behavioral zones such as stickers on washing machines to
encourage using cold water washes.

2.4.5. Tailored Information

Participants received booklets on the infrastructure of their buildings detailing the areas in which
energy conservation was important and possible and what would make the most impact (Figure 1).
They received instructions and suggestions on how to perform the module target behaviors using
the existing building infrastructure and the supplied kits. An email was also sent to each student
resident at the beginning of each module and a page was set up on the Sustainability Office website
with additional information.

2.4.6. Barrier Reduction Materials

Participants were given GHG reduction kits as part of the GHG reduction parties as mentioned in
the module design section above. These materials consisted of useful items that would enable residents
to begin to reduce energy, such as compact fluorescent light bulbs. These were not given as a reward
but supplied in order to decrease barriers to adoption of target behaviors.

2.5. Surveys

Four online surveys were administered to the residents. The first survey was delivered to all
the units and answered by 7% of the student residents. The purpose of this survey was to identify
the unique barriers that were preventing residents from engaging in energy conservation behaviors.
This information was used in combination with information from community meetings, focus groups,
and interviews with staff to inform the design of each intervention module and decide on the GHG kit
contents. The second (baseline), third (closing) and fourth (follow-up) surveys were identical to each
other and were used to assess the performance frequency of specific conservation behaviors, as well as
perceived behavioral importance, family social norms, behavioral ease, and generalized conservation
decision making. The baseline survey was distributed to all the units in September 2010, before the
commencement of the program to assess control levels of behavior, attitudes, values, social norms and
habits, and was answered by 59 student residents. The closing survey was distributed to all the units
and was answered by 221 student residents. The follow-up survey was distributed seven months after
the termination of the program in September 2011 to the student residents who had responded to the
third survey, with 64 respondents. This last survey was limited to participants who had previously
answered the third survey in order to exclude residents who had not been exposed to any aspect of
the program. During the seven-month post-intervention period there was a degree of turn-over in
the building. Residents who had recently moved in, or who had otherwise not participated in the
Start Green program at all were identified by the building management team and were not sent the
survey. For confidentiality issues, the Start Green programmers and researchers did not have access to
this information. The baseline, closing, and follow-up surveys asked an identical set of questions that
can be separated into five categories: behavioral, perceived behavioral importance, perceived family
norms, perceived behavioral convenience, and generalized conservation decision making.

2.5.1. Behavioral Questions

The first nine questions directly asked how often the participant performed a specific
pro-environmental behavior assessed on a 5-point Likert scale from 1 (never) to 5 (always). For example:
Please indicate how often you do the following: I turn off lights when I leave rooms and hallways in
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my apartment. These questions averaged at the 3 time points were used to determine the persistence
of post-intervention behavioral change.

2.5.2. Perceived Behavioral Importance Questions

This set of nine questions queried how important the target behavior was to the participant on
a 5-point Likert scale from 1 (strongly disagree) to 5 (strongly agree). This perceived importance
is assumed to reflect the attitude of the participant towards a specific pro-environmental behavior.
For example: Please indicate your level of agreement with the following: It is important to turn off
lights in rooms and hallways when I am not using them.

2.5.3. Perceived Family Norm Questions

These nine questions assessed how strongly the participant felt that there was an expectation
in their family culture to perform specific behaviors, assessed on a 5-point Likert scale from
1 (strongly disagree) to 5 (strongly agree). For example: Please indicate your level of agreement
with the following: My family members expect me to turn off lights in rooms and hallways when
I am not using them. These questions and how they changed over the course of the intervention gave
an indication of how the program impacted family members and therefore gave an indication of the
proliferation beyond the target individuals.

2.5.4. Perceived Behavioral Convenience Questions

These nine questions assessed the perceived convenience of a particular behavior or action.
Since perceived convenience tends to increase as habits increase, these questions can be seen as a
measure of how internalized and habitual the behavior has become. For example: I find it easy to turn
off lights in rooms and hallways when I am not using them, assessed on a 5-point Likert scale from
1 (strongly disagree) to 5 (strongly agree).

