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ARTICLE INFO ABSTRACT

Keywords: Environmentally friendly vehicles (EFVs) research has witnessed an exponential growth in recent years. In this

EFVs article, we apply bibliometric network techniques to examine consumers’ EFVs behavior research based on 662

Consumer behavior Web of Science (WoS) and Scopus documents written by 1590 authors representing 61 countries and spanning

ggﬁ;%?:g;: networks three decades (1993-2023). Results show that the most impactful journals publishing consumers’ EFVs behavior

RPYS research are Energy Policy, Transportation Research Part A: Policy and Practice, Journal of Cleaner Production,
Transport Policy, Technological Forecasting and Social Change, and Energy Economics. Furthermore, reference
publication year spectroscopy (RPYS) was used to identify “citation classics” that lay the historical foundation for
consumers’ EFVs behavior research. The thematic evolution analysis reveals that emerging trends in this domain
are related to environmental concerns, total cost of ownership, and adoption intention. This study provides
valuable insights for future researchers by mapping the evolution of EFVs research over the past three decades,
revealing connections among influential authors, key nations, and leading institutions, and uncovering current
trends within the broader field of consumers’ EFVs behavior.

Introduction

Environmentally Friendly Vehicles (EFVs) are defined as vehicles
that reduce environmental impact by lowering emissions, enhancing
fuel efficiency, and often using renewable or sustainable energy sources
compared to traditional internal combustion engine vehicles (Ghorbani
et al., 2020). Typically, these vehicles produce fewer greenhouse gases
and pollutants, consume less energy, and may incorporate sustainable
materials in their design and construction (Nealer & Hendrickson,
2015). The category of EFVs encompasses a range of vehicles, including
battery electric vehicles (BEVs), hydrogen fuel cell vehicles (HFCVs),
and hybrid vehicles. BEVs operate solely on electric power stored in
batteries, producing zero tailpipe emissions and reducing air pollution
(Balali & Stegen, 2021). Whereas hydrogen fuel cell vehicles, by
contrast, generate electricity on-board through an electrochemical re-
action, emitting only water vapor, which makes them suitable for longer
ranges and heavier applications (Dash et al., 2022). Hybrid vehicles,
which combine an internal combustion engine with an electric motor,
offer improved fuel efficiency and reduced emissions compared to
conventional vehicles (Sher et al., 2021). These vehicle types offer
varied pathways to reducing fossil fuel dependency and pollution, each
with unique benefits and challenges related to infrastructure, range, and
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energy sources (Yap et al., 2022; Secinaro et al., 2022).

As the EFVs industry is projected to reach a market value of USD 932
billion by 2031 (VMR, 2024), the development of adequate infrastruc-
ture becomes a critical challenge. The widespread adoption of EFVs
hinges on accessible and extensive charging and refueling networks,
which remain limited in many regions (Kchaou-Boujelben, 2021).
Without sufficient infrastructure, the feasibility and consumer willing-
ness to transit from conventional vehicles to EFVs may be significantly
hindered, as potential adopters may be discouraged by the perceived
inconvenience of limited charging options (Imre et al., 2024). Beyond
the need for infrastructure, EFVs represent a promising solution for
mitigating environmental impacts, urban congestion, and emissions in
freight transportation (Rezvani et al., 2015). Their adoption fuels tech-
nological advancements across battery technology, charging infra-
structure, and energy management, while also driving economic growth
and job creation (Yong et al., 2018), enhancing both regional and na-
tional economic vitality (IEA, 2021). Furthermore, EFVs generally have
lower operational costs compared to traditional vehicles, due to reduced
fuel consumption and maintenance requirements (Wang et al., 2020),
resulting in substantial long-term savings, particularly for businesses
with large fleets and significant transportation needs.

