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Abstract

As the building sector shifts toward community-led energy efficiency (EE) initiatives to
mitigate the climate crisis, scaling adoption requires understanding behavioral drivers.
This study examines key drivers of EE measure adoption: perceived non-energy benefits,
trusted advisors, and behavioral signaling. This research contributes to the energy policy
and social science literature by empirically linking social trust with signaling preferences.
It extends existing EE adoption decision theories by identifying distinct clusters of “expert”
versus “close” advisors across demographic groups. Data from an experimental survey
(n =238) in Portland, Oregon, were analyzed using principal component analysis (PCA)
and multivariate regression modeling. Results indicate that saving money and better indoor
air quality are the most valued benefits with significant missing survey responses for other
non-energy benefits, perhaps indicating a lack of respondent understanding. While family
and contractors remain the most trusted advisors, findings highlight a clear split between
expert actors and close social networks. Signaling via yard signs is the most preferred
method for signaling EE behavior (31%), though “super-participators” prefer multi-channel
signaling. These findings suggest that practitioners should thoughtfully leverage social
networks and diverse signaling media to improve the salience and increase the adoption of
residential energy efficiency programs.

Keywords: residential; trust; energy efficiency; social networks; green consumer values;
signaling; marketing and outreach

1. Introduction

W) Check for updates As policymakers and the public realize that the climate crisis is accelerating, the build-

ing sector’s ability to mitigate greenhouse gas emissions is receiving increased attention.
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global greenhouse gas (GHG) emissions and a much higher share of emissions in many
global cities [1]. Experience with energy efficiency and distributed solar photovoltaics (PV)

Published: 1 July 2026 has shown that building sector GHG emissions can be cost effectively reduced, reducing
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for an additional 11% of global GHG emissions mostly due to cement and iron inputs in
new buildings [4]. Furthermore, newly constructed properties are expensive to buy or rent
and subsequently out of reach for many low- and moderate-income families. Retrofitting
existing buildings to make them more energy-efficient can therefore help address both the
housing equity crisis as well as the climate crisis.

Unfortunately, historical investments in energy efficiency (EE) by building owners
and occupants have been sub-optimal due to significant biases in program design as well
as barriers to the implementation of utility EE retrofit programs. Utility investments in EE
programs disproportionally benefit higher-income households. Morales and Nadel state:

“low-income energy efficiency programs in our database only served an average of 5%

of income-eligible households in 2019, and many only receive low-cost measures.” [5]

(p- vi)

Recognizing the climate and equity crises, municipalities in the US and national
governments in the EU have jumped into the regulatory arena and are designing building
performance standards for larger buildings to close the energy efficiency gap [6,7]. Some
local governments are going all-in on building electrification for climate change mitigation
and adaptation [8]. While these new ordinances will likely improve the performance of
new constructions as well as large multi-family and commercial buildings, interventions to
improve the energy performance of existing, smaller residential buildings still need to be
scaled up.

This research contributes to the literature on residential energy efficiency (EE) by
investigating attitudes toward building energy efficiency retrofits and identifying social
mechanisms that drive EE technologies” adoption. First, the regression modeling shows no
statistically significant demographic predictors of the benefits of EE adoption. However, the
paper offers insights into which residents struggle to conceptualize the benefits of energy
efficiency. Respondents who have low stated knowledge of EE technologies and had not
taken many EE actions did not, or could not, identify consistent non-energy benefits of
EE retrofits. These findings, which correlate a lack of experience with EE technologies to
similar deficits of knowledge about non-energy benefits, supplement other studies that
have examined residential EE information deficits [9,10].

The second contribution of this research is to join research on social trust to EE
retrofit decision-making. The results reveal a clear ranking of trusted advisors for EE
information: family, contractor, and friend rank highest. Factor analysis shows a clustering
of perceptions of EE advisors as “close” (neighbors, co-workers, friends and family) and
“expert” (contractors, utility representatives, energy technology salespeople and members
of community-based organizations). The findings support other studies that show a strong
relational element to energy retrofits [11,12].

Finally, this research provides original insights into how residents prefer to display
their EE actions to their friends and neighbors. The survey results indicate the respondents
prefer yard signs to signal their participation to neighbors, with a significant minority
that prefer all outdoor media (yard sign, flag, and window sign). These findings provide
important implications for the study and practice of residential building retrofits.

1.1. Theories of Information on Residential Energy Retrofits

One of the reasons that new programs and stakeholders are entering the EE policy
space is due to the need for better EE theory to drive program design and implementation.
Existing policies have not been able to overcome the fact that energy is seen as an “invisible”
good which makes it difficult for customers to understand their everyday energy usage,
and to subsequently modify their behavior to reduce their energy use. A lack of information
about energy and conservation activities is pervasive. Subsequently, there is an energy
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efficiency “gap” where residents do not optimize investments that maximize the benefits of
energy-efficient technologies [10,13,14].

A requirement for scaling up EE programs to reduce this gap is increased resident
participation. Utility marketing to residential customers has not been adequate for the
task. A recent U.S. Department of Energy study in the US of 7024 homeowners found that
only 9% could remember participating in a utility energy efficiency program [15]. Energy
sector stakeholders are realizing what the marketing industry has known for decades as
an iron law: top-of-mind matters. The explosion of rooftop solar PV and electric vehicles
in affluent, liberal neighborhoods is an example of this iron law for these highly visible
durable goods. Low-income neighborhoods exhibit much lower penetration of clean energy
technologies. Most importantly for this research, EE retrofits occur inside the home and
are not visible to neighbors. For EE retrofits to diffuse across neighborhoods they need to
be made more visible and residents’ social networks need to be engaged to diffuse this
information. This paper explores media and communication tools to better understand
resident preferences about signaling their EE participation as well as who they trust for EE
information. Figure 1 shows a diagram of the questions explored in this research.

1 How do residents
conceptualize benefits?

2 Who do residents trust and how
OVERCOMlNG are they related in social networks?
INFORMATION
BARRIERS TO
SCALE-UP EE

RETROFITS

r J J c E Al TIONS
3 How do residents prefer to signal
their EE behavior to others?

Figure 1. Conceptual model.

