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Abstract: Actions to reduce greenhouse gas emissions are required from all actors. Adopting plug-in
electric vehicles (EV) would reduce light motor vehicle travel emissions, a significant and rising
emissions source. To encourage EV uptake, many governments have implemented policies which
may be less effective than desired. Using New Zealand as a case study, we surveyed private
motorists. The results show that consumers are heterogeneous, with varying car-buying motivations,
perceptions, attitudes to EVs and awareness of policies. Uniquely, we segmented motorists into four
attitudinal groups to ascertain characteristics potentially affecting EV readiness to provide evidence
to improve policies and aid social marketing. Our results show the next-most-ready to buy EVs
are early mainstream consumers—designated the EV Positives—who were most concerned about
vehicle range, perceptions of EV expense, charging-related inconvenience and the unknown value
proposition of batteries, and were relatively unaware of incentives compared to EV Owners. The EV
Positives favored incentives designed to effect purchase price reductions and increase nation-wide
fast-charger deployment. To increase awareness of EVs and shift perceptions of EV expense and
inconvenience, we suggest policies that potentially increase EV adoption rates and suggest reframing
the language to appeal to EV Positives through information programs. Increasing EV procurement
by organizations could increase opportunities for positive information dissemination via employees.

Keywords: electric vehicle; public policy; consumer behavior; adoption; diffusion of innovation

1. Introduction

Climate change not only requires consumer acceptance of government policies aiming
to reduce transport emissions, but in free market economies, it needs consumer action.
Research using various scenarios [1] has indicated that motor vehicle emissions can be
reduced, which is achievable in most countries [2], and one action private motorists could
take is to buy a plug-in electric vehicle (EV) the next time they buy a car [3]. Research
indicates that electric vehicle fleets can be evaluated from a harm reduction perspective,
for example reducing particulates [4], but also how acceptance affects consumer demand,
for example the relationship between EVs and car sharing [5]. In many countries, early
adopters are buying EVs, attracted by incentives [6,7] or because they are willing to pay
more [8], but there may be resistance from the next market niche.

One potential aspect affecting the likelihood consumers will buy EVs is motorists” per-
ceptions, dependent on their values, attitudes and knowledge [9]. It has been theorized [10]
that environmentally significant behavior is complex in variety and causal factors, sug-
gesting consumer purchase behavior is linked to personal capabilities including: literacy,
social status, financial resources and behavior specific knowledge and skills; consumer
attitudes; and the importance of contextual forces, such as culture, advertising and public
policy when behaviors are expensive or difficult.

The purpose of this research is to investigate consumer characteristics and factors that
may affect car purchasing behavior and EV uptake, and using this information to suggest
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public policy amendments that could enhance EV sales. Moreover, we have adopted new,
more focused research than has previously been undertaken that could provide nuanced
detail to aid policy implementation.

Social marketing studies have established that to increase efficiency, marketing efforts
should be focused on the group next-most-ready to adopt a behavior [11]. Therefore, as a
novel approach, our study aims to determine factors that could influence the market seg-
ment next-most-ready to buy an EV, by segmenting the market into groups and examining
each group. Our objective is to examine attitudes, values and perceptions, awareness and
popularity of incentives for both EV Owners and groups of Internal Combustion Engine
Vehicle (ICEV) motorists with differing levels of readiness to buy an EV. We differentiate
ICEV motorists into Driver Types depending on their attitudes to EVs: EV Positives, EV
Anxious and EV Pessimists, and compare them to EV Owners.

We aim to provide evidence to suggest actions, especially by governments, to encour-
age demand for EVs from the group next-most-likely to change their behavior. Our premise
is led by previous research [12], which suggested it is more effective to focus early EV
market attention on niches, for example those with green tendencies, by using appropriate
incentives, as focusing on the broader market would be inefficient.

Building on prior work that segmented potential EV buyers by attitudinal and demo-
graphic factors [8], we go further and test for characteristics of the principal groupings that
could affect willingness to buy, how aware motorists are of government initiatives and
which incentives are most popular. Our research also tests that ICEV drivers are not an
homogeneous cohort [13].

For this research, we undertook a case study (Section 3.2.1) and we used New Zealand
(NZ) because: firstly, a previous attempt there to introduce Compressed Natural Gas
vehicles could be characterized as sizzle then fizzle, with failure partly attributable to
lack of infrastructure and discontinuation of tax credits, and that market complexity was
underestimated [14]; secondly, in 2016 the NZ central government introduced policies
(Table 1) to attract motorists to buy EVs; Cui et al. [15] offer a useful comparison. The
intervening four years has prompted early adopter uptake, especially of cheaper imported
second-hand EVs [16], but critically, will the next niche, i.e., the early majority, buy them?
New Zealand’s population of 4.8 million has high levels of car ownership, with a fleet of
about four million light vehicles [16] and the country produces high levels of renewable
electricity (84% in 2018) [17]. Substituting electricity for oil as an energy source could avoid
potential failure to reduce transport related greenhouse gas (GHG) emissions. Using NZ as
a case study could provide useful lessons for analyzing the efficacy of policies introduced
to date (Table 1), including a very popular policy enabling importation of cheaper second-
hand EVs, and some potential policy additions. This research enables the provision of
unique insights for other countries with different policies, or those with few or no policies,
to increase the potential for emissions reductions from private motor vehicle transport.
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Table 1. New Zealand government key electric vehicle policies 2016. Sources: [18,19].

# Key Policies Programs and Initiatives

Portal page
EV specific information
Available models
Information links: assistance for potential EV buyers and sellers

EV dealer list and guide
1 Information/promotion campaign focused on businesses Buyer guide
and households Guide to recharging

Adoption of standardized signage
The Energy Efficiency & Conservation Authority has adopted
geo-targeted ads to be displayed within 100 m of EV dealerships
Ride and drive events
Total cost of ownership calculator
Battery recycling facility

Use bulk purchasing to reduce prices and increase model
2 Encourage business and public procurement availability
Wellington City Council procurement program

Contestable fund Multiple rounds of project funding
4 EV target 2% of car fleet by end 2021

Support private and public infrastructure rollout
Charging standards set
Rollout of high-speed rechargers

5 Improve regulatory framework Development of EV Roam—a cloud based mobile app
All rechargers are interoperable

Wellington City Council trial of smart recharging poles
6 Extend EV road user charge exemption To end 2021
7 Revise tax rules to ensure equity for EVs Review of depreciation rate and review of fringe benefit tax

. Road Controlling Authorities to allow access to bus and HOV
8 Change regulations
lanes

9 Form leadership group Industry local government and agency representation

The rest of this paper is as follows: Section 2 introduces background material relevant
to our research; thereafter, Section 3 explains the conceptual framework and methods,
Section 4 provides the results, discussed in Section 5, while the conclusions in Section 6
summarize our findings and recommend policies.