2.5.5. Generalized Conservation Decision Making

A single question assessed how strongly the participant had generalized their pro-environmental
behaviors to their life and thus may give a measure of how strongly they have identified with being
a pro-environmental individual and how likely they were to apply this in other areas of their life.
This question therefore gave an indication of the potential for proliferation of conservation behaviors
beyond the target behavioral domains: How often do you make decisions with the environment in
mind, assessed on a 5-point Likert scale from 1 (never) to 5 (always).

2.6. Data Analysis

In this paper, we compare mean ranks of self-reported behaviors, attitudes, social norms,
habits and values at baseline, closing and follow-up time points to evaluate the intervention and
post-intervention effects of the Start Green intervention program. We also assess if alterations
in energy conservation behavior durability co-vary with alterations in perceived importance,
convenience, and family norms of those behaviors, as well as the overall generalization of conservation
decision making.

It would have been preferable to analyze the three surveys in a repeated measures design to
increase power. However, part of the CBR approach is to foster trust in the community in order
to maximize participation, increase retention and thus ensure a more valid representation of the
population. Thus the community’s concerns for privacy meant we did not have access to identifiable
information outside of that provided in anonymous surveys, and instead the building management
team was tasked with tracking of participation in the program. Although the same group of participants
was invited to respond to the three surveys, a significant portion of respondents chose not to provide
their unit numbers. Since this was the only identifying piece of data that we had access to it was
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impossible to reliably match responses to a single apartment unit between the three time points and
thus a repeated measures analysis was not feasible. Therefore the central tendency for each question at
each time point was treated as an independent sample statistically. It is important to keep in mind,
however, that the student housing management team kept track of participation and only those student
residents who were participating in the program were sent the surveys. In addition, only the student
residents who answered the second survey were sent the third survey. Thus, the responding pool for
all three surveys highly overlapped and no residents who were unexposed to the Start Green program
responded to the survey.

Since there is debate in the literature on the appropriateness of using parametric tests on ordinal
data such as Likert scales, the central tendency of the data was initially analyzed using both parametric
and non-parametric tests. Both Kruskal-Wallis and one-way analysis of variance tests were conducted
on all the data and the results were compared. There was little difference between the parametric
and non-parametric results, thus only the non-parametric data are reported here. Post-hoc tests were
performed on significant Kruskal-Wallis results with Dunn’s Test using Bonferroni corrections.

2.7. Methodological Limitations

As with all Community-based research (CBR) [30,39], the involvement of the participants in the
research design introduces possible limitations, such as increased selection and response biases and
decreased randomization. However, these limitations are more than balanced by the advantages of
this approach, including greater participation rates, decreased drop-out rates over time, increased
community trust and engagement, and increased external validity [30,40-43]. Most importantly, CBR
is known to foster durable change that is sustainable beyond the application of the intervention [19],
which was the main goal of this study. The increased sustainability of CBR based programs has
long been observed in public health interventions where it has been argued by many researchers
that community involvement in interventions and research not only has the capacity to create
durable changes in individual lives but increases the quality of the data overall [19,30]. In any
case, CBR is an accepted methodology, particularly in applied research where the goal involves
understanding how best to advance energy conservation behaviors, for example, rather than solely
to test a particular theory where context is less important. In the case of Start Green therefore,
part of the program is to intentionally involve the participants in creating their own culture of energy
conservation, thus hopefully creating a shift in self and group identity and an increase in the durability
of behavioral change.

Another limitation of our approach was the minimal demographic data we were able to collect.
It would have been preferable to examine the impacts of many individual characteristics on energy
conservation behaviors and attitudes over time, including socio-economic status, religion, ethnicity,
gender, age, field of study, employment status of partner, education level of partner, size of family,
age of children, first language, country of origin, and length of tenure in Canada. Follow-up studies
would benefit from exploring these as covariates to the impact of CBR interventions on longitudinal
behavior and attitudes.