The main theoretical domain that this research has identified that can inform our
three research questions is the Theory of Planned Behavior (TPB) that serves as a major
framework for understanding decision-making. The TPB posits that human actions are the
direct result of behavioral intentions. According to this theory, intentions are constructed
through three cognitive filters: attitudes (valuing the potential results of an action), sub-
jective norms (responding to the social expectations of others), and perceived behavioral
control (one’s perceived ability to successfully carry out the task). When a new technology
is viewed as beneficial, is supported by one’s social circle, and the individual feels capable
of adopting it, the likelihood of a successful adoption decision increases substantially [16].
The research regarding benefits, trust, and signaling enhances the TPB framework by
showing how they can remove obstacles to forming positive intentions for residential
EE upgrades.

1.1.1. The Perceived Benefits of Energy Efficiency Technologies

The TPB claims that people intentionally make rational decisions to maximize benefits
and minimize costs [17]. EE technologies provide energy benefits as well as non-energy
benefits, or co-benefits, to occupants. These benefits include improved occupant health,
comfort, improved indoor air quality, reduced outside sound infiltration, as well as other
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indirect benefits such as reduced carbon emissions [18]. Outcault et al. [19] provide an
exhaustive list of occupant non-energy benefits derived from the literature that can also
include macroeconomic benefits like reduced import dependency [20]. Non-energy benefits
are typically not monetized in utility cost-effectiveness tests, but they can be 3-7 times the
magnitude of the energy benefits [21].

While energy savings may be a determining factor in making retrofit decisions, there
is little information on how residential occupants conceptualize non-energy benefits. Part
of the reason may be due to different research designs. Outcault et al. [19] notes that
non-energy benefit studies conceptualize benefits such as comfort differently. However,
after an extensive review of the predictors of energy use, Frederiks et al. [17] state that the
“empirical evidence of the impact of these [socio-demographic] variables has been far from
consistent and conclusive to date” (p. 573).

This research begins to investigate if residents perceive benefits as related to each
other, or if they are considered distinct. Do older residents favor improved comfort, or does
higher education lead to higher preferences for indoor air quality? This research question
is explicated in the following way.

Research question (RQ) #1: How do residents conceptualize the benefits of energy effi-
ciency and do conceptualizations vary by demographics?

1.1.2. Trusted Advisors

The second information barrier for residents considering adopting energy-efficient
technologies is where to obtain information. Residents exhibit a deficit of accurate knowl-
edge about energy use [9] and energy-efficient technologies [13]. Consumers also display
a lack of knowledge about energy costs [10,22]. Sociologists have argued that socially
constituted decision processes are more accurate for observed retrofit behavior [11,12]. This
research complements sociological approaches by acknowledging that trust in the source
of information matters, full stop [23]. The TPB also incorporates trust as it acts as a crucial
heuristic for evaluating complex technologies, which shapes a resident’s attitudes and
perceived behavioral control [16].

For energy, resident engagement on information presented in utility bills was higher
for more trusted organizations [24]. Increased trust in institutions has been found in other
settings to increase citizens’ willingness to pay for carbon reductions [25]. At the individual
level, a lack of trust has been identified as a critical barrier to customer engagement for
smart grid projects [26]. The effects of trust on adoption decisions are likely moderated by
their experience with the technology. Huijts et al. [16] state:

When people know little about a technology, acceptance may mostly depend on trust in
actors that are responsible for the technology, as a heuristic or alternative ground to base
one’s opinion on. (p. 528)

Knowledge about energy technologies can be sourced from energy experts such as
utility representatives and contractors in addition to members of residents’ social networks.
An individual who is trusted by consumers can be considered a trusted messenger [27]
or “trusted advisor” [28]. This research utilizes the term trusted advisor because advi-
sor implies a greater potential role for changing attitudes about energy. Trusted advi-
sors possess the following qualities: (1) credibility—they provide trusted information;
(2) reliability—they will carry out their obligations; and (3) customer-oriented—they put
the customer’s long-term interests before their own [29].

One other question that this research contributes to is who residents trust for EE
adoption information. Trust has been an important predictor of attitudinal and behavior
change in other sectors, including facilities siting [30], medicine [31], healthy eating [32], and
nudging consumers towards energy-efficient devices [33]. In the energy sectors, because
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home energy technologies—such as batteries and heat pumps—are often viewed by non-
experts as complicated or risky, many households use trust as a shortcut when deciding
whether to adopt them [16]. It has been well-established that trust in energy advisors
matters at the organizational level [34]. But how do utility representatives, representatives
of community-based organizations, and energy technology salespeople compare to friends
and family and neighbors in terms of trust? In other domains, the diffusion of information
and related persuasion influence tends to be stronger when people interact with members
of their close social circle, such as friends, rather than strangers [35]. Information sharing is
stronger with these “strong ties” (family and friends) versus “weak ties” (acquaintances)
because the information is coming from a person they trust [36]. Peers are neighbors
or members of residents’ social networks who residents are familiar with, likely share
similar attributes with, and are more likely to trust. There are known peer effects on energy
technology adoption [36]. The importance of peer effects on energy-related behavior has
been extensively studied [17,27].

However, the role of technical knowledge possessed by social network members is
less understood. Social media influencers might be considered (very) weak ties that are
knowledgeable about the technology. Weenig et al. [34] claim that persuasive potential is
higher from network ties who are knowledgeable. Network members with direct ties to
a technology, like a contractor or utility representative, are likely to be more trusted and
therefore have higher persuasion potential. Other research has shown that information
from peer networks is less important when individuals already have strong attitudes about
a topic [37]. Furthermore, while Wolske et al. [36] provide thorough review of peer influence
on residential energy use, the demographics of relative trust need further exploration.

Research Question #2: What are the relative trust levels across residents” social networks
about energy-efficient technologies and do these vary by demographics and knowledge
about EE technologies?

1.1.3. Neighbors as Sources of Energy Efficiency Information

Energy experts, friends, family and co-workers are not the only sources of information
that residents can rely on to inform their retrofit decisions. There are “neighbor” effects for
solar panels and electric vehicles whereby visible purchases are emulated by neighboring
households [36,38]. Neighbors are not necessarily part of residents” direct social networks,
but they learn from viewing these technologies in their neighborhood. Rai and Robinson
state that, with neighbor adoptions,

“influence accrues passively through merely witnessing [solar] PV systems in the neigh-
borhood, increasing confidence and motivation, as well as actively through peer-to-peer
communication”. [39] (p. 1)

The neighbor effect can be substantive. One study estimated that each incremental
solar panel adoption in a zip code increases an individual’s adoption propensity by nearly
0.78% [40]. One possible reason that the neighbor effect is so powerful is the segregation of
neighborhoods on income and racial lines [41]. As neighbors become more similar to each
other, it is likely that emulation and increased confidence and motivation are becoming
more influential in adoption decisions. However, this hypothesis is beyond the scope of the
current research.