2. Background: Factors Affecting Electric Vehicle (EV) Uptake

Previous research has identified that consumer demand for EVs is affected by six
key factors: (1) Government Actions that set policies affect consumer behavior [10,13] for
example by changing taxes that apply to EVs; (2) Vehicle Attributes, including purchase
price, range and fast charger availability, affect consumer uptake [20,21]; (3) Consumer
Attitude and World View can be affected by an individual’s values, their family and friends,
society and the media [22]; (4) Perceptions and Symbolism of EVs can be affected by many
factors, including advertising that targets consumer emotions, needs and desires [23], while
cars can have symbolic meaning and confer status [24]; (5) Social Marketing can be used
to effect social change [25] and achieve socially desirable goals [26]; and (6) Innovation
Adoption processes. The latter indicate that for successful diffusion, an innovation that has
acceptable attributes requires adequate information about it being transmitted via relevant
communication channels, for example person to person, over time through a social system,
and that the innovation is consistent with someone’s values, experiences and needs [27].
Furthermore, Diffusion of Innovation Theory [27] categorizes the social system into five
niches (Innovators, Early Adopters, Early Mainstream, Late Mainstream and Laggards),
to indicate people’s willingness and timing for potential adoption of an innovation. This
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preparedness includes people’s risk appetite regarding acceptance of innovations, with an
examination of these niches in turn revealing that in the latter groups, not only is there a
tendency for the acceptability of risk to decrease, but there is also lower financial capacity
to absorb losses should the innovation be a failure, and furthermore, people tend to be
less well-educated with lower social status and less likely to be able to influence others,
including smaller social circles for many [27]. Lastly, the Laggards may only adopt an
innovation if there are no other available options.

The aforementioned factors indicate that when designing policies to promote EVs,
consideration should be given to these criteria: that EVs satisfy economic and conve-
nience/utility measures, crucial for many consumers, and attentiveness to their attitudes,
values and perceptions, which are important influences on their purchasing behavior [28-30].

To enact behavior change, a consumer requires capability, opportunity and motiva-
tion, underpinned by interventions such as education and incentivization, and enabled
by policy settings such as fiscal measures, service provision, regulation and communica-
tion/marketing [31]. However, there is no ‘best’ course of action, and planning interven-
tions require an understanding of the intended target, context and barriers [32].

Recent research on drivers of EV adoption, e.g., [33-35], points to a knowledge gap on
whether values, attitudes and perceptions about EVs vary amongst different ICEV motorist
segments, and how they differ to EV owners. Enhanced understanding of such factors,
with a particular focus on those next-most-likely to buy an EV, could better inform policy
instruments that, if adopted, could increase the attraction of EVs to early mainstream
consumers, those more willing to adopt EVs, which this paper aims to address.

3. Conceptual Framework and Methods
3.1. Conceptual Framework

We apply systems thinking to increase insights into the connections between research,
policy and practice, and to apply knowledge gained from evidence to improve the design
and implementation of policies [36]. Previous research [37] suggests the information search
period prior to buying a car is the first opportunity for marketers to present information
and influence the consumer’s decision. However, mindful of previous work [10,13], we
contend that consumers are not homogeneous, perceiving car types differently and their
perceptions influence the decision process. Such perceptions are developed well before the
information search period, and represent a summation of knowledge, values and attitudes
people acquire from disparate sources, including advertising, the media, enactment of
government policy and other people. Government policies are impacted on by information
about an innovation and by evidence of effective strategies used elsewhere, for example,
communication programs [36].

Figure 1 illustrates the conceptual framework developed by the authors to underpin
this research. We propose that factors affecting motorists” decisions about the energy source
of their next vehicle purchase are influenced by multi-faceted socio-technical inertia that
includes Diffusion of Innovation Theory (Section 2) [27], government policies, market
failures [38], an individual’s world view [22] and Information Integration Theory [39],
where individuals integrate new information into prior opinions when forming attitudes
and making judgements on an issue. Motorists have diverse attitudes towards EVs and
are affected by socio-technical inertia factors to different degrees. By studying different
segments of motorists based on their attitudes to EVs, we can gain more nuanced insights
into considerations that may be useful for updating policies that could accelerate EV uptake
and in social marketing exercises.
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Figure 1. Conceptual framework: the rate at which motorists buy EVs is affected by multiple factors,
including consumers’ world views [22], integration of information [39], the processes associated
with diffusion of innovation [27] (Section 2) and the influence of government policies and market
failures [38]. Motorists were segmented into Driver Types dependent on their attitudes to EVs, and
this research focused on four principal types.

3.2. Methohods
3.2.1. Methodological Approach

A case study is an appropriate method [40] to gain a deeper understanding of the
complexities of consumer behavior. We investigated motorists” perceptions and attitudes
to EVs and factors that influence car buying using a cross-sectional consumer survey using
questionnaires and interviews, conducted March-June 2020. Mixed methods were used
to increase equivalence by using alternative measures of the same variables to increase
integrity [41]. The interviews helped determine the stability of questionnaire responses [42].

3.2.2. Sampling Frame and Survey Data Collection

The units of analysis were NZ motorists aged 18 or over, who, after a written request
for participation, by their participation gave tacit consent for their data to be retained and
used anonymously. To enable comparison between EV Owners and ICEV motorists, we
conducted two online questionnaires, March—April 2020, containing the same questions,
followed by interviews, May-June 2020, randomly sampled from each group.

