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A B S T R A C T

This study analyzes data from a survey of drivers (n= 1080) administered in late 2013 to assess
factors that influence potential car buyers to consider two different types of plug-in electric
vehicles (PEVs) in the United States: plug-in hybrid electric vehicles (PHEVs) and battery electric
vehicles (BEVs). The results indicate distinct profiles of respondents preferring PHEVs, which
have a gasoline backup engine, versus battery BEVs, which rely solely on a battery for power.
Respondents interested in selecting a PHEV consider it more for its economic benefits, such as
reduced gasoline and maintenance expenditures. Respondents preferring a BEV are drawn to its
environmental and technological appeal. The absence of range anxiety for PHEV is a major factor
influencing potential PEV buyers.

1. Introduction and background

The advancement of electric vehicle technologies represents one of the most notable developments for surface transpor-
tation in the 21st century (Sierzchula, 2014). The increasing availability and use of plug-in electric vehicles (PEVs), the growing
worldwide investment in related technological development and industrial production, and calls for a permanent alternative to
the internal combustion engine (ICE), all suggest that PEVs will be long-term components of the future of transportation
(Sperling, 2018a,b). Electrification of surface transportation is motivated by both environmental and energy-security objec-
tives. Broad diffusion of PEVs could contribute to the sustainability of transportation by decreasing reliance on petroleum in
transport, with the associated benefits of lowering urban air pollution and greenhouse gas emissions from the transportation
sector and reducing economic vulnerability (Lane and Beeler, 2017). Additionally, PEVs can encourage industrial development
by enhancing the competitiveness of national and regional automotive industries, including their supply chains (Lane et al.,
2013).

The global stock of PEVs in use has grown from virtually zero in 2010 to more than two million in 2016 (IEA, 2017). In 2017,
approximately 200,000 new PEVs were sold in the United States, equating to a 26% increase over 2016 and a 72% increase over 2015
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(InsideEVs.com, 2018). The United States Environmental Protection Agency lists 13 battery electric vehicle (BEV) models and 18
plug-in hybrid electric vehicle (PHEV) models1 (US EPA Fuel Economy Guide, 2017). Many manufacturers and dealers, especially in
metropolitan areas, now offer at least one PEV model, and an increasing number of consumers have a basic knowledge of PEVs in
contrast to when these vehicles first appeared on the mass market in the early 2010s.

Although PEV sales are growing rapidly in the United States and globally, they account for a small share of total new vehicle sales
(see IEA, 2017 for PEV penetration rates in different countries). Questions remain about how PEVs can penetrate the mass market
(National Research Council, 2015). Much of the existing research and popular literature points to various factors that encourage or
hinder the uptake of PEVs. However, limited attention has been paid to ascertaining whether potential car buyers have distinct
preferences for PEVs with different performance and functional characteristics. BEVs are subject to a much more limited range on a
single charge than PHEVs, which can travel longer distances and whose ICEs refuel in the same manner as conventional vehicles. The
greater similarity of PHEVs to existing conventional vehicles suggests the possibility that these different types of PEVs may not diffuse
in the same way. With expanded offerings in recent years of PHEVs and BEVs, research into how appeal to PEVs might vary across
different forms of PEVs is especially warranted.

In this paper, we analyze data from a survey of 1080 drivers across urban areas in the United States that was designed to capture
potential car buyers’ attitudes and preferences regarding different types of PEV technologies. In our analysis, we specifically examine
whether individuals who are likely to purchase a vehicle in the near future – here defined as the next two years – indicating a
preference for PHEVs are distinct in their profiles from those individuals who indicate a preference for BEVs. In doing so, we
contribute to existing scholarship by offering a more nuanced discussion about which aspects of alternative vehicle technologies are
most compelling and deterring to different types of consumers.

1.1. Overview of prior literature

There is a large literature on the factors that are related to interest in, and adoption of, alternative-fueled vehicles, in particular
PEVs. There are clear demographic factors that associate positively with PEV adoption. In a survey of U.S. urban residents, Carley
et al. (2013) found that younger, affluent, and educated individuals are more likely to purchase a PEV. Perceived ease-of-use (e.g.,
perceptions regarding vehicle range) and lifestyle compatibility (e.g., availability of charging infrastructure) are also factors shown to
influence PEV adoption, particularly as they address key perceived shortcomings of the technology (Petschnig et al., 2014, Moons and
De Pelsmacker, 2012; Jansson, 2011; Graham-Rowe et al., 2012; Caperello and Kurani, 2012). Direct prior experience with alter-
native-fueled vehicles, such as a conventional hybrid, also tends to encourage interest in PEVs (Axsen and Kurani, 2013, Carley et al.,
2013; Skippon and Garwood, 2011; Moons and De Pelsmacker, 2012; Caperello and Kurani, 2012). Relatedly, social interaction,
through which individuals hear about trusted peers’ experience with vehicle technologies, also shapes car buying preferences (Mau
et al., 2008; Axsen and Kurani, 2012). Individuals may also be drawn to alternative vehicles as their use may serve as a medium
through which to convey pro-environmental attitudes or enthusiasm for new technologies (Axsen and Kurani, 2011). Finally, PEV
adoption may also be related to other lifestyle choices, including financial management, activity and fitness, and having a strong
sense of community (Heffner et al., 2008).

Previous literature has also emphasized the importance of policy, such as rebates or tax incentives that minimize the cost of
purchasing a PEV, in influencing consumer interest in PEVs (National Research Council, 2015). Other types of influential policy
measures include free public charging stations, expedited permitting and rebates for the installation of home vehicle charging in-
frastructure, prioritized parking access in urban areas, and free access to high-occupancy vehicle or toll lanes (Gallagher and
Muehlegger, 2011; Lane et al., 2013; Lutsey et al., 2015; Clark-Sutton et al., 2016; Coffman et al., 2016; Langbroek et al., 2016; Liao
et al., 2016; Deshazo et al., 2017). Lastly, preferences for certain vehicle attributes may impact one’s interest in buying a PEV (e.g.,
Moons and De Pelsmacker, 2012). Individuals that prioritize high fuel economy or environmental performance will be more likely to
purchase a PEV than those that prioritize towing capacity, for example. A complication to the study of consumer preferences is the
possibility that consumers may have a relatively poor understanding of fuel economy, and their calculations of vehicle operating costs
and tradeoffs among choices are fraught with error (Dumortier et al., 2015; Rezvani et al., 2015). Particularly relevant to this
research, Axsen et al. (2015) surveyed 1754 Canadian consumers and found that PHEVs are preferred to BEVs, irrespective of the
driving range of the vehicle. This is surprising and the authors hypothesize that this is either due to the difficulty for “buyers with
little or no previous PEV [battery electric vehicle] experience…to place a value on a unit of electric-powered driving range” or their
research design capturing a too narrow band of electric driving ranges. In general, they find that the choice of a PHEV is associated
with pro-environmental and technology oriented lifestyles, while willingness-to-pay (WTP) for charging infrastructure is valued more
highly for BEV than a PHEV, further suggesting difference in appeal to the two types of PEVs related to range.