A WoS and Scopus database search revealed 662 EFVs articles
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published by 1590 authors representing 61 countries over the past three
decades. Bibliometric analysis provides a quantitative approach to
evaluating research output, impact, and productivity, which allows the
researcher to measure and compare the performance of scholars, jour-
nals, and research topics using objective metrics (Paul and Cestero,
2021). Conducting bibliometric network analysis can also help in
identifying emerging research trends, popular topics, and the evolution
of scientific fields. Although bibliometric analysis has been applied to
investigate fields as diverse as green energy adoption (Qin et al., 2022),
consumer recycling behavior (Phulwani et al., 2020), consumer social
responsibility behavior (Nova-Reyes et al., 2020), Islamic banking and
finance (Hassanein & Mostafa, 2023), wireless sensor networks
(Abdollahi et al., 2021), Wikipedia in scholarly publications (Mostafa,
2023), drones in agriculture (Rejeb et al., 2022), catastrophe theory
research (Mostafa, 2022), artificial intelligence (AI) in healthcare (Guo
et al., 2020), entrepreneurship (Xu et al., 2021), sustainable energy
consumption (Tan et al., 2021), and corporate social responsibility (Ye
et al., 2020), it appears that there is no bibliometric analysis conducted
to examine consumers’ EFVs behavior. A notable exception is the study
by Secinaro et al. (2022), which focused solely on electric vehicles (EVs).
Their research utilized a sample size of 254 documents from a single
database, Scopus. In contrast, our paper encompasses a broader scope by
focusing on EFVs and employs a larger sample of 662 documents from
two databases, namely Web of Science (WoS) and Scopus. This approach
not only enhances the comprehensiveness of our study but also mitigates
potential selection bias. Therefore, we contend that by conducting this
study, we make three notable contributions to the existing body of
literature. First, we add to the extensive list of bibliometric studies
examining other research domains (Ye et al., 2020; Xu et al., 2021; Tan
etal., 2021; Rejeb et al., 2023). Second, by taking a network approach to
examine consumers’ EFVs behavior research, we make a significant
contribution to the vast prior literature investigating information
brokerage behavior (Mostafa, 2024; Wijewickrama et al., 2021; Kwon
et al., 2020; Resch & Kock, 2021). Finally, by examining consumers’
EFVs behavior, we contribute to the wider literature on sustainability
and consumers’ pro-environmental behavior (Afridi et al., 2021;
McCarthy and Yang, 2010; Law et al., 1988; Li et al., 2020; Hwang and
Lyu, 2020; and Keles et al., 2008). More specifically, we aim to find
answers to the following research questions:

e RQ1: How has research on consumers’ EFVs behavior evolved over
time?

e RQ2: Which countries or regions are prominent in the geographical
distribution of consumers’ EFVs behavior research?

e RQ3: What collaborative networks can be identified among authors,
institutions, and countries in the field of consumers’ EFVs behavior
research?

e RQ4: What are the main thematic trends in consumers’ EFVs
behavior research?

This study is structured as follows. The subsequent section outlines
the research methodology employed to carry out the analysis. The third
section deals with the findings of the study. The fourth section presents a
comprehensive discussion and future research agenda, whereas the next
section discusses the conclusions. The final section addresses the study’s
limitations and explores future research avenues.

Method

This study follows closely the methodological framework suggested
by Mostafa (2022): (1) Selecting the database and defining search pa-
rameters; (2) Performing preliminary statistical analysis; (3) Carrying
out bibliometric network analysis; (4) Developing conceptual structure,
thematic, and historiographical maps; (5) Utilizing reference publica-
tion year spectroscopy (RPYS) to explore the “classical citations” form-
ing of consumers’ EFVs behavior. To conduct the analysis, we used the R
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software version 4.3.1, with several libraries such as bibliometrix and
biblioshiny. We also used the VOSviewer software version 1.6.19 for
network visualization. Finally, the CRExplorer version 1.9 software was
used to conduct the RPYS. A brief explanation of the steps mentioned
above is presented in the following subsections.

Database, documents, and preliminary analysis

The consumers’ EFVs behavior articles were collected from the WoS
and Scopus databases. The two databases were selected because they
provide extensive coverage of relevant academic literature, ensuring a
more thorough and representative collection of documents for the study
(Zhu & Liu, 2020). By utilizing both WoS and Scopus databases, the
research benefits from a broader scope of high-quality sources,
enhancing the reliability and validity of the findings (Pranckute, 2021).
After the retrieval process, these documents were converted to plain text
to facilitate further sorting and examination. While some studies have
focused solely on journal articles (Rejeb et al., 2022; Ye et al., 2020; Xu
et al., 2021), others have incorporated both books and journal articles
(Aryadoust & Ang, 2021). In this study, we followed Marx et al. (2017)
in selecting only peer-reviewed articles and reviews. We opted for peer-
reviewed articles because of their high quality and rigor.