To sample ICEV motorists the polling company YouGov was selected as the company’s
methodology has achieved relative accuracy in election polling [43]. YouGov conducted an
online questionnaire using a random sample (1 = 588), drawn from its extensive national
panel, with gender, age and region quotas. Interviewees (1 = 31) were drawn at random
from the half of participants who voluntarily provided contact details. Prior to the main
questionnaire, a pilot study (n = 61) tested the question validity and order of questions.

To acquire sufficient data for the second group, EV Owners were asked to respond
to a request via the members-only EV Owners of NZ Facebook page and the Better NZ
Trust website. While the participants were volunteers, who may have strong opinions, the
percentage of New Zealanders who own EVs is less than 2% [16]; thus, survey participants
(n =305), as Innovators and Early Adopters [27], most of whom could be assumed to be
enthusiastic adopters of this technology (see Section 5.1.1), were likely to reasonably repre-
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sent the views of many EV Owners. Randomly selected interviews (1 = 31) were conducted
from more than half of the respondents who volunteered and provided contact details.

The questionnaire was administered via the online platform Qualtrics, and the Ques-
tions (Table S6) encompassed four main themes: demographic details, car ownership and
buying habits; knowledge gathering and communication channels; knowledge, values
attitudes and perceptions relating to EVs; and the environment. The questionnaire largely
consisted of closed response multiple-choice questions, some with Likert scaled responses
from 1-5. Multiple-choice response options were presented with randomized row order to
eliminate positional advantage; however, “Don’t know” and “Other” were fixed at the end.
Short answer open responses applied to two questions.

Telephone and Zoom interviews were conducted during the COVID-19 pandemic
during the first period of restricted movement (lockdown) in NZ. Interviewees, after
approving participation, were specifically asked to imagine behaviors and habits relating
to the period prior to the lockdown. Interviews were semi-structured, focusing on the
themes presented in the questionnaires, and were recorded, with verbal permission for
anonymous use, and transcribed for analysis.

3.2.3. Statistical Data Analysis

We used statistical analysis to ascertain insights into motorists’ perceptions, attitudes,
awareness of incentives, popularity of incentives and how they acquire knowledge about
cars. Appropriately, we analyzed the data from two perspectives to increase our insights:
by segmenting the market by attitudes to EVs; and further, by analyzing the data according
to how likely a motorist is to buy an EV in the future. These two perspectives can provide
a more holistic view of factors affecting motorists’ car buying habits.

3.2.3.1. Market Segmentation by Attitude to EVs

Dependent on their attitude to EVs, questionnaire participants were allocated to one
of four groups, henceforth referred to as ‘Driver Type’. ‘EV Owners” were participants
in the EV Owners questionnaire, while ‘EV Positives’, ‘EV Anxious” and ‘EV Pessimists’
participated in the YouGov questionnaire with groups allocated according to question A16
responses (Table S3), based on Brand et al. (2017) [8].

Driver Type was the chosen metric used to carry out tests of association and results of
various questions of interest for each motorist. Pearson’s chi-squared test [44] was used as
a test of association between two categorical variables. For questions with Likert-scales, an
analysis of variance was used to test if there was a difference among the four Driver Types
for their mean Likert scores.

To assess their perceptions of EVs, respondents were asked to record three words to
describe EVs. Written responses were converted to single-word synonyms, then analyzed
by observing the number of participants using those words appearing most often. Ad-
ditionally, the numbers of participants who used at least one negative word were tallied.
Using synonyms enables latent content analysis that was more apt than the manifest con-
tent analysis [45]. A score was tallied for each motorist who used at least one ‘negative
word/phrase’, of the three they wrote down to describe EVs. Whether or not a respondent
used these synonyms of interest, or at least one negative word, was then associated with
Driver Type using Pearson’s chi-squared tests.

A ‘Holm’ adjustment was used for all p-values to account for multiple hypothesis test-
ing [46]. If there was evidence of a relationship between a Driver Type and a question after
correcting for multiple comparisons, this association was investigated through Mosaic plots,
frequency histograms or boxplots. All plotting and analyses were undertaken in R v4.0.2.

To gain an understanding of perceived barriers, or potential incentives for ICEV
motorists, open text responses to Question A24: Complete this statement: “I would be more
likely to buy an EV if ... ” were analyzed and coded for themes [45], using an iterative
process. An inductive approach was applied to search for meaning, responses were read to
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generate initial codes then reviewed and refined, and after several passes, frequencies for
each of the final themes were recorded.

3.2.3.2. Segmentation by Likelihood to Purchase a BEV

To gain greater insights and confidence in the research, a further set of tests was
undertaken. All questionnaire participants were segmented according to their response to
Question 15-1, which ascertained their likelihood to purchase a BEV the next time they buy
a car. Participants were placed into one of five groups: ‘not likely’, ‘less likely’, ‘neutral’,
‘likely” and “very likely’. This metric will be referred to as ‘likelihood to purchase BEV.” To
test the effect of a range of variables on their likelihood to purchase a BEV, ordinal logistic
regression models were conducted. This method is appropriate as it models the ordinal
scale of the ‘likelihood to purchase a BEV’ and was carried out with the CLM function from
the R ordinal package [47].

Individual models were fit for each question of interest and suitable filtering applied.
Likelihood ratio tests were used to test the strength of association among variables. To
account for multiple hypothesis testing, all p-values were adjusted using a Holm adjust-
ment [46]. After adjusting for multiple comparisons, mosaic plots or boxplots were then
used to further investigate evidence of association between a question and the likelihood
to purchase a BEV. Plotting and analyses were conducted in R v 4.0.2.

4. Results
4.1. Results of the Driver Type Analysis

Table 2 shows the results of an analysis of NZ motorists, who were segmented into
Driver Types (total n = 893) according to their attitudes to EVs. The segmentation included
three groups of ICEV motorists, derived from answers to Question A16 (Table 3), and EV
Owners (Table S1), and facilitates understanding of the diversity among motorists. Of the
total, some respondents did not fit any of these categories (n = 144) and were excluded
from further analysis using this criterion. Analysis of the results (Table 2) demonstrates
many significant differences among the Driver Types, with strong evidence of association
between Driver Type and most factors investigated (p < 0.05). Very low p values indicate
a high likelihood that variables are correlated. However, whether motorists bought cars
new or used, and whether they researched cars in newspapers or car magazines revealed
no significant differences among the Driver Types (p > 0.05) indicating it is unlikely the
concepts are linked. Mosaic and box plots, Figures 2-4 and Figures S1-57, illustrate factors
under discussion that demonstrated significant differences.