1.2. Knowledge gaps and contributions of this study

Previous research suggests that PEV purchase decisions are complex and multifaceted (National Research Council, 2015). The

1 PEVs can generally be divided into two categories: (1) plug-in battery-electric vehicles (BEVs) and (2) plug-in hybrid electric vehicles (PHEVs).
BEVs, such as the Nissan Leaf or the Tesla Model S, rely solely on a battery for power that recharges through an electric socket. PHEVs, such as the
Chevrolet Volt and the Toyota Prius Prime, rely on a battery and a gasoline engine that works either as a backup to the electric motor or in tandem
with it. The Volt is sometimes called a range-extended BEV but for simplicity in this article we call it a PHEV.
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limited proliferation of PEVs into the vehicle market, despite supportive policies for industrial development and consumer purchase,
offers some indication that consumers perceive them to have limited value. While existing scholarship offers valuable insight on the
types of factors that shape consumer PEV decision making, it offers relatively little account for variation among interest in the
different types of PEVs we see today. Factors along which PEVs exhibit variation include vehicle cost and performance. For example,
Hardman et al. (2016) find significant differences among key attributes in intention to adopt a PEV based on whether the responded
was a “low-end” adopter – interested in a smaller, less-costly PEV such as a Nissan Leaf – versus a “high end” adopter of a more
expensive, higher performing PEV such as a Tesla Model S. Higgins et al. (2017) found drivers of interest in different types of PEVs
vary by vehicle body size and type.

Perhaps most powerful is the role of vehicle range in between recharging or refueling, which differs substantially not only among
BEV offerings, but also between PHEVs and BEVs. Though range anxiety is a commonly cited barrier to adoption, the daily travel
needs and travel behavior of most households can be met by most PHEV and BEV models (Lane et al., 2014, 2016; Liao et al., 2016).
Needell et al. (2016) estimate that the energy requirements of about 87% of vehicle days could be met by a typical BEV without
recharging during daily use. However, most consumers place a high value on many important convenience factors that the potential
of having to stop and recharge a BEV inhibits, such as avoiding the time, stress, and hassle of locating and detouring to stations, or
being able to travel long-distances. A BEV should be less appealing to many households than a PHEV, which does not force the same
inconveniences since it has a conventional gasoline-powered motor as part of its powertrain. It is not surprising that consumers might
examine BEVs and PHEVs carefully to determine whether they can meet their perceived individual and household needs for travel.

While there is relatively little work examining the differences in consumer preferences for PHEVs versus BEVs in the United
States, some have alluded to or empirically demonstrated that differences exist (e.g., Axsen et al., 2015). Figenbaum and
Kolbenstvedt (2016) study the case of Norway, which dominates internationally in penetration of PEVs into the vehicle market.
There, BEVs and PHEVs are shown to appeal to different subsets of consumers: BEV owners are more likely to live in urban centers
and own multiple vehicles, while PHEV owners are geographically dispersed and are more likely to live in single-vehicle households
(Figenbaum and Kolbenstvedt, 2016). Additionally, recent evidence indicates that policies in different countries also vary in how
much they promote BEVs versus PHEVs (IEA, 2017).

The relative lack of research on differences in interest of different types of PEVs and the limited evidence internationally that such
differences do exist suggests the need for further research into the attributes that motivate interest in different types of PEVs within
the United States. We address this shortcoming through an analysis of a large sample survey of urban residents where we evaluate the
selection of a PHEV or BEV in an-intent-to-purchase survey exercise. In our analysis, we specifically examine whether individuals who
are likely to purchase a vehicle in the near future – here defined as the next two years – indicating a preference for PHEVs are distinct
in their profiles from those individuals who indicate a preference for BEVs.

2. Research design

We use a cross-sectional design to estimate the relationship between PEV type and respondent perceptions and characteristics.
Our analysis is based on data gathered through a 15-minute online survey administered by Qualtrics in October and November 2013,
to a random sample of roughly 100 urban residents from each of the 32 largest metropolitan areas in the United States.2 In order to
participate in the survey, respondents were required to be 18 years of age or older and have a valid driver’s license. We chose urban
areas because (1) vehicle miles traveled are lower than rural areas, which makes it more likely for urban consumers to choose a plug-
in vehicle; (2) metropolitan areas are targeted by car manufacturers as roll-out places (Carley et al., 2013); and (3) consumers in
metropolitan areas are more likely to travel distances that are within the range of a PEV (National Research Council, 2015). The
survey instrument elicited the perceptions and attitudes of each respondent toward PEVs (PHEVs and BEVs), conventional hybrid
electric vehicles, and conventional ICE vehicles. Survey questions asked about the respondent’s vehicle ownership history, agreement
or disagreement with statements about PEVs, general travel behavior, preferences for certain vehicle attributes, and the influence of
public policies on intent to purchase different types of vehicle technologies. It concluded with personal socio-economic and demo-
graphic questions.

The total sample included 3199 respondents. In order to enhance the validity of our findings, we focus this analysis on the 1080
respondents who expressed intention to purchase or lease a new vehicle in the two years following the administration of the survey.
Upon starting the survey, people were asked whether they are interested in (1) a small car (example: Honda Civic) or midsize car
(example: Chevrolet Malibu) or (2) a small SUV (example: Ford Escape) or cross-over car (example: Toyota RAV4). This question was
included to make the choice for consumers more realistic in terms of what type of car design they prefer. Both types were available as
PEVs at the time of the survey. Then, respondents were shown an explanation of four different propulsion systems: (1) a conventional
ICE gasoline powered vehicle; (2) a conventional hybrid car, with no plug-in for recharging the battery; (3) a PHEV, and (4) a BEV.
The information included vehicle function, charging technology, and battery capacity. The respondents were then presented with the
EPA fuel economy labels for gasoline, hybrid, plug-in hybrid, and electric vehicles. The templates for those labels were obtained from
the EPA and filled with information about generic cars to avoid any bias by the respondents toward a particular car, and the
placement of the labels was randomized for each respondent to eliminate anchoring effects. The objective of this approach was to

2 Atlanta, Austin, Baltimore, Boston, Bridgeport, Charlotte, Chicago, Dallas, Denver, Detroit, El Paso, Houston, Indianapolis, Jacksonville, Los
Angeles, Memphis, Nashville, New York, Orlando, Philadelphia, Phoenix, Portland, Raleigh, Richmond, Sacramento, San Antonio, San Diego, San
Francisco, Seattle, Sonoma County, Tuscon, and Washington
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make the exercise as realistic as possible, despite the survey setting. Insofar as consumers typically see EPA labels on vehicles when at
the dealership or similar information on the internet, and since such information informs their purchase decisions, we sought to
replicate this process by providing the EPA labels. The generic information on the vehicles was obtained from Al-Alawi and Bradley
(2013). Following exposure to these labels, the respondents were asked to select their preferred vehicle for purchase or lease.
Therefore, unlike many studies on PEVs and alternative-fuel vehicles, we narrow our respondents to those that indicated they are
likely to acquire a new car in the near future, and whom are already somewhat educated about the tradeoffs and incentives associated
with considering a PEV against a typical internal-combustion engine (ICE) automobile.

2.1. Dependent variable

The dependent variable is a binary variable indicating selection of a specific type of electric vehicle powertrain when respondents
were asked about their “intent to purchase or lease” their next vehicle after being exposed to the information intervention. Our
dependent variable is coded ‘1’ if, when given the choice, the respondent chose a PHEV as their preferred technology for purchase or
lease. This means that for the PHEV models, the dependent variable equals zero if the respondent chooses a conventional gasoline,
hybrid, or BEV as their preferred vehicle, and equals ‘1’ for choosing a PHEV. For the BEV models, the dependent variable equals zero
if the respondent chooses a conventional gasoline, hybrid, or PHEV as their preferred vehicle, and equals ‘1’ for choosing a BEV. For
the multinomial models used as robustness checks, the dependent variable equals ‘1’ for the respondent’s choice of powertrain, and ‘0’
for all the others.

