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a b s t r a c t
Increased household adoption of solar photovoltaic systems has the potential to reduce greenhouse
gas emissions associated with providing electricity. Although residential solar has recently become more
affordable, market penetration in the U.S. remains relatively low. This study proposes a theoretical framework for investigating the psychological and social determinants of interest in residential solar drawn
from three theories that may explain the decision to pursue it: diffusion of innovations theory, theory
of planned behavior, and value-belief-norm theory. We test this framework using survey data from 904
non- adopter homeowners, with the aim of identifying potential levers for intervention. Overall, we ﬁnd
that consumers see solar electricity in multiple ways: as an environmental beneﬁt, a consumer good, and
an innovative technology. Notably, individuals who trust installers and believe solar will be personally
beneﬁcial are more likely to consider contacting an installer, as are individuals drawn to novel products.
Proenvironmental personal norms indirectly increase interest through perceived personal beneﬁts, suggesting that marketing efforts aimed at environmentally-concerned individuals may need to emphasize
non-environmental beneﬁts. The results also support leveraging trusted social networks to convey the
beneﬁts of solar. We conclude by discussing the value of the integrated framework along with implications
for policymakers and marketers.
© 2017 Elsevier Ltd. All rights reserved.

1. Introduction
In many parts of the world, including substantial portions
of the U.S.A., solar photovoltaics have great potential to reduce
greenhouse gas emissions and other adverse impacts from current
methods of generating electricity [1–3]. Achieving this potential
will require behavioral changes on the part of producers, suppliers, and potential adopters of this technology. This study considers
the factors that may lead potential adopters of residential photovoltaics (RPV) to take a key ﬁrst step toward adoption: showing
interest in contacting an RPV installer.
Although RPV have been available for household use in the U.S.
since the late 1970s, their deployment proceeded at a slow rate until
recently [4]. Since 2010, the cumulative installed capacity of RPV
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in the U.S. has grown from 380 megawatts (MW) to 5644 MW in
2015 [5]. Several technological, economic, and policy factors have
made possible the recent increase in adoption rates. These include
more reliable and efﬁcient technologies, lower production costs,
and more favorable laws and ﬁnancial incentives. Notably, the federal solar investment tax credit (ITC), state and utility rebates, and
net metering policies have signiﬁcantly lowered the installed cost
of RPV in many states [6]. In addition, new third-party ownership
models have made RPV affordable to a larger portion of U.S. households [7,8]. Under such arrangements, RPV systems are installed on
a homeowner’s property but owned and maintained by a third party
company – often with no upfront costs. Homeowners can lease the
system, paying a subsidized upfront cost or a monthly fee, or enter
into a power purchase agreement (PPA) to buy the electricity generated from the system at a set per-kilowatt-hour rate. Both lease
fees and PPAs are designed to be competitive with electricity rates
charged by the utility.
Despite these advances in the U.S. RPV market, there remain
opportunities for improvement. The U.S. Department of Energy
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projects that if the price of solar technologies were to fall by 75% of
2010 prices by 2020, solar could meet 27% of U.S. electricity needs
by 2050 [2]. In the context of residential solar, this means reducing
the installed cost of RPV to $1.50 per peak watt. Currently 11.6% of
the installed cost of RPV (or $0.36 of $3.09 per watt) is attributed to
the “soft costs” of acquiring new customers [9]. For policymakers
and PV companies looking to spur further adoption of RPV, understanding potential leverage points for increasing interest in RPV –
and reducing soft costs – is critical.
To date, research on U.S. RPV adoption has primarily involved
statistically modeling adoption trends and future penetration rates
[7,10–14]. Only recently has attention turned toward understanding the characteristics of consumers who install RPV and the
psychological and social factors that affect their decision-making.
Most work in this area has relied on retrospective surveys of RPV
adopters. Researchers have examined, for example, self- reported
motivations for “going solar,” the role of expected ﬁnancial returns,
the effects of seeing neighbors with RPV installations, and the inﬂuence of learning about RPV through different information sources
such as installers or existing owners [8,15–18].
While this body of work sheds light on different aspects of RPV
decision making, it lacks theoretical coherence [19]. Some studies
reference Rogers’ [20] diffusion of innovations theory to explain the
inﬂuence of information channels and peer effects on RPV adoption
[15,17], others evaluate the extent to which adopters engaged in
rational economic evaluations of RPV [8] , while still others examine
determinants of adoption in the absence of any theoretical framework [16]. To our knowledge, only one study, based on qualitative
interviews, attempts to look across multiple behavioral theories to
explain RPV adoption [18]. This failure to build on known behavioral theories and concepts from the noneconomic social sciences
that might have predictive value is characteristic generally of the
literature on household energy investments [21], and does not bode
well for the accumulation of knowledge. Furthermore, the existing
literature, with its emphasis on examining the decisions of adopters
post hoc, may overlook crucial information about the motivations
or barriers affecting non- adopters.
In this study, we take a step toward building a theoretically
grounded account of RPV adoption by examining interest in RPV
– among non-adopters – as a function of numerous potential inﬂuences, including not only aspects of the diffusion of innovations
theory but also elements of two other well-known behavioral theories that can reasonably be expected to have predictive value. As
RPV is the purchase of a consumer good, albeit an unusual one,
theories that have proven helpful in understanding consumer decision making could be useful. In particular, the theory of planned
behavior (TPB) [22] has been deployed in analyzing a wide variety of consumer behaviors. Because RPV has substantial beneﬁts
in reducing greenhouse gas emissions, homeowners may also be
motivated in part by environmental concerns. Thus we consider
measures drawn from a well-developed theory of individual environmental decision making, the value-belief-norm theory (VBN)
[23]. Extensive literatures have used either TPB or VBN to understand proenvironmental consumer behavior [21,24–26]. However,
as adoption of RPV involves a larger ﬁnancial commitment and a
more visible change in household technology than perhaps any
other consumer behavior, it is not clear the extent to which results
from studies of less expensive and less visible behaviors will generalize. Indeed, one contribution of this analysis is to examine
whether aspects of existing theories of proenvironmental consumer behavior are valuable in explaining such a substantial step.
We view these theories – DOI, TPB, and VBN – as complementary
rather than competitive; each considers unique aspects of decision
making. Accordingly, we propose and test an integrated model of
interest in RPV that includes and combines aspects of all three theories to identify factors that are particularly inﬂuential and that
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may be possible levers for enhancing adoption, as well as to consider whether a full understanding must go beyond these individual
theories. The parable of the blind men and the elephant reﬂects
our view of the adoption phenomenon. The parable is attributed
to the Buddha as an admonition against sectarian division. Several
blind observers offer their assessment of an elephant. The observer
who touches the leg declares the elephant to be rather like a tree
trunk. The observer who touches the tail declares the elephant to
be rather like a broom, the trunk leads to the conclusion of a snake
and so on. Of course, the methods of science urge us to share observations, and after some conversation it is likely that the observers
would come to an accurate description of the elephant. So, too,
with the multiple theories that describe aspects of the decision to
go solar: each describes an aspect of reality. As Klöckner [27] noted,
integrating variables from the most successful theories of behavior
change may yield both theoretical and practical beneﬁts: we may
better understand which variables are key determinants of behavior, which should be targeted for intervention, and which of the
more distal variables may be useful for inﬂuencing more proximal
ones.
In this case, we are looking at three aspects of the “elephant” of
RPV. Since it is an innovative technology, we have drawn on elements of DOI theory. Since it is a consumer behavior, we have drawn
on elements of TPB. And since it is a proenvironmental behavior, we
have drawn on elements of VBN theory. We emphasize that given
the practical limits of survey length, we have not conducted a comprehensive test of any of these theories. To continue the analogy,
there are likely aspects of the elephant we have not considered.
Those could be added to an integrated model in future research, as
could other aspects of our three theories that we have not included
in this study. At some point, it would be useful to have an overarching comprehensive theory, a full picture of the elephant, that
integrates across existing partial theories. We are taking a ﬁrst step
in that direction but certainly do not offer such a full integration.
Rather than an integrative theory or a comprehensive comparative test of the theories, the aim of this paper is to offer a better
understanding of what factors inﬂuence interest in contacting an
RPV installer, a key precursor to actual adoption. We examine this
question using survey data collected from non-adopter homeowners in four U.S. states that have relatively high rates of RPV adoption
(AZ, CA, NJ and NY). Measures on the survey were informed by each
of the three theories as well as conversations with leaders in the
RPV industry who suggested measures that, in their experience,
inﬂuenced the decision to move toward solar.
In the remainder of this section, we discuss how each of the
three theories – DOI, TPB, and VBN – may help explain interest
in RPV and provide evidence from relevant past literature. Section
2 describes our survey measures and methodology for testing the
framework. Section 3 presents results, and Section 4 discusses their
implications.
1.1. Three theoretical perspectives on interest in RPV
1.1.1. Diffusion of innovations: RPV as an innovation
In most of the United States, RPV will be seen by homeowners
as an innovative and relatively unknown, new technology. Even in
states such as California where climatic and policy conditions for
RPV are favorable, only 5.7% of homeowners have adopted them
[28,29]. Diffusion of innovations (DOI) theory describes the process
by which an innovation diffuses through a social system as a result
of information being communicated through media and personto-person communication channels (see Fig. 1a) [20]. The theory
proposes that the process for adopting an innovation occurs in ﬁve
stages: individuals become aware of an innovation (knowledge),
form attitudes about it (persuasion), decide whether to adopt it
(decision), implement the innovation (implementation), and then
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Fig. 1. Simple schematic representations of DOI, TPB, and VBN theories.

decide whether to continue using it (conﬁrmation). The speed at
which this process occurs is thought to be inﬂuenced by several
factors. One concerns the innovativeness of potential adopters.
Individuals who by disposition are more innovative or noveltyseeking have a higher propensity to adopt early on. Accordingly,
Rogers describes individuals who are earliest to adopt as “innovators,” followed by “early adopters,” the “early majority,” the “late
majority,” and “laggards.” Later adopters are thought to adopt primarily as a result of normative inﬂuences whereas earlier adopters
tend to actively seek information about the technology and weigh
its beneﬁts.

