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Abstract Municipal governments, often in col-
laboration with utilities, have implemented a range 
of energy efficiency programs to encourage home-
owners and businesses to adopt energy efficiency 
upgrades. Energy efficiency holds promise to reduce 
energy consumption, reduce greenhouse gas emis-
sions, improve public health, and reduce energy bills. 
However, these programs often suffer from poor par-
ticipation and have typically had limited success. In 
this analysis, we use novel data to understand the 
relationship between social norms, pro-environmental 
identity, and household finances to understand pro-
gram participation and retrofit decision-making. We 
find that the variables that predict retrofit decision-
making do not explain a household’s initial decision 
to contact an energy efficiency program. We suggest 
that the processes that drive households to contact 
energy efficiency programs—a necessary first step 
in improving energy efficiency—are different from 
the processes that explain why households decide to 
upgrade their homes.

Keywords Energy efficiency · Program 
participation · Household finances

Introduction

Dietz et  al. (2009), estimated that a combination of 
behavioral change and adoption of energy efficient 
technologies in the home could reduce total U.S. 
emissions by 7%. A large body of research has con-
sidered why people upgrade their homes—rooftop 
solar PV systems are one example that has received 
considerable attention. Households adopt solar sys-
tems in part because of pressure from social norms 
and the perceived expectations of neighborhoods 
(Allcott, 2011; Curtius et  al., 2018), financial con-
siderations (Langheim et  al., 2014), concern for the 
environment (Schelly, 2010), and interest in new tech-
nologies (Palm, 2020). We know comparatively less 
about decision-making regarding other types of home 
upgrades, especially those that are less conspicuous 
than home solar installations.

In this paper, we integrate diverse strands of litera-
ture to evaluate what drives households’ decisions to 
participate in energy efficiency programs and upgrade 
their home energy systems. Specifically, we ask how 
a combination of social norms, debt aversion, and 
pro-environmental identity (described further below) 
explain participation in a municipal energy efficiency 
program and, ultimately, household’s decisions to 
upgrade their homes.
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Background

Social norms

Social norms are unwritten, informal rules that are 
typically taken for granted yet govern behavior within 
a given social context. Social norms are emergent and 
are not easily manipulated by researchers, but several 
studies have documented efforts to shift social norms 
around energy consumption (Idahosa & Akotey, 
2021). One of the most high-profile efforts to influ-
ence social norms around energy consumption was 
the OPOWER experiment, in which households were 
provided an informational treatment about the energy 
consumption of homes similar to theirs (Allcott, 
2011; Horne & Kennedy, 2021; Schultz et al., 2007). 
Informational treatments are meant to create social 
norms about energy consumption and have likely 
reduced energy usage (Abrahamse & Steg, 2013; 
Harries et al., 2013).

These types of social norms are typically called 
descriptive norms because they provide a descrip-
tion of the typical behavior of others. Descriptive 
social norms do not define a behavior as good or 
bad—rather, descriptive social norms simply refer to 
the prevalence of a behavior. The implicit assump-
tion of descriptive norm interventions is that, at least 
with regard to energy practices, people will feel nor-
mative pressure to reduce their energy usage to align 
with their neighbors or similar households. That 
is, descriptive social norm interventions establish a 
benchmark for what is typical or normal (Cialdini, 
2007; Gerber & Rogers, 2009).

Injunctive social norms are those that we are all 
expected to follow and will receive a punishment or 
sanction for violating said norm. That is, injunctive 
social norms are perceived social pressures to per-
form (or not perform) certain behaviors—and the per-
ception that failure to comply will result in some type 
of social punishment. Complying is perceived to have 
some type of social reward. Perceived punishments or 
rewards can range from very minor or quite severe—
for some injunctive norms, the reward is no more 
than a sense of approval or endorsements from neigh-
bors or peers. Some scholars use the term “personal 
norms” to refer to an internalized feeling of moral 
obligation to perform a task (Kleinschafer et  al., 
2021; Shi et al., 2019; Van der Werff et al., 2019).

Social norms are emergent and change over time. 
For instance, social norms around rooftop solar shift 
as more homes in a neighborhood or region adopt 
rooftop solar—through peer effects, installing solar 
begins to be seen as a normal and desirable deci-
sion the more households that adopt (Curtius et  al., 
2018; Scheller et al., 2022). Social norms are related 
to some energy efficiency decisions, such as the 
intention to purchase energy efficiency light bulbs 
(Bergquist & Nilsson, 2019), electric vehicles (Coff-
man et  al., 2017; Jansson et  al., 2017; Tran et  al., 
2012), and energy efficient appliances (Dieu-Hang 
et al., 2017).

Pro-environmental identity

Being environmentally conscious and behaving 
accordingly is often rooted in identity. That is, some 
people see themselves as a person who cares about 
the environment and feel that is important to engage 
in behaviors with environmental benefits (Whitmarsh 
and O’Neill, 2010). This pro-environmental identity 
is likely rooted in values that are formed during child-
hood and adolescence and unlikely to shift substan-
tially over the life course (Van der Werff et al., 2014; 
Wang et al., 2021; Zeiske et al., 2021).