3. Results

3.1. Behaviors

There was a general trend of increasing frequency of reported pro-environmental behaviors
(Figure 2), which was shown to be significant in all cases (Table 2). However, this was entirely due
to increased self-reported behavior during the intervention (Table 3) and not during the follow-up
period (Table 4). Indeed, the trend from closing to follow-up is less clear than between baseline
and closing (Figure 2) with some behaviors numerically increasing slightly and others decreasing
slightly. Only cold-water laundry changed during the post-intervention period with an additional
increase in self-reported frequency. All the other changes during the post-intervention period failed to
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meet statistical significance after pair-wise corrections (Table 3) and thus it is clear that the significant
increases in behaviors during the intervention remained elevated during the post-intervention period.
The magnitude of the effect depended on the specific behavior. In general all the behaviors increased
between 0.5 and 1 point on the Likert scale, generally moving from ‘occasionally’ to ‘often’. The greatest
effects were seen in the area of laundry behaviors. For example, participants reported using the
cold-water setting on the washing machine less than occasionally (mean rank = 2.67) at baseline
whereas at follow-up they reported performing this behavior often (mean rank = 4.03).

M baseline
5 s Oclosing
Sekede B followup

Mean Frequency

T
I turn off lights I turn off When performing | take shorter  Before washing When washing

when | leave electronics (i.e., an activity at the showers to my laundry, | waitmy laundry, | use
rooms and computers, TV) kitchen sink  reduce water use. until | have a full the cold water
hallways in my when | leave and/or bathroom load of clothes to setting to reduce
apartment. rooms in my sink, | turn off reduce water and hot water and
apartment. the tap between energy use. energy use.

tasks to reduce
water use.
Error Bars: 95% Cl *p<0.05, **p<0.01, ***p<0.001

Figure 2. Mean frequency of targeted pro-environmental behaviors during baseline, closing and
follow-up time points. Mean frequency is reported on a 5-point Likert scale: never (1); rarely (2);
occasionally (3); often (4); and always (5).

Table 2. Kruskal-Wallis analysis of behavioral questions at baseline, closing and follow-up. Degrees of
freedom (df), sample size (N), chi square (x?), and p value are reported.

Questions 5

Please Indicate How Often You do the Following: df N X P

I turn off lights when I leave rooms . . . 2 319 71.027 <0.01
I turn off electronics when I leave rooms ... 2 316 39.505 <0.01
I turn off the tap between tasks ... 2 317 57227 <0.01
I take shorter showers . .. 2 317 18.734 <0.01
I wait for a full load of laundry ... 2 316 117.503 <0.01
When doing laundry I use the cold water setting... 2 317 40221 <0.01

Table 3. Baseline to closing pairwise comparison of self-reported behavior.

Questions

2

Please Indicate How Often You do the Following: df N X P

I turn off lights when I leave rooms . .. 1 260 69.170 <0.01
I turn off electronics when I leave rooms ... 1 257 40.527 <0.01
I turn off the tap between tasks . .. 1 258 56.049 <0.01
I take shorter showers . .. 1 258 16.747 <0.01
I'wait for a full load of laundry ... 1 257 104.023 <0.01
When doing laundry I use the cold water setting... 1 258 25393 <0.01
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Table 4. Closing to Follow-up pairwise comparison of self-reported behaviors.

Questions 5

Please Indicate How Often You do the Following: df N X P

I turn off lights when I leave rooms . .. 1 265 0149 >0.05
I turn off electronics when I leave rooms . .. 1 262 2145 >0.05
I turn off the tap between tasks . .. 1 263 1264 >0.05
I take shorter showers ... 1 263 0072 >0.05
I wait for a full load of laundry ... 1 262 0015 >0.05
When doing laundry I use the cold water setting... 1 263 7674 <0.05

3.2. Perceived Behavioral Importance

There were no clear numerical trends over the three time periods. In some cases it even appears
that the intervention period led to a decrease in perceived importance of target behaviors (Figure 3).
The only significant change was seen in the cold-water washes behavioral domain (Table 5). However,
pairwise comparisons and corrections revealed that this increase in perceived importance occurred
during the post-intervention period, x> (1, N = 263) = 2.67, p = 0.022, not during the intervention,
x? (1, N = 256) = 0.26, p = 0.78. This is in agreement with the behavioral data, which also suggested
that the largest effects were on the cold-water washes target.