The rate at which an innovation is adopted is also inﬂuenced by
how it is perceived. During the persuasion stage of diffusion, individuals evaluate the advantages and disadvantages of an innovation
relative to their personal situation. Five attributes are thought to
lead to favorable attitudes and, thus, faster adoption. First, the innovation must be perceived to have a relative advantage over the
status quo. Potential adopters must believe RPV will offer advantages (ﬁnancial, environmental, social, or otherwise) over relying
solely on electricity generated by their utilities. An innovation is
also more likely to be adopted to the extent that it is perceived
to be compatible with existing values, needs and practices and,
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similarly, not too complex. In other words, RPV may be more readily
adopted if they do not require signiﬁcant shifts in routines or, likewise, signiﬁcant effort to learn. Innovations are also easier to adopt
if they are “trialable,” that is, if they can be tested for a limited
time or in an incremental fashion, without requiring full commitment. The low trialability of solar panels may explain, in part, why
they have been slow to gain wider popularity. Finally, people are
more likely to adopt innovations that have observable results. In
this regard, the ability to see rooftop solar panels on others’ homes
may enhance their adoption.
A key aspect of DOI concerns the communication channels
through which individuals learn about an innovation. Mass media
communications – such as advertising from RPV installers or solar
advocacy groups – are hypothesized to be most effective at the
knowledge stage of the diffusion process when individuals are ﬁrst
learning about an innovation [20]. During the persuasion stage
when individuals begin to evaluate the speciﬁc advantages and disadvantages of an innovation, communications with peers who have
already adopted are expected to have signiﬁcant weight – especially if the innovation’s performance is perceived to be uncertain.
Conversations with RPV installers about installation options and
system economics may also be inﬂuential at this stage.
Several studies have examined solar technologies through the
lens of DOI. Early research by Labay and Kinnear [30] found that
compared to the general population, early adopters of solar thermal systems were more likely to see solar thermal as less ﬁnancially
and socially risky, less complex, and more compatible with their
personal values. More recent work in the U.K. suggests that compared to early adopters, potential “early majority” adopters of RPV
need convincing that RPV are attractive, affordable, and hassle-free
[31]. In the U.S., a number of studies have investigated the inﬂuence of peer effects and observability on RPV adoption rates – but
not other attributes of the innovation such as relative advantage,
compatibility, etc. Research in California found that the more common RPV are in a zip code, the greater the likelihood of another
household adopting [10], while work in Texas suggests that the
decision-making process for considering solar is shortened when
homeowners either see solar panels in their neighborhood or talk
to a neighbor who has solar [17]. Other studies have investigated
the inﬂuence of different information channels. Evidence from California suggests that the perceived importance of an information
source depends on how individuals ﬁrst become interested in RPV
[16]. Among those who received direct mail marketing, interactions with the installation company were perceived to have the
greatest import; among those who became interested after talking to a neighbor or seeing a neighbor installer a system, further
conversations with neighbors were perceived to be very important.
1.1.2. Theory of planned behavior: RPV as a consumer durable
In addition to being novel, RPV are relatively expensive consumer durable goods that require making rather signiﬁcant
alterations to customers’ homes. In this regard, the decision to
pursue RPV may be explained, in part, by how one weighs the
costs and beneﬁts and the degree to which RPV seem advantageous
given one’s home and ﬁnances. Here the theory of planned behavior (TPB) offers a useful analytic framework. TPB is one of the best
developed approaches within social psychology, has been applied
extensively to proenvironmental behaviors [e.g., Refs. [32–35]], and
easily accommodates a variety of factors that may matter for adoption of RPV.
TPB posits that the intention to perform a behavior is the
outcome of a rational decision making process that involves considering (1) one’s attitudes toward the behavior, (2) perceived
social pressure to do the behavior (subjective norms), and (3) an
assessment of one’s ability to perform it (perceived behavioral
control) (see Fig. 1b) [22] . Each of these is the outcome of an
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expectancy-value calculation. Attitudes form from beliefs about the
consequences of a behavior and the expected likelihood of those
outcomes occurring. A number of beliefs might inﬂuence attitudes
toward RPV. These could include perceptions of beneﬁts like protection from rising electricity costs, improved home value, and
reduced environmental pollution, as well as perceived drawbacks
such as concerns about maintenance costs, unreliability, and the
risks of altering one’s house. The degree to which someone feels
social pressure to perform a behavior depends on whether important referent groups are thought to approve or disapprove of the
behavior. In the context of RPV, feeling that friends and neighbors support the adoption of solar may partially counterbalance
concerns about the risks of adopting a relatively unknown technology. Conversely, feeling that peers would frown upon RPV may
hinder individuals from pursuing it, even if they otherwise have
favorable attitudes. Finally, even when individuals have positive
attitudes toward a behavior and the support of their social networks, the decision to engage in a behavior may hinge on whether
they feel able to perform it. Factors that might lead individuals to
believe they cannot adopt RPV include local climate, exposure to
sunlight, and expectations about having to move residences in the
near future.
Research by Korcaj et al. [36] provides evidence that TPB can be
useful for explaining interest in RPV. Among German homeowners,
intentions to purchase RPV were signiﬁcantly predicted by positive attitudes, subjective norms, and perceived behavioral control.
Positive attitudes, in turn, were strongly inﬂuenced by beliefs that
RPV would lead to enhanced social status, energy independence,
and ﬁnancial gain. Other research by Claudy et al. [37] conﬁrms
that perceptions of RPV’s advantages and disadvantages are important factors in the decision-making process. Though their study
did not speciﬁcally test TPB, positive reasons for considering RPV,
such as its economic and environmental beneﬁts were found to
lead to more positive attitudes toward RPV, which, in turn, inﬂuenced intention to purchase. Negative attributes of RPV, such as its
perceived expense and maintenance requirements, were found to
directly reduce intention to buy.
1.1.3. Value-belief-norm theory: RPV as green technology
RPV reduce greenhouse gas emissions and other types of pollutants by displacing fossil-fuel generated electricity. To the extent
that RPV are perceived as “green,” the motivation to pursue it
should be explained by theories of proenvironmental behavior. We
make use of the value-belief-norm theory to capture this aspect
of decisions about RPV [23,25], since as Ajzen noted, values nicely
complement TPB [38].
VBN theory argues that the root cause of proenvironmental
behavior lies in values and emphasizes the importance of altruism
directed at other humans (social altruism) and altruism directed at
other species and the biosphere (biospheric altruism). In the case of
RPV, both of these factors might matter, since reduced stress on the
environment beneﬁts the biosphere as well as other humans. The
other values referenced in VBN could also inﬂuence interest in RPV.
Self-interest may play a role either by reducing environmental concern and thus interest in RPV, or increasing interest because of the
perceived economic beneﬁts of RPV. Openness to change and traditional values could also matter. As a new technology, RPV might
appeal to those open to change but be viewed with skepticism by
those who value the status quo.
Congruent with past research on VBN, we expect the effects of
values to be mainly indirect, mediated by other variables more
causally proximate to the decision to pursue RPV. The full VBN
model (Fig. 1c) posits a causal chain in which values shape general beliefs about human-environmental relationships (ecological
worldview), which in turn inﬂuence beliefs about the impact of
environmental problems on the things one values (awareness of
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consequences). These beliefs then affect the sense of responsibility
one feels to address those consequences (ascription of responsibility) and one’s sense of moral obligation to act (personal norms). In
the context of pursuing RPV, a renewable energy technology, we
might expect the effects of values to be mediated by beliefs about
climate change, and a sense of obligation to address it.
Although no past research, to our knowledge, has explicitly
used VBN to explain RPV adoption, several studies provide evidence that environmental motives and certain value orientations
may be an important driver of interest in RPV. RPV adopters in
Austria [39] and the Netherlands [40] self-reported that helping
the environment was a top motivation for buying solar. Respondents in Austria additionally indicated that they felt a responsibility
to future generations, suggesting that social altruism was a factor
in their decision-making. In both studies, participants also wanted
to take advantage of limited-time government incentives, so selfinterest may be in play as well. In a small qualitative study of early
adopters in Wisconsin, nearly two-thirds of participants mentioned
environmental concern among their reasons for getting RPV; none
of the participants, however, cited environmental considerations
as the exclusive reason for going solar [18] .
Other research has looked at the role of environmental motives
in pursuing sustainable eco-innovations such as electric cars and
renewable energy more broadly. Jansson et al. [26,41] used VBN to
examine willingness to buy an environmental friendly car. Consistent with past research, values, beliefs, and norms each predicted
willingness to buy, with personal norms having the strongest direct
effect. In addition, existing owners of alternative fuel vehicles
exhibited higher levels of environmental values, beliefs and personal norms than non-adopters. Findings by Noppers et al. [42]
suggest that perceived environmental attributes are a key driver
of sustainable innovation adoption, above and beyond beliefs that
adoption will have instrumental value or increase social status.
Similarly, environmental concern was found to be the strongest
predictor of interest in renewable micro-generation technologies
among Dutch households [43].
1.2. Research objectives
The primary objective of the present paper is to elucidate possible leverage points for increasing interest in RPV. We draw on
elements from each of the above theories – DOI, TPB, and VBN – to
explore the extent to which perceiving RPV as an innovative technology, a beneﬁcial consumer good, or as a green choice predicts
interest in pursuing it. Our intent is neither to set the theories in
competition with each other nor to arrive at deﬁnitive conclusions
about each theory’s explanatory power. Indeed, practical limits to
the number of items we can include in a survey mean that we have
neglected some elements of each theory. Following the parable of
the elephant, we propose that interest in RPV is best understood
by integrating perspectives from all three theories. As research to
date on U.S. RPV adoption has been fairly atheoretical and noncumulative, another objective is to provide a framework for guiding
future work.
2. Methods
2.1. Participants
Our data come from an online survey that was distributed in
June 2014 to 1611 members of a paid panel managed by Qualtrics.
com. Eligible participants were limited to homeowners living in one
of our four study states – Arizona, California, New Jersey and New
York – who did not already have solar panels. We chose these states
because they are among the largest RPV markets in U.S. that offer