Several studies, notably most of which have been 
conducted in Europe, have linked pro-environmental 
identity to energy conservation behaviors or the adop-
tion of energy efficiency technologies. Tu et al. (2021) 
evaluated survey data from eight European nations 
and found that pro-environmental identity was asso-
ciated with more positive perceptions of smart meter 
technologies. Pro-environmental identity increases 
intentions to purchase energy efficient lightbulbs, 
cars, and household appliances (Berman Caggiano 
et al., 2021). In a Swedish sample, pro-environmental 
identity was associated with interest in and partici-
pation in a smart meter technologies (Van der Werff 
& Steg, 2016) and, using data from the Netherlands, 
Van der Werff et  al. (2013) report that pro-environ-
mental identity is related to a range of environmental 
behaviors, including the purchase of energy efficient 
light bulbs (see also Carfora et  al., 2017; Dermody 
et  al., 2015; Grębosz-Krawczyk et  al., 2021). In 
addition to behaviors, pro-environmental identity is 
linked to support for energy efficiency policies (Faure 
et  al., 2022). We are aware of no studies that link 
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pro-environmental identity to household energy effi-
ciency in the U.S.

We extend this work in new directions. First, a 
large portion of the literature relies upon self-reported 
behavioral intentions, interest in energy efficiency 
technologies, or similar measures that may not neces-
sarily align with actual behavior. Further, studies tend 
to concentrate on specific technologies (e.g., smart 
meters)—a drawback of this approach is that not all 
homes may be candidates for the same technology. 
We build upon prior work using survey data by using 
validated energy efficiency program participation 
data. In the next section, we describe several factors 
that are likely related to energy efficiency upgrade 
decisions and that were investigated in this work.

Awareness of consequences

Awareness of consequences is the recognition of the 
positive or negative impacts of performing or not per-
forming a behavior (Ryan & Spash, 2012; Stern et al., 
1993). Awareness of consequences implicitly involves 
an ascription of responsibility, in which the individual 
decision maker assumes that their action will have 
some impact (De Groot & Steg, 2008; Lorenzoni 
et al., 2007; Van der Werff et al., 2013).

The awareness of consequences construct has been 
widely studied, with very consistent results across 
studies conducted at different time periods, for dif-
ferent outcome variables, and in varying political and 
social contexts. These include energy conservation 
behaviors in China (Al Mamun et al., 2022), Tunisia 
(Ibtissem, 2010), Vietnam (Duong, 2023), Kuwait 
(Alomari, 2021), and the Netherlands (Abrahamse 
& Steg, 2009) and intention to purchase energy effi-
cient appliances, electric cars, or install solar panels 
in multiple contexts (e.g., Awais et  al., 2022; He & 
Zhan, 2018; Klöckner et al., 2013; Wittenberg et al., 
2018; Zhao et al., 2019). We adapt vetted measures to 
capture awareness of consequences, described further 
below.

Debt aversion and household finances

Fundamentally, energy efficiency upgrades are finan-
cial decisions. Households invest in energy upgrades 
in part because they hope that it may reduce their util-
ity bills or provide other savings, in addition to other 
motivations (Alipour et  al., 2020; Klöckner et  al., 

2013; Palm, 2020). To pay for upgrades, households 
rely upon some combination of cash payments, loans, 
and rebates.

Using a sample from eight European countries, 
Schleich et al. (2021) find that debt aversion is nega-
tively associated with retrofit decisions, net of a range 
of controls. Households that are averse to taking on 
additional debt are less likely to update their homes, 
but debt aversion does not provide a full picture of 
the financial status of a household. Extending this 
literature, we argue that households, even those of a 
similar income, may find themselves in very different 
financial situations with regard to savings and overall 
financial satisfaction. We extend the prior research on 
debt aversion by assessing a household’s financial sta-
tus, particularly the nature of a household’s savings.

Methods

Data collection

The current research is part of a larger study evalu-
ating energy efficiency decision-making with a focus 
on an energy efficiency program sponsored by the 
city of Fort Collins, CO. This program, called Epic 
Homes, was designed to guide households through 
the process of receiving an energy assessment (at no 
or reduced cost), to locating contractors and financ-
ing, to filing for any relevant rebates. After a profes-
sional audit, participating households were provided 
with a report that detailed potential improvements to 
their homes and associated energy saving estimates 
and included a list of vetted contractors and their 
contact information to perform the work. The pro-
gram also aided with locating financing and filing for 
rebates. The city and its municipal utility advertised 
the program.

Fort Collins sits about 45 miles north of Den-
ver, CO, in the Front Range metropolitan area that 
includes several other medium-sized cities (Fort 
Collins at 170,000 people, Loveland at 77,000, Wel-
lington and Windsor with a combined population of 
42,000). Fort Collins hosts a large public university, 
several hospitals, and a diverse array of firms of vari-
ous sizes in the technology, engineering, and energy 
sectors. The city has an aggressive climate mitigation 
plan and has actively encouraged renewable energy 
and energy efficiency for several years. Our results 
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may be most applicable to other cities with similar 
characteristics but may not be as applicable to highly 
different metropolitan areas (e.g., large cities in the 
Southern U.S.). Many of the studies that most inform 
our work were conducted in Europe, so applying sim-
ilar constructs to the U.S. context is warranted.

After IRB approval, we implemented a mixed-mode 
(e.g., multiple types of data collection) strategy for 
data collection. The city of Fort Collins provided email 
addresses for program participants (n = 1683), 310 of 
which were duplicates, and 136 were undeliverable (we 
were only able to repair 3 of the undeliverable email 
addresses). To create a group of non-participants, we 
contracted with Marketing Systems Group (MSG), a 
provider of sampling services. MSG provided 3321 
email addresses believed to be associated with Fort 
Collins addresses; of these, 89 were duplicates, and 
269 were undeliverable. MSG explained that their 
internal procedures could filter out many renters. We 
hosted an online survey on the Qualtrics platform, and 
we screened all respondents for age (i.e., over 18 years) 
and residence in the city of Fort Collins.