4 5 Dlobing.
N % n % 1, % . 1 Afollowup 2%
Ou 4 / % / 7 / %% Z %
<8 0B 0B 0 B R R B B
) B8 B R H B R B
A R /
| e Itis important tcgci.g.v.use - .'D<D.C-S‘~'p<EC(.r(?lr,B~a~'.s;;<9[§:\(:}[§ll

Figure 3. Mean level of agreement to statements of behavioral importance at baseline, closing and follow-up
time points. The perceived importance of target behaviors was self-reported using a 5 point Likert scale:
strongly disagree (1); disagree (2); neither agree or disagree (3); agree (4); and strongly agree (5).

Table 5. Kruskal-Wallis analysis of statements on perceived importance of target behaviors at baseline,
closing and follow-up. Degrees of freedom (df), sample size (N), chi-square (x3), and p values are
reported for all questions.

Questions

2

Please Indicate Your Level of Agreement with the Following: It is Important to df N X P

Turn off lights when I leave rooms . .. 2 316 1420 >0.05
Turn off electronics when I leave rooms .. . 2 314 1.015 >0.05
Turn off the tap between tasks ... 2 313 3.665 >0.05
Take shorter showers ... 2 314 2735  >0.05
Wash full load of laundry . .. 2 311 5375  >0.05
Use the cold water setting on the laundry machine... 2 315 10.221 <0.01
Limit the use of the dryer ... 2 315 4781 >0.05
Take the stairs rather than the elevator ... 2 314 2757  >0.05
Reduce my energy use 2 314 1987 >0.05
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3.3. Perceived Family Norms

There were no consistent numerical trends of reported family norms across the three time
points (Figure 4). The perceived family expectation to use cold-water washes was the only
norm to increase during the study (Table 6), and as seen above, this only increased significantly
during the post-intervention period, x% (1, N = 258) = 2.43, p = 0.04, not during the intervention,
x> (1, N =251) =0.31, p = 0.95.

— M baseline
s 54 [ closing
£ A followup
-]
v %% *
5 7’ o
< % .
S
° / /
- 37 / /
] / /
> / /
v / /
2 / /
c 2 / o
g / /
L4 / /
= / /
- 2 Y
Turn off Turn off Run less sink Take shorter Wash full  Use the cold Limit the use Take the Reduce my
lightsin  electronics in  water to showers to loads of  water setting of the stairs rather energy use
rooms and rooms when | reduce water reduce water laundry to on the automatic than the
hallways am not using use use reduce water  washing clothes dryer elevator to
when | am them and energy machine to  in order to reduce
not using use reduce hot reduce energy use
them water and energy use
X energy use Error Bars: 95% CI
My family members expectme to ... *p<0.05, **p<0.01, **p<0.001

Figure 4. Mean level of agreement to statements of family expectations of target behaviors at baseline,
closing and follow-up time points. Perceived family expectations were self-reported using a 5 point
Likert scale ranging from strongly disagree (1) to strongly agree (5).

Table 6. Kruskal-Wallis analysis of agreement with statements on the perceived family expectations
surrounding target behaviors at baseline, closing and follow-up. Degrees of freedom (df), sample size (N),
chi-square (x?), and p values are reported.

Questions

Please Indicate Your Level of Agreement with the Following: df N x> p
My Family Members Expect Me to

Turn off lights when I leave rooms . .. 2 312 2268 >0.05
Turn off electronics when I leave rooms . .. 2 309 0587 >0.05
Turn off the tap between tasks . .. 2 310 9223 >0.05
Take shorter showers . .. 2 309 0863 >0.05
Wash full load of laundry ... 2 309 4598 >0.05
Use the cold water setting on the laundry machine... 2 310 8383 <0.01
Limit the use of the dryer ... 2 309 5794 >0.05
Take the stairs rather than the elevator ... 2 310 5275 >0.05
Reduce my energy use 2 309 0624 >0.05