both leasing and purchasing options [9], yet the states are diverse
in terms of climate, insolation, and available ﬁnancial incentives.
Quotas were used for age and education level to match homeowner
census distributions in each of the four states. A number of respondents were excluded from the dataset, either because they failed an
attention check question (N = 259), selected the same Likert scale
response (i.e., “straight-lined”) for six or more banks of items on
the survey (N = 67) or had missing data on one or more variables
(N = 41). Another 144 respondents were removed because they had
already spoken to a solar company about the possibility of installing
PV and therefore may be at a different stage of the decision process.
In total, 1156 surveys were included in our initial analyses. Following factor analysis, an additional 252 individuals were dropped
from the dataset because they had marked “Don’t Know” for all
items in one or more factors. The ﬁnal dataset (N = 904) had 250
respondents in Arizona, 220 in California, 205 in New Jersey and
229 in New York.
2.2. Measures
In developing the survey, we were guided both by potentially
relevant social science theories and by the practical experience
of members of the research team who have worked within the
RPV industry in the USA. Thus, we included both theory-based and
practice-based survey items. We used our understandings of theory in an attempt to move toward an analysis that was coherent,
reﬂective of theory to the extent possible, and that also spoke to
practical concerns.
The survey instrument included questions intended to measure
variables from each of the three theories that might contribute
directly or indirectly to interest in talking to an RPV installer
(see Appendix A). As we sought to understand how DOI, TPB,
and VBN might complement each other in explaining this interest, we focused on the variables in each theory that seemed most
relevant and practically useful. For some variables, validated measures already existed; for others, especially those related to speciﬁc
beliefs and concerns about RPV, such measures had to be developed.
Unless otherwise noted, survey items presented 5-point Likert
scales from 1 = Strongly disagree to 5 = Strongly agree, with an additional option to mark Don’t Know. We used principal components
analysis to organize large numbers of questions into coherent and
interpretable scales. Scale scores were computed by taking the
average of all items that loaded on a single factor above 0.45. Individuals who marked “Don’t know” for all items in a factor were
excluded from subsequent analyses (N = 252).
We discuss the variables under the theories that invoke them,
ordering the theories starting with the most general, VBN, and ending with the most speciﬁc, TPB. However, several variables can be
invoked by more than one theory. For example, while the value
openness to change is explicitly referenced by VBN theory, it can
also be interpreted within DOI theory as a measure of consumer
innovativeness. Likewise, some variables appear in the models for
both TPB and DOI. We discuss such overlaps when examining the
combined model.
2.2.1. VBN variables
2.2.1.1. Values. The survey used standard items from the literature
to measure biospheric altruism, social altruism, self-interest, traditional values, and openness to change [25,44] (see Table A1 in
Appendix A). Respondents rated the importance of each value statement as a guiding principle in their lives on a scale from 1 = Not at all
important to 5 = Extremely important, with the additional option of
marking Opposed to my values (coded as −1). Four factors emerged
from the analysis. The ﬁrst, Altruism, captures items from both the
biospheric and social altruism scales (Cronbach’s ␣ = 0.87) [see Ref.
[44]. Other items scaled as expected for Self-interest (Cronbach’s
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␣ = 0.63), Traditional values (Cronbach’s ␣ = 0.62), and Openness to
Change (Cronbach’s ␣ = 0.79).
2.2.1.2. Awareness of consequences (AC). We measured AC with a
single item that assessed the degree to which respondents felt climate change was a serious problem for society. Given the strong
views on climate change in the US at present, this single item may
be sufﬁcient to capture much of the variation from individual to
individual.1
2.2.1.3. Personal norm to act (PN). Three items were created to
assess personal norms about energy issues and climate change and
were averaged to form a Personal Norms scale (Cronbach’s ␣ = 0.83).
2.2.2. DOI variables
2.2.2.1. Consumer innovativeness. A central assumption of DOI is
that early adopters of a technology are more innovative than later
adopters; they actively seek new information and are more comfortable coping with uncertainty [20]. To measure innovativeness,
we adapted two scales previously used by Jansson [45] and originally developed by Manning et al. [46] (Table A2 in Appendix A). The
ﬁrst scale, Consumer Novelty Seeking (CNS; Cronbach’s ␣ = 0.87),
measures the extent to which individuals seek out innovative and
new products. The second scale, Consumer Independent Judgment
Making (CIJM; Cronbach’s ␣ = 0.83), measures the extent to which
individuals turn to others for opinions on products before making
purchasing decisions. Past evidence suggests that CNS is most predictive at early stages of the adoption process while CIJM matters
more at later stages [26,46].
2.2.2.2. Perceived characteristics of the innovation. We measured
various perceptions and beliefs about RPV that might affect levels
of interest. Factor analysis grouped these items into eight scales,
three of which fall under the DOI framework (see Table A2 in the
Appendix A for the full list of items).
Relative advantage
People are more likely to adopt an innovation if they perceive
it to have advantages over currently available technologies [20].
Six items on the survey measured various perceived advantages
of RPV, such as whether it would save respondents money, protect against rising electricity costs and blackouts, or increase their
homes’ values. These items formed a reliable factor with Cronbach’s
␣ = 0.90.
(In)compatibility/riskiness
Technologies are more readily adopted when they are compatible with existing practices, values, and needs. In pilot testing
our survey we found that measures of perceived compatibility factored with measures of personal norms. In order to have distinct
variables, we decided in the ﬁnal instrument to use perceived riskiness as a proxy for incompatibility. Technologies that are perceived
as incompatible because they require radical shifts from the status quo or have uncertain outcomes may be perceived as riskier
for that reason. Several researchers have treated perceived risk
as a decision-relevant characteristic of innovations [30,45,47]. A
three-item factor (Cronbach’s ␣ = 0.63) that included items such
as “Installing solar panels could damage my home” reﬂected perceived risks.
Complexity
Innovations are more likely to be adopted when they are perceived to be simple to adopt and easy to understand. We attempted