Asking participants to choose as many NZ government initiatives they had heard of
was used to measure awareness, with percentages for each presented in Table 4. “Initiative
Awareness” is displayed as a box plot (Figure S7) (mean number of initiatives by Driver
Type); and further analysis of “Initiative Awareness” showing how likely a motorist is to
purchase a BEV as a ratio of number of initiatives heard of is shown in Figure 4.
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Table 2. Driver Type analysis results: Pearson’s Chi-squared tests and ANOVAs for the questions of interest compared

to ‘Driver Type’ (Question A16). N is sample numbers remaining after filtering, which is a method that is used with test

statistics, that is, chi-squared test statistics for chi-squared tests and likelihood ratio test statistics for ANOVAs. Df is the

degrees of freedom and ‘p-value’ refers to the p-values after using a Holm adjustment (Holm, 1979) [45] to account for

multiple hypothesis testing. Table S6 provides the full wording for each question.

Question Code Issue n Method Test Statistic df p-Value
Gender Gender 748 Chisq 54.7 3 <0.0001
Age group 1 Age 749 Chisq 66.5 18 <0.0001
D6 Education level /highest achieved 741 Chisq 29.7 6 0.0003
D10 Cars in household (1 or multiple) 749 Chisq 39.6 3 <0.0001
A3 Purchase new or used cars 623 Chisq 3.2 3 0.3576
A5 Frequency of trips > 150 km 749 Chisq 325 12 0.0059
A6 Amount willing to spend on a car 728 Chisq 50.7 3 <0.0001
A8 Amount of research when buying a car 749 Chisq 98.6 3 <0.0001
A13 Primary information source 695 Chisq 189.4 18 <0.0001
A14_Magazines Car research in car magazines 749 Chisq 5.0 3 0.3433
Al4_Newspaper Car research in newspapers 749 Chisq 10.2 3 0.0676
A14_Online Car research online or social media 749 Chisq 142.8 3 <0.0001
Al4_14 Rarely reads about cars 749 Chisq 42.6 3 <0.0001
A20b Hope for NZ in the future 704 Chisq 123.1 12 <0.0001
A22 11 Have not heard of EV initiatives 749 Chisq 143.9 3 <0.0001
A23 127 I would never buy an EV 749 Chisq 84.9 2 <0.0001
Word use Negative word association with EVs 749 Chisq 294.0 3 <0.0001
Word use Expensive 749 Chisq 76.7 3 <0.0001
Word use Economical 749 Chisq 79.2 3 <0.0001
Word use Low-range 749 Chisq 54.1 3 <0.0001
Word use Ecofriendly 749 Chisq 22.9 3 <0.0001
Word use Fun 749 Chisq 11.7 3 <0.0001
Al15_1 Likelihood of purchasing BEV 731 ANOVA 229 3 <0.0001
Al15_2 Likelihood of purchasing PHEV 730 ANOVA 33.3 3 <0.0001
Al7_1 Importance of vehicle range 743 ANOVA 66.7 3 <0.0001
Al17_2 Importance of purchase price 749 ANOVA 267.2 3 <0.0001
Al17_3 Importance of total ownership costs 740 ANOVA 266.4 3 <0.0001
Al7_4 Importance of suitable EV model 746 ANOVA 156.3 3 <0.0001
A17_5 Importance of cheaper servicing costs 709 ANOVA 349 3 <0.0001
Al7_6 Importance of fast charger network 737 ANOVA 413 3 <0.0001
Al17_7 Importance of battery life 740 ANOVA 48.2 3 <0.0001
A22_count Count # initiatives heard of 749 ANOVA 160.5 3 <0.0001
Note * Question A23_12 was only asked of ICEV motorists.
Table 3. ICEV motorists—attitudes to EVs from YouGov survey question A16 (n = 588).
Response Option Attitude to EVs Frequency Percent Analysis Group
1 It’s about time, why wouldn’t you 43 7.3 EV Positi
2 Yes please, it would save how much fuel? 111 18.9 ositives
3 Yes please, but make it a plug-in hybrid for now, thanks 117 19.9 BV Anxi
4 Great idea, but where would I charge it? 84 14.3 nxious
5 If everyone else is maybe .. . 25 43
6 Will they save the planet? Don’t think so 76 129 .
7 I'would never be seen in one of those 13 22 EV Pessimists
8 I do a lot of driving, convince me 57 9.7
9 Don’t know 62 10.5
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Figure 2. Likelihood of purchasing a fully electric vehicle (BEV) (A15-1) as a ratio of Driver Type (A16). Motorists were
segmented into four Driver Types, dependent on their attitude to EVs, and as attitude to EVs improved, the likelihood of
purchasing a BEV increased. Most EV Owners indicated they were “very likely” to buy a BEV the next time they buy a car.
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Figure 3. Mosaic plot showing the proportion of primary information sources for each likelihood of buying a BEV score.
Written sources, followed by social media, were the most often consulted by those ‘very likely’ to buy a BEV in the future.
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BEV’ score. The dots on the figure represent outliers, the boxes represent the interquartile range for each score and the bold
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Table 4. NZ Government EV incentive policies: Awareness and preference of motorists, expressed as percentages for each

Driver Type.
Initiative EV Owners EV Positives EV Anxious EV Pessimists
Aware Prefer Aware Prefer Aware Prefer Aware Prefer
EV ride and drive events 84.3 18.4 9.1 11.0 9.5 11.9 6.7 124
Importation of secondhand EVs 85.6 40.7 18.8 36.4 18.4 36.8 124 24.7
First registration tax exempt until 2021 452 14.4 18.8 29.2 11.9 24.7 16.9 15.7
EV use of bus lanes 61.0 10.2 13.6 25.3 114 21.4 124 20.2
Information website 43.0 49 14.3 17.5 114 17.4 6.7 15.7
Nation-wide fast charge network 87.5 53.4 35.7 48.1 38.3 56.2 36.0 22.5
Smartphone app for charger locations 27.9 3.6 20.8 33.1 17.9 36.8 12.4 18.0
EV Grants—Contestable fund 59.7 134 7.8 115 6.5 75 6.7 4.5
Potential Clean Car Discount 73.8 29.2 30.5 51.3 30.3 42.8 23.6 31.5
Potential Clean Car Standard 49.5 12.5 24.7 20.8 214 149 13.5 6.7
I am not aware of any initiatives 0.7 35.1 38.3 41.6
Don’t know 5.9 3.2 8.5 124
I would never buy an EV 1.9 15 30.3
I'would have bought an EV regardless 52.1