3.4. Perceived Behavioral Convenience

Although the perceived convenience of most of the target behaviors was not altered during
the study, (Figure 5), the perceived convenience of using cold-water washes significantly increased
(see Table 7). However, pairwise corrections showed that the perceived ease of using cold water
washes was only significant during the post-intervention period, between baseline and follow-up
x? (1, N = 257) = 2.83, p = 0.013. There were no significant changes in perceived convenience during
the intervention (cold-water washes: x> (1, N = 250) = 1.20, p = 0.69).
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Table 7. Kruskal-Wallis analysis of perceived convenience of target behaviors at baseline, closing and

follow-up. Degrees of freedom (df), sample size (N), chi-square (x?), and p values are reported.

Questions i N 2
Please Indicate Your Level of Agreement with the Following: I Find it Easy to P
Turn off lights when I leave rooms . .. 2 309 0.768 >0.05
Turn off electronics when I leave rooms . .. 2 310 0.058 >0.05
Turn off the tap between tasks ... 2 308 1107 >0.05
Take shorter showers . .. 2 308 1.097 >0.05
Wash full loads of laundry . .. 2 309 0321 >0.05
Use the cold water setting on the laundry machine... 2 309 8735 <0.05
Limit the use of the dryer ... 2 310 3.887 >0.05
Take the stairs rather than the elevator ... 2 309 4509 >0.05
Reduce my energy use 2 310 6829 <0.05
M baseline
5= [ dosing
followup

Mean level of agreement
w

Turn off Turn off  Turn off sink Take shorter Wait until | Use the cold Limit the use Take the Reduce my
lights in  electronics intaps between showers to have full  water setting of the stairs rather energy use
rooms and roomswhen| tasksto reduce water loads of on the automatic than the
hallways am not using reduce water use clothing washing clothes dryer elevator to
when | am them use before Ido machineto in orderto reduce
not using my laundry reduce hot reduce energy use
them to reduce water and  energy use
water and  energy use
_energy use Error Bars: 95% CI
I find it easy to... *p<0.05, **p<0.01, ***p<0.001

Figure 5. Mean level of agreement to statements of behavioral convenience at baseline, closing and

follow-up time points. Perceived convenience was self-reported using a 5 point Likert scale ranging

from strongly disagree (1) to strongly agree (5).

3.5. Generalized Pro-Conservation Decision Making

There is a significant positive trend of increasing consideration of environmental concerns
during general decision making in the studied population x* (2, N = 327) = 22.699, p < 0.001
(Figure 6). Reported conversational decision making significantly increased during the intervention,
x% (1, N =268) = 3.27, p < 0.001, and significantly increased again during the post-intervention period,
x? (1, N =271) =2.69, p = 0.02. This continuous increase during both phases of the study is in
agreement with the theory that the practice of external behaviors can change internalized attitudes

and values, and a sense of identity [3].
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*p<0.05, **p<0.01, ***p<0.001
Figure 6. Mean level of agreement to a statement indicating generalized conservation decision making
at baseline, closing and follow-up time points. This generalized value was self-reported using a 5 point
Likert scale ranging from strongly disagree (1) to strongly agree (5).

4. Discussion

4.1. Behavioral Persistence

By utilizing workshops, peer mentoring, group action, public commitment, and prompts the
Start Green program successfully increased self-reported pro-environmental behaviors across a wide
range of household energy conservation activities. At program closing all the measured behaviors had
significantly increased as compared to baseline. The largest increases were in the areas of cold-water
laundry washes, water conservation, and electricity use. These short-term results are in agreement with
the majority of the literature, which has documented that public commitment and social norms are often
quite effective in creating significant short-term improvements in pro-environmental behaviors [1].
During the 7-month follow-up phase there were no significant changes as compared to program
closing, suggesting that the individuals had made durable pro-environmental behavioral changes
that had persisted long-term without further intervention. These results are in agreement with the
theoretical literature, which postulates that techniques that create an internal change, or a personal
norm, such as a commitment, or perceived social norms should be better at creating persistence than
more external techniques such as incentives [3]. This is an encouraging result and suggests that the
post-intervention reversion to baseline trend observed in multiple long-term studies may be due to
intervention design rather than an inability of participants to maintain long-term pro-environmental
behaviors. This contributes to the growing literature suggesting that public commitments, social
norms, and peer mentoring, along with tailored information and prompts can be effective in creating
robust pro-environmental behaviors that persist beyond the termination of the intervention.