1
As a reviewer noted, using only a single item focused on climate change is a
limited operationalization of AC. We have also estimated models not including AC
(results in online supplemental materials) and ﬁnd essentially no change in substantive results for other variables.
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to measure this construct in our pilot study with items such as
“Installing solar panels is a hassle,” “There is a lot of paperwork
involved in installing solar,” and “Installing solar takes a lot of time.”
However, more than a third of respondents marked “Don’t Know”
on each item, resulting in an inadequate number of responses for
factor analyses. We subsequently excluded these measures from
other analyses. Many people may have so little familiarity with RPV
that they are simply unsure about complexity.
Trialability
DOI theory posits that new technologies are more likely to be
adopted if potential adopters can experiment with them or try
them out incrementally. This attribute is thought to be especially
important among early adopters who do not have the beneﬁt of
learning from others’ experiences [20]. Rather than measuring perceptions of RPV’s trialability – which we would expect to be low –
we assessed the degree to which respondents expressed a desire to
try out solar using four items (Cronbach’s ␣ = 0.70).
Observability
Diffusion of an innovation is more likely to occur the more consumers are able to observe that technology in use. Five yes/no
questions gauged whether respondents had seen solar panels
ﬁrst-hand through their neighbors or peers. “Yes” responses were
summed to create a score ranging from 0 to 5 (Cronbach’s ␣ = 0.71).
2.2.2.3. Communication channels. We also examined the extent to
which respondents had been exposed to commercial marketing
about RPV and the degree to which they would trust information
from different sources. While trust is not an explicit variable in DOI,
it is an implied aspect of the diffusion process.
Recent exposure to solar marketing
Two yes/no items captured whether respondents had recently
been exposed to residential solar marketing. These items were
summed to form a score of Solar Marketing Exposure ranging from
0 to 2 (Cronbach’s ␣ = 0.55).
Trust in PV industry
The extent to which homeowners trust information from RPV
providers may inﬂuence not only how receptive they are to solar
marketing materials but also how willing they are to consider pursuing RPV. To measure trust in the PV industry, we averaged two
items concerning trust in solar providers and trust in solar trade
organizations (Cronbach’s ␣ = 0.88).
Trust in social network
If both RPV and the industry promoting it are unfamiliar, consumers may prefer to get information from friends and neighbors.
Two items assessed the extent to which respondents would trust
neighbors and friends to provide accurate information about RPV.
These items were averaged into a single scale, Cronbach’s ␣ = 0.81.
2.2.3. TPB variables
2.2.3.1. Behavioral beliefs. Personal beneﬁts
Given the potential expenses and risks involved, people may be
more likely to consider RPV if they believe they stand to personally beneﬁt. To measure these beliefs, we used the same items that
comprised Relative Advantage in the DOI framework.
Environmental beneﬁts
Beliefs about the efﬁcacy of solar panels in addressing environmental problems may also affect interest in RPV. A three-item factor
(Cronbach’s ␣ = 0.87) captured the extent to which respondents
thought installing solar panels would help slow climate change and
improve environmental quality (Table A3). We note that unlike our
other behavioral belief scales, the beneﬁts tapped here do not ﬂow
directly to the respondent. Thus, the position of this scale within
a TPB account of interest in RPV is ambiguous. These items may
also reﬂect the relative advantage concept in DOI, if environmental
beneﬁts are perceived as a type of advantage.
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Perceived risks
As beliefs about the risks of adopting RPV may affect attitudes
toward it, we included the three items used to measure Riskiness in
DOI.
Waiting for improvements
Since the quality and cost-effectiveness of RPV seem to be continually improving, some homeowners may decide to wait until
further improvements in cost and performance are available. A
two-item factor tapped this argument (Cronbach’s ␣ = 0.65).
Concerns about the costs of solar
For most large consumer purchases, such as automobiles and
appliances, the purchase price and operating costs are reasonably
well known. For RPV, consumers are likely to have substantial concerns about the costs of this unfamiliar technology. We used three
items to measure the perceived costs associated with RPV and
whether respondents thought it was affordable for their household
budget (Cronbach’s ␣ = 0.63)
2.2.3.2. Normative beliefs. Three items measured the extent to
which respondents felt their family members and friends would
be supportive if they decided to get solar (Cronbach’s ␣ = 0.72).
2.2.3.3. Perceived behavioral control. Several practical matters
might make RPV unfeasible for some homeowners, even if they
have positive beliefs about RPV and support from their social networks.
Perceived unsuitability
Homeowners may quickly dismiss RPV if they believe their
homes or locations unsuitable. Three items measured beliefs about
impediments to getting RPV such as inadequate sunlight and the
shadiness of their property (Cronbach’s ␣ = 0.89).
Expecting to move
RPV is a relatively long-term investment. Unless homeowners
perceive that RPV will substantially improve resale value, they are
not likely to be interested if they anticipate moving in the near
future. We measured this concern with a single item, “I may not be
in my home long enough to get the beneﬁts of investing in solar.”
2.2.4. Household characteristics and constraints
We included a variety of socio-demographics and household
characteristics that may directly or indirectly affect a household’s
ability to pursue RPV. These include variables related to ﬁnancial
status (income, perceived ﬁnancial stress, retirement status), characteristics of household decision-makers (age, gender, education),
and household characteristics (home size, number of inhabitants,
past electricity bills, and experiences with power outages). The
online supplementary material provides more details about these
measures. We additionally controlled for state of residence to
account for differences in electricity rates, available incentives, and
local policies.
2.2.5. Dependent variables: interest in pursuing residential solar
We used two measures to assess interest in adopting solar. The
ﬁnal variable in our causal models is Interest in Talking to an RPV
installer. The penultimate variable is Social Curiosity about Solar.
We are modeling not adoption per se, but interest in learning more
and in engaging with ﬁrms that could provide RPV. Theoretically,
these dependent variables are more akin to behavioral intentions
than to actual behavior.
We measured interest in residential solar using ﬁve items. Two
items asked respondents how interested they would be in learning
about the costs and beneﬁts of solar if a friend, family member,
or neighbor installed a RPV system. These items were averaged to
form the Social Curiosity scale (SC) (Cronbach’s ␣ = 0.84). Two other
items measured interest in talking to a solar installation company,
and one measured intention to talk to a solar company in the next

six months. Based on bivariate correlations these three items were
averaged to form a scale measuring Interest in Talking to an RPV
Installer (IT) (Cronbach’s ␣ = 0.81).
3. Results
3.1. Analytic approach
As a preliminary step in our analysis, we conducted separate
path analyses to assess the explanatory power of the variables
derived from each theory. Since we did not include a comprehensive set of variables from each theory, our intention was not to “test”
each theory, but rather to conﬁrm that each set of variables had a
relationship to SC and IT. Each path analysis involved regressing
each variable in the causal chain on all of the variables that preceded it, controlling for household constraints. Using these path
models, we estimated both direct effects, net of other variables,
and total effects, which include both the direct effects and indirect
effects through other variables. The causal models we investigated
using elements of the three theories are represented in Fig. 2. While
existing theory guided the order of variables for the VBN and TPB
path models, no causal ordering, to our knowledge, has previously
been suggested for DOI. Based on the logic that broad dispositions
may inﬂuence how an innovation is perceived, we tested a model
in which the two measures of consumer innovativeness occur at
the beginning of the causal chain, prior to relative advantage, trialability, and riskiness, which in turn determine social curiosity and
interest. We expect perceptions of RPV to be further inﬂuenced
by marketing messages and information from trusted communication channels, such as the PV industry and one’s social network.
We additionally modelled observability as antecedent to the other
perceptions of RPV. While this relationship is not explicit in DOI,
logically, the more prevalent RPV seems, the less likely consumers
are to question its risks and beneﬁts or to feel the need to “try it
out.”
All models were estimated using the structural equation modeling features of Stata 14 (sem and teffects). This provides maximum
likelihood estimates with standard errors based on the observed
information matrix. For ease of interpretation, we estimated
adjusted R2 values for each model using OLS multiple regression.
To determine how much unique variance the set of variables from
each theory contributes to IT, we also examined each set of variables
using a nested sequence of OLS multiple regressions. Household
constraints were controlled in the ﬁrst step, variables from the theory of interest were added in the second step, and social curiosity
(the penultimate DV) was added in the third step. Finally, we tested
an integrated model that combined the variables from all three theories, again controlling for household constraints. Table 1 displays
the correlations of all included variables. The highest variance inﬂation factor in the integrated model was 3.68, indicating no overall
problematic collinearity among independent variables.
3.2. Sample proﬁle
Survey respondents were 44% male and 56% female with a mean
age of 56 (SD = 14.5, range = 18–94). The sample was moderately
educated: 21% of respondents reported having a high school degree
or less, 24% completed some college, 33% had an associate’s or
bachelor’s degree, and 21% had a graduate or professional degree.
Median annual household income was between $75,000–$99,999,
and 37% of the sample reported being retired. Familiarity with RPV
was generally high: 62% of respondents indicated that they had
thought about getting solar panels for their home, 73% had seen
solar panels installed on someone’s home, and 65% recalled seeing PV advertising in the previous 6 months. The supplementary

Table 1
Correlation table of scales and constructs (N = 904).