2.2. Independent variables

As mentioned, the survey collected responses on a wide variety of possible factors that could influence one’s decision to express
intent to purchase or lease a particular type of vehicle. These are informed by the prior literature and existing theory on motivations
of consumers to express interest in PEVs (e.g., Coffman et al., 2016, Liao et al., 2016). The full set of variables is presented in Table 1.

Several important constructs in the survey instrument overlap, and we transform these correlated variables into factor scores
using principal component analysis (PCA). PCA allows us to identify an underlying latent variable that drives the answers of the
respondents and reduces the variable space. Since we do not assume any theoretical model involving latent factors, our PCA is purely
exploratory. We calculate Cronbach’s alpha coefficients, which assesses how closely related the items in each group are. Values close
to one are an indication that there is some underlying latent variable driving the explanatory variables in a group. We use varimax as
the rotational strategy in the PCA and drop all factors with an Eigenvalue below one. We use the Kaiser-Meyer-Olkin to test the
adequacy of using the factor scores to generate new factors. Kaiser-Meyer-Olkin values that exceed 0.7 and 0.8 are middling and
meritorious, respectively (Kaiser, 1974).

One set of constructs that overlapped involved policies and incentives, where we asked the respondents whether the availability of
certain policies would make it more or less likely that they would choose a PEV for purchase or lease. The policies included various
financial incentives, preferred parking, and privileged highway lane access. The policy variables all load onto a single policy factor in
the factor analysis, as demonstrated in Table 2, so we include a single policy binary variable in the models.

We also asked users whether they expressed preferences for certain vehicle attributes and characteristics. These included ques-
tions assessing vehicle purchase, maintenance, and insurance costs, dealer service and financing arrangements, fuel economy, vehicle
appearance, performance, and comfort, seating and storage capacity, safety, and manufacturer reputation. These constructs also
overlapped, and we conducted a PCA on these attributes; the results are reported in Table 3 below. The first factor “vehicle cost”
encompasses all the economic and financial attributes of the car such as the sticker price, financing options, and fuel and maintenance
costs. Attributes in the second factor, “vehicle design,” are centered on design attributes and the driving experience. This factor
includes the most disparate of vehicle attributes including appearance, luxury, and manufacturers’ reputation. We label the third
attribute as “vehicle utility,” which represents the practical attributes of a vehicle such as seating capacity, cargo, and safety rating.
The last factor, “vehicle ruggedness,” includes towing capacity and 4-wheel or all-wheel drive.

2.3. Estimation method

We use binary logistic regression with standard errors clustered by city to predict the selection of each type of PEV. We use
separate models to examine PHEVs and BEVs in order to identify and compare the factors that influence a respondent’s intent to
purchase or lease. In our model-testing, the variable representing the respondent currently having a “somewhat or very favorable”
impression of a type of PEV absorbed much of the explanatory power of the model for that type of PEV. To enrich our results as well
as understand what variables captured the underlying construct of favorability, we run models both including and excluding the pre-
disposed favorability variables. Therefore, four models predicting selection of a type of PEV are run: (1) PHEV including a favorability
variable; (2) BEV including a favorability variable; (3) PHEV excluding a favorability variable; and (4) BEV excluding a favorability
variable. We display results for the model performance, coefficients, and marginal effects.

To check for the robustness of our results, we run a multinomial probit model that determines the consumers’ choice among the
four vehicle types: PHEV, BEV, conventional hybrid, and ICE. Similar to the binary logistic models, we run the model with and
without the favorability variables. In the multinomial probit, we include the favorability variables for all vehicles and not just the
vehicle of interest as in the logit model. As opposed to binary or multinomial logit models, the multinomial probit has the advantage
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Table 1
Variable descriptions.

Variable name Variable description Type

Dependent variables
Choose PHEV Respondent chooses a plug-in hybrid vehicle as preferred alternative-fuel technology for purchase or lease Dichotomous
Choose BEV Respondent chooses a battery-electric vehicle as preferred alternative-fuel technology for purchase or lease Dichotomous

Independent variables
Favor PHEV Respondent is either somewhat favorable or highly favorable toward PHEVs Dichotomous
Favor BEV Respondent is either somewhat favorable or highly favorable toward BEVs Dichotomous
Favor hybrid Respondent is either somewhat favorable or highly favorable toward conventional hybrids Dichotomous
Favor ICE Respondent is either somewhat favorable or highly favorable toward gasoline-powered vehicles Dichotomous
Age Age of respondent Continuous
Education Highest level of education, based on education level categories Ordinal
Income Annual household income, based on ordinal income categories Ordinal
Maintenance cost Agreement with the statement: “A plug-in vehicle will save me money on maintenance costs.” Ordinal
Fuel savings Agreement with the statement: “A plug-in vehicle will save me fuel expenditures because electricity is

cheaper than gasoline.”
Ordinal

Expenditures on gas Amount household spends on gasoline in a typical month, based on categories of expenditures that increase Ordinal
Range concerns Agreement with the statement: “I am concerned about the all-electric driving range of plug-in vehicles.” Ordinal
Time to recharge Agreement with the statement: “I am concerned about the time it takes associated with charging a plug-in

vehicle.”
Ordinal

Outdated technology Agreement with the statement: “I am concerned about buying a plug-in vehicle now because the technology
may be better in several years.”

Ordinal

Next car replacement The next vehicle the respondent buys will replace an existing household vehicle Dichotomous
Aware of local charging station Respondent is aware that there is a charging station is within his/her community Dichotomous
Charging availability Degree of agreement with the statement: “I am concerned about finding places to charge a plug-in vehicle.” Ordinal
Environmental image Agreement with the statement: “Owning a plug-in vehicle will demonstrate to others that I care about the

environment”
Ordinal

Technology cutting edge Agreement with the statement: “Plug-in vehicles are at the cutting edge of transportation technology.” Ordinal
Peer concerns Agreement with the statement: “I am concerned about what others in my community will think of me if I

drive a plug-in vehicle.”
Ordinal

Impact on environment Agreement with the statement: “Changing from a gasoline powered vehicle to a plug-in vehicle will lessen
my impact on the environment.”

Ordinal

Owns alternative vehicle Respondent has owned or leased a hybrid, EV, compressed natural gas, flex fuel diesel, or biofuel car Dichotomous
WOM EV owner Respondent heard about EVs by word of mouth (WOM) from an EV owner Dichotomous
WOM non-EV owner Respondent heard about EVs by word of mouth from a non-EV owner Dichotomous
Media advertisement Respondent has heard about EV through internet, television, billboard, newspaper or other media

advertisement
Dichotomous

Media information Respondent has heard about EV through internet, television, billboard, newspaper or other media
information

Dichotomous

Car reliance Respondent primarily drives personal vehicle to work, school, or for personal trips within 100 miles Dichotomous
Public transport, walk, or bike Respondent primarily takes public transit, walks, or bikes to work, school, or for personal trips within 100

miles
Dichotomous

Supportive EV policies Factor for all PEV incentives Continuous
Vehicle cost Factor for respondent preference for economy-saving vehicle attributes Continuous
Vehicle design Factor for respondent preference for appearance and luxury vehicle attributes Continuous
Vehicle utility Factor for respondent preference for space and comfort vehicle attributes Continuous
Vehicle ruggedness Factor for respondent preference for power vehicle attributes Continuous

Table 2
Factor analysis results for favorable electric vehicle policy variables with rotated factor loadings,
KMO=0.9008 and Cronbach’s alpha= 0.9114.