A key causal driver of neighbor solar PV adoption is its visibility: more visible
systems are likely to have strong peer effects [41]. Visibility is a necessary condition for the
observational learning mechanism that causes the diffusion of technologies [38]. Unlike
solar panels (and electric vehicles), energy efficiency retrofits are not visible on the exterior
of a home and neighbors’ signals of their commitment to the technology cannot be publicly
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viewed. Min (2025) shows that the peer effects of heat pumps are much lower than for PV
and electric vehicles [42].

Solar PV, as well as visible electric vehicles parked in driveways and streets, are forms
of commitment that occur when a symbol is displayed publicly and externally [43].

An example of a commitment is the display of a yard sign in the resident’s front yard.
It is well-known that yard signs are used as a sign of commitment in elections. They are
more influential in changing neighbor behavior under conditions of poor information such
as unknown candidates [44]. According to the TPB, this physical signaling from outdoor
media is likely to create social pressure for neighbors to follow suit. This pressure could
come through several related causal mechanisms including the development of descriptive
social norms that make EE actions seem common in a resident’s neighborhood. It could
also be a modeling mechanism which can include learning and emulation. And finally,
outdoor media could be considered to signal public commitment to EE retrofits [35].

Given that most residents have a poor understanding of what energy efficiency retrofits
entail, external media is likely to be effective in signaling their commitment to the tech-
nology to their neighbors. Yard signs that demonstrate energy retrofit behavior have been
used for some time by community-based organizations (CBOs) [45]. Given the importance
of neighbor effects and outdoor media this research explores:

Research Question#3: What types of outdoor media do residents prefer to signal their
commitment to energy efficiency?

To address RQ#3, this research explores the stated preferences for yard signs, window
stickers, and flags.

2. Material and Methods

In order to investigate the three research questions above, a survey was conducted in
February 2021. The survey was administered by Symmetric Sampling, a commercial survey
research firm, to 434 participants. The firm claimed to have a representative sample of the
Portland metro area. However, 58 of the respondents indicated that they did not reside
in the Portland, Oregon metro area and another 138 surveys were incomplete, resulting
in 238 usable responses (55% usable responses). The complete survey instrument can be
found in the Appendices A-C.

Key demographics of the survey (versus the Portland metro area median in parenthe-
ses) include: age 45-54 years (39 years), female 59% (50%), completed four-year college
degree or more 44% (42%), a primary language other than English spoken at home 4% (18%),
number of occupants 2.4 (2.5). The demographics indicate that the sample is slightly older,
more likely to be female, and more likely to speak English at home compared to median re-
gional values [46]. Approximately 43% of the respondents were homeowners, 48% renters,
and 9% other which was mainly living with friends or family. This is largely consistent
with the demographics of the Portland market where 47% of residents are renters [47].
Information on detached versus attached-style buildings was not part of the survey.

The survey explored three dimensions about residents’ perceptions of energy-efficient
technologies. The first was how residents perceived the benefits of energy efficiency
technologies. The question asked, “Please rank the following from 1 (least important)
to 6 (most important) when deciding on energy efficient technology ...?”. Benefit items
included less drafty, better indoor air quality (IAQ), reduced outside sounds, better indoor
temperature, and saves money.

The second dimension the survey explored was the likelihood of a consumer adopting
an energy-efficient technology based on who recommended it. The question asked, “How
likely are you to adopt an energy efficient technology if recommended by the following
people: ...?”. Items included: neighbor, co-worker, friend, family member, a contractor,
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a representative from their utility, an energy technology salesperson, and a community-
based organization.

The third dimension the survey explored was participants’ stated preferences to signal
to their neighbors that they had participated in a hypothetical energy efficiency program.
The participants were asked to indicate whether they preferred to show a yard sign, a
window sign, or a flag to show participation in “a community-led effort to help neighbors
make their homes more energy efficient”. Participants were prompted to select only one
option, or all the options, after being shown the images of hypothetical energy efficiency
program media in Figure 2.

“\ -
)

JHENNNNENNENENR R

Figure 2. Survey images of a window sign (left), flag (top right), yard sign (bottom right).

Respondents were also asked about their EE behavior, “What energy saving behavior(s)
do you engage in at home?”, as well as their stated knowledge about EE technologies, “How
much would you say you know about energy efficient technologies for your home? Some
examples of this for your home might be heat pumps, water heaters and attic insulation”.

2.1. Data and Methods

As noted above, the data collection effort yielded approximately 238 completed sur-
veys. However, the scale questions about the perceived benefits of energy efficiency
recorded a much lower response rate than the balance of the survey. The authors consid-
ered if this could have been due to confusing survey question wording. As can be seen
in the complete survey in the Appendices A-C, the benefits question included “Please
rank the following from 1 (least important) to 6 (most important) when deciding on energy
efficient technology (the survey will only let you pick each number only once): Reduced
outdoor sounds”. The question was repeated for each benefit: better indoor air quality, less
drafty, better indoor air temperature, saves money, recommended by a neighbor. While it
is possible that the questions were confusing and this contributed to the lower response
rate, further analysis is required because complete case analyses that delete cases with
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missing data (casewise deletion) can lead to biased and/or inefficient inferences using
multivariate regression modeling [48]. As such, Multiple Imputations of Chained Equations
(MICE) were used to impute missing responses to the EE benefit questions. Appendix A
details the missing data methodology and results. The MICE approach is a best practice
in multivariate regression modeling and increased the size of the regression sample by
approximately 35 percent and minimized potential bias from missing data.

2.1.1. Principal Component Analyses

The scale of survey questions about trusted advisors was reduced to a usable form
for the regression analysis using principal component analysis (PCA), an exploratory data
analysis and data reduction tool. PCA extracts the underlying latent construct, or factor,
from a panel of related survey questions [49]. Bartlett’s Test for Sphericity and the PCA
Kaiser-Meyer—Olkin (KMO) test were performed to determine the suitability of the data
for PCA and the results are presented in Appendix B. A varimax rotation technique was
employed in Stata 17.