4.2. Results of Likelihood to Buy Ratio Tests

A further set of tests, as described in Section 3.2.3.2, was used to check for correlation
of likelihood to buy a BEV with a range of factors. Table 5 and Figures 2 and 3 synthesize
the results from the application of these tests. Table 5 demonstrates that when considering
the relationship of several factors, there is evidence to suggest that there is a correlation
between the likelihood of buying a BEV and a motorists’ attitude to EVs (A16) and these
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factors (p < 0.05). Figure 2 shows the relationship between Driver Type and Likelihood to
purchase a BEV as a mosaic plot. There was no correlation with whether motorists did
their research about cars in newspapers or car magazines (Table 5, p = 1).

Table 5. Likelihood Ratio Tests Results: tests undertaken using ordinal logistic regression models with ‘Likelihood to

purchase a BEV’ as the response variable. 7 is the number of samples left after filtering, df is the degrees of freedom

and ‘p-value’ refers to the

p-values that have been adjusted to account for multiple hypothesis testing using a Holm

adjustment [45] to account for multiple hypothesis testing.

Question Code n Test Statistic df p-Value

A16_Driver Type, attitude to EVs 731 409.2 4 <0.0001

A8_Motorist does a lot of research/or not 861 78.6 1 <0.0001

A13_Information source 799 132.3 7 <0.0001
Al4_Car Magazine 861 0.2 1 1
Al4_Newspaper 861 0.1 1 1

Al14_Online 861 107.0 1 <0.0001

A14_14 Rarely reads car articles 861 42.8 1 <0.0001

A22_11 Not heard of initiatives 861 170.8 1 <0.0001

A22_count Number initiatives heard of 861 313.2 1 <0.0001

Mosaic plots show differences among the categories tested; the width of each category
reflects the number of participants in that category and the height of each “tile” in the
mosaic reflects the proportion choosing each option available.

5. Discussion of the Results

This research aimed to gain greater insights into consumer behavior by investigating
differences between different groups of motorists, which could better inform government
policy updates. This research ascertained that motorists” attitudes towards EVs are not
homogeneous. Based on previous research (Section 2) indicating that attitudes to EVs
are an important marker for EV readiness, we segmented survey participants based on
Driver Types and mapped them against those devised by Rogers (2003) [27] to represent
societal niches (Section 2), as there are common characteristics. We consider EV Owners
as Innovators and Early Adopters; the EV Positives are conceived as the Early Majority;
the EV Anxious are conceived as the Late Majority; while the Pessimists correspond with
the Laggards.

Social marketing (Section 2) indicates the desirability of focusing marketing efforts on
the segment most likely to act next. Hereafter, we demonstrate that the attitudes and values
displayed by each segment indicate EV Positives are the next-most-ready to purchase EVs.
We begin our discussion with Driver Type characteristics, followed by a discussion of
factors relevant to EV readiness.

5.1. Profiling Driver Types

Analysis of Driver Types confirms New Zealand’s motorists are heterogeneous in
their attitudes towards EVs. Each Driver Type displays different characteristics. There
is strong evidence of an association between Driver Type and their likelihood to buy a
BEV and most other factors (Table 2). However, no significant differences between groups
appear for whether motorists bought vehicles new or used, and their preferences when
researching cars, whether in magazines or newspapers. More than 94% of NZ motorists
surveyed could park their car off-street with levels similar among Driver Types, indicating
other factors were likely to be more important when considering the type of car to buy.
Hereafter follows a more detailed discussion of the findings for each Driver Type.

5.1.1. EV Owners

Most EV Owners were enthusiastic about EVs, with 80.7% choosing the attitudinal
option “It’s about time, why wouldn’t you” with a further 16.4% choosing “Yes please,
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it would save how much fuel” (Table S1), indicating a high degree of enthusiasm for the
technology. Most EV Owners were much more likely to buy a BEV next time they buy a car
rather than a PHEV (Figure 2 and Table S6). High BEV ownership (94.1%) could explain
these very different scores for the two types of EVs. Further demonstrating enthusiasm for
EVs, more than half would have bought an EV regardless of any initiatives offered (Table
4), such as removing EVs first registration tax or ride and drive showcase events.

Interviewee EV#27 gave a typical response when asked if he would buy a BEV again:
“Oh, 100%"”, but to a PHEV “No”, while he had “managed to convince three people to buy an
electric car at my old school that I taught at.”

Compared to all other Driver Types, EV Owners had the lowest proportion of school-
only educated people; were more likely to spend more than NZ$30,000 on their next
car, and to own multiple vehicles (82.6%) including at least one ICEV (76.1%); and more
frequently drove further than 150 km on individual trips (Table S2).

5.1.2. EV Positives

In contrast to most EV Owners, EV Positives were more likely to identify cost savings
as a reason to buy an EV in the future, with more than twice as many ICEV drivers (Table
3) choosing “Yes please, it would save how much fuel?” rather than “It’s about time, why
wouldn’t you.” The Positives were only slightly more likely to buy a BEV compared to a
PHEV. A representative response about potential EV purchase was Interviewee ICEV#12:

“I would definitely buy an EV. The car weve got now, we got it in 2017, we could have
gone electric car potentially, just above the price range, but we weren’t quite there yet,
but if we were doing it again now then we would definitely be able to” and “I would like
to say for the environment, but probably the costs, it'’s much cheaper to run.”