Factor 1

Free servicing of vehicle's batteries for 100,000 miles 0.8505
Waiver of vehicle registration fees 0.8316
Increasing federal tax credit to $10,000 0.8304
Free electricity at designated public charging stations 0.8211
Placement of network of recharging stations in your community 0.8174
State income tax credit of $2500 to $6000 in addition to federal tax credit 0.8000
Preferred access central city parking 0.7537
Availability of a free gasoline car for a limited number of trips per year 0.6147
HOV lane access 0.5946
Eigenvalue 5.38608
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that it does not assume the independence of irrelevant alternatives, which may be violated in assessing how consumers consider
choosing a vehicle.

3. Analysis and results

Summary statistics are presented in Table 4, and a breakdown of key demographic characteristics is presented in Table 5. After the
removal of incomplete responses, the sample size is 977 for the logistic regression models and 971 for the multinomial probit model.

3.1. Results for binary logit models, PHEV vs. BEV

Table 6 displays the results of the logistic regression models and compares the results for the models including the variables for
favorability predisposition (“Favorability”) to the models excluding them. In all of the models, favorability is a significant predictor of
the variation in the decision to choose a PHEV or BEV; removing the favorability variable reduces the pseudo-R2 of each model by
approximately 5%.

In both the models that include and exclude pre-disposed favorability, consumers that value maintenance cost savings and that
spend relatively more on gasoline are associated with interest in a PHEV. External factors of media information, hearing about PEVs
from a non-PEV owner, and the presence of policies encouraging PEV ownership are positively associated with PHEV selection.
Increasing age discourages the likelihood of selecting a PHEV. Two of the factors for vehicle characteristics, vehicle cost and vehicle
design, are negatively associated with interest in choosing a PHEV. When we remove the variable for favorable predisposition toward
PHEVs, awareness of charging stations becomes statistically significant, while the positive role of word of mouth from a non-PEV
owner and the negative role of the “Vehicle Cost” factor are no longer statistically significant predictors.

For both the models that include and exclude the pre-disposed favorability variable, awareness of charging stations and belief that
owning a BEV will improve one’s impact on the environment are positively associated with BEV selection. Additionally, when one
places a higher priority on vehicle cost attributes, as represented by the vehicle cost factor in our models, he/she is more likely to
select a BEV for purchase or lease. Concerns that BEV technology will become outdated, exposure to advertisement of the vehicles,
and reliance on an automobile for trips to work, school, or personal trips under 100 miles all discourage choosing a BEV. When pre-
disposed favorability variable is removed, concerns about the range of a BEV discourage selection of a BEV, while previous experience
owning an alternative fueled vehicle encourages interest in adopting a BEV.

3.2. Results for multinomial probit models, PHEV vs. BEV vs. hybrid vs. ICE

When we compare the results from the multinomial probit model, including the favorability variable presented in Table 7, to the
binary logistic models, we find that our results are robust to changes in the models, and generally reflect the results from the binary

Table 3
Factor analysis results for preferred vehicle attribute variables with rotated factor loadings, KMO=0.8835, Cronbach’s alpha= 0.8528.

Factor 1 Factor 2 Factor 3 Factor 4

Factor 1: Vehicle cost
Cost to insure 0.7948 0.1260 0.1565 0.1128
Maintenance and repair costs 0.7647 0.1764 0.1681 0.0869
Sticker price 0.6332 0.0804 0.1901 −0.1499
Fuel economy 0.6202 0.0645 0.3151 −0.1596
Favorable financing 0.5784 0.0952 −0.0169 0.3314
Services offered by nearby dealer 0.4736 0.4414 0.0348 0.2019

Factor 2: Vehicle design
Appearance 0.1865 0.7995 0.1163 0.0457
Luxury amenities and/or special features −0.0155 0.7320 0.0979 0.3272
Smooth ride 0.3719 0.5981 0.3159 −0.0477
Acceleration/power 0.0404 0.5721 0.2298 0.1931
Reputation of manufacturer 0.4741 0.5169 0.1645 −0.1898

Factor 3: Vehicle utility
Cargo space 0.1316 0.0589 0.8181 0.2336
Seating capacity 0.1269 0.1890 0.7850 0.2022
Ability to see the road 0.3332 0.2503 0.5671 −0.0497
Safety rating 0.4038 0.3308 0.5023 −0.1595

Factor 4: Vehicle ruggedness
Towing capacity 0.0314 0.0996 0.2141 0.7901
All or 4-wheel drive 0.0523 0.1496 0.171 0.7036

Eigenvalue 3.27179 2.63224 2.32699 1.64618

The underlined values are the significant loadings for each factor.
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Table 4
Summary statistics.

Variable name Obs Mean SD Min Max

Favor PHEV 1088 0.55 0.50 0 1
Favor BEV 1088 0.45 0.50 0 1
Choose PHEV 1088 0.23 0.42 0 1
Choose BEV 1088 0.08 0.27 0 1
Age 1082 42.51 14.93 18 84
Education 1086 4.16 1.44 1 8
Income 1084 5.11 1.80 1 10
Maintenance cost 1087 3.30 1.05 1 5
Fuel savings 1088 3.80 1.00 1 5
Expenditures on gas 1087 2.78 1.30 1 7
Range concerns 1088 4.07 0.99 1 5
Time to recharge 1086 4.00 0.98 1 5
Outdated technology 1085 3.81 1.02 1 5
Next car replacement 1088 0.73 0.45 0 1
Aware of local charging station 1088 0.28 0.45 0 1
Charging availability 1085 4.35 0.90 1 5
Environmental image 1088 3.84 0.98 1 5
Technology cutting edge 1088 3.81 1.00 1 5
Peer concerns 1083 2.11 1.18 1 5
Impact on environment 1087 3.94 1.04 1 5
Owns alternative vehicle 1088 0.13 0.33 0 1
WOM EV owner 1088 0.28 0.45 0 1
WOM non-EV owner 1088 0.22 0.41 0 1
Media advertisement 1088 0.77 0.42 0 1
Media information 1088 0.70 0.46 0 1
Car reliance 1088 0.97 0.17 0 1
Public transport, walk, or bike 1088 0.09 0.29 0 1
Supportive EV policies 1059 0.00 1.00 −2.63 1.30
Vehicle cost 1030 0.00 1.00 −5.01 2.65
Vehicle design 1030 0.00 1.00 −5.82 2.99
Vehicle utility 1030 0.00 1.00 −3.81 2.73
Vehicle ruggedness 1030 0.00 1.00 −3.29 4.42

Table 5
Demographic profile and vehicle choice.

ICE Hybrid PHEV BEV Proportion Total N

Education 428 318 249 83 1078
Less than High School 71.4% 14.3% 14.3% 0.0% 0.6% 7
High School/GED 44.5% 25.8% 19.5% 10.2% 11.9% 128
Some College 43.5% 28.4% 19.5% 8.6% 27.1% 292
2-year College Degree 36.6% 26.8% 28.9% 7.7% 13.2% 142
4-year College Degree 38.5% 32.4% 22.4% 6.8% 31.5% 340
Masters Degree 30.2% 31.8% 30.2% 7.8% 12.0% 129
Doctoral Degree 18.8% 18.8% 56.3% 6.3% 1.5% 16
Professional Degree (JD, MD) 58.3% 37.5% 4.2% 0.0% 2.2% 24

Gender 421 317 245 83 1066
Female 38.3% 30.7% 23.3% 7.7% 60.8% 648
Male 41.4% 28.2% 22.5% 7.9% 39.2% 418

Income 428 317 248 83 1076
Under $15,000 42.3% 26.9% 26.9% 3.8% 2.4% 26
$15,000 to $24,999 42.6% 26.5% 19.1% 11.8% 6.3% 68
$25,000 to $34,999 42.6% 28.7% 22.8% 5.9% 9.4% 101
$35,000 to $49,999 37.6% 33.7% 19.1% 9.6% 16.5% 178
$50,000 to $74,999 38.3% 28.5% 25.9% 7.3% 25.5% 274
$75,000 to $99,999 41.8% 25.8% 24.2% 8.2% 16.9% 182
$100,000 to $149,999 37.3% 33.7% 22.3% 6.6% 15.4% 166
$150,000 to $199,999 43.4% 30.2% 18.9% 7.5% 4.9% 53
$200,000 to $249,000 46.7% 20.0% 33.3% 0.0% 1.4% 15
Above $250,000 38.5% 23.1% 30.8% 7.7% 1.2% 13
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Table 6
Logistic regression results, with and without favorability variable, all vehicles.