Nine-hundred and seventy-four respondents began 
the email survey, although fifty did not proceed beyond 
the screening question—that is, they did not answer a 
single question and just clicked on the link. Another 13 
were disqualified by the screening question. Like our 
experience conducting other studies in this region, a 
non-trivial portion of respondents (about 50) answered 
most of the questions in the main portion of the survey 
but skipped demographic questions. We next imple-
mented a hybrid push-to-web/drop-off pick-up mode 
by distributing the survey link to households via a 
door hanger. The door hanger strategy produced very 
modest results (n = 33). For the final model of data col-
lection, we conducted a mailing of 4329 push-to-web 
cards (n = 109). More details about the data collection 
can be found in Mayer and Carter (2023).

Some 600 respondents answered most of the ques-
tions, although the regression models below use 
slightly less data (n = 523). Using 911 as the number 
of surveys that respondents began (the total number of 
respondents who navigated to the survey minus those 
that did not answer the screening question or were 
not eligible), the completion rate was 65.8%. Using a 
highly restrictive response rate calculation (AAPOR 
1), the response rate was 9.37%—this estimate is con-
sistent with our other research in the region. AAPOR 
definition 1 assumes that all non-responders were 

eligible to complete the survey; there are other less 
restrictive ways to calculate response rates that would 
have produced a higher estimate.

In the next section, we present the variables used in our 
analysis. We conducted factor analysis on some items and 
discuss these procedures below. We then proceed to the 
results of binary logistic regression models for program 
participation and performing a retrofit and provide effect 
size measures in the form of average marginal effects.

Dependent variables

We use two different dependent variables. The first 
captures whether the household participated in the 
energy efficiency program—for this variable, par-
ticipation is defined broadly as contacting the pro-
gram and expressing interest in an energy efficiency 
upgrade. Administrative records provided by the 
city of Fort Collins indicated that 58% of our initial 
sample, or 456 households, participated in the pro-
gram. However, due to missing data from incom-
plete surveys (as described above, many respond-
ents did not navigate beyond the first question), the 
number of valid cases used in the regression models 
below is much lower. We asked respondents if they 
had received an energy assessment and report and 
followed up by asking if they had made any changes 
in their home based upon the report. Thus, our sec-
ond dependent variable is an indicator of whether 
the household followed any of the recommendations 
of the report, where 0 = did not make any changes 
to their home, and 1 = made a retrofit. Tables  1 and 
2 provide the distribution of these variables disag-
gregated by each predictor. Appendix Figs 2, 3, 4 and 
Tables 5, 6 and 7  shows the distribution of the key 
predictor variables and the associated factor analyses, 
when applicable.

Personal and social norms

To capture norms, we adapted a series of questions 
used by Abrahamse and Steg (2009) and many oth-
ers (e.g., Fang et al., 2017; Gholamrezai et al., 2021; 
Groh & Ziegler, 2022). For social norms, we used 
the following questions: “Many of my relatives or 
friends would adopt or have already adopted solutions 
for improving the energy efficiency of their homes,” 
“Many of my neighbors would adopt or have already 
adopted solutions for improving the energy efficiency 
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of their homes,” “Most of the people important to me 
would approve if I improve the energy efficiency of 
my home,” and “Most of my neighbors would approve 
if I improve the energy efficiency of my home.” These 
items use a 5-category Likert-type scale. For personal 
norms, we used the following question: “I feel good 
about myself if I invest in improving energy effi-
ciency in my home.”

Next, we estimated a factor analysis on a poly-
choric correlation matrix using the iterated princi-
pal factors method for extraction. This produced a 
single factor solution with an eigenvalue of 2.614, 
with all variable loading in excess of 0.7 on the first 
factor—the first factor accounted for 79% of the 

inter-item variation (Appendix  Table 5). Although 
these questions were meant to capture two distinct 
but related constructs—social norms and personal 
norms—the factor analysis implies that a single 
dimension underlies these items. We calculated a 
factor score that we use as a predictor in Model 2, 
Table 3, and Model 2, Table 4.

Pro-environmental identity

We use an established indicator of pro-environmen-
tal identity (Van der Werff et al., 2013; Wang et al., 
2021) that has been adapted for studies of energy 
behaviors and decision-making (Tu et  al., 2021). To 

Table 1  Descriptive statistics by program participation

N = 523

Participation

No Yes Total

Categorical variables (%)
Non-emergency repair

   % from all others 39.11 28.11 32.52
   % from savings 60.89 71.89 67.48

Emergency repair
   % from all others 40.57 30.89 34.75
   % from savings 59.43 69.11 65.25

Rainy day funds
   % no 20.8 12.54 15.82
   %yes 79.2 87.46 84.18

Ideology
   Conservative (%) 22.32 13.94 17.33
   Independent (%) 20.54 17.58 18.77
   Liberal (%) 57.14 68.48 63.9

College graduate
   % no 17.47 12.5 14.49
   %yes 82.53 87.5 85.51

Race
   % non-white 9.87 5.67 7.35
   % white 90.13 94.33 92.65

Female
   % non-female 36.79 63.21 57.17
   % female 45.98 54.02 42.83

Continuous variables (means)
   Social norms 2.65 2.42 2.51
   Pro-environmental identity 4.42 4.58 4.52
   Debt aversion 0.21 0.38 0.31
   Debt acceptance 1.19 1.3 1.25
   Awareness of consequences 3.86 4.03 3.96