Because this study was limited to self-reported behaviors due to the practical complexities
of gathering energy usage data (see methods section), it is possible that the results do not reflect
actual energy conservation [44]. It would have been ideal to collect direct data on energy usage
and compare that to self-reports. However, even if the self-reported behavioral improvement we
see here is more a reflection of behavioral intention, rather than actual increased conservation and
energy savings, it is still clear that there has been a significant long-term change in this population.
Self-reported pro-environmental behaviors are often used in field evaluations and it is rare to observe
self-reported long-term post-intervention persistence [1]. Thus, there doesn’t seem to be a strong
trend of socially acceptable self-reporting in the literature, at least not beyond the termination of
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the intervention program. These results are therefore a rare example of self-reported persistence of
increased pro-environmental behaviors.

In addition, it may be tempting to attribute the results to response, or experimenters’ bias given the
highly social and participatory nature of the program. As mentioned in the methods section, although
there are many benefits of the participation aspect of CBR, this can also introduce possible confounds.
In the case of Start Green, the participation of a small number of student residents in planning the
intervention (via focus groups) and implementing the intervention (via organizing events and acting
as floor mentors) might have not only increased motivation to change behaviors, but may also have
increased response bias on the surveys. Because Start Green targeted social norms directly, in an
attempt to foster a strong sense of community responsibility, it is reasonable to question that this sense
of responsibility might confound self-reports of behaviors, values, attitudes and especially social norms.
However, this is not what was observed, as only self-reported behaviors increased. Although the
program directly promoted the importance of the target energy conservation behaviors, created social
norm pressures, and provided tools to overcome behavioral obstacles, the self-reported perceived
importance, family norms, and behavioral convenience did not increase during the intervention. If the
results were due to response or experimenters’ bias, even unconsciously, we would expect to see
significant increases across the board, or at least in most categories. Since the behavior questions
were not qualitatively different from the other questions in terms of transparency, it should have been
equally clear to the respondents what the ‘right” answer was in each section. However, many of the
perceived behavioral importance questions for example numerically decreased during the intervention
period (see Figure 3) in direct opposition to the expected response/experimenter bias trend. It is thus
unlikely that the reported increases in behaviors are due to biases created by the participation in the
design of the intervention.

As mentioned in the methods section the lack of depth of individual demographic data introduced
some limitations. For example it would be reasonable to question if cost and/or changes in
socio-economic status has an impact on energy conservation. In this particular population, though,
as the majority of the population were graduate students, it is unlikely that their socio-economic status
changed significantly during the course of the study. In addition, because increased conservation
behaviors did not have an impact on the residents” monthly costs the results we see here can not
be attributed to cost motivations. Other demographics might have had an impact. For example,
in this population, it would have been especially interesting to explore the impact of country of origin,
and length of tenure in Canada on energy conservation behaviors. There is evidence that a change in
residence or being exposed to a new culture can increase willingness to try new behaviors or life-styles.
As a large proportion of the participants in Start Green were international students this may have been
a significant contributing factor to our results. As CBR intervention design is tailored to a specific
population, understanding the characteristics of each community is more important than if applying
a more formulaic approach. Thus, future studies would benefit from tracking detailed individual
demographics in order to tease apart the aspects of the program that are effective when combined
with specific population characteristics and thus make it possible for this approach to be applied to
different populations successfully.