Coefficient estimates Marginal effects

PHEV BEV PHEV BEV PHEV BEV PHEV BEV

Favorability 1.711*** 2.249*** 0.237*** 0.120***

(0.000) (0.000) (0.000) (0.000)
Age −0.0140* 0.0123 −0.0165** 0.00806 −0.00194* 0.000660 −0.00243** 0.000445

(0.067) (0.231) (0.025) (0.407) (0.060) (0.207) (0.022) (0.389)
Education 0.0320 −0.107 0.0594 −0.0972 0.00442 −0.00572 0.00875 −0.00536

(0.645) (0.468) (0.358) (0.467) (0.645) (0.458) (0.352) (0.461)
Income −0.0188 −0.0255 −0.0142 −0.0311 −0.00260 −0.00136 −0.00209 −0.00172

(0.734) (0.796) (0.786) (0.751) (0.733) (0.797) (0.785) (0.752)
Maintenance cost 0.236** −0.0157 0.312*** 0.0745 0.0327** −0.000840 0.0460*** 0.00411

(0.038) (0.925) (0.006) (0.620) (0.037) (0.925) (0.005) (0.622)
Fuel savings −0.154 0.0900 −0.0978 0.142 −0.0213 0.00481 −0.0144 0.00781

(0.112) (0.634) (0.320) (0.471) (0.116) (0.629) (0.319) (0.467)
Expenditures on gas 0.147** 0.00392 0.123** 0.0109 0.0204** 0.000210 0.0181** 0.000604

(0.012) (0.964) (0.040) (0.899) (0.011) (0.964) (0.042) (0.899)
Range concerns 0.0230 −0.235 0.0612 −0.290* 0.00319 −0.0126 0.00901 −0.0160*

(0.856) (0.138) (0.622) (0.059) (0.856) (0.136) (0.621) (0.056)
Time to recharge −0.000678 −0.0768 −0.0453 −0.0790 −0.0000938 −0.00411 −0.00667 −0.00436

(0.995) (0.715) (0.679) (0.712) (0.995) (0.715) (0.678) (0.712)
Outdated technology −0.0670 −0.254** −0.0578 −0.240** −0.00928 −0.0136** −0.00852 −0.0132**

(0.414) (0.025) (0.449) (0.034) (0.416) (0.022) (0.453) (0.031)
Next car replacement −0.244 −0.569 −0.227 −0.589 −0.0338 −0.0304 −0.0335 −0.0325

(0.178) (0.180) (0.253) (0.133) (0.180) (0.209) (0.251) (0.157)
Aware charging station 0.259 0.507* 0.333* 0.566* 0.0358 0.0271* 0.0491** 0.0312*

(0.141) (0.079) (0.057) (0.052) (0.133) (0.089) (0.050) (0.062)
Charging availability −0.0906 −0.170 −0.152 −0.208 −0.0125 −0.00910 −0.0224 −0.0115

(0.428) (0.328) (0.222) (0.236) (0.430) (0.319) (0.222) (0.229)
Environmental image 0.0891 0.0773 0.139 0.171 0.0123 0.00414 0.0204 0.00944

(0.409) (0.792) (0.178) (0.597) (0.410) (0.790) (0.179) (0.591)
Cutting edge −0.0445 0.300 0.0221 0.456 −0.00615 0.0161 0.00325 0.0252

(0.759) (0.317) (0.867) (0.121) (0.759) (0.332) (0.867) (0.132)
Peer concerns −0.0226 −0.108 −0.0465 −0.115 −0.00313 −0.00579 −0.00685 −0.00637

(0.791) (0.464) (0.599) (0.473) (0.790) (0.469) (0.597) (0.478)
Impact on environment 0.166 0.626*** 0.205 0.655*** 0.0230 0.0335*** 0.0302 0.0361**

(0.195) (0.005) (0.133) (0.005) (0.194) (0.009) (0.130) (0.010)
Owns alt. vehicle 0.135 0.424 0.188 0.582* 0.0186 0.0227 0.0277 0.0321*

(0.584) (0.255) (0.441) (0.082) (0.582) (0.269) (0.440) (0.095)
WOM EV owner 0.113 −0.0627 0.195 −0.0322 0.0157 −0.00336 0.0288 −0.00177

(0.561) (0.829) (0.293) (0.912) (0.559) (0.829) (0.287) (0.912)
WOM non−EV owner 0.295* −0.153 0.222 −0.117 0.0409* −0.00816 0.0327 −0.00648

(0.069) (0.664) (0.176) (0.724) (0.064) (0.661) (0.173) (0.724)
Media advertisement −0.0305 −0.533* −0.0753 −0.635** −0.00422 −0.0285* −0.0111 −0.0350**

(0.860) (0.090) (0.641) (0.026) (0.860) (0.095) (0.641) (0.028)
Media Information 0.330** −0.199 0.429*** −0.0907 0.0456** −0.0107 0.0632*** −0.00500

(0.034) (0.631) (0.004) (0.818) (0.034) (0.623) (0.004) (0.816)
Car reliance −0.280 −1.461*** −0.211 −1.503*** −0.0388 −0.0782*** −0.0311 −0.0830***

(0.605) (0.005) (0.684) (0.002) (0.605) (0.005) (0.684) (0.003)
Public Tran, Walk, or Bike −0.318 0.405 −0.236 0.463 −0.0440 0.0217 −0.0348 0.0256

(0.204) (0.351) (0.319) (0.220) (0.202) (0.331) (0.319) (0.201)
Supportive EV policies 0.417*** 0.229 0.574*** 0.391 0.0578*** 0.0122 0.0846*** 0.0216

(0.003) (0.464) (0.000) (0.190) (0.003) (0.453) (0.000) (0.174)
Vehicle cost −0.195* 0.444* −0.130 0.522** −0.0270** 0.0237* −0.0192 0.0288**

(0.053) (0.055) (0.142) (0.020) (0.049) (0.052) (0.137) (0.016)
Vehicle design −0.195** −0.157 −0.181** −0.166 −0.0270* −0.00841 −0.0267** −0.00916

(0.047) (0.407) (0.042) (0.367) (0.056) (0.392) (0.048) (0.351)
Vehicle utility −0.129 −0.0185 −0.0832 −0.00414 −0.0178 −0.000992 −0.0123 −0.000229

(0.132) (0.897) (0.296) (0.978) (0.134) (0.897) (0.297) (0.978)
Vehicle ruggedness 0.0779 0.114 0.0846 0.178 0.0108 0.00608 0.0125 0.00984

(0.299) (0.428) (0.211) (0.200) (0.298) (0.434) (0.214) (0.209)
Constant −2.888*** −3.820* −2.654*** −3.449*

(0.007) (0.070) (0.010) (0.081)