Recall that the eight social network questions inserted a different social network
member following the shared introductory phrase: “How likely are you to adopt an energy
efficient technology if recommended by the following people: ...?” with 8 trusted advisors:
neighbors, co-workers, friend, family member, a contractor you know, a representative
from your utility, an energy technology salesperson, and a community-based organization.
Responses included: extremely unlikely, moderately unlikely, slightly unlikely, neither
likely nor unlikely, slightly likely, moderately likely, extremely likely.

Two factors were identified from the eight advisor questions using the scree plot that
shows the two-factor selection retains eigenvalues above 1.0. Individual factor loadings for
each construct exceeded 0.71 which is far above the 0.25 cutoff suggested in the literature.
More information on the PCA can be found in Appendix B.

o  The first factor includes those network members who are socially and geographically
close to the respondent: neighbors, co-workers, friends. This factor was labeled “Close”
and explains 41.7% of the variance in the data.

o The second factor is energy experts: contractors, utility representatives, energy tech-
nology salespeople and members of community-based organizations. This factor was
labeled “Expert” and explains an additional 35.0% of the variance in the data.

The close and expert factors are consistent with Schilke et al. [50] and Landes-
vatter & Bauer [51] who emphasize the distinction between generalized trust (trust in
strangers/unknown others) and particularized trust (trust in specific groups or individuals,
like contractors).

Also note that the survey asked residents the question “Would you be willing to pay
$X to improve your home’s energy efficiency?” (Yes (1)/No (0) response). The $X amount
of their willingness-to-pay (WTP) amount included a randomly generated value between
$200 and $2400 with a mean of $1300 to represent out-of-pocket costs of EE improvements.
A random WTP value is required to make valid inferences about participants” WTP for
EE improvements. It is expected that this random value is negatively correlated with a
Yes response, which is less likely with larger out-of-pocket costs. But unfortunately the
randomly assigned value was not recorded in the survey results. As such, the WTP aspect
of the survey is used in the following multivariate modeling as a control variable only.

2.1.2. Multivariate Regression Modeling

Ordinary least squares (OLS) and logit regression modeling were employed to control
for demographic factors and to isolate the independent effects of each independent variable
in explaining the dependent variables. Robust standard errors are used in all models to
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mitigate the potential effects of heteroskedasticity. A variance inflation test showed no
significant multicollinearity.

The two dependent variables in the OLS models (close and expert trusted advisors) are
continuous 0.0-1.0 PCA factor scores. The key independent variables are the demographics
of the respondents as well as the other PCA factor scores. Table 1 shows the descriptive
statistics for the dependent and independent variables used in the regression modeling.
Additional details on the outcome variables are presented in the next section.

Table 1. Descriptive statistics.

Variable Obs Mean Std. Dev. Min Max
age 238 3.55042 1.88811 1 8
employment 235 3.153191 1.996241 1 7
non-English language 238 0.0378151 0.1911509 0 1
gender 237 3.42616 1.937539 1 5
political party 237 4.21519 1.770791 1 8
household of color 236 0.25 0.433933 0 1
education 235 3.868085 1.50343 1 7
renter 238 1.663866 0.6401122 1 3
tenure 237 3.400844 1.560801 1 5
occupants 235 2.391489 1.264206 1 5
close 224 0.6278807 0.1979884 0.0 1.0
expert 224 0.5112151 0.1950458 0.0 1.0
knowledge 235 3.059574 1.072512 1 5
EE actions taken 238 2.777311 1.185705 0 5
wtp 233 0.3476395 0.4772461 0 1
all_media 235 0.2042553 0.4040169 0 1
3. Results

Figure 3 below shows the results for RQ#1 with average and two standard error ranges
for the perceived benefits of EE. Responses to the question are on a 1-5 Likert scale. While
saving money had the highest mean score, it also had a higher standard error. Less drafty
scored lower but with less variation in responses. However, part of the lower variation
could be due to the missing responses as discussed above and in Appendix A.

The detailed results for RQ#2 relating to trusted advisors are presented in Figure 4
below. The rank order of mean scores for trusted advisors is: 1. family; 2. contractor;
3. friend; 4. utility rep.; 5. CBO; 6. neighbor; 7. co-worker; 8. energy technology sales
representative. Figure 4 also shows the composition of the scores. For example, family and
contractors receive the highest share of extremely likely while neighbor, co-worker, and
sales representative receive the highest share of extremely unlikely.
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Figure 3. Perceived Benefits of EE.
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Figure 4. Trusted advisors for EE.

Figure 5 shows respondents’ preferences regarding RQ#3 with a histogram of the

number of responses (out of 238) for each item for the question on preferred outdoor media

preferences to show participation in “a community-led effort to help neighbors make their

homes more energy efficient.” Yard signs are clearly preferred (N = 72), followed by all
the outdoor media (N = 48) and flags (N = 47). Recall from Section 2 that nearly half of
respondents were renters. In Portland, rental properties are nearly evenly split between

single-family and multi-family homes [47]. It is unclear how the dwelling type influenced

media preferences of respondents. However, it is likely that if yard signs are not feasible in

some multi-family dwellings, the respondents would have selected window signs, or all

media. In these cases, for renters, the results for yard signs in Figure 5 could be understated.
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Window Sign Yard Sign AllMedia

Figure 5. Preferred participation media.

3.1. Linear Regression Results

Figures 3-5 above summarize respondents’ univariate preferences for the survey items.
However, to fully investigate the research questions, multivariate regression modeling is
used to isolate the independent effects of key predictor variables while holding other factors
constant. The OLS and logit regressions are presented in Table 2. The F-statistics and Chi-
Squared statistics for the regressions are strongly significant. Table 2 shows three different
regression results with each model’s name in the first row of each column. Models 1-2 use
ordinary least squares (OLS) estimations while Model 3 uses logistic regression. The models’
coefficient of determination (R?) indicates that the combined effects of the variables in the
model explain between 16% and 23% of the variation in the different dependent variables.

Table 2. Multivariate regression results.