Table 2  Descriptive statistics by retrofit

N = 523

Retrofit

No Yes Total

Categorical variables (%)
Non-emergency repair

   % from all others 37.24 24.79 32.52
   % from savings 62.76 75.21 67.48

Emergency repair
   % from all others 38.58 28.45 34.75
   % from savings 61.42 71.55 65.25

Rainy day funds
   % no 18.44 11.71 15.82
   %yes 81.56 88.29 84.18

Ideology
   Conservative (%) 21.41 10.8 17.33
   Independent (%) 20.53 15.96 18.77
   Liberal (%) 58.06 73.24 63.9

College graduate
   % no 17.8 9.13 14.49
   % yes 82.2 90.87 85.51

Race
   % non-white 8.14 6.07 7.35
   % white 91.86 93.93 92.65

Female
   % non-female 61.54 38.46 57.17
   % female 61.16 38.84 42.83

Continuous variables (means)
   Social norms 2.63 2.33 2.51
   Pro-environmental identity 4.38 4.73 4.51
   Debt aversion 0.24 0.43 0.31
   Debt acceptance 1.21 1.32 1.25
   Awareness of consequences 3.87 4.11 3.96
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evaluate the dimensionality of these items, we again 
turned to factor analysis using a polychoric correla-
tion matrix and the iterated principal factors method 
for extraction (Holgado-Tello et al., 2010; Kiwanuka 
et al., 2022). The factor analysis produced an eigen-
value of 3.315 for the first factor, with all variables 
loading above 0.4, implying a single factor solution 
(Appendix  Table 6). We use the resulting factor score 
as a predictor in the third model in Table 3 and 4.

Debt aversion

We borrow a series of questions from Schleich et al. 
(2021) to capture aversion to debt. Respondents were 
asked to rate if the following statements described 
them: “If I have debts, I like pay them as soon as pos-
sible,” “If I have debts, I prefer to delay paying them 
if possible, even if it means paying more in total,” “If 
I have debts, it makes me feel uncomfortable,” “If I 
have debts, it doesn’t bother me,” “I dislike borrowing 
money,” “I feel OK borrowing money for essential 
purchases e.g. Cars, appliances, mortgage, “I enjoy 
being able to borrow money to buy things I like, and 
to pay for things I cannot afford.”

Like our prior constructs, we estimated a polychoric 
correlation matrix and extracted factors using the iterated 
principal factors method with a varimax rotation. Our 
factor analysis suggested a two-factor solution, although 
the first item (“If I have debts, I like to pay them”) did 
not load strongly on any factor and the second to last item 
(“I feel OK borrowing money for essential purchases e.g. 
Cars, appliances, mortgage”) was the only variable that 
loaded on the third factor. Our results may diverge from 
Schleich et al. (2021) for a few reasons. First, they tal-
lied the items and used Cronbach’s alpha to assess their 
inter-item reliability—factor analysis is a more flexible 
method of dimension reduction that sometimes reveals 
additional complexity. Further, Schleich et  al., 2021 
data comes from Sweden and our somewhat different 
results may reflect cultural differences between the U.S. 
and Sweden. We elected to retain two factors, the first of 
which corresponds to debt aversion, and the second of 
which responds to debt acceptance. These factor scores 
were used in Model 3, Table 3, and Model 3, Table 4.

Financial status

To gauge the financial status of households beyond 
their aversion or acceptance to debt, we also asked the 

following question: “Have you set aside emergency 
or rainy day funds that would cover your expenses 
for 3 months, in case of sickness, job loss, economic 
downturn, or other emergencies?”—respondents 
could answer “yes” or “no.”

We developed a few unique questions to further 
assess the ability of a household to pay for an energy 
retrofit. We asked: “Imagine that your home needs 
a $2000 repair to fix a problem. The problem is not 
an emergency but needed to keep your home in good 
working order and avoid future problems. How would 
you pay for this repair?” with the following response 
categories: “I would ask my landlord to do it,” “I 
would not make the repair,” “I would pay for it with 
savings,” “I would borrow money from friends or 
family,” “I would take out a loan,” “I would charge 
it to my credit card,” or an “other” category.1 We 
recoded this variable into two categories (0 = all other 
categories, 1 = I would pay for it with savings).

We followed this question but specified that it was 
an emergency repair, using the same response catego-
ries: “Imagine that your home needs a $2000 emer-
gency repair. How would you pay for this repair?” 
Again, we recoded this variable such that 0 = all other 
categories and 1 = savings. These predictors were 
used as predictors in Models 4 and 5 in Table 3 and 4.

Awareness of consequences

From prior research, we adopted an awareness of con-
sequences scale tailored to energy (e.g., (De Groot 
& Steg, 2008; Ryan & Spash, 2012). Respondents 
answered the following questions using a give item 
Likert-type scale: “Using renewable energy is good 
for the environment,” “Improving the energy effi-
ciency of my home is good for the environment,” 
and “Improving the energy efficiency of my home is 
good for the health of my family.” Our factor analysis 
of a polychoric correlation matrix strongly pointed to 
a single factor solution (eigenvalue = 2.352, 90% of 
variance accounted for, factor loadings all more than 
0.8). We estimated an awareness of consequences 
factor score to use in our analysis. We entered this 

1 Forty-eight respondents chose the “other” category, but 
those responses cannot be reduced into fewer categories in 
any logical way. Two stated that they would use a HELOC or 
home equity loan, some provided ambiguous responses (e.g., 
“I would work it out”) and one stated “none of your business.”.
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variable as a predictor in the seventh model for each 
outcome. In Table  1 and 2, we provide descriptive 
statistics for the variables, disaggregated by program 
participation (Table 1) and whether the home made a 
retrofit (Table 2).