In this study, we employed the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) approach, a well-established
guideline in the field of systematic reviews and meta-analyses. This
framework offers a structured methodology for conducting bibliometric
analyses (Moher et al., 2009), ensuring clarity, comprehensiveness, and
standardization in reporting (Garcia-Salirrosas & Rondon-Eusebio,
2022; Tranfield et al., 2003). Fig. 1 illustrates the steps followed to
conduct this analysis. Following a thorough review of relevant literature
(Hu et al., 2023; Irfan and Ahmad, 2021; Li et al., 2020; Rezvani et al.,
2015; Salari, 2022; Secinaro et al., 2022), we determined the search
keywords as follows:

“Consumer Behav*“ OR ”Customer Behav*“ OR “Consumer Atti-
tude*” OR “Customer attitude*” OR “Buyer*“ OR “Purchas*“ AND
“Electric Vehicle** OR “Electric Car** OR “Hybrid Vehicle*“ OR "Hybrid
Car*“ OR “Hydrogen Vehicle*“ OR "Hydrogen Car*“ OR ”Alternative
Fuel Vehicle*“ OR "Alternative Fuel Car*“ OR “Plug-In Hybrid Electric
Vehicle*“ OR "Plug-In Hybrid Electric Car*“ OR "Plug-In Hybrid Electric
Car*“ OR ”Extended-Range Battery Electric Vehicle** OR “Extended-
Range Battery Electric Car** OR “Extended Range Battery Electric
Vehicle*“ OR “Extended Range Battery Electric Car*“ OR “Battery-
Electric Vehicle** OR ”Battery-Electric Car** OR ”Battery Electric
Vehicle*“ OR ”Battery Electric Car*“ OR "Hybrid-Electric Vehicle** OR
“Hybrid-Electric Car*“ OR “Hybrid Electric Vehicle*“ OR “Hybrid
Electric Car**.

Table 1 presents the details of the data obtained. The data show that
the 662 documents gathered from the WoS and Scopus databases were
written by 1590 authors. Among these, 67 articles were written by single
authors, while 595 articles were written by multiple authors. On
average, each document is written by 2.4 authors, and the average
citation per document was 49.3.

Bibliometric network analysis

A network can be defined as “a structure composed of a set of actors,
some of whose members are connected by a set of one or more re-
lationships” (Knoke & Yang, 2019, p.8). From a network perspective,
social network analysis (SNA) is a valuable technique that can uncover
hidden patterns, aiding in theory development and identifying potential
areas for future research (Martino & Spoto, 2006). Previous studies have
extensively employed network analysis in various domains, including
the exploration of individual scientific collaboration networks
(Hardman et al., 2018; Zou et al., 2018; Khan & Wood, 2016), collab-
oration among research institutions, and the analysis of keyword co-
occurrence networks (Alnajem et al., 2021; Xu et al., 2021).
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Fig. 1. PRISMA flowchart for selection of relevant consumers’ EFVs behavior studies.
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Table 1
Main information about consumers’ EFVs behavior data.
Description Results
Timespan 1993-2023
Documents 662
Average citations per document 49.3
Document Type
Article 649
Review 13
Document contents
Keywords Plus 1389
Authors Keywords 659
Authors
Authors 1590
Authors of single-authored documents 67
Authors of multi-authored documents 595
Authors collaboration
Documents per Author 0.416
Authors per Document 2.4
International co-authorships % 11.93

Thematic and conceptual structure maps

Thematic maps are utilized to uncover the evolving patterns within
clusters by examining the occurrence of keywords or co-occurring words
(Yang et al., 2022). Typically, density and centrality metrics are applied
to create these visual diagrams (Mostafa, 2022). Additionally, these
maps draw inspiration from financial portfolio analysis and concepts
rooted in co-occurring word networks. Owing to their value, they have
found widespread application in numerous research areas (Khasseh,
et al., 2017; Law et al., 1988; Callon et al., 1991). Conceptual structure
maps are characterized as visual instruments for arranging and por-
traying knowledge that consist of concepts, typically enclosed within
circles or boxes, along with connections between these concepts (Novak
& Canas, 2008). The primary objective of such maps is to divide
knowledge into discrete clusters. Conceptual structure maps assist in
identifying research frontiers and gaps within a field by visualizing the
connections between different research areas and the distribution of
citations (Rejeb et al., 2023).