(1) (2 (3)
VARIABLES OLS—Close OLS—Expert Logit—All Media
age —0.0232 ** 0.00773 1.372 **
employment —0.00691 0.000256 0.785 *
gender —0.00427 —0.00388 1.094
party —0.00618 —0.0117 0.976
nonwhite —0.0134 —0.0341 0.407
education 0.00988 0.00859 0.890
renter 0.0137 —0.000556 1.974*
tenure —0.00367 0.000315 0.977
occupants —0.0113 —0.0275 ** 1.074
close 10.88 *
expert 47.47 ***
knowledge —0.000886 —0.0500 *** 1.342
action_num 0.0378 *** 0.0141 0.904
wtp 0.0650 ** 0.0423 1.374
language —0.0630 0.0321
Constant 0.632 *** 0.687 *** 0.000836 ***
Observations 211 211 211
R? 0.164 0.228
Adjusted R? 0.109 0.177
Pseudo R? 0.142

) <0.01, ™ p<0.057p<0.1.
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Models 1 and 2 in Table 2 assess RQ#2 regarding who respondents turn to for EE
information. The results in Model 1 for the “close” advisor network shows each additional
decade of resident age predicted a 2.3% lower score. Older residents appear to rely less
on friends, family, co-workers, and neighbors as measured by the PCA factor. More
experience with EE technologies predicts more favorable views of close advisor networks.
Each additional stated action taken to improve EE in their home predicted a 3.8% higher
close advisor trust score. Similarly, participants who said that they would pay to improve
their home energy efficiency scored about 6.5% higher on the importance of close network
advisors in adopting EE technologies. The combined effects of these demographics can
be substantive: a respondent who stated Yes on willingness to retrofit in the youngest age
category and who stated that they have undertaken the most EE measures is predicted to
score about 35% higher on the importance of close advisors than the oldest residents that
are uncommitted to EE.

The results for “Expert” advisors in Model 2 are less informative. Only self-reported
responses to the question “How much would you say you know about energy efficient
technologies for your home?” is statistically significant. Each one-point increase in the
five-point Likert scale for EE knowledge predicts a ~5.0% decrease in the importance of
expert advisors. This result is intuitive as more knowledgeable respondents are less likely
to believe that they need advice from outsiders. Respondents with low levels of reported
EE knowledge apparently are more willing to trust experts on EE adoption. Note that
unlike close advisors, older residents are no more or less likely to rate expert advisors
as important.

3.2. Logistic Regression Results

Finally, the variables that explain outdoor media preferences are examined: specifically
what participant attributes are associated with saying Yes to all the outdoor media including
yard signs, window stickers, and flags. Logit regression was used to predict the odds of
this response outcome = 1 and are presented in Model 3. The regression coefficients are
presented as odds ratios where values < 1 represent a reduction in the odds of choosing
an outcome = 1, and coefficient values > 1 predict an increase in the odds of that outcome,
given that the other variables in the model are held constant. Recall that odds are slightly
different from probabilities (which are the ratio between an outcome and all possible
outcomes) and represent the ratio of an outcome to another outcome. For example, 1:1 odds
(even odds) are the same as a 50% probability (1/2), but 1:10 odds are equivalent to a 9.1%
probability (1/11).

McFadden’s pseudo R? for the logit model shows an improvement in the results for the
full model with all predictors as opposed to the intercept-only models. However, this statis-
tic is not comparable with R? from OLS regressions and should be interpreted cautiously.

Model 3 in Table 2 is the logit estimation that investigates resident preferences about
program media that signal their participation in EE activities under RQ#3. Recall that
participants were asked “Please consider the hypothetical situation where Energize! is a
community-led effort to help neighbors make their homes more energy-efficient. Neigh-
bors that perform energy retrofits (such as weatherization, installing a new furnace, etc.)
are eligible to receive something that shows their participation. Given this hypothetical
situation would you prefer the yard sign, window sign, or flag to show your participation?”
Participants were also given the choice of receiving all the above media. For the regression
modeling, the responses that selected all media were recoded as 1s and all other responses
were recoded as 0s. Thus, 1s represent the stated super-participators that are the most eager
to signal their EE commitment to neighbors and those passing by.

https:/ /doi.org/10.3390/en19133117


https://doi.org/10.3390/en19133117

Energies 2026, 19, 3117

13 of 23

Demographics are important in explaining media preferences. Model 3 shows
that older respondents have statistically significant higher odds of being stated super-
participators. Respondents who work less are less likely to be super-participators; or put
another way, respondents with full-time employment are more likely to want all outdoor
media. This question could be measuring household income which was not included in
the survey. Also, of interest is that at p < 0.10 renters have higher odds of being super-
participators. Recall that nearly half of respondents are renters and this is reflected in the
results of Model 3.

Adpvisor preferences are also statistically significant predictors of preferring all outdoor
media. A respondent who scored the highest (1.0) on the close trusted advisor score has
almost 11 times the odds of wanting all program media than a participant scoring the lowest
(0.0) at p < 0.10. A similar dynamic is seen for respondents who scored high on the expert
advisor score who have over 47 times the odds of being a super-participator compared
to someone who scored a 0.0 on this score. The takeaway here is that respondents who
actively value both close and expert advisors (independent of their stated EE knowledge)
are more likely to be super-participators.

4. Discussion

Regarding RQ#1, there is little consistent evidence about how resident demographics
affect the perceived benefits of EE (Appendix C). This is similar to the findings of Frederiks
et al. [17] who summarize the demographics literature as “far from consistent” (p. 573).
However, recall that this section of the survey had the most missing responses by far. Miss-
ingness can be due to a lack of knowledge about non-energy benefits by residents. In survey
research, it is generally understood that missing responses increase when respondents
do not know the answer to a question [52]. The logit regression in Appendix A analyzed
the predictors of whether a question was missing a response; it showed that higher EE
knowledge and number of actions taken lowered the odds of a missing response by 25%
and 42% respectively. It would appear that residents who were inexperienced with EE did
not understand the questions and perhaps the concepts behind the non-energy benefits.
More research on this is important.

The findings on respondents’ preferences for trusted advisors (RQ#2) also have insights
for theories of EE adoption. The strong ties of family and friends have similar trust
scores as contractors, but neighbors and co-workers have lower mean trust scores. Recall
that the elements of a trusted advisor have been defined as credibility, reliability and
customer-orientation [28]. Perhaps the lower scores for co-workers and neighbors reflect
the lower credibility of information compared to other strong ties. Weak ties with high
credibility and perceived customer-orientation (utility reps, CBO reps) score higher than
sales representatives with lower perceptions of customer-orientation. The expert and close
latent PCA factors show that residents tend to conceptually group trusted advisors into
these two bins. Combining the findings of the latent factors as well as the mean trust
scores indicates that CBO and utility reps, along with contractors, are likely to be the most
effective expert messengers for residential EE adoption. The OLS regression in Model 3
shows that younger residents who are already engaged with EE actions are more likely to
respond to close ties” information about EE technologies.