Results

Both of our indicators are binary. Binary logistic 
regression is a well-established approach to model 
the effect of a series of predictors on a binary out-
come. Our data presented an additional complica-
tion. Three constructs—pro-environmental identity, 
social norms, and awareness of consequences—were 
highly collinear (variance inflation factors (VIFs) and 
were 8.14, 12.12, and 27.58, respectively). We sus-
pect that this degree of collinearity would bias our 
results towards the null, and perhaps mask important 
effects. We opt to estimate unique models for each 
one of these constructs and compare Akaike Informa-
tion Criteria (AIC) and Bayesian Information Crite-
ria (BIC) across models to determine which variable 
provides the best fit. We start with a “controls only” 
model, and then estimate models separately for social 
norms, debt aversion and acceptance, and aware-
ness of consequences. We conclude with a series of 
robustness checks.2

Table  3 provides the binary logistic regression 
results for the program participation outcome—that 
is, did the household contact the program, or not. We 
begin with Model 2, which adds social norms to the 
demographic variables from Model 1. Social norms 
are not statistically significant, and the AIC and BIC 
statistics are both larger, implying that the inclusion 
of the social norm factor score has worsened model 
fit. In Model 3, we drop social norms and add in the 
factor score for pro-environmental identity, which 
is not statistically significant and, according to the 
BIC statistic, has not improved model fit. In Model 
4, we place pro-environmental identity with the fac-
tor scores for debt aversion and debt acceptance, 
which again are not statistically significant. In Model 
5, we drop the indicators for debt aversion and debt 
acceptance and add the variables for rainy day funds 

and non-emergency repairs—as with prior predic-
tors, these are not statistically significant. Model 6 
replaces non-emergency repair with our variable for 
emergency repair. Consistent with prior models, it is 
not statistically significant. Finally, in Model 7, we 
add in the variable for awareness of consequences, 
which is not significant and, compared to Model 1, 
does not result in an improved AIC and BIC statistic.

Overall, our results imply that many known pre-
dictors of energy efficiency upgrade decisions or 
environmental behaviors do not predict whether the 
household contacted the energy efficiency program. 
There is a consistent effect of female sex wherein 
females are more apt to state that their household 
contacted the program, and in some models, there is 
evidence of differences between liberals and conserv-
atives. We return to these findings in the discussion.

Table 4 provides the results of the binary logis-
tic regression models for home retrofits—that is, 
did the household follow any of the guidelines 
of their energy audit report and make upgrades. 
In Model 2, we add the factor score for social 
norms to the demographics-only specification 
from Model 1 and find that it improves model fit 
(both the AIC and BIC have decreased), and it is 
statistically significant (b =  − 0.378, p < 0.05). 
In Model 3, pro-environmental identity emerges 
as statistically significant, and the inclusion of 
this variable has decreased the AIC but increased 
the BIC over Model 1, providing mixed evidence 
of improved model fit. In Model 4, we add in the 
scales for debt aversion and debt acceptance, nei-
ther of which approach statistical significance. In 
the next model (Model 5), we drop these variables 
for the rainy-day funds and emergency funds indi-
cators, which are also not statistically significant, 
and do not improve model fit over Model 1. Finally, 
we find a statistically significant effect of aware-
ness of consequences in Model 7. Our survey also 
included questions about specific types of retrofits, 
we provide modelling results for these questions in 
Appendix 5.

Average marginal effects

Binary logistic regression models such as those we esti-
mate in this analysis produce coefficients that are not read-
ily interpretable. For this reason, many methodologists 
recommend using average marginal effects, probabilities, 

2 We do not include race in our models because of the lack 
of variability in this data. A strong majority of the sample is 
white, in line with the demographics of Fort Collins, CO.



 Energy Efficiency (2024) 17:30

1 3

30 Page 10 of 21

Vol:. (1234567890)

or similar statistics to render modelling results more intui-
tive (Brambor et al., 2006; Howell‐Moroney, 2023; Mood, 
2010). In Fig.  1, we provide average marginal effects 
(AMEs) derived from the coefficients reported in Table 3 
and 4. AMEs are advantageous because of their straightfor-
ward interpretation on the probability scale. For instance, 
the AME of − 0.085 for “Energy Saving Identity” under 
“Home Retrofits” indicates that the probability of per-
forming a retrofit decreases by 0.085 (or 8.5 percentage 
points) for every one unit increase in the Energy Saving 
Identity scale. Notably, awareness of consequences has per-
haps the most substantial effect on home retrofit decisions 
(AME = 0.15). Given that the awareness of consequences 
scale has a range of almost 4 (i.e., the difference between 
the highest and lowest score), the total effect could be as 
large as some 0.6. That is, the difference probability of 
performing a home retrofit between a person who had no 
awareness of consequences and one who had the highest 
awareness is roughly 0.6, implying that awareness of conse-
quences is among the more powerful predictors.