5.1.3. EV Anxious

Results (Table 3) show that EV Anxious preferred PHEVs rather than BEVs: over half
of the EV Anxious thought EVs were a good idea, but would prefer PHEVs for now, while
the remainder expressed concerns about recharging facilities, despite most having access to
off-street parking (Table S6). Potentially, concerns include anxiety about charging generally,
including rechargeability away from home. Such concern is consistent with Norwegian
research findings, where ICEV owners were three times more worried about charging
issues than EV owners [48].

These two “Anxious” interviewees exemplified the following concerns:

Interviewee ICEV#2: “Just hearing their stories of how friends had to stop and plug in and
recharge, and that just put us off, and nice that we could get this car [petrol hybrid] and the price
wasn'’t too bad. That’s a better option for us.”

Interviewee ICEV#4: “How far I am going, without needing recharging every day, I don't
want a car shorting out on me constantly.”

Messaging from EV owners could be used to counteract such apprehensions. Previous
research indicates EV owners usually recharge at home [49] and prefer home recharging
rather than filling up an ICEV at petrol stations [50]. At-home recharging may be an
unexpected bonus that could be used in marketing. Interviewee EV#11 expressed that
sentiment well: “And I really like the fact that I can just plug it into the wall at home. I think
that’s the most underestimated advantage of them.”

5.1.4. EV Pessimists

The Pessimists were a small group (Table 3), with most drivers skeptical of EVs; 85.4%
chose “Will they save the planet, I don’t think so” (Option 6). The remainder could not
envisage themselves as identifying with EVs, selecting “I would never be seen in one of
those” (Option 7). Of the ICEV motorists, Pessimists were least likely to buy either a BEV
(Figure 2) or PHEV (Table S6 A15-2).

Interviewee ICEV#21 was representative, and was not amenable to EVs, “to be honest
electric cars don’t do anything for me” and was skeptical “The thing that puts me off mostly is all
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the hype that goes on around the whole electric car thing. They market them as if it’s a be all and
end all, and they’re not.”

Interviewee ICEV#11 asked about buying an EV, “doesn’t interest me, well, you know,
the charging, I am not happy about the disposal of the batteries, they try and hide that.” And “I
don’t know if there is leakage of the charge if you don’t use the vehicle.”

Pessimists were more likely to be one-car owners, were not as well educated, had
lower proportions in the younger age groups, and drove long distances less frequently
compared to other Driver Types (Table S5).

5.2. Valuing the Environment

Evidence supports that for EV Owners, the vehicles” environmental credentials were a
strong motivation for purchase. Respondents were asked about the importance to them
of three factors: economy, environment and society, and results show that EV Owners
had a strong environmental regard in their hopes for the future state of NZ (Figure S2).
Furthermore, regard for the environment was the most important factor for EV Owners
motivating EV purchase (Tables S3 and S5).

Interviewee EV#29 summed up environmental regard: “I think the primary motivation
is concern for the environment, we wanted a cleaner way of moving around.”

Interviews revealed that EV Owners in multi-car households tended to use their EV
more often than their other cars to maximize the advantages of owning one. For example,
Interviewee EV#3, owner of seven vehicles: “If the e-Golf is available, the Golf is the first
vehicle out the gate every day. 1t changes the way you think when you've got an electric vehicle,
we think who is going to do the most kilometers in town to maximize the savings by having that
electric vehicle. ... It does 95% of our vehicle usage, that particular vehicle . .. In five years’ time
all my vehicles will be electric.”

Such sentiments are consistent with Norwegian research, demonstrating that in house-
holds with both electric and conventional cars, EVs replaced 82% of ICEV use [51].

5.3. Identifying Concerns and Potential Barriers to EV Adoption

Potential barriers to adoption were revealed by responses to questions regarding
motorists” EV concerns. There is strong evidence for an association between Driver Type
and the importance of individual vehicle attributes (p < 0.0001). For the EV Positives,
the most important of the vehicle attributes were the expected life of an EV’s battery and
purchase price followed by range (Table S6, Figures S4 and S5). Having a network of
rechargers right around NZ was only slightly less important (Figure S6), whereas the
attributes of “Total ownership costs’, ‘availability of a model EV to suit their needs” and
that ‘electric cars have fewer servicing requirements’ were of less concern.

For most factors, EV Owners, with practical experience and research to inform them,
were the least concerned, which is consistent with findings previously demonstrated among
Norwegian motorists [48].

Potential barriers to EV adoption for non-owners were further explored with ICEV
drivers (Table S4), who were asked to complete the statement: “I would be more likely to buy
an EV if ... ” Responses revealed that ICEV drivers were very concerned about purchase
price, with Positives more worried by this than any other factor. Pessimists were the only
group explicitly stating that they would not buy an EV (21%), complementing results from
other questions: “I would not buy an EV” (A23-12) and with their limited likelihood of
buying BEVs or PHEVs (Figure 2).

An EV Owner’s quote exemplifies the importance of range anxiety when choosing
which EV model to buy:

Interviewee EV#30: “The protocol in our house is who's going to be driving the most that
day, and the furthest, and who is going to be doing the most driving takes the EV ... That’s how
I managed to convince him [partner], because he was the one with the anxiety about the range.
You know, he wants [the range] to go to 450 kms. And I said, even if we get this one, we won't be
charging it up maybe once a fortnight, which is what it has turned out.”
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5.4. Information Acquisition When Buying Cars

Access to information is regarded as an important influence on motorists when choos-
ing cars (Section 2). Our results from two sets of tests support this finding, as the likelihood
of EV ownership diminished, engagement with written sources about cars declined (Table 5,
Figures 2 and 3). There is strong evidence of an association between Driver Type and: level
of research undertaken when buying cars (A8: p < 0.0001); primary source of information
when buying cars (Figure S1); use of international online sites or social media (A14 — 11 +
12: p < 0.0001); claims that the respondent ‘rarely, if ever, read about cars’; and a lack of
awareness about initiatives to encourage EV uptake (Table 2). Further statistical testing
provides evidence of a correlation between Likelihood to buy a BEV (across all motorists)
and these same factors (Table 5).