The dominant preference for outdoor media under RQ#3 was yard signs, which is not
surprising since these are commonly used for elections and contractor advertising. This
effect is perhaps understated given that nearly half the sample consists of renters. Apart-
ment dwellers who live in high-rise or mid-rise buildings might not have an appropriate
outdoor space for a lawn sign and thus might not have selected this media option. The
survey did not include a question on respondents’ detached versus attached housing type,
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so preferences for media by building type cannot be inferred. The second most common
response was for all the program media including a yard sign, followed by a window sign,
and then a flag. Importantly, the low number of “None of Them” responses indicate that
outdoor media is acceptable to most residents and is a viable program outreach tool. This
finding supports the findings from Wilson et al. [33] that residents want to be able to see
EE investments (and that they want their neighbors to see them as well).

The logit model’s predictors of super-participators (Model 3) included older residents,
those working full-time, and those with higher trust in close and expert network members.
Higher trust in neighbors, co-workers, family and friends leading to a higher willingness
to display outdoor media could reflect reduced perceived social risks from displaying the
media or else stronger preferences for residents’ signaling their green attributes.

Note that political party affiliation was not significant in any of the regressions unlike
Gromet et al. [53]. Although it is an imperfect indicator for ideology, it does perhaps
indicate that ideology is perhaps not a significant predictor of signaling EE adoption in
this sample.

4.1. Implications

There are important EE policy and program implications from the results about EE
experience predicting both higher close network trust scores as well as stronger preferences
for EE outdoor media. The success of an outdoor media outreach campaign could likely be
made more effective by cross marketing of EE incentives to high-knowledge customers who
have participated in existing rebate programs or are engaged with their utility through de-
mand response, energy bill notifications, or other programs. It is also possible to use experts
(weak ties) to link together cliques of strong ties (family, friends, co-workers, neighbors).
This is consistent with Granovetter [54] and subsequent research on the importance of weak
ties but with new insights about the value of the credibility (knowledge) of those weak
ties. The use of weak ties for bridging close networks implies the scaling up of existing
customer loyalty or referral programs where existing contractor or utility customers receive
incentives for bringing in new customers. The results suggest that QR codes embedded in
outdoor and social media could recruit participants’ neighbors and other network members
into EE programs. Community-based organizations’ high relative perceived trust scores
mean that they are good candidates to implement these media campaigns.

As the climate crisis continues to accelerate, policymakers will move to scale up GHG
emissions reductions from the building sector. The utility-driven program model that
currently predominates the sector will be complemented with municipal and community-
led initiatives that will likely utilize community-designed solutions and networks. This
paper examines three key drivers of EE programs: perceived non-energy benefits of EE,
trusted advisors for EE adoption, as well as preferences for outdoor media to increase
community salience of EE retrofits.

First, the results for how residents conceptualize benefits show that saving money is
the highest priority followed by better indoor air quality. There was significant missingness
in residents’ responses to some of the perceived benefit items, likely indicating a lack of
understanding of these potential benefits or perhaps unclear questions in the survey.

Second, the results find family members and contractors have the highest adoption
trust scores. Community-based organizations also score very highly. It is possible that
these organizations bridge generalized and particularized types of trust. Since they are
embedded in the community, they score higher in generalized trust; and are also expected
to display technical energy expertise, ranking them higher in particularized trust. In addi-
tion to average trust scores, principal component analysis is used to discover two latent
variables in the data: (1) “experts” (contractors, utility representatives, energy technol-
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ogy salespeople, and members of community-based organizations) and (2) those that are
“close” to the decision-maker (friends, family, co-workers, and neighbors). Young residents
with experience with EE technologies are much more likely to trust close advisors. A
respondent who stated Yes on willingness to retrofit in the youngest age category and
who stated that they have undertaken the most EE measures is predicted to score about
35% higher on the importance of close advisors than the oldest residents that are uncom-
mitted to EE. And a higher close network trust score is associated with higher odds of
being a “super-participator” that prefers yard signs, flags, as well as window signs to signal
their participation in EE programs. Conversely, respondents with low levels of reported
knowledge apparently are more willing to trust experts on EE recommendations.

Finally, the results for outdoor media show that yard signs have the highest preference
score with about 31% of respondents preferring them. However, about 20% of respondents
indicated that they would prefer all the outdoor media (a yard sign, a flag, and a window
sign). The predictors of these super-participators include older residents, women, and
those with higher trust in close network members. The implication for program design
from low trust in neighbors combined with high trust in contractors and CBOs indicates
that contractor/CBO co-branding on outdoor media might be an effective method to recruit
neighbors who walk by houses hosting program media. To maximize the impact of these
media tools for residential energy efficiency (EE) retrofit programs, the design must align
social science theory with how residents process trust and information:

1.  Maximizing peer influence (subjective norms): To maximize peer influence, yard signs
and other media must be highly visible and physically located where neighbors can
see them. Because residents learn from their peers, the sign should clearly indicate
that the home is participating to trigger observational learning. Designs that feature
community-based branding (e.g., a city-wide “Energize!” campaign logo) are more
likely to create a social norm than generic contractor signs. When neighbors see
a cohesive community identity, they are more likely to perceive the behavior as a
community standard, increasing the subjective norm pressure to conform.

2. Maximizing Attitude Change: Attitudes are formed through an evaluation of expected
outcomes. Outdoor media must overcome the barrier of energy being an “invisible
good” by effectively signaling specific benefits. Since saving money and improved
indoor air quality are the most valued benefits, the sign should explicitly communicate
these. Integrating the logo or name of a highly trusted advisor (e.g., a local community-
based organization) directly onto the sign signals the existing trust the resident has in
that expert.