*

Altruism
Traditionalism
Self-interest
Openness
AC
PN
CNS
CIJM
Observability
Marketing
Trust PV Ind.
Trust Social
Pers. Beneﬁts
Environ. Ben.
Riskiness
Expense Concerns
PV may improve
Trialability
Soc. Support
Home Unsuitable
May move
SC
IT

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

0.44**
0.29**
0.52**
0.61**
0.68**
0.36**
−0.26**
0.12**
0.05
0.35**
0.25**
0.44**
0.57**
−0.18**
0.00
−0.02
0.16**
0.27**
−0.04
−0.05*
0.27**
0.27**

0.28**
0.33**
0.07**
0.19**
0.27**
−0.28**
0.08*
0.05
0.17**
0.25**
0.16**
0.13**
0.02
0.13**
0.08*
0.21**
0.10**
−0.09**
−0.03
0.16**
0.09**

0.45**
0.11**
0.18**
0.37**
−0.17**
0.05
0.05
0.18**
0.17**
0.20**
0.16**
0.09*
0.02
0.17**
0.13**
−0.03
0.03
0.04
0.07*
0.17**

0.30**
0.37**
0.49**
−0.23**
0.14**
0.05
0.27**
0.13**
0.26**
0.28**
−0.09**
0.01
0.08*
0.14**
0.14**
−0.05
−0.05
0.18**
0.19**

0.71**
0.23**
−0.13**
0.07*
0.00
0.31**
0.09**
0.44**
0.69**
−0.20**
−0.07*
−0.04
0.06
0.29**
−0.01
−0.09*
0.25**
0.24**

0.36**
−0.24**
0.16**
0.07*
0.38**
0.22**
0.56**
0.74**
−0.20**
−0.06
−0.03
0.11**
0.36**
−0.06
−0.08*
0.32**
0.36**

−0.42**
0.21**
0.08*
0.31**
0.24**
0.35**
0.32**
−0.10**
−0.02
0.07*
0.15
0.25**
−0.07*
−0.16**
0.27**
0.37**

−0.16**
−0.10**
−0.21**
−0.38**
−0.25**
−0.20**
0.03
−0.06
−0.06
−0.26**
−0.13**
0.02
.08*
−0.26**
−0.17**

0.33**
0.09**
0.14**
0.12**
0.11**
−0.12**
−0.10**
0.05
0.05
0.14**
−0.23**
−0.04
0.13**
0.15**

−0.02
0.00
−0.02
0.02
−0.01
0.01
0.07*
0.04
0.01
−0.20**
0.00
0.05
−0.01

0.32**
0.48**
0.45**
−0.28**
−0.15**
−0.07*
−0.02
0.32**
−0.04
−0.19**
0.29**
0.42**

0.27**
0.25**
−0.07**
0.09
0.05
0.22**
0.23**
−0.10**
−0.08*
0.33**
0.25**

0.74**
−0.31**
0.00
−0.06*
0.09**
0.46**
−0.17**
−0.24**
0.42**
0.55**

−0.29**
−0.01
−0.05
0.08**
0.45**
−0.11**
−0.14**
0.40**
0.44**

0.22**
0.32**
0.24**
−0.32**
0.23**
0.21**
−0.10**
−0.18**

0.23**
0.29**
−0.03
−0.05
0.17**
0.03
−0.11**

0.34**
−0.07*
0.01
0.21**
0.07*
−0.02

0.06
0.01
0.16**
0.40**
0.18**

−0.25**
−0.22** 0.10**
0.46**
−0.14** −0.10**
0.43**
−0.03
−0.22** 0.54**
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1

p < 0.05. ∗∗ p < 0.01.
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Fig. 2. Proposed path models for elements of each of the three theories represented in the dataset.

material provides the means for all theoretical predictors used in
our analyses.
3.2.1. Tests of single-theory variables
Signiﬁcant paths for the tested elements of each theory are
shown in Fig. 3, with corresponding direct and total effects – after

controlling for household constraints – provided in Table 2. The
added variance explained by each set of theoretical variables is
shown in Table 3. On their own, household constraints explained
11% of variance in interest. Younger individuals and men were more
likely to express interest in solar, as were individuals with higher
summer electricity bills, more power outages, and lower household
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Fig. 3. Signiﬁcant pathways for each theory of interest. Statistically signiﬁcant and positive relationships are indicated with a solid arrow while signiﬁcant, negative
relationships are marked with a dashed arrow. See Table 2 for standardized coefﬁcients.

incomes. Only age and gender remained statistically signiﬁcant in
all three models once theoretical variables were added.

3.2.2. Value-belief-norm theory
After controlling for household constraints, the tested VBN
variables accounted for an additional 11% of variance in interest.
Consistent with the VBN framework, personal norm had a signiﬁcant direct effect on interest once social curiosity was included as a
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Table 2
Causal chain analyses to test direct and total effects of select VBN, TPB, and DOI variables on interest in talking to an RPV provider (standardized coefﬁcients), controlling for
household constraints (not shown).
IT

SC

PN

AC

VBN

Direct

Total

Direct

Total

Direct

Total

Social curiosity
Personal norms
Awareness of conseq.

0.44***
0.21***
−0.05

0.44***
0.31***
0.11**

0.22***
0.05

0.22***
0.15***

0.46***

0.46***

Values
Altruism
Self-interest
Traditionalism
Openness to change
2
R Adj

0.05
0.08**
−0.05
−0.03
0.39***

0.28***
0.06
−0.04
−0.02

0.07
−0.05
0.09**
0.02
0.16***

0.27***
−0.06
0.05
0.03

0.40***
0.01
−0.02
0.02
0.61***

0.72***
−0.01
−0.13***
0.03

DOI

Direct

Total

Direct

Total

Direct

Total

Direct

Total

Direct

Total

Social curiosity
Characteristics of Innovation
Relative advantage†
Riskiness
Trialability
Observability
Exposure to marketing
Trust in PV Industry
Trust in Social Network

0.32***

0.32***

0.29***
−0.02
0.03
0.05
−0.04
0.15***
−0.02

0.39***
−0.04
0.15***
0.07*
−0.03
0.31***
0.07*

0.31***
−0.05
0.36***
0.00
0.02
0.10***
0.12***

0.31***
−0.05
0.36***
0.02
0.02
0.17***
0.20***

0.05*
−0.01
0.34***
0.06*

0.05*
−0.01
0.34***
0.06*

−0.11**
0.01
−0.28***
0.01

−0.11**
0.01
−0.28***
0.01

−0.02
0.01
−0.14***
0.19***

−0.02
0.01
−0.14***
0.19***

Innovativeness
CNS
CIJM
R2 Adj

0.13***
0.09**
0.48***

0.21***
0.04

0.03
−0.03
0.38***

0.11***
−0.10***

0.16***
−0.04
0.35***

0.16***
−0.04

−0.02
−0.05
0.08***

−0.02
−0.05

0.09*
−0.18***
0.11***

0.09*
−0.18***

TPB

Direct

Total

Direct

Total

Social curiosity
Behavioral Beliefs
Personal beneﬁts
Environ. Beneﬁts
Riskiness
PV will improve
Expense concerns
Normative beliefs

0.33***

0.33***

0.35***
−0.01
−0.02
0.01
−0.11***
0.11***

0.43***
0.02
0.01
0.03
−0.09***
0.22***

0.26***
0.11*
0.09**
0.06
0.04
0.32***

0.26***
0.11*
0.09**
0.06
0.04
0.32***

0.14***
−0.03

−0.01
−0.00
0.31***

−0.01
−0.00

IT

SC

Total

0. 70***
−0.05
−0.22***
0.02
0.42***

0.70***
−0.05
−0.22***
0.02

Relative Advantage

Riskiness

Trialability

SC

IT

Perceived behavioral control
0.14***
Home unsuitable
−0.03
Might move
R2 Adj
0.48***

Direct

N = 904. *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001; †Relative advantage in DOI is the same as Personal beneﬁts in TPB.
Table 3
Series of nested regressions to predict interest in RPV.
Step

Predictor set

 R2

F

VBN
1
2
3

Household constraints
VBN variables
Social Curiosity

0.13
0.12
0.16

8.21***
23.18***
237.39***

Total R2 Adj

0.39

DOI
1
2
3

Household constraints
DOI variables
Social Curiosity

Total R2 Adj

0.13
0.31
0.06

8.21***
53.06***
109.64***

0.48

TPB
1
2
3
Total R2 Adj
N = 904. *** p < 0.001.