EV Owners were the most likely to undertake research when buying a car, with most
(95.7%) claiming they did a lot of research. EV Owners mainly used written sources focusing
on online sources, including international and social media to update their knowledge
about cars (Figure S1), and had the lowest proportion of drivers claiming they rarely,
if ever, read about cars. EV Owners were the least likely to claim they were unaware
of any EV initiatives (Table 4, Figure S3). These results may be the result of targeting
the EV Owners Association of NZ Facebook page or Better NZ Trust webpage to obtain
respondents, as these people were already engaged in online participation, compared to
the randomly sampled ICEV motorists. However, it is possible that EV Owners generally,
being innovators and early adopters (Section 2), are enthusiastic and better informed about
EVs than non-EV motorists.

By contrast, the Positives and Anxious groups showed similar patterns for level of
research—their primary information source relied more heavily on word of mouth and
other information sources than for EV Owners (Figure S1). These two groups used online
resources similarly, less than EV Owners, and, with higher proportions of those who ‘rarely,
if ever, read about cars’ compared to EV Owners.

Pessimists were the least engaged of all groups with finding out about cars. Few
pessimists claimed they did a lot of research (A8); they were most likely to be uninterested
in finding out about cars (A13); they were least likely to use online sources to update their
knowledge of cars (A14 11 + 12) (Figure S1); and they were most likely to claim they ‘rarely,
if ever, read about cars’ (A14-14). Pessimists were least likely to be aware of EV initiatives
(Figure S7, A22-11).

5.5. Awareness of Initiatives

The NZ government introduced many policies to encourage consumers to buy EVs
in 2016 (Tables 1 and 4). Subsequently, these initiatives have been reported in various
media. Despite this, ICEV motorists’ knowledge about these initiatives overall could be
regarded as relatively poor. There is strong evidence of an association between Driver
Type and the count for number of initiatives motorists had heard about (Figure S7) and
the admission that no initiatives had been heard of. Awareness of initiatives appears to
be inverse to the amount of research undertaken about cars (Section 5.4), with statistical
testing demonstrating a correlation of likelihood to buy a BEV and the amount of research
undertaken to update knowledge about cars (Table 5, A8). Previous experimental research
demonstrated a correlation between information reducing uncertainty and increasing
likelihood to buy [52].

5.6. Incentivizing EV Uptake

Ten initiatives were presented to motorists (Table 4), with respondents asked to nomi-
nate up to three initiatives they most preferred. The analysis revealed the most preferred
overall was “provision of a network of fast chargers around the country’, appealing most to
the Anxious (56.2%), then the EV Owners (53.4%) and Positives (48.1%). Public installation
of fast chargers has twice the impact on EV sales, compared to slower chargers [53], and
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are considered essential [54] for enabling longer trips than an EV’s range, thus increasing a
motorist’s self-efficacy.

The government-developed ‘Smartphone App, used to locate rechargers’, (called
EV Roam) was most popular with the Anxious (36.8%). Increasing knowledge about the
availability of this program could help allay fears and reduce range anxiety. A very low
proportion of EV Owners (3.6%) selected this option in their top three. A low proportion
of EV Owners had heard of EV Roam (27.9%), and a possible explanation is that they use
other apps to locate rechargers on long trips (e.g., Plugshare).

The recommended, but not implemented, ‘Clean Car Discount’ [55] as a bonus-malus
scheme, which is cost-neutral to the government, is a policy designed to ensure vehicle
buyers pay more for the first registration of high-emission cars and less when registering
low- or zero-emission vehicles. This incentive potentially provides a financial reward
for enacting low-emission behavior by reducing EV upfront costs to consumers, thereby
narrowing the purchase price differential to ICEVs. Although unavailable to date, this
policy was most appealing to Positives (51.3%) and the Anxious (42.8%) and less to the
Pessimists (31.5%). EV Owners (29.2%) were least likely to favor this initiative, but as
many would have bought an EV regardless of incentives (52.1%) and already owned an
EV, this choice perhaps indicates no future advantage to them personally. The ‘Discount’
could help change perceptions (Section 5.7) that EVs are “expensive” and could help
reinforce the “economical” perceptions held by many motorists. Reducing the higher costs
to either buy or run an EV has been utilized by many governments as a policy measure
to attract EV uptake [6], and any action that potentially increases the price of EVs, for
example by introducing road user taxes on EVs to provide income for governments could
be considered counterproductive.

More important to EV Owners (40.7%) than the discount was the policy enabling
‘importation of second-hand EVs’ from Japan and the UK (Table 4), which is consistent with
the high percentage of EV Owners who had bought second-hand imported EVs (83.3%,
discounting the ‘didn’t know’). As there was no significant difference for the association
between Driver Type and whether a motorist buys new or used vehicles (Table 2), it could
be argued that this is an economically rational measure appealing to all Driver Types.

If the aim of providing incentives is to increase rates of EV ownership among NZ
motorists, it is reasonable to suggest that the two most helpful incentives we investigated
were: 1. Increasing national deployment of fast chargers, thereby increasing convenience
and reducing range anxiety, and 2. Reducing EVs upfront price, either through cheaper
second-hand imports or via financial support such as the ‘Clean Car Discount’ policy.
Previous observations [20], found minimizing the cost differential between EVs and ICEVs,
was very important to encourage uptake, which our research has demonstrated is important
to New Zealanders. Additionally, the introduction of the ‘Clean Car Standard’, while not
popular with many motorists (Table 4), has the potential to encourage manufacturers to
increase the number of EVs imported to NZ to reduce their brand’s overall emissions
burden, and therefore, avoid any potential penalties attached to that measure, as occurs in
the European Union [56].

5.7. Perceptions about EV's

Asking motorists for three words that popped into their heads they associated with
EVs revealed interesting perceptions of EVs. There is a strong association (Table 2) with
Driver Type and motorists choosing certain concepts (at least one negative word; ‘Expen-
sive’; ‘Economical’; ‘Low-range’; ‘Ecofriendly’; and “Fun’: p < 0.0001).