3. Maximizing perceived behavioral control (PBC): PBC is the belief in one’s ability
to successfully execute the retrofit. Outdoor media can signal that retrofitting is
accessible to the average neighbor. Modern, effective outdoor media should feature a
clear QR code that links directly to a “one-stop-shop” or a simplified digital intake
process. This reduces the perceived transaction costs of searching for information
and provides a sense of control by immediately showing the path to participation.
The media design should focus on empowerment. Messaging like “Easily make your
home more comfortable” (using comfort/warmth sentiment) is superior to “Curtail
your energy use,” which may signal a loss of control or comfort. In sum, unlike solar
PV and EVs that have seen much greater adoption levels, heat pump technologies,
envelope improvements, and other EE measures are not visible to neighbors. Utility
and municipal and community-based EE programs can increase participation through
these carefully designed outdoor media campaigns.
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4.2. Study Limitations and Future Research

Like other studies that preceded it, this research includes some limitations. These
limitations potentially limit the inferences made from the results. The survey sample
was focused on the Portland metro area. The population of the Portland metro area is
roughly 2.5 million residents and Portland area residents’ preferences are not necessarily
representative of the US or other large jurisdictions. As discussed above, there were also
considerable missing responses to the survey questions about the non-energy benefits of
energy efficiency measures. While multiple imputations methods discussed in Appendix A
addressed this possible bias in the Results section, the usable sample includes only 238 re-
sponses. The survey was also deployed during the COVID-19 period which could have
also biased the results, but there is no clear indication of this.

There is a need for future research to complement this exploratory study. The first
research need has to do with knowledge and preferences about EE benefits. The largely null
findings regarding the demographic predictors of EE benefits indicate additional research
is necessary to more fully develop and test theories that predict residential preferences
about benefits of EE.

The second research need is to utilize more complex constructs of trust in EE infor-
mation provision and decision-making. Schilke et al. [50] and Landesvatter & Bauer [51]
have noted the distinction between generalized and particularized trust that is apparent in
this research’s close and expert PCA factors. Fiske & Dupree [55] highlight that credibility
(trust) relies on both competence (ability) and warmth (perceived intent). These are likely
highly correlated with the two types of trust and could explain why community-based orga-
nizations score high in trust in this research: because they potentially possess technical com-
petence as well as higher perceived intent to help the resident than a sales representative.

The final future research need is to integrate more complex purchase decisions into
the data collection process about residential EE preferences. Biswas et al. [56] note that the
role of information in EE decisions is more likely to impact appliance purchases rather than
building retrofits, thus limiting its importance in large-scale energy savings. While this
research did collect self-reported information on EE knowledge (and past EE actions), distin-
guishing between simpler appliance purchase decisions versus larger-scale weatherization
projects (windows and insulation) is important in future survey efforts.
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Appendix A. Missing Data Imputations

The key independent and dependent variables were evaluated for missing data.

https:/ /doi.org/10.3390/en19133117


https://doi.org/10.3390/en19133117

Energies 2026, 19, 3117 17 of 23
Table Al. Variable Missingness.

Advisor —y \icsin % Missin EE Benefits Variabl # Missi % Missi
Variables g o g enefits Variable issing o Missing
neighbor 3 1.3 Reduced outside noise 28 11.8
coworker 7 2.9 better iaq 35 14.7

friend 6 2.5 less drafty 31 13
family 4 1.7 better temperature 32 134
contractor 4 1.7 saves money 9 3.8
utility 4 1.7 Other Variables # Missing % Missing
sales 4 1.7 wtp 5 2.1
community 5 2.1 knowledge 3 1.3
action_num 0 0
all_media 3 1.3
energy_media_pv 10 42

Table Al shows the survey question and the number of missing rows along with the
percent of responses that these rows represented. Table A1l indicates that the missing rate
for the EE Benefits scale questions was much higher than for the other variables.

Missing data can take one of three forms: (1) Missing Completely at Random (MCAR)
in which the missing data is unrelated to observed or unobserved data. (2) Missing at
Random (MAR) in which the probability of an independent variable (x) is missing is
dependent on the dependent variable (y), (3) Missing not at Random (MNAR) where the
probability of being missing is dependent on unobserved data. Since it is generated via
unobserved data, MNAR is not typically tested for.

A test was run to determine if the EE benefits data was MCAR or MAR by generating
a missingness indicator (0 = non missing, 1 = missing) for each EE benefits variable which
was then used in a logit regression with the independent variables from the regression
analysis. The logit coefficients are shown as odds ratios where negative coefficients are <1.0
and positive coefficients are >1.0.

Table A2 shows that missingness for the EE benefits are positively related to stated
willingness to pay (WTP) for a retrofit and negatively related to the stated number of EE
actions already taken. The missing data regression analysis shows that the EE benefits
data is MAR and listwise deletion of the missing cases would likely bias the regression
coefficients in subsequent analyses.

Table A2. Logit Regression of Missing Cases for EE Benefits.

Variables Benefit_Miss
wtp 2.808 ***

age 0.950
employment 0.893
language 0.841
gender 0.889
partyl 0.928
household of color 1.373
education 0.833
renter 0.943
tenure 0.922
occupants 0.794
close 1.261
expert 0.349
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Table A2. Cont.

Variables Benefit_Miss
knowledge 0.751*
action_num 0.580 ***

Constant 106.0 *

Observations 210

Pseudo R? 0.134

**p<0.01,*p<0.05*p<0.1.

The Multiple Imputations of Chained Equations (MICE) package called “mi impute
chained” was used in Stata v.15 to impute missing responses to the EE benefits questions.
Each of the five EE benefits variables were imputed iteratively with fully conditional
(chained) specifications that use all of the other variables in prediction equation (Stata, 2021).
Ten imputations using ordered logit regression were performed to predict the ordinal
response for each of the EE benefits questions. The ordered logit imputation method
is based on the asymptotic approximation of the posterior predictive distribution of the
missing data. All the ordinal logit models converged to a solution. The results for the
imputations are presented in Table A3. Note that the MICE package does not impute
some cases with more than one missing variable in the scale as indicated by the difference
between the incomplete and imputed columns.

Table A3. Results from MICE Analysis.

Variable Complete Incomplete Imputed Total
noise 210 28 24 238
iaq 203 35 28 238
drafty 207 31 22 238
temperature 206 32 26 238
money 229 9 6 238

The median value for each row (case) was calculated from the results of the 10 regres-
sions to represent the completed response from each participant. This median value for
each of the five questions was subsequently used in the PCA factor modeling.

Appendix B
Appendix B.1. PCA Methodology and Results

The principal components analysis (PCA) utilized a varimax rotation technique that
maximizes the loadings of the columns but also restricts the correlation between variables
to zero. None of the variables were standardized prior to the PCA as all the questions used
the same response scale and had similar variances.