N 977 977 977 977
Log likelihood −414.74108 −178.6491 −443.56087 −191.13537
Pseudo R2 0.1984 0.3431 0.1427 0.2972

p-values in parentheses.
* p < 0.1.
** p < 0.05.
*** p < 0.01.
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logit models.3 Previous experience owning an alternative-fuel vehicle encourages adoption of a plug-in electric vehicle. Desiring to
have cutting edge technology encourages choosing a BEV, while needing to replace an existing vehicle with the next vehicle purchase
and reliance on automobile for most daily trips makes BEV selection less likely. The exception is that prior ownership of an alter-
native fuel vehicle and agreement with the statement that PEVs are at the cutting edge of transportation technology become sta-
tistically significant in the multinomial probit models. Age discourages the purchase of a PHEV across all models. The amount that
one spends on gasoline and agreement that plug-in vehicles save money on maintenance costs are both positively associated with
PHEV selection. Three variables are statistically significant uniquely for the BEV: impact on environment, concerns about the range of
the vehicle, and a reliance on a car for travel. The variable “vehicle cost” is positive for the hybrid and BEV vehicles, likely because
consumers who are price-conscious may be attracted to the lower operating cost (gasoline or electricity, insurance, and maintenance)
of these vehicles.

Removing the favorability variable in Table 8 results in a few minor changes to the results, which parallel those seen in the binary
logit models. With pre-disposed favorability removed, supportive policies are positively associated with hybrids, PHEVs, and BEVs.
Supportive vehicle cost factors no longer encourage selection of a hybrid. Projecting a positive environmental image, the vehicle
being at the cutting edge of technology, and vehicle ruggedness all become positively associated with PHEV choice, while time to
recharge is negatively associated with PHEV choice. The variable for maintenance cost becomes significant and encourages selection
of a BEV, while the availability of a level 2 public charger discourages selection of a BEV.

4. Discussion

The results of the models indicate that choosing a particular model of PEV is predicated upon already having a favorable im-
pression of that type of PEV. Several other factors, however, are associated with one’s intent to purchase or lease a PHEV or BEV. Most
notably, there are stark differences between the factors that drive interest in a PHEV versus a BEV. Once the predisposition toward
each type of PEV is removed, the only variables that are consistent across both PHEVs and BEVs are the awareness of charging
stations and the presence of supportive policies for PEV purchases. Pre-disposed favorability thus appears to indicate enhanced
knowledge and education about these key incentivizing factors.

Though often lumped together in the general category of PEV, both in popular literature as well as in prior research, the results
show that PHEVs and BEVs are very different vehicles in the eyes of the consumer and interest in them comes from two different
profiles of consumers. Stated interest in purchasing or leasing a PHEV appears largely based on practical, tangible utility, including
the expressed importance of lower vehicle and fuel costs, the importance of vehicle design attributes, and the importance of sub-
sidizing policies. These results suggest that the higher-price and limited type of vehicle designs that are available as PEVs—both of
which were even more limited at the time when the survey was conducted in 2013—disincentivizes interest in PHEVs. Positive
exposure to knowledge about PEVs through media and word-of-mouth from non-PEV owners also suggest a process that is based in
utilitarian rationality. A potential PHEV owner is more likely choosing between a conventional ICE vehicle and a PHEV, and requires
some kind of financial edge—through such components as vehicle cost, savings on gasoline, or policies that reduce purchasing or
operating expenses for the owner—or some positive information—through such components as knowledge of PEVs through media or
word-of-mouth from a non-PEV owner—to push them toward a PHEV.

Stated interest in purchasing a BEV appears based more on emotive, ideological concepts around the image and environmental
benefits of such a vehicle. This conclusion is supported by the predisposed favorability variable as a positive predictor of BEV
selection, accompanied only by perception that driving a PEV will improve one’s impact on the environment. To the extent that
interest in a BEV is based in economic utility, instead of being incentivized by the financial benefits as indicated by those interested in
a PHEV, those interested in a BEV are disincentivized by the operating limits of those vehicles. Consumers that rely heavily on vehicle
use will not purchase a BEV likely due to uncertainty about the ability of such a vehicle to meet their unanticipated vehicle needs.
More practical concerns such as replacing an existing car with the next vehicle purchase and reliance on an automobile for most daily
trips discourage interest in selecting a BEV.

The change in the variables that become significant when the measurement of pre-disposed favorability toward each type of PEV
is removed further supports this interpretation. Favorability appears to capture the effect of awareness of supportive PEV policies,
and awareness of level 2 public charging stations. This suggests that interest in the two types of PEVs remains differentiated by
practical utility versus environmental ideology after controlling for knowledge of the most important factors related to purchase
price, operating cost, and range anxiety. Even with awareness of charging stations by both those choosing a PHEV and a BEV, interest
in the hybrid drivetrains remain driven by practical utility, while interest in a purely electric vehicle continues to be a function of
more ideological factors. In essence, the potential BEV owner resembles the prototypical early-adopter, with interest based in
ideology and environmental impact, and not in the financial or utility based components of the vehicle purchase (National Research
Council, 2015).

Word-of-mouth from non-PEV owners is consistent across PHEVs, and media information (but not advertisement) also drives
interest in PHEVs; however, these are not influential for BEVs. This may additionally suggest that PHEVs are better positioned to
bridge the early-adopter/early majority gap, since these factors are known predictors of interest in typical ICE vehicles (Carley et al.,

3 A pseudo-R2 is not calculated for the multinomial probit models in Tables 7 and 8. The observations are clustered by city, which removes the
property of independence for each observation. Multinomial probit models also do not assume independent observations; therefore a pseudo-R2 is
inappropriate and not calculated here; see Veall and Zimmerman (1996) for further discussion.
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Table 7
Multinomial probit results with favorability variable, all vehicles.

Coefficients Marginal effects

Hybrid PHEV BEV ICE Hybrid PHEV BEV

Favorability ICE −0.935*** −1.438*** −1.415*** 0.222*** −0.0668** −0.124*** −0.0316***

(0.000) (0.000) (0.000) (0.000) (0.029) (0.000) (0.009)
Favorability Hybrid 1.200*** 0.333 0.0460 −0.171*** 0.247*** −0.0378 −0.0383**

(0.000) (0.108) (0.852) (0.000) (0.000) (0.214) (0.032)
Favorability PHEV 0.468*** 1.462*** 0.952*** −0.158*** −0.0310 0.184*** 0.00528

(0.008) (0.000) (0.001) (0.000) (0.355) (0.000) (0.781)
Favorability BEV −0.532** −0.0866 0.911*** 0.0585 −0.137*** −0.00973 0.0879***

(0.013) (0.673) (0.001) (0.101) (0.001) (0.751) (0.000)
Age −0.00519 −0.0123* −0.00442 0.00143 −0.000112 −0.00159* 0.000268

(0.283) (0.079) (0.619) (0.128) (0.907) (0.098) (0.622)
Education 0.0143 0.0358 −0.0469 −0.00317 0.00155 0.00708 −0.00547

(0.833) (0.619) (0.697) (0.805) (0.893) (0.451) (0.460)
Income −0.0151 −0.0219 −0.0124 0.00336 −0.00144 −0.00218 0.000259

(0.791) (0.657) (0.843) (0.714) (0.901) (0.779) (0.958)
Maintenance cost 0.0383 0.267*** 0.146 −0.0224 −0.0158 0.0384** −0.000105

(0.658) (0.003) (0.303) (0.119) (0.397) (0.027) (0.991)
Fuel savings 0.0304 −0.0670 0.0180 −0.000229 0.0118 −0.0150 0.00338