It also might be tempting to attribute the reported behavior changes to the seasonal changes
between baseline and closing (September to February), as seasonal changes are often important
factors in energy conservation behaviors. However, since February is often colder than September
in Toronto, Canada, and since the follow-up survey took place in September one year after the
September baseline measurements, it is reasonable to suggest that differences between baseline,
closing and follow-up conservation behaviors are not due to temperature or seasonal differences and
thus can be attributed, at least in part, to the interventions. Taken together with the large sample
sizes and the strength of the effects, this study strongly suggests that the Start Green interventions
not only increased pro-environmental behaviors, but also led to the long-term persistence of those
behaviors. These results contribute to the growing evidence [20] that behavioral interventions that
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utilize multiple CBR techniques such as commitments and mentorship, may be effective at creating
persistent behavior change.

Future research on persistence of behavior change would benefit from increased exploration of
demographics to identify any covariates and gain more clarity on the drivers of behavior change.
In addition, the matching of pre and post surveys alongside direct energy consumption measures will
be necessary to conclude that these self-reports translate into impactful energy conservation.

4.2. Behavior vs. Perceived Importance, Convenience and Family Norms

We were also interested in how perceived importance, convenience, and family expectations of
the target behaviors varied with behavioral practice. During the intervention there were no significant
changes in any of these measures. These data suggest that despite the program reinforcing the
importance of these behaviors, and despite providing tools to reduce the behavioral obstacles of
performing the behaviors, this did not have an immediate effect on the attitudes of the population.
In addition, family expectations did not change as a result of the social norm techniques. One of the
limitations of the study was that participants were somewhat self-selecting as previously discussed in
the methods section. Thus, it is possible that the intervention did not increase perceived importance,
convenience and family expectations because the participants had already reached a pro-environmental
maximum. However, the significant post-intervention increases in these categories on the importance,
convenience and family expectations of using cold water washes suggest that this is not the case.
Interestingly, the fact that these attitudes did change during the post-intervention period suggests that
the practice of behaviors in the absence of intervention may contribute to increasing the perceived
importance, convenience and family expectations to perform the target behaviors.

These results also provide some insight to the complex relationship between attitudes and
behavior. It is often assumed that attitude change is a necessary prerequisite to durable behavioral
change, however there has been increasing evidence that it is possible to directly impact reported
behaviors without changing attitudes first, and that this may be a more effective route to persistent
behavioral change [12]. Indeed, these results suggest that significant changes in perceived importance,
convenience or family expectations are not necessary pre, or even co-requisites to pro-environmental
behavioral changes, at least in the short-term. It is possible that changes in these perceptions or attitudes
contribute to the persistence of related behaviors over a longer time frame, however. In addition these
results suggest the possibility that changing behaviors first can actually, over time, lead to changes
in perceptions of importance, convenience and family expectations in specific areas. This interesting
result also suggests that it may be possible to further increase pro-environmental attitudes even in
already highly pro-environmental populations, but that it may occur over a longer timeline.

This ability of a behavioral practice to change attitudes is in agreement with the concept of
cognitive dissonance. When a mismatch between behaviors and attitudes becomes salient to an
individual he or she experiences a feeling of discomfort, or cognitive dissonance, and is thus
motivated to either change his or her behavior, or change his or her attitudes in order to regain
some consistency [45]. Often, research has focused on this phenomenon from the attitude change side
of the equation. However, these results show that it is also possible for people to do the latter and
change their attitudes to be more consonant with their behaviors. It is tempting again to conclude
that this population already had, on average, positive attitudes towards pro-environmental behavior,
and that the intervention simply acted to remind people, and thus create salient dissonance, that their
behaviors were not in line with their pre-existing attitudes. This would explain the significant increase
in behaviors and the lack of significant attitude change during the intervention period. However,
this doesn’t explain the increase in attitudes about cold-water use and full loads of laundry observed
during the follow-up period. Thus, these results suggest that the relationship between target behaviors
and perceived importance, convenience and family expectations of those behaviors is more complex
than often reported, and that targeting behaviors directly without changing these attitudes can result
in durable behavior change that persists post-intervention.
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In addition, these results also align with self-perception theory, which suggests that individuals
infer their internal states, such as attitudes and emotions, from observing their behavior over
time [46]. This would suggest that the more people practiced the target energy conservation behaviors,
the more likely they were to view themselves as individuals who conserve energy, thus changing
some of their attitudes and sense of group membership over time and practice. This has been
observed in other pro-environmental studies where past pro-environmental behaviors influence
present pro-environmental social identity [47].