Appendix B.2. PCA for Trust in Adoption Likelihood

The eight questions inserted a different social network member following the leading
phrase, “How likely are you to adopt an energy efficient technology if recommended by the
following people: .. .?” with eight trusted advisors: Neighbors, Coworkers, Friend, Family
member, A contractor you know, A representative from your utility, An energy technol-
ogy salesperson, and A community-based organization. Responses included: Extremely
unlikely, Moderately unlikely, Slightly unlikely, Neither likely nor unlikely, Slightly likely,
Moderately likely, Extremely likely.

Several tests were performed to determine the suitability of the data for PCA. Bartlett’s
Test for Sphericity was run to determine if the variable’s correlation matrix significantly
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differs from an identity matrix. The Chi-square statistic of 1274.6 indicates that we can
accept the hypothesis of no correlation at the p < 0.001 level.

The PCA Kaiser-Meyer—Olkin (KMO) test that calculates the ratio of common variance
(the overlap between variables) to the total variance was run. KMO values range from
0.0 to 1.0. A higher KMO score indicates that the PCA variables share a significant amount
of information, making them ideal candidates for factor analysis. The component and
overall KMO score results in the table at the right are above the 0.50 level recommended in
the literature [57].

Variable kmo
neighbor 0.8842
coworker 0.8877
friend 0.8462
family 0.8895
contractor 0.8920
utility 0.85980
sales 0.8491
community 0.9070
Overall 0.8774

Figure A1l. KMO Measure of Sampling Adequacy for Trust.

The PCA for trusted advisors yielded two latent constructs in the advisor data.

e  Factor 1 includes neighbors, co-workers, friends and family whose factor loadings in
Factor 1 column exceeded the critical threshold of 0.25. This factor was labeled “Close”
and explains 41.7% of the variance in the data.

e  Factor 2 includes contractors, utility representatives, energy technology salespeople
and members of community-based organizations whose factor loadings in Factor 2
column exceeded the critical threshold of 0.25. This factor was labeled “Expert” and
explains an additional 35.0% of the variance in the data.

Variable Factorl Factor2 Uniqueness
neighbor 0.8491 0.2768 0.2023
coworker 0.8316 0.2757 0.2325
friend 0.8913 0.2418 0.1471
family 0.8158 0.3499 0.2121
contractor 0.4702 0.7111 0.2732
utility 0.2174 0.8614 0.2107
sales 0.1809 0.8339 0.2719
community 0.4028 0.7217 0.3169

Figure A2. Factor Loadings.

Two factors were identified from the eight questions using the scree plot that shows
the two-factor selection retains eigenvalues above 1.0.
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Figure A3. Scree Plot of Eigenvalues.

PCA for the Perceived Benefits from Energy Efficiency Technologies (Not Used).

Recall that the five questions about the perceived benefits of energy efficiency inserted
a type of benefit following the leading phrase, “Please rank the following from 1 (least)
important to 6 (most important) when deciding on energy efficient technology ...?” with
five benefits: Better indoor quality, Less drafty, Better indoor temperature, Save money,
Recommended by a neighbor.

Variable kmo
noisel 0.3468
iagl 0.1910
draftyl 0.1928
templ 0.3096
moneyl 0.3442
Overall 0.2957

Figure A4. KMO Measure of Sampling Adequacy for Perceived Benefits.

Bartlett’s Test for Sphericity was run to determine if the variable’s correlation matrix
significantly differs from an identity matrix. The Chi-square statistic of 173.0 indicates that
we can accept the hypothesis of no correlation at the p < 0.001 level.

Unfortunately, the component and overall KMO score in the table at the right are
below the 0.50 level recommended in the literature. Thus, the use of PCA for benefits of EE
is not recommended for this research.

Appendix C. Ordinal Logit Results for Perceived Benefits from
Energy Efficiency

While the PCA analysis presents an intuitive understanding of how survey participants
viewed the benefits from EE, interpretation of the standard and health factors is made
difficult because several of the variables are negatively correlated with the factors (as
described in Appendix B).

As such, Table A4 provides ordinal logit regression models of the 1-6 Likert scale
for each of the benefits. Note that these regressions utilize the missing data imputations
described in Appendix A.

The results are presented in odds ratios where values less than one represent a reduc-
tion in the odds of scoring in the Most Important (6) category versus the combined Least
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Important-Important categories. Coefficient values greater than one predicts an increase in
the odds of that outcome.
Notable findings include:

e Indoor Air Quality: None of the treatment or demographic variables are statisti-
cally significant.

e  Drafts: Non-English primary language households and renters tended to score lower
on this benefit.

e  Noise: Non-English primary language households were more likely to score higher, as
did women.

o  Temperature: None of the treatment or demographic variables are statistically signifi-
cant at p < 0.05.

e  Saves Money: Older residents tended to score lower on this benefit.

Table A4. Ordinal Logit Results for Perceived Benefits of Energy Efficiency.

@ (2) (3) 4) (5)
Variables OLogit-IAQ OLogit-Drafty OLogit-Noise OLogit-Temp OLogit-Money
age 0.913 1.069 1.011 0.884 0.791 **
employment 1.122* 1.034 0.919 1.056 0.942
language 1.490 0.137 *** 3.150 *** 0.682 1.426
gender 0.913 1.033 1.131* 0.958 1.015
partyl 1.117 0.928 1.104 1.007 1.011
nonwhite 1.294 0.871 0.703 1.347 0.903
education 1.043 0.815 ** 0.979 1.057 0.973
renter 0.988 0.518 ** 0.746 1.540 % 1.011
tenure 0.947 0.960 0.889 1.153 * 1.074
occupants 1.206 1.127 0.817 1.072 1.013
close 1.041 0.748 0.474 1.571 1.816
expert 1.451 1.624 2.367 0.696 0.471
knowledge 0.857 1.062 0.944 1.087 1.136
action_num 1.064 0.993 0.918 1.020 1.008
wtp 1.300 1.379 0.928 0.833 1.139
/cutl 0.0866 * 0.0102 *** 0.0337 ** 0.249 0.0682 *
/cut2 0.309 0.0884 * 0.166 1.276 0.186
/cut3 1.046 0.350 0.375 3.318 0.301
/cutd 2.613 1.129 0.911 14.21 * 0.481
/cutb 12.89 * 7.358 2.599 69.55 ** 0.970
Observations 211 211 211 211 211
Pseudo R? 0.0280 0.0326 0.0315 0.0238 0.0310

***p<0.01,*p<0.05*p <0.1.

The ordinal logit models tested negative for violations of the proportional odds assumption.
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