Household constraints
TPB variables
Social Curiosity

0.13
0.29
0.07
0.48

8.21***
55.38***
128.59***

predictor. Altruism and awareness of consequences had signiﬁcant
and positive indirect effects on both dependent variables through
personal norms. Self-interest had a small and positive direct effect
on IT while traditionalism had a positive, direct effect on social
curiosity.
3.2.3. Diffusion of innovations
Variables from DOI explained an additional 31% of variance
after controlling for household constraints. As predicted by DOI,
innovativeness was positively related to interest in talking to
an RPV installer. Consumer novelty seeking had strong positive
direct effects on interest and positive indirect effects through
perceived relative advantage. Consumer independent judgment
making (CIJM) had a positive direct effect on interest in talking to an
installer and an indirect, negative relationship with social curiosity
through trialability. That is, individuals who depend on others to
inform their purchasing decisions have a greater need to “try out”
RPV and learn about it from current adopters.
Among the perceived characteristics of the innovation, relative advantage had the strongest effect on interest in talking to an
installer, while the need for trialability was the strongest predictor
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of social curiosity. Seeing others with RPV systems (observability)
indirectly inﬂuenced interest by increasing relative advantage and
reducing the perceived riskiness of RPV. The results also highlight
the importance of trustworthy communication channels. Trust in
the PV industry signiﬁcantly reduced perceived riskiness and need
for trialability, while increasing relative advantage. Trust in one’s
social network was positively correlated with trialability and interest in learning about others’ systems (SC). Exposure to PV marketing
did not inﬂuence how respondents weigh the advantages and disadvantages of going solar. This result is in line with Rogers’ [20]
proposition that mass media communications are less useful at the
persuasion stage of diffusion.
3.2.4. Theory of planned behavior
TPB variables accounted for 29% of the variance in interest after
accounting for household constraints. With social curiosity in the
model, the belief that solar panels would be personally beneﬁcial
had the strongest direct and total effects on interest, followed by
the belief that one’s peers would be supportive of the decision to
go solar. As might be expected, believing that RPV were too expensive was negatively associated with interest. Surprisingly, the more
individuals thought their properties was unsuitable for solar, the
more likely they were to be interested in talking to a PV company.
This ﬁnding may reﬂect an interest in conﬁrming whether one’s
property is truly unsuitable.
Respondents were more likely to express interest in learning
about peers’ RPV systems (social curiosity) if they believed solar
panels would have personal beneﬁts, help the environment, and
be supported by their peers. Perceiving that solar panels are risky
also increased interest in learning from others’ experiences. Neither
of the perceived behavioral control measures had direct effects on
social curiosity.
3.3. Test of integrated model
Our proposed framework, which incorporates variables from all
three theories (shown in Fig. 4), hypothesizes that interest in RPV is
most directly affected by speciﬁc beliefs about RPV. These include
beliefs about the beneﬁts and risks of solar, perceived social support
for getting RPV, and perceived behavioral control. We propose that
these three sets of variables (drawn from TPB and DOI) are, in turn,
inﬂuenced by two sets of factors – external inﬂuences and personal
dispositions. External inﬂuences encompass the communication
channels through which individuals learn about RPV as well as
trust in those information sources. Personal dispositions combine
elements of VBN and DOI, including personal norms about addressing climate change and energy issues and consumers’ dispositions
about innovation. Finally, the model supposes that personal dispositions are shaped by broad value orientations.
Table 4 provides the direct and total effects for the integrated
model. The full causal chain analysis is available in the supplementary material. Looking ﬁrst at direct effects on interest in talking
to a solar provider, we ﬁnd that, not surprisingly, social curiosity
plays a very strong role. However, even when social curiosity is
controlled, a number of other variables still have signiﬁcant direct
effects. Among the behavior-speciﬁc beliefs and attitudes, which
are assumed to be closest to interest and curiosity in causal order,
perceived personal beneﬁts, trialability, and social support all have
positive effects, while concerns about costs have negative effects.
Perceived home unsuitability again had an unexpected positive
effect. Several variables suggested by DOI and TPB have no net
effect: perceived environmental beneﬁts, riskiness, beliefs that RPV
will improve, and an expectation that the respondent might move.
Moving back through the causal chain, awareness of consequences,
contrary to theoretical expectations, reduces interest, net of all
other variables. As AC had a positive relationship to IT in the partial
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VBN model, the change in direction may indicate the presence of a
suppression effect. Novelty seeking, consumer independent judgment making, observability via a respondent’s social network, and
trust in the industry all increase interest. Personal norms, exposure to marketing and trust in one’s social network have no direct
effect. Values have no net direct effect, except openness to change
which had a small negative effect. Among the demographics, older
respondents and women are less likely to express interest, while
no other demographic variable has a signiﬁcant direct effect. Most
variables with a signiﬁcant direct effect also have a signiﬁcant total
effect. Awareness of consequences, consumer independent judgment making, and openness to change are exceptions in that each
has a direct effect, but paths with opposite signs lead to no overall
total effect.
Several variables have no direct effect but do have signiﬁcant total effects, thus indirectly inﬂuencing interest in talking
to a PV company. These include personal norms, altruism, and
higher summer electric bills. Notably, our causal chain analysis (see
Supplementary material) suggests that the effect of personal environmental norms may be partially mediated by perceived personal
beneﬁts of solar and perceived social support. In other words, those
who feel morally obligated to act on energy and climate change
issues are more likely to believe that RPV would beneﬁt them personally and would be supported by their peers.
In the model predicting social curiosity, we ﬁnd a similar pattern of results; however, variables concerning one’s social network
have a stronger effect. As might be expected, the need to “try out”
RPV (trialability) and perceived social support both have strong
effects on the desire to learn about RPV from friends and neighbors. Believing that RPV could be personally beneﬁcial and trusting
one’s social network are also signiﬁcant predictors. Similar to the
model for IT, females are less curious about others’ RPV systems
than their male counterparts. Again, personal norms and altruistic
values have signiﬁcant indirect effects on social curiosity, but not
direct effects.
4. Discussion
The aim of this study was to understand what drives or hinders
interest in residential photovoltaics, and particularly, interest in
contacting an RPV provider. We developed an explanatory model
based on data from a survey of non-adopter homeowners in Arizona, California, New Jersey, and New York. In doing so, we drew
on a selection of variables from three behavior change theories:
VBN, TPB, and DOI. As we conjectured, variables from each theory explained some variance in interest, suggesting that consumers
can be understood to see RPV in multiple ways: as an environmental beneﬁt, as a consumer durable, and as a novel technology. Our
explanatory model combines variables from the three theories and
provides a more holistic picture of how these different perspectives interrelate. The following sections discuss the value of the
integrated model, offer implications for facilitating RPV adoption,
and propose directions for future research.
4.1. Contributions of individual theories
VBN, TPB and DOI each illuminate aspects of the process that
leads homeowners to consider RPV. In our integrated framework,
variables in TPB and DOI have some of the strongest explanatory
power, no doubt because many reﬂect behavior-speciﬁc beliefs
that we expect to be more proximate to intention [38]. These
include perceived personal beneﬁts (relative advantage in DOI) and
concerns about costs and home suitability. In this regard, both theories account for a process of weighing the pros and cons of the
behavior. TPB and DOI also each account for the signiﬁcant role
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Fig. 4. Proposed integrated framework for predicting interest in pursuing RPV.

of social inﬂuence, albeit in different ways. DOI captures the perceived descriptive norm through observability while TPB considers
more explicitly whether individuals believe their peers would be
supportive of the behavior.
DOI differs from TPB in that it also factors in broad personal
dispositions of the individual, particularly a disposition of innovativeness. In the full model, consumer novelty seeking, a measure of
innovativeness, had strong direct effects on interest as well as signiﬁcant indirect effects through more speciﬁc behavioral beliefs.
By contrast, the integrated model to predict social curiosity seems
to illustrate the importance of social inﬂuence among individuals
who are less innovative. For this outcome, CNS has no direct or total
effects. Rather social curiosity is most strongly associated with the
need to try out RPV (trialability), perceived social support, trust in
the information provide by one’s social network, and believing that
RPV will be personally beneﬁcial.
VBN, like DOI, helps identify people who may be more inclined to
consider RPV. Consistent with past research, altruistic values and
awareness of consequences were found to have signiﬁcant indirect effects on interest in RPV through proenvironmental norms.
While proenvironmental norms had a strong direct effect on interest in the VBN-only model, this relationship disappeared in the full
integrated model. These results suggest that the effect of personal
norms is mediated by various behavior-speciﬁc beliefs and attitudes. Notably, personal norm had the strongest direct effect on
perceived personal beneﬁts (␤ = 0.35) and was also a signiﬁcant
predictor of perceived social support. These ﬁndings are consistent
with past research indicating that the explanatory power of personal norms for household energy actions decreases as other more
proximate factors, such as cost and behavioral difﬁculty, become
more important [48]. In the context of understanding what leads
people to adopt particular eco-innovations such as RPV, we see VBN
as a useful addition for identifying consumer segments that have a
higher propensity to adopt.
Our interpretation of the overall results is that, as with the parable of the elephant, each off-the-shelf theory captures a different
aspect of the phenomenon: VBN explains what predisposes individuals to take proenvironmental action. TPB helps explain why the
individual chooses particular behaviors. DOI adds further insight
by characterizing individuals who may be motivated to consider