Robustness checks

We also performed a series of robustness checks that we 
provide in appendices. Many of the predictors identified in 

the prior literature on energy efficiency and environmen-
tal behaviors were not statistically significant in our mod-
els, but our sample size is smaller than some other studies, 
some of which have thousands of observations. In Appendix 
Tables 8, 9 and 10 and Figs 6, 7, we provide a series of simu-
lations wherein we doubled the size of our sample repeat-
edly and re-ran the models. We find that debt aversion, debt 
acceptance, and social norms become statistically significant 
predictors of program participation with more data, but pro-
environmental identity does not become statistically signifi-
cant even with vast increases in the number of cases. For ret-
rofit decisions (i.e., the dependent variable used in Table 4), 
we find that a doubling of the sample size renders all predic-
tors statistically significant. Thus, some of the divergence 
between our work and prior research occurs because those 
studies have used much larger samples and hence were able 
to detect statistical significance of the results.

As an additional robustness check, we conducted 
a multiverse analysis. The logic of this approach is 
that any researcher chooses to report one model that 
comes from a wide universe of potential model speci-
fications. The multiverse approach involves estimat-
ing hundreds, sometimes even thousands, of alter-
native model specifications with different control 
variables, or even functional form transformations 

Fig. 1  Average marginal effects for predictor variables with 95% confidence intervals. Note: estimates derived from Table 2 and 3
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and higher order interaction terms. In our applica-
tion, we re-estimated the models from Table  3 and 
4 with varying combinations of predictors, and we 
plot the coefficients of the predictor of interest across 
model specifications. We also calculate the percent-
age of models in which the predictor of interest is 
statistically significant and wherein the sign of the 
coefficient has the same direction (i.e., positive or 
negative). Appendix Tables  8, 9 and 10 and Figs 6, 
7, shows a relative robustness for the program partici-
pation results—the effects that are statistically signifi-
cant are consistently so in the multiverse of models. 
For the retrofit decision, we find that social norms, 
pro-environmental identity, and awareness of conse-
quences are uniquely robust and consistent predictors.

Discussion

The purpose of this paper was to extend prior research 
on energy efficiency program participation using sev-
eral known predictors. We considered a comprehen-
sive energy efficiency program for households in Fort 
Collins, CO, using original survey data.

We found that many well-documented predictors of 
environmental behaviors and energy efficiency upgrade 
decisions did not predict a household’s decision to make 
the initial contact with the program. Social norms, pro-
environmental identity, awareness of consequences, 
and debt aversion had statistically null effects and did 
not improve model fit. Although we respect than many 
analysts would prefer to see large, statistically signifi-
cant findings, our perspective is that these null results 
are informative (Abadie, 2020). The bulk of the litera-
ture considers outcomes such as the decision to install a 
specific home retrofit, and there is a related literature on 
environmental behaviors that employs similar constructs. 
However, there is much less work on the initial decision 
to contact and energy efficiency program. We suggest 
that this decision may be different enough from other 
decisions, such as the choice to upgrade a home, that it 
may require its own model. That is, the factors that pre-
dict contact with an energy efficiency program may not 
be the same as those that predict the likelihood of mak-
ing a retrofit. Given that contacting a program is often 
the first step towards energy efficiency, more research on 
what drives homes to contact programs is warranted.

For instance, we found that social norms have a null 
effect (i.e., an effect that is not statistically significant) 

on the initial step of contacting the energy efficiency 
program. This null finding could have emerged 
because there is a cognitive disconnect between the 
program and energy efficiency and social norms in the 
minds of our respondents. Perhaps they did not recog-
nize that it was a program that could address their con-
cerns regarding energy efficiency, even if it was adver-
tised as such. That is, although households may have 
faced some pressure from social norms to improve 
their energy efficiency, they may not have recognized 
that the Epic Homes program was a route to do so.

Or perhaps there were other barriers that kept 
households from contacting the programs that are 
simply not well understood at this point. Qualitative 
research with candidate households who elect not to 
participate should be conducted in the future.

The muted effects of our financial variables deserve fur-
ther discussion. Energy efficiency upgrades involve cost–ben-
efit calculations for households, and some households may 
need loans to pay for them. However, we found that debt aver-
sion, debt acceptance, and our variables for savings had null 
effects in all our models, including those that were focused on 
whether the household follow any of the guidelines of their 
energy audit report and make upgrades. These effects may 
have been statistically significant in a larger sample (as we 
demonstrated in series of simulations wherein we doubled the 
size of our sample repeatedly and re-ran the models), but even 
so, the effect sizes are not large in practical terms (see Appen-
dix Figs 2, 3, 4 and Tables 5, 6 and 7). We can only offer 
informed speculations on this surprising finding. For one, Fort 
Collins, CO, has relatively expensive housing stock and our 
sample skews more affluent—many of our respondents may 
have had significant home equity that could effectively fund 
upgrades. Perhaps for this reason, norms and identity varia-
bles tend to be more powerful influences while financial vari-
ables have less of an effect. Further, some research identifies 
a conflict between intrinsic (e.g., social norms and identity) 
motivations and extrinsic (i.e., cost savings) motivations for 
energy efficiency (Pellerano et al., 2017) and non-monetary 
incentives are likely stronger motivators of energy saving 
behaviors (Mi et al., 2021). Perhaps a similar dynamic was 
at play in our work, wherein our sample was more motivated 
by extrinsic factors and non-monetary concerns. Notably, pro-
environmental identity also does not approach statistical sig-
nificance, even at large sample sizes.