The results (Table S5) demonstrate that with increasing aversion to EVs by Driver
Type, there is an increasing use of at least one negative concept, with ‘expensive” as the
most outstanding. Only the EV Owners did not see ‘expensive’ as noteworthy. Five years
earlier, it was reported [57] that EVs’ relatively high upfront cost presented a considerable
hurdle for New Zealand motorists, with testing revealing it was only if the purchase price
became half of conventional cars that all motorists were convinced to change. Our results
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show for ICEV drivers this perception of ‘expensive’ is still strong. However, our results
also demonstrated positive perceptions: EV Positives were equally likely as EV Owners to
regard EVs as ‘Economical’, and more likely to consider them ‘Ecofriendly’.

Marketing cars involves careful branding to convey positive imagery that suits the
emotions, desires and needs of the target markets (Section 2). Therefore, to create a more
positive perception for EVs, reframing the language to show EVs as representing the ‘good
life” [58], adoption of EV Owners’ language could be beneficial. Comparing the language of
Positives and EV Owners, the chief difference is that Positives perceive EVs as ‘expensive’,
whereas EV Owners think they are ‘fun’. Both groups agree they are ‘economical” and
‘ecofriendly’, and such sentiments may be useful in marketing campaigns.

The language used by some of the EV Owners expresses well the advantages they
perceived about EVs:

Interviewee EV#22: “So the last time I updated my spreadsheet ( ... ) was probably the
beginning of this year and I had saved $24,000 in my car over two and a half years, and it cost me
$32,000 [to buy]. So, I was well ahead. It’s raised my standard of living well, of course. That’s
the whole point, it not only raises everybody’s standard living because you're not spewing out
fumes, but you're improving your own standard of living, and New Zealand’s because they re not
importing the fuel. And somebody in New Zealand'’s got a job because you do that.”

Interviewee EV#5: “It’s around the ethics of it. It’s around the green credentials. Then the
cost savings associated with it are amazing . .. 1 was in a car yard in town, [with] a Leaf parked out
front. And I took it for a drive just for fun, really. And I was blown away by the performance and in
the way it handled and the quietness of it.”

Interviewee EV#8: “So partially environmental, partially cost. It was a case of, actually, the
driving experiences are all nicer.”

Our results demonstrate there are differences among Driver Types. To market EVs to
the most EV ready, in this case the Positives, then a positive image ought to be promoted.
The Positives could use EV Owners as role models, who can provide evidence that the
product is viable. It has been suggested [59] that for the next marketing niche to accept a
product, they need a compelling reason to change. EVs could be promoted by creating a
value proposition that this product is better than competing alternatives, in this case ICEVs.

While the ‘Clean Car Standard” was not especially popular with motorists (Table 4), it
could encourage car dealers to increase the number of EVs they import at no cost to the
government, and therefore, taxpayers (See Section 5.6). Similarly, growing procurement by
organizations would improve sales and potentially expand model availability, an important
measure for the EV Positives (Table S6, A17_4). Additional procurement could increase
communications about EVs through the channel of employees who may speak to their
contacts about their experiences. Such actions could provide evidence that governments
and other large organizations think EVs are a suitable option, as has been demonstrated in
Norwegian research that showed government procurement fostered EV sales [60].

Government policies encourage uptake of EVs [6], and the government ought to
provide a clear lead, being seen to act [61]. Our results provide evidence to contend that
one action the NZ government could take—which would likely increase EV sales—is to
implement earlier policy suggestions [55], namely, one of the most popular incentives, the
‘Clean Car Discount’, helping reduce the price differential between EVs and ICEVs, and
counteracting EVs’ negative image of ‘expensive’, potentially creating a positive value
proposition and rewarding good behavior. However, not only should there be a positive
value proposition, opposing forces need to be considered.

Noel et al. (2019) [62] suggested conservative forces propagate perverse concepts to
oppose change by promulgating and reinforcing range anxiety. To counteract such an effect,
consideration that the second most popular incentive for EV Positives was a network of
fast chargers (Figure S6) suggests further work needs to be done, not only deploying more
rechargers, but increasing messaging about how to find them via smartphone apps. Our
results suggest that ICEV motorists” knowledge about initiatives supporting EVs is limited
(Table 4, Figures S3 and 57), and that likelihood to buy an EV diminishes as the awareness
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of initiatives diminishes (Figure 4). Thus, updating policies aiming to increase awareness
of incentives could be a valuable strategy.

6. Conclusions and Policy Implications

This research aimed to provide evidence that could support policy changes to en-
hance EV uptake. Our results demonstrate that rates of EV adoption could be accelerated
by understanding factors affecting car buyers, including motorists’ preferred incentives,
especially for the next-most EV ready, the early majority, namely EV Positives.

New Zealand motorists perceived the strongest barriers to EV purchase were: vehicle
range, ICEV Driver perceptions that EVs are expensive, inconvenience relating to charging
and the unknown value proposition of batteries. The evidence this research provides points
towards four main courses of action by governments, which could be advantageous if
the aim is to widen the appeal of EVs, especially to the early majority in our case the EV
Positives being the next-most-ready to buy EVs:

7

1. Implement previously proposed policies of the ‘Clean Car Discount’ to reduce EVs
purchase price, which was the most preferred by EV Positives; additionally, although
this policy was not especially popular with motorists, the ‘Clean Car Standard’ could
increase EV importation by manufacturers (enhancing EV choices for motorists), with
no cost burden on the government, and hence taxpayers. However, this measure could
provide a source of government income through penalties imposed on manufacturers
if they fail to meet the standard. Importantly for New Zealanders, the measure will
have the additional benefit of reducing emissions and ensuring polluters pay more;

2. Increase funding for additional fast-charger deployment nation-wide, by all levels
of government;

3.  Reframe EVs’ image to portray EVs as representing the good life by providing value
for money and lifestyle gains for motorists; for example, that there is more money
available for other things and that EVs are fun to drive. Such sentiments could
be disseminated through increased advertising and more information campaigns,
by governments and other stakeholders, for example, motoring organizations and
manufacturers, including the availability of cheaper second-hand EVs and existence
of smartphone apps that help locate rechargers;

4. Increase procurement of EVs, for example, by government departments, to increase
sales certainty for car dealers and increase communication via employees to increase
EV awareness amongst motorists.
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BEV Battery Electric Vehicle

EV Electric vehicle

GHG  Greenhouse gas

ICEV  Internal combustion engine vehicle
NZ New Zealand

PHEV  Plug-in hybrid electric vehicle
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