(0.740) (0.452) (0.898) (0.988) (0.522) (0.306) (0.749)
Expenditures on gas 0.00226 0.134*** 0.0786 −0.00922 −0.0120 0.0204*** 0.000769

(0.969) (0.002) (0.231) (0.278) (0.350) (0.009) (0.866)
Range concerns −0.139 −0.0857 −0.193 0.0253* −0.0204 0.00350 −0.00844

(0.134) (0.390) (0.132) (0.093) (0.304) (0.836) (0.315)
Time to recharge −0.190** −0.1000 −0.193 0.0326** −0.0309* 0.00502 −0.00667

(0.012) (0.323) (0.253) (0.024) (0.052) (0.732) (0.592)
Outdated technology 0.0336 −0.107 −0.241** 0.00555 0.0219 −0.0119 −0.0155**

(0.655) (0.143) (0.025) (0.657) (0.165) (0.248) (0.013)
Next car replacement 0.183 −0.152 −0.363 −0.00888 0.0626 −0.0268 −0.0269

(0.408) (0.379) (0.182) (0.801) (0.156) (0.242) (0.195)
Aware charging station 0.154 0.374** 0.520** −0.0488** −0.00681 0.0333 0.0223

(0.251) (0.023) (0.021) (0.046) (0.806) (0.153) (0.166)
Charging availability 0.0759 −0.0813 −0.135 −0.00285 0.0270 −0.0150 −0.00921

(0.484) (0.467) (0.280) (0.886) (0.151) (0.334) (0.298)
Environmental image 0.0607 0.117 0.0296 −0.0149 0.00392 0.0147 −0.00380

(0.544) (0.304) (0.876) (0.426) (0.840) (0.283) (0.757)
Cutting edge 0.260** 0.118 0.376* −0.0452** 0.0412 −0.0147 0.0187

(0.027) (0.315) (0.083) (0.020) (0.105) (0.398) (0.233)
Peer concerns −0.0213 −0.0816 −0.144 0.00956 0.00500 −0.00696 −0.00760

(0.624) (0.268) (0.175) (0.308) (0.550) (0.545) (0.313)
Impact on environment −0.0604 0.160 0.386** −0.00742 −0.0357* 0.0177 0.0254**

(0.547) (0.185) (0.038) (0.703) (0.056) (0.225) (0.029)
Owns alt. vehicle 0.432** 0.394** 0.649** −0.0870*** 0.0523 0.00965 0.0250

(0.018) (0.041) (0.024) (0.004) (0.154) (0.753) (0.238)
WOM EV owner 0.0985 0.178 0.114 −0.0244 0.00572 0.0192 −0.000479

(0.566) (0.389) (0.647) (0.453) (0.853) (0.481) (0.975)
WOM non-EV owner 0.179 0.175 −0.188 −0.0299 0.0317 0.0242 −0.0260

(0.420) (0.436) (0.519) (0.477) (0.363) (0.264) (0.116)
Media advertisement 0.418** 0.179 −0.162 −0.0606** 0.0853*** 0.00525 −0.0299*

(0.012) (0.230) (0.421) (0.025) (0.009) (0.807) (0.061)
Media Information 0.0418 0.314* 0.0271 −0.0239 −0.0159 0.0512** −0.0114

(0.751) (0.066) (0.930) (0.346) (0.576) (0.016) (0.573)
Car reliance −0.175 −0.322 −0.905** 0.0541 0.00702 −0.00691 −0.0542*

(0.698) (0.453) (0.031) (0.468) (0.937) (0.917) (0.099)
Public Tran, Walk, or Bike −0.0588 −0.198 0.227 0.0154 −0.00326 −0.0394 0.0272

(0.855) (0.496) (0.550) (0.788) (0.953) (0.214) (0.238)
Supportive EV policies 0.127 0.373*** 0.277 −0.0416** −0.00705 0.0448** 0.00390

(0.151) (0.001) (0.163) (0.014) (0.644) (0.017) (0.777)
Vehicle cost 0.144** 0.0512 0.420*** −0.0274** 0.0190 −0.0191 0.0276**

(0.046) (0.544) (0.005) (0.018) (0.264) (0.190) (0.022)
Vehicle design −0.172** −0.183** −0.147 0.0345** −0.0215 −0.0129 −0.000132

(0.041) (0.040) (0.276) (0.026) (0.154) (0.322) (0.988)
Vehicle utility 0.0970 −0.0441 0.0331 −0.0102 0.0249* −0.0168 0.00206

(0.211) (0.576) (0.753) (0.454) (0.081) (0.160) (0.783)
Vehicle ruggedness 0.0447 0.145* 0.215** −0.0172 −0.00635 0.0135 0.0101

(0.583) (0.069) (0.043) (0.236) (0.669) (0.196) (0.136)

(continued on next page)
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2013), and would indicate that PHEVs are a closer substitute than BEVs to ICE vehicles in the eye of the consumer.

5. Conclusion

Based on these findings, it appears that for plug-in electric vehicles to proliferate the mainstream automobile market, range
anxiety is one of the top performance features to address. While our data were collected in late 2013, at a time when some electric
vehicles had a shorter range, more recent research shows that range anxiety remains a widespread concern (e.g., Singer, 2016), and
the range of most BEVs offered is still far shorter—and recharging (refueling) times far longer – than their ICE counterparts. It is
important to note that the concept of range anxiety, while frequently cited in the literature as a key variable in discouraging PEV
adoption and particularly BEV adoption, still remains difficult to quantify. The daily travel behavior of the average driver involves
distances that are within the range of most BEVs available. However, most people seem to place a high option value on the ability to
travel long distances if needed. Some literature suggests there is a disconnect between people’s knowledge about their own travel
behavior and the capabilities of a PEV (Krause et al., 2013, 2016; Lane et al., 2014, 2016). Additionally, our variable for car
reliance—where respondents report using a personal vehicle for trips to work, school, or discretionary travel under 100 miles—is not
significant for the PHEV model, but is significant and one of the stronger predictors discouraging selection of a BEV. Since this
definition of car reliance covers most vehicle owners, it suggests that addressing range anxiety is one of the most essential perfor-
mance components to advancing BEVs into the mainstream vehicle market.

Other significant factors found here have likely evolved and will continue to evolve with time. More manufacturers are offering
more BEV and PHEV models, incentives and policies have matured with consumer knowledge and awareness of them increasing,
charging infrastructure has been expanded, and the number of consumers who have prior experience with an alternative fuel vehicle
has increased, all of which are significant variables encouraging adoption in our model. Meanwhile, average gasoline prices, which
had been at record highs between 2011 and 2014, have dropped precipitously since then thru 2017 (EIA, 2018), which means the
effect of high household fuel expenditures on encouraging adoption may have slackened. Concerns about the technology becoming
obsolete and a lack of appeal to the design features of PEVs may have changed with the maturity of and expansion of offerings. Future
research should continue to examine the effect of these factors, on both the general population and on the new adopters of PEVs in
recent years.

Amid the population of car buyers, there appear to be subpopulations that are amenable to a PEV of some kind. PHEVs appear to
appeal to a subpopulation of vehicle owner that has what could be considered as more traditional household transportation needs,
and may consider PHEVs as an option to reduce the transportation costs of the household. BEVs appear to appeal to a subpopulation
that does not have transportation needs of a traditional household, and instead thinks about a vehicle from its technological and/or
environmental components, while the limitations of the technology and expense of BEVs discourages interest in adopting one. The
importance of understanding these subpopulations will likely grow as PEV technology advances, and other changes including shared
mobility and vehicle automation continue to develop as part of the urban transportation landscape. This suggests that future research
should focus more on the role of travel behavior in influencing driver range anxiety, as well as continue to identify and estimate
different typologies of transportation users.