As with all research, the current study has both 
strengths and weaknesses. A strength of this study is 
the breadth of constructs that we were able to meas-
ure, and our usage of two different dependent variables 
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provides a more complete picture of energy efficiency 
program participation. We employed several constructs 
that had mostly been used in European research and had 
not been applied to the U.S. We did not model how the 
upgrades that households chose to implement coincided 
with their reports or did not. That is, did households fol-
low all the recommendations, or only some, and why 
did they choose some over others? These questions can 
be answered with follow up research.

Conclusion and policy implications

This study has multiple implications that should be of 
interest to policymakers. For one, we found that factors 
like social norms and pro-environmental identity do not 
meaningfully predict whether a household contacted 
the energy efficiency program. This implies that pro-
gram promoters cannot rely heavily upon social norms 
or appealing to pro-environmental identity to encourage 
households to take the initial step of contacting the pro-
gram, although these variables may be useful to encour-
age interested households to complete the program. One 
possibility to improve program participation is to con-
nect candidate households—that is, homes that are in 
need of energy efficiency upgrades—to energy coun-
seling services, rather than waiting for homes to contact 
energy efficiency programs (Murto et al., 2019).

Fig. 2  Distribution of social norms questions

Appendix 1. Descriptive statistics and factor 
analysis

Social norms
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Table 5  Factor analysis for social norms

Factor loadings below 0.3 deleted from the table

Factor 1 Factor 2

Many of my relatives or friends would adopt or have already adopted solutions for improving the energy 
efficiency of their homes

0.723 0.384

Many of my neighbors would adopt or have already adopted solutions for improving the energy effi-
ciency of their homes

0.762 0.344

Most of the people important to me would approve if I improve the energy efficiency of my home 0.862
Most of my neighbors would approve if I improve the energy efficiency of my home 0.876  − 0.326
Eigenvalue 2.614 0.459
Variance 0.792 0.139

Fig. 3  Distribution of pro-environmental identity items

Pro-environmental identity
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Table 6  Factor analysis for 
pro-environmental identity

Factor loadings below 0.3 deleted from the table. N = 523

Factor 1 Factor 2

To save energy is an important part of who I am 0.892
I think of myself as an energy conscious person 0.885
I think of myself as someone who is concerned about envi-

ronmental issues
0.918

Being environmentally friendly is an important part of who 
I am

0.945

Eigenvalue 3.315 0.211
Variance 0.926 0.059

Fig. 4  Distribution of debt acceptance and debt aversion items

Debt aversion and debt acceptance
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Table 7  Factor analysis for debt acceptance and debt aversion items

Factor loadings below 0.3 deleted from the table. N = 523

Factor 1 Factor 2 Factor 3

If I have debts, I like pay them as soon as possible  − 0.869
If I have debts, I prefer to delay paying them if possible, even if it means paying more in total 0.795
If I have debts, it makes me feel uncomfortable 0.910
If I have debts, it doesn’t bother me  − 0.815
I dislike borrowing money 0.481  − 0.448
I feel OK borrowing money for essential purchases (e.g. cars, appliances, mortgage) 0.638
I enjoy being able to borrow money to buy things I like, and to pay for things I cannot afford 0.422
Eigenvalue 1.885 1.711 0.744
variance explained 0.403 0.366 0.159

Fig. 5  Average marginal effects for specific retrofits. Note: dependent variables are coded 0,1. Estimates were derived by re-running 
the regression model specifications from Table 2 and 3 with each outcome

Appendix 2. Average marginal effects for specific 
retrofits

We also asked respondents to report on what 
upgrades they made to their home. Response cat-
egories included: rooftop solar, heating upgrades, air 
conditioning upgrades, window and door sealing, and 
insulation. The question also included and “other” 
category and the option for respondents to write their 
“other” retrofit into a text box. The responses for the 

“other” category were too different from each other to 
be grouped effectively and hence we did not use the 
data for the “other” response category.

We estimated a series of binary logistic regression 
models for each outcome, using the model specifi-
cations from Table  2 and 3 (that is, the same com-
bination of predictor variables). For each model, we 
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Table 8  Sample size 
simulations Participation

n*2 n*3 n*4 n*5 n*6 n*7 n*8 n*9 n*10
Social norms 0.031 0.008 0.002 0.001 0.000 0.000 0.000 0.000 0.000
Pro-environmental identity 0.643 0.571 0.513 0.464 0.423 0.387 0.355 0.326 0.301
Debt aversion 0.046 0.015 0.005 0.002 0.001 0.000 0.000 0.000 0.000
Debt acceptance 0.039 0.011 0.004 0.001 0.000 0.000 0.000 0.000 0.000
Rainy day 0.011 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Non-emergency repair 0.091 0.039 0.017 0.008 0.003 0.002 0.001 0.000 0.000
Emergency repair 0.282 0.188 0.128 0.089 0.062 0.044 0.031 0.022 0.016
Awareness of consequences 0.038 0.011 0.003 0.001 0.000 0.000 0.000 0.000 0.000

n*2 n*3 n*4 n*5 n*6 n*7 n*8 n*9 n*10
Made changes
Social norms 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Pro-environmental identity 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Debt aversion 0.000 0.007 0.002 0.000 0.000 0.000 0.000 0.000 0.000
Debt acceptance 0.002 0.040 0.018 0.008 0.004 0.002 0.001 0.000 0.000
Rainy day 0.000 0.020 0.007 0.003 0.001 0.000 0.000 0.000 0.000
Non-emergency repair 0.000 0.003 0.001 0.000 0.000 0.000 0.000 0.000 0.000
Emergency repair 0.002 0.042 0.019 0.009 0.004 0.002 0.001 0.000 0.000
Awareness of consequences 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

calculated average marginal effects for the predictor 
of interest, like our approach in the main text. We pro-
vide these average marginal effects in Fig.  5 above. 
Overall, our results imply that, for many specific ret-
rofits, the predictors are not statistically significant 
and have substantively small effects. However, aware-
ness of consequences does predict improvements in 
insulation and the adoption of rooftop solar.