RPV for non-environmental reasons as well as specifying the types
of beliefs that may lead to favorable attitudes about the technology. The integrated framework illuminates the relationships among
these aspects (and implicitly among the theories) and highlights the
ways in which each is important.
The path models that are fairly explicit in the literature for VBN
and TPB, as well as the diffusion process outlined by DOI, imply that
individuals go through steps in reaching the decision to adopt solar.
As we note in the next section, for some variables, such as values,
we cannot expect interventions to change individuals; rather inﬂuential variables suggest groups to whom communication might be
directed. For other variables, there may be ways to intervene.
4.2. Practical implications of integrated framework
The results of our integrated framework have several implications for policymakers and PV marketers looking to increase
adoption of RPV. First, our results shed light on the types of people who may be most apt to consider solar at a relatively early
stage in its diffusion. In line with past research on adoption of ecoinnovations, our results show that people higher in novelty seeking
have greater interest in pursuing RPV [45,49]. For marketers, this
might suggest targeting consumers who are early adopters of
other technologies. Owners of hybrid and electric vehicles are an
obvious choice – and a group already heavily pursued by the PV
industry. But, focusing on consumers of other non-environmental
innovations may be equally worthwhile. For example, individuals interested in “smart” technologies (e.g., the Nest thermostat)
and home automation may ﬁnd appeal in the online platforms that
allow RPV adopters to monitor how much energy their system is
generating. Past work suggests that early adopters of RPV may be
especially drawn to monitoring their energy generation and usage
[18]. Our results also support targeting environmentally-minded
households. In the integrated model, the strong indirect effect
of proenvironmental environmental norms on interest (largely
through perceived personal beneﬁts) suggests that those who feel
morally obligated to address climate change already believe that
solar could be beneﬁcial. As perceived environmental beneﬁts did
not predict interest in RPV, marketers may wise to target this segment by emphasizing how RPV would meet households’ needs.
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Table 4
Direct and total effects for integrated model on Social Curiosity and Interest in Talking to a PV Company (standardized coefﬁcients).
IT

SC

Independent Variables

Direct

Total

Direct

Social curiosity

0.29***

0.29***

Total

RPV-speciﬁc beliefs & attitudes
Personal beneﬁts (TPB)/Relative advantage (DOI)
Environ. Beneﬁts (TPB)
Riskiness (TPB/DOI)
Expense concerns (TPB)
PV will improve (TPB)
Trialability (DOI)
Normative beliefs (TPB)
Home unsuitable (TPB)
Might move (TPB)

0.29***
−0.02
−0.02
−0.09**
−0.02
0.08**
0.10***
0.13***
−0.04

0.34***
0.00
−0.01
−0.10***
−0.03
0.19***
0.18***
0.13***
−0.04

0.18***
0.07
0.03
−0.04
−0.03
0.37***
0.26***
−0.01
−0.02

0.18***
0.07
0.03
−0.04
−0.03
0.37***
0.26***
−0.01
−0.02

Personal dispositions
Personal norms (VBN)
Awareness of consequences (VBN)
CNS (DOI)
CIJM (DOI)

0.05
−0.08*
0.14***
0.08**

0.20***
−0.03
0.20***
0.04

−0.02
0.02
0.02
−0.04

0.13**
0.08
0.08*
−0.09**

External inﬂuences
Observability (DOI)
PV Marketing (DOI)
Trust PV Industry (DOI)
Trust Social Network (DOI)

0.05
−0.02
0.14***
−0.02

0.06*
−0.04
0.26***
0.05

−0.02
0.02
0.07*
0.10***

0.00
0.01
0.12***
0.20***

Values
Altruism (VBN)
Traditionalism (VBN)
Self-interest (VBN)
Openness to change (VBN)

0.02
−0.03
0.05
−0.07*

0.20***
−0.05
0.05
−0.04

0.01
−0.01
−0.07*
0.02

0.20***
0.03
−0.08*
0.04

Household constraints
Age
Gender (female = 1, male = 0)
Education
Income
Financial stress
Retired
Number of adults
Number of children
Summer electric bills
Winter electric bills
Square footage
Years expected to remain in house
Number of power outages in past yr.
NJ
AZ
CA
R2 Adj

−0.11**
−0.11***
0.05
−0.04
−0.01
0.00
−0.02
0.00
0.05
0.00
0.00
0.03
−0.01
0.04
0.03
0.01
0.51***

−0.23***
−0.17***
0.07*
−0.05
−0.02
0.01
−0.01
0.00
0.10*
−0.02
−0.01
0.04
0.05
0.00
−0.03
−0.02

0.01
−0.14***
0.04
0.08*
0.04
−0.04
0.04
−0.02
−0.02
−0.03
−0.01
−0.02
0.02
−0.03
0.07
−0.03
0.44***

−0.10*
−0.16***
0.08*
0.02
0.01
−0.03
0.02
−0.03
0.06
−0.06
−0.01
−0.01
0.05
−0.05
0.04
−0.03

N = 904. *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001. CFI = 0.784. RMSEA = 0.17.

Secondly, our ﬁndings suggest that potential adopters need
assurance – from trusted sources – of the personal beneﬁts of
RPV. This conclusion is reﬂected in the strong inﬂuence of perceived personal beneﬁts on both social curiosity and interest, the
strong effect of social curiosity on interest in talking to an installer,
and the signiﬁcant effects of both trust in the industry and trust
in one’s social network. For industry, these ﬁndings suggest that
consumers need trustworthy information on the performance and
costs of RPV. Trusted sources may be personal associates such as
neighbors with solar, or they might be neutral, third-party sources
such as government agencies or nonproﬁt organizations. Indeed,
other work has demonstrated the importance of trusted communities of information such as regional renewable energy associations,
Solarize programs, and solar cooperatives [18,50]. RPV installers
may also increase conﬁdence in the beneﬁts of RPV through contractual guarantees of system performance. For policymakers, our
ﬁndings point not only to the importance of incentivizing RPV adoption, but also of creating policies that are transparent and easy to
take advantage of. Even in states where incentives are generous,

complex programs may obscure the intended beneﬁts and deter
homeowners from adopting [51].
Finally, consistent with past research, our results highlight
the value of leveraging existing social networks to promote RPV
[10,16,17]. Seeing solar panels on others’ homes, having social
support and being curious about peers’ RPV systems were all signiﬁcant predictors of interest in talking to an installer. Likewise,
trialability, social support, and trust in social networks were strong
predictors of social curiosity. Taken together, these ﬁndings speak
to the importance of customer referral programs and word-ofmouth marketing where consumers can “try out” RPV vicariously
through others. Some installers, for example, have worked with
existing customers to host Tupperware-style parties where friends
and neighbors are invited to the customer’s home to learn about
the installed system and to hear from satisﬁed customers in the
neighborhood. For local municipalities looking to promote RPV, our
results reinforce the value of group-buy programs, such as Solarize campaigns, where homeowners get discounted solar panels by
signing up with others in their community [50].
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4.3. Limitations and future research directions
Our analysis examines factors relatively early in the chain of
actions that would lead to solar adoption: interest in learning more
about solar and intent to do so. As our sample comprised householders who had not previously pursued solar, our conclusions
about the determinants of interest in RPV may only be accurate for
individuals who have not yet given serious consideration to solar
panels. Different inﬂuences may be important to adoption decisions after contact with providers has been made, as DOI theory
suggests. Moreover, our data concern the determinants of these
factors at a relatively early stage in the evolution of RPV adoption
(in the terms of DOI theory, our respondents mainly are potential
early adopters). Under these conditions, variability across individuals in perceptions of risks and beneﬁts may be more inﬂuential
than they are when the technology is more familiar. We anticipate
that predictors will be different when and where adoption of RPV is
more commonplace. For example, factors such as consumer novelty
seeking will likely be less predictive of interest as novelty declines.
Furthermore, as our survey only sampled households in four
U.S. states, our results may not be generalizable to geographic
regions where market or policy conditions markedly differ or where
diffusion is at an earlier or later stage. The RPV markets in Arizona, California, New Jersey and New York are among the most
established in the U.S. and have experienced consistent growth
since 2010 [9]. They are also dominated by third-party owned systems and, in the past, have had favorable state-level policies and
incentives. Consequently, residents in these states may be more
acquainted with RPV and have more positive perceptions of it
than residents in states where the diffusion of RPV is relatively
unchanged from a decade ago. Additional testing of our integrated
framework is needed to determine whether the pattern of results
holds among people less familiar with RPV, or in places outside the
USA where familiarity is greater or the decision context is different.
For instance, in locations where RPV is relatively rare, beliefs about
the personal economics of solar might have even greater weight, as
might the desire to learn about RPV from trusted others. In jurisdictions that offer attractive feed-in tariffs, the personal economics
may be so self-evident as to greatly reduce variation, and therefore
predictive value, of perceived economic beneﬁt.
Lastly, concerns about survey length and participants’ time kept
us from assessing all of the variables in each of the three theories. For example, we did not measure ecological worldviews or
ascription of responsibility in VBN, and we might have attempted
to measure additional behavioral beliefs in TPB or to add other measures of relative advantage, complexity and compatibility in DOI.
Because we have not assessed the theories in their entirety and
because several variables could logically be attributed to more than
one theory, we have not attempted to draw conclusions that one
theory is “better” than others for explaining interest in RPV. We
have shown, however, that explanation of interest in RPV beneﬁts
from drawing on insights from all three theories. We believe this
study also shows the value of a multi-stage causal model that links
VBN and theories that focus on attitudes and beliefs about speciﬁc proenvironmental actions and that considers predictors both
intrinsic and extrinsic to the household. Future research to test such
structural models can enhance our understanding of how variables
from these theories interact as part of a larger explanatory framework. Further work might also consider motivations for installing