A final note is on the performance of the models in this paper, and how they relate to prior work. Much of the research on PEVs
suggests that we have a clear understanding of the drivers of PEV adoption, specifically for an early adopter population. However,
there are several factors that indicate this understanding may be overstated. The relatively low market penetration of PEVs is one of
these, despite years of time for potential users to adopt, technology to advance and become cheaper, and investment in battery and
PEV technology to develop. Additionally, there is still a large amount of random variation indicated in the pseudo-R2 of these models
in the decision to select a mode of PEV technology. This suggests that significant developments remain to be made about the decision
of an individual or household to adopt an alternative-fueled vehicle, particularly by the general population. These results help
address this by identifying the differences between PEV technologies and highlighting the importance of modeling and estimating the
interest in BEVs and PHEVs separately due to the different profiles of consumers that each appeals.

Table 7 (continued)

Coefficients Marginal effects

Hybrid PHEV BEV ICE Hybrid PHEV BEV

Constant −0.936 −1.288 −1.067
(0.247) (0.157) (0.529)

N 971
Log likelihood −873.43397

p-values in parentheses.
* p < 0.1.
** p < 0.05.
*** p < 0.01.
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Table 8
Multinomial probit results without favorability variable, all vehicles.

Coeffcients Marginal effects

Hybrid PHEV BEV ICE Hybrid PHEV BEV

Age −0.00560 −0.0143** −0.00589 0.00198** −0.0000251 −0.00213** 0.000174
(0.201) (0.017) (0.397) (0.040) (0.977) (0.033) (0.740)

Education 0.0602 0.0607 −0.0226 −0.0123 0.0105 0.00776 −0.00590
(0.314) (0.279) (0.827) (0.317) (0.384) (0.382) (0.429)

Income −0.0232 −0.0204 −0.0253 0.00527 −0.00334 −0.00114 −0.000784
(0.655) (0.626) (0.663) (0.566) (0.776) (0.885) (0.879)

Maintenance cost 0.0755 0.319*** 0.204* −0.0391** −0.0139 0.0492*** 0.00379
(0.390) (0.000) (0.061) (0.017) (0.487) (0.002) (0.656)

Fuel savings 0.0123 −0.0457 0.0513 0.000705 0.00546 −0.0120 0.00580
(0.894) (0.549) (0.668) (0.967) (0.785) (0.408) (0.579)

Expenditures on gas −0.0114 0.0854* 0.0336 −0.00569 −0.0110 0.0166* 0.0000796
(0.839) (0.086) (0.616) (0.584) (0.408) (0.059) (0.987)

Range concerns −0.0909 −0.0475 −0.182 0.0200 −0.0135 0.00502 −0.0115
(0.297) (0.626) (0.103) (0.251) (0.486) (0.773) (0.172)

Time to recharge −0.236*** −0.172* −0.214 0.0499*** −0.0381** −0.00614 −0.00557
(0.002) (0.089) (0.138) (0.003) (0.024) (0.705) (0.633)

Outdated technology 0.0401 −0.103 −0.229** 0.00733 0.0251 −0.0152 −0.0172***

(0.605) (0.127) (0.018) (0.617) (0.154) (0.183) (0.009)
Next car replacement 0.238 −0.130 −0.317 −0.0156 0.0790* −0.0341 −0.0294

(0.266) (0.481) (0.279) (0.702) (0.091) (0.195) (0.193)
Aware charging station 0.0979 0.373** 0.521** −0.0531* −0.0218 0.0462* 0.0287*

(0.477) (0.014) (0.010) (0.056) (0.485) (0.054) (0.074)
Charging availability 0.0502 −0.214 −0.289** 0.0158 0.0387** −0.0359* −0.0186**

(0.670) (0.107) (0.026) (0.554) (0.047) (0.052) (0.036)
Environmental image 0.0810 0.170* 0.0879 −0.0259 0.00331 0.0235* −0.000940

(0.358) (0.079) (0.661) (0.168) (0.871) (0.099) (0.950)
Cutting edge 0.301*** 0.214** 0.455** −0.0672*** 0.0440* 0.0000229 0.0231

(0.005) (0.035) (0.016) (0.001) (0.074) (0.999) (0.126)
Peer concerns −0.0748 −0.126 −0.201* 0.0241* −0.00231 −0.0111 −0.0107

(0.135) (0.121) (0.059) (0.055) (0.810) (0.404) (0.207)
Impact on environment −0.0261 0.195 0.455** −0.0212 −0.0357* 0.0239 0.0330**

(0.763) (0.110) (0.018) (0.324) (0.055) (0.158) (0.017)
Owns alt. vehicle 0.459** 0.535*** 0.807*** −0.121*** 0.0462 0.0372 0.0373*

(0.019) (0.003) (0.000) (0.001) (0.280) (0.269) (0.051)
WOM EV owner 0.147 0.228 0.154 −0.0407 0.0129 0.0269 0.000835

(0.341) (0.213) (0.455) (0.230) (0.669) (0.327) (0.954)
WOM non-EV owner 0.167 0.187 −0.0573 −0.0357 0.0274 0.0250 −0.0166

(0.405) (0.316) (0.812) (0.398) (0.460) (0.296) (0.314)
Media advertisement 0.382** 0.0259 −0.281 −0.0478* 0.101*** −0.0166 −0.0361**

(0.011) (0.849) (0.129) (0.085) (0.002) (0.443) (0.022)
Media Information 0.0920 0.381*** 0.0837 −0.0434 −0.0116 0.0644*** −0.00940

(0.453) (0.009) (0.745) (0.113) (0.669) (0.002) (0.621)
Car reliance −0.209 −0.525 −1.215*** 0.0948 0.0266 −0.0412 −0.0802***

(0.596) (0.185) (0.001) (0.212) (0.750) (0.547) (0.006)
Public Tran, Walk, or Bike −0.0934 −0.217 0.129 0.0264 −0.00858 −0.0397 0.0218

(0.727) (0.395) (0.687) (0.637) (0.863) (0.252) (0.307)
Supportive EV policies 0.227*** 0.606*** 0.494** −0.0878*** −0.00856 0.0823*** 0.0141

(0.008) (0.000) (0.012) (0.000) (0.601) (0.000) (0.317)
Vehicle cost 0.117 0.0560 0.440*** −0.0297** 0.0120 −0.0151 0.0328***

(0.100) (0.371) (0.002) (0.014) (0.490) (0.237) (0.008)
Vehicle design −0.205*** −0.246*** −0.194 0.0509*** −0.0248* −0.0241* −0.00199

(0.003) (0.001) (0.144) (0.001) (0.071) (0.069) (0.844)
Vehicle utility 0.111 −0.00370 0.0621 −0.0162 0.0262* −0.0124 0.00240

(0.135) (0.958) (0.549) (0.281) (0.082) (0.296) (0.765)
Vehicle ruggedness −0.0219 0.0871 0.177* −0.00750 −0.0178 0.0125 0.0128

(0.794) (0.203) (0.083) (0.648) (0.291) (0.210) (0.103)
Constant −1.057 −0.968 −0.624

(0.190) (0.233) (0.693)

N 971
Log likelihood −985.59722

p-values in parentheses.
* p < 0.1.
** p < 0.05.
*** p < 0.01.
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Appendix A. Supplementary material

Supplementary data associated with this article can be found, in the online version, at https://doi.org/10.1016/j.trd.2018.07.019.
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