Appendix 3. Robustness checks

As shown in our regression models, some variables 
that were statistically significant in other papers 
(using other data, of course) were not consistently 
statistically significant in our models. Yet, com-
pared to some work, our sample sizes are smaller. 
For instance, pro-environmental identity was statisti-
cally significant in multiple papers (e.g., Gatersleben 
et  al., 2014; Schleich et  al., 2021; Whitmarsh and 
O’Neill, 2010). To determine if a difference in sam-
ple size explains the divergence between our work 
and prior research, we conducted a series of simu-
lations wherein we increased the size of our dataset 

by duplicating observations and then re-running the 
models in Table 3 and 4 for both the participation and 
the retrofit dependent variables. Appendix Table  8 
shows the results of these simulations. The simula-
tions suggest that, for program participation, pro-
environmental identity was not statistically significant 
even when the sample size is much larger. The null 
effect is robust to a larger sample size. On the other 
hand, our indicator for emergency repair would cross 
the alpha = 0.05 threshold at three times the current 
sample size (i.e., roughly 1800 cases) while the indi-
cator for emergency repair would only become sta-
tistically significant at n*7. Overall, the simulations 
for program participation imply that our results may 
diverge from other studies because these studies used 
larger samples that contributed to smaller standard 
errors and smaller p values.

The second panel of the table shows sample size 
simulations for the retrofit outcome variable. For this 
variable, most of the predictors of interest were sta-
tistically significant, so the results of the simulations 
are perhaps less substantively interesting. Still, in the 
interest of transparency, we present these results.
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For retrofits, social norms were statistically sig-
nificant but not highly robust (11.01%) while pro-
environmental identity was somewhat more robust 
(24.32%). Non-emergency repairs, which were not 
statistically significant, also exhibit a relatively low 
level of robustness to measurement error (14.18%) 
while awareness of consequences was slightly more 
robust (20.67%).

Multiverse analysis

Appendix Table  10 provides the percentage of mul-
tiverse models wherein the predictor of interest takes 
the same sign (i.e., positive or negative) and is statis-
tically significant. As we noted in the main text, the 
nulls effects reported in Table 3 appear to be robust. 
That is, they do not change to non-null under alter-
native model specifications, and our reported models 
do not appear to be unusual outlier models wherein 
the effects are not statistically significant. Appen-
dix Fig.  6 provides a graphical distribution of the 
multiverse of coefficients, and a dashed line to rep-
resent the coefficient reported in Table  3. Appendix 
Fig. 7 suggests that pro-environmental identity, social 
norms, and awareness of consequences are highly 
robust and exhibit strong sign stability. Further, most 
of the non-significant predictors from Table  4 are 
rarely significant in a multiverse of models.

Table 9  Konfound analysis Participation Made change

Social norms 22.42% Social norms 11.01%
Pro-environmental identity 83.34% Pro-environmental identity 24.32%
Debt aversion 28.23% Debt aversion 20.52%
Debt acceptance 25.70% Debt acceptance 39.54%
Rainy day 7.94% Rainy day 31.42%
Non-emergency repair 39.26% Non-emergency repair 14.18%
Emergency repair 61.27% Emergency repair 40.33%
Awareness of consequences 25.46% Awareness of consequences 20.67%

Konfound analysis

Next, we turn to the konfound method. In the cur-
rent application, konfound estimates the degree 
of measurement error (e.g., replaced with a case 
with no effect, or with an effect) that would be 
required to invalidate an inference—that is, to ren-
der a statistically significant effect non-significant (at 
alpha = 0.05) and to change a non-significant effect 
to statistically significant (Frank & Xu, 2017; Frank 
et al., 2013; Xu et al., 2019). Appendix Table 9 shows 
the percentage of cases that would have to be meas-
ured with error to change the inference. These esti-
mates are derived from the regression models pre-
sented in Table 3 and 4.

For program participation, we find that social 
norms (which were not statistically significant) could 
become significant with a relatively small amount of 
measurement error, but the effect of pro-environmen-
tal identity could only be statistically significant if a 
strong majority of the cases were measured with error 
(83.34%)—a scenario that is dubious. The non-signif-
icant effect of rainy day funds is comparatively less 
robust (7.94%). Overall, the konfound analysis for 
program participation implies that some predictors 
are less robust than others, although most inferences 
would require a non-trivial amount of measurement 
error to change the inference.
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Table 10  Results of 
multiverse analysis

% statistically significant % sign stability

Program participant
Energy saving identity 0 100
Social norms 50 100
Debt aversion 25 100
Debt acceptance 0 100
Rainy day savings 63 100
Emergency repair 0 100
Savings repair 19 100
Awareness of consequences 50 100
Retrofit
Energy saving identity 100 100
Social norms 100 100
Debt aversion 25 100
Debt acceptance 0 100
Rainy day savings 25 100
Emergency repair 13 100
Savings repair 63 100
Awareness of consequences 100 100

Fig. 6  Distribution of the multiverse coefficients for program participation



Energy Efficiency (2024) 17:30 

1 3

Page 19 of 21 30

Vol.: (0123456789)

Fig. 7  Distribution of multiverse coefficients for retrofit
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