solar other than those captured in our implementation of the three
theories. For example, a desire for national energy independence
has been shown as an important motivator for energy efﬁciency in
some studies [e.g., Ref. [52]]. A desire for the household to be independent of the local power grid may also be an important motivator
[36]. Although we did not ﬁnd recent experience with power outages a signiﬁcant inﬂuence, further research could develop a more
robust approach to exploring the desire for being “off the grid.”
Field experiments and panel data would be very useful to provide stronger causal inference, and we emphasize that both are
valuable in different ways [53]. The most visible policies focus
on providing ﬁnancial incentives but our results also demonstrate
the importance of various forms of trust. Clearly experiments that
consider alternative methods of building trust among potential
adopters would be of practical importance, and because trust is
an issue of ongoing research, could contribute to fundamental
understanding as well [54–56]. There may also be important natural experiments. For example, while in many communities there
are ﬁnancial incentives to feed electricity from RPV into the grid,
in some communities incentives are being reduced or removed
[57,58]. Evaluating such changes could provide useful information
on the importance of ﬁnancial incentives relative to other factors.
4.4. Conclusion
In this study we introduce an integrated framework that combines variables from VBN, TPB, and DOI to explain consumer
interest in residential photovoltaics. We ﬁnd that each of these
three theories contributes some understanding of interest in RPV,
but that combining elements of the three theories provides a more
complete picture. In places where RPV is at an early stage in the diffusion process, we ﬁnd that those most interested in RPV tend to be
innovative consumers who seek novel goods and technologies as
well as those who feel a moral obligation to address energy issues.
We ﬁnd that need for trustworthy information about the costs and
performance of RPV is an important factor inﬂuencing interest in
speaking with a provider, and that consumers may seek such information from the experiences of personal acquaintances in their
social networks. Our data highlight the importance of meeting this
need for promoting interest in this relatively novel technology.
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Table A1
VBN Items and Factor Loadings.
Factor loading
Values
Altruism (␣ = 0.87)
Respecting the earth, harmony with other species
Protecting the environment, preserving nature
A world at peace, free of war and conﬂict
Unity with nature, ﬁtting into nature
Equality, equal opportunity for all
Social justice, correcting injustice, care for the weak

0.85
0.82
0.79
0.77
0.66
0.65

Self-interest (␣ = 0.63)
Wealth, material possessions, money
Authority, the right to lead or command
Inﬂuential, having an impact on people and events

0.82
0.75
0.54

Traditionalism (␣ = 0.62)
Honoring parents and elders, showing respect
Family security, safety for loved ones
Self- discipline, self-restraint, resistance to temptation

0.81
0.75
0.58

Openness to Change (␣ = 0.79)
Curious, interested in everything, exploring
A varied life, ﬁlled with challenge, novelty, and change
An exciting life, stimulating experiences

−0.82
−0.81
−0.76

3.84 (0.80)

2.91 (0.81)

4.24 (0.63)

3.52 (0.82)

Awareness of consequences
Climate change is a serious problem for society.
Personal norm (␣ = 0.83)
I feel a personal obligation to do my part to move the country to a renewable energy future country to a renewable energy future.
I feel a personal obligation to do my part to prevent climate change.
I feel guilty when I waste energy.

Mean (SD)

3.74 (1.20)
3.48 (0.86)
–
–
–

Factor loadings and scale reliabilities based on initial sample, N = 1156. Individuals who responded “Don’t Know” to all items in a factor were dropped from subsequent
analyses (N = 252). Means are based on remaining sample, N = 904. Value items were on a 5-point scale from 1 = Not at all important to 5 = Extremely important, with an option
of marking Opposed to my values (coded as −1). AC and PN items were measured on a 5-point scale from 1 = Strongly disagree to 5 = Strongly agree.

Table A2
DOI Items and Factor Loadings.
Factor loading
Consumer innovativeness
Consumer Novelty Seeking (␣ = 0.87)
I continuously look for new experiences from new products.
I continuously look for new products and brands.
I like to visit places where I’m exposed to information about new products and brands.
Consumer Independent Judgment Making (␣ = 0.83)
Before I buy a new product or service, I often ask acquaintances about their experiences with that product or service. (reversed)
Before buying a new brand, I usually ask someone who has experience with the brand for advice. (reversed)
When considering a new product/service, I usually trust the opinions of friends who have used the product/service. (reversed)

Mean (SD)
3.05 (0.90)

0.95
0.93
0.79
2.38 (0.75)
0.90
0.88
0.81

External inﬂuences
Exposure to PV marketing (␣ = 0.55)
In the last six months, I have seen or heard advertisements from companies that install solar panels.
My family has recently received advertising or a call from a company that installs solar panels.

–
–

Trust in PV Industry (␣ = 0.88)
Companies that provide or install solar panels
Solar industry trade organizations

–
–

Trust in Social Network (␣ = 0.81)
Friends or family
Neighbors

–
–

Characteristics of the innovation
Observability (␣ = 0.71)
I have personally seen solar panels installed on someone’s home.
A friend or neighbor has recently installed solar panels.
I know more than one person with solar panels on their home.
Several people in my neighborhood have installed solar panels.
I have talked about solar panels with someone who has already installed them on their home.

–
–
–
–
–

Relative Advantage (␣ = 0.90)
Using solar would save me money.
Installing solar provides a great return on a family’s investment.
Using solar will help protect my family from rising electricity prices in the future.

0.89
0.82
0.70

0.94 (0.77)

2.55 (0.82)

3.68 (0.72)

1.87 (1.54)

3.38 (0.77)
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Table A2 (Continued)
Factor loading
Having solar panels on my home would help meet my family’s needs.
Using solar could protect my family from electricity blackouts.
Solar panels would increase my property value.

Mean (SD)

0.64
0.60
0.57

Riskiness (␣ = 0.63)
I would worry about having solar panels because it would be an unfamiliar experience.
Installing solar panels is a risky thing for a household to do.
Installing solar panels could damage my home.

0.78
0.75
0.75

2.66 (0.80)

Trialability (␣ = 0.70)
Before contacting a solar company, I would like to see solar panels up close on someone else’s house.
Before considering solar panels, I would want to talk to someone who has solar panels on their home.
If a solar company tells me how much I would save on my electric bills by installing solar, I would want a second opinion.
I would be more interested in solar if there were some way for me to try it out before installing it.

0.88
0.86
0.55
0.51

3.82 (0.63)

Factor loadings and scale reliabilities based on initial sample, N = 1156. Individuals who responded “Don’t Know” to all items in a factor were dropped from subsequent
analyses (N = 252). Means are based on remaining sample, N = 904. Consumer Innovativeness items were rated on a 5-point scale from 1 = Not at all like me to 5 = Just like
me. † All items for CIJM were reversed so that higher scores on the scale indicate greater independence in judgment making. Except for Observability, Characteristics of the
Innovation were rated on a 5-point scale from 1 = Strongly disagree to 5 = Strongly agree. ‡ The Observability and Exposure to PV Marketing scales were created by summing
“yes” responses on the listed binary items. Trust items were measured on a 5-point scale from 1 = Do not trust at all to 5 = Trust completely.

Table A3
TPB Items and Factor Loadings.
Factor loading
Behavioral beliefs
Personal Beneﬁts (␣ = 0.90)
(same items as Relative Advantage in DOI)

Mean (SD)
3.38 (0.77)

Environmental Beneﬁts (␣ = 0.87)
Solar panels help slow down climate change.
If more households get solar panels, environmental quality will improve.
Having solar panels would be a good way to reduce my environmental impact.

3.49 (0.88)
−0.87
−0.73
−0.52

Perceived Risks (␣ = 0.63)
(same items as Riskiness in DOI)

2.66 (0.80)

Expense Concerns (␣ = 0.63)
I can’t afford solar on my family budget.
Solar panels are still very expensive, even with government incentives.
Maintaining solar panels is expensive.

0.86
0.74
0.54

3.61 (0.72)

Waiting for Improvements (␣ = 0.65)
The prices of solar power keep going down, so it is wise to wait before deciding whether to install it.
Solar panel technology will only get better, so it doesn’t make sense to get them now.

0.85
0.78

Subjective norms
Normative Beliefs (␣ = 0.72)
Most people who are important to me would support me if I decided to go solar.
People who are important to me would be in favor of installing solar panels.
My family members would be opposed to getting solar panels. (reversed)

0.83
0.75
−0.59

Perceived behavioral control
Unsuitable home (␣ = 0.89)
It’s not sunny enough in my area for solar panels to work well.
It’s too cloudy where I live for solar panels to be effective.
At my home, there’s no place to put solar panels that would get enough sunlight.

0.96
0.92
0.84

Might Move
I may not be in my home long enough to get the beneﬁts of investing in solar.

–

3.27 (0.69)

3.56 (0.74)

2.18 (1.00)

3.35 (1.17)

Factor loadings and scale reliabilities based on initial sample, N = 1156. Individuals who responded “Don’t Know” to all items in a factor were dropped from subsequent
analyses (N = 252). Means are based on remaining sample, N = 904. All items were rated on a 5-point scale from 1 = Strongly disagree to 5 = Strongly agree.

Appendix B. Supplementary data
Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.erss.2016.12.023.
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