It may be tempting, based on our results and these related theories to encourage future
interventions to avoid putting resources into changing attitudes, family norms, or conveniences.
However, because findings from CBR are irrevocably linked to the culture and social norms of the
specific population in question, it would be necessary for future studies to test if our results can be
replicated in other populations with different characteristics. In addition, performing preliminary
investigations on the specific barriers to target behaviors, and inviting the community to participate
in the intervention design is an important part of CBR approaches [20]. The trust and commitment
that is fostered by inviting the community to self-determine the program is possibly the key element
in the increased willingness to try new behaviors despite a lack of increase in perceived importance,
convenience or family pressure. Thus future studies might benefit from testing how differing levels of
community participation interact with community demographics and attitudes in fostering durable
behavior change.

4.3. Generalized Conservation Behavior

In the interest of keeping the surveys as short as possible and thus the participation rate high,
it was necessary to use a single general question to explore this area, although stronger results
would have emerged from multiple specific questions about behaviors in non-target behavioral
domains such as recycling or buying green products. The frequency of general pro-environmental
decision making significantly increased at closing and then again at follow-up suggesting that both the
intervention and the post-intervention practice had an impact. This result suggests that environmental
decision-making became more generalized over the course of the study and thus is likely to be applied
outside of the target domains and to a wide range of decisions. This finding indicates that the ongoing
pro-environment behaviors following the end of the intervention likely contributed not only to the
change in attitudes described above, but also, potentially, to the proliferation of pro-environmental
behaviors to others beyond those targeted in this intervention. It would be fascinating to track other
pro environmental behaviors not targeted by the intervention, to identify whether persistence of the
targeted behavior can influence proliferation to related behaviors.

5. Conclusions

The long-term evaluation of the Start Green program revealed both short and long-term increases
in pro-environmental behaviors, which persisted seven months beyond the end of the intervention.
In addition, generalized pro-environmental decision making increased continuously alongside
the specific target behaviors over the long-term suggesting a generalized conservation approach,
which could contribute to the proliferation of conservation behaviors to non-target domains. The Start
Green techniques appear to have directly altered self-reported behaviors during the intervention and
indirectly impacted the perceived importance, convenience and family expectations around some
of the target behaviors after a period of behavioral practice. This practice may eventually create an
internal, as well as an external, norm thus only impacting these attitudes after a period of time.

Further research that tracks more detailed demographics including geographical, social, political
and historical data, a more robust set of pro-environmental values and decisions, as well as behaviors
not targeted by the initial intervention would contribute to the understanding of these trends towards
persistence as well as possible proliferation of pro-environmental behaviors. Studies that use a more
qualitative approach would also be useful in order to provide more insight into any possible biases
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created by CRB participation and/or how the sense of self evolves during the interventions and
impacts the outcomes. These hopeful results emphasize the combination of social and individual
motivators of changed behavior, and further research could explore this combination of factors, through
interdisciplinary approaches drawing on expertise in both psychology and sociology. For example,
research approaches stressing participant narratives and focus groups to explore personal experiences
of behavior change and the meanings and motivations that underlie them could provide a fresh
perspective on the drivers of behavior change seen here. It would be useful to track behaviors
and attitudes at an individual level within families to explore the impact children’s habits and
attitudes have on their parents during CRB and visa versa. It would also be fascinating to explore
the extent of potential proliferation to other energy conserving actions. For example, could changes
in household energy use ultimately influence transportation behaviors, or diet? In addition, a more
structured approach to the coincident monitoring of household energy use through individualized
billing, combined with matched pre, post and follow up surveys could confirm the actual impact of
reported energy conservation behaviors and quantify the effect size.

These are encouraging preliminary results that suggest that well designed CRB interventions,
which utilize social norms and public commitments, can produce durable pro-environmental behaviors
that extend beyond the targeted activities and persist after the removal of the intervention.
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