RPYS

RPYS is a bibliometric method that was introduced by Marx et al.
(2017) to quantify the significance of historical publications and to
reveal the historical roots of a given research field. Unlike traditional
citation analysis, RPYS specifically targets references within a particular
research field, offering a backward perspective on citation analysis.
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RPYS involves three key steps: (Mostafa, 2022, p. 14): (1) The initial step
involves selecting a set of publications that represent a specific research
domain and extracting all the references cited within these publications;
(2) Next, a frequency distribution is created for the cited sources, and the
deviation of each reference from a 5-year median timeframe is calcu-
lated; (3) The concluding stage usually includes utilizing software such
as CRExplorer for the analysis. RPYS has been found to be a valuable tool
for identifying irregularities in the distribution of reference citations
over time and assisting researchers in objectively identifying influential
knowledge sources, which can include various forms such as books,
book chapters, research articles, or reports (Wiarda et al., 2021).

Results
EFVs scientific production and impactful outlets

Fig. 2 shows the worldwide production of the consumers’ EFVs
behavior research. From the graph, we see that the most productive
nations are the USA (316 articles), China (287 articles), India (103 ar-
ticles), Germany (79 articles), the UK (77 articles) and Canada (67 ar-
ticles). Moreover, Fig. 3 illustrates the growth of scientific production in
this field, indicating a general exponential trend. Between 1993 and
2005, research publications related to consumers’ EFVs behavior was
rare. This could be due to the lack of technological advancements in the
EFVs sector and the lack of consumer data available (Melander et al.,
2022; Williamsson & Moen, 2022). Between 2006 and 2011, research
published on consumers’ EFVs behavior started to display a positive
trend as research began to tackle the climate change crisis (Capstick
et al, 2015). Finally, between 2013 and 2022, consumers’ EFVs
behavior research has substantially grown and reached a peak in 2022
with 103 articles. This could be attributed to the pressing environmental
concerns and EFVs technological advancements (Liao et al., 2017).

Table 2 shows the major journals publishing research on consumers’
EFVs behavior, including Energy Policy (99 articles), Transportation
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Research Part A: Policy and Practice (96 articles), Journal of Cleaner
Production (71 articles), Transport Policy (32 articles), Technological
Forecasting and Social Change (31 articles), and Energy Economics (26
articles). These journals commonly emphasize themes of sustainability,
policy development, and technological innovation.

Table 3 illustrates the top institutions contributing to research on
EFVs consumers’ behavior. According to the graph the University of
California, Davis leads with 31 publications, while Simon Fraser Uni-
versity follows with 18 articles. Other significant contributors are Cor-
nell University (17 articles), the University of Trieste (15 articles), the
University of Science and Technology of China (14 articles), and
Tsinghua University (13 articles). The results highlight a global research
effort in studying consumer EFVs behavior with leading contributions
from institutions in the United States, Canada, Italy, and China.

Table 4 shows the most cited consumers’ EFVs behavior articles.
According to the table, the most cited paper is Egbue and Long (2012)
with 997 citations. This article aimed to identify the main obstacles
preventing the broader adoption of EVs. The study found that the pri-
mary concerns among consumers include limited battery range, high
costs, and the uncertainty associated with EV technology. With 689 ci-
tations, the second most cited paper is Hidrue et al. (2011). This study
estimated willingness to pay (WTP) for various EV attributes, such as
driving range, charging time, fuel cost savings, pollution reduction, and
performance. Findings indicate that consumers value driving range and
fuel savings highly, with WTP decreasing incrementally with higher
ranges. With 437 citations, the third most cited paper is Kumar and Alok
(2020). In this research, the authors identified key factors influencing
EV adoption, including economic, technological, social, and policy-
related aspects. They showed that while technological advancements
and supportive policies are crucial, consumer awareness and perception
significantly impact adoption rates. With 383 citations, the fourth most
cited paper is Jansson et al. (2010). This article explored the factors
influencing green consumer behavior, focusing on the willingness to
reduce car use and adopt eco-innovations such as EFVs. The study found

Fig. 2. Consumers’ EFVs behavior nations’ scientific production.
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Fig. 3. Consumers’ EFVs behavior annual scientific production.
Table 2 Table 4
Most relevant consumers’ EFVs behavior sources. Most cited consumers’ EFVs behavior articles.
Sources Articles Paper Total TC per Normalized
K Citations Year TC
Energy Policy 99
Transportation Research Part A: Policy and Practice 96 Egbue, O. (2012). Energy Policy 997 76.69 5.20
Journal of Cleaner Production 71 Hidrue, M. (2011). Resource and Energy ~ 689 49.21 5.07
Transport Policy 32 Economics
Technological Forecasting and Social Change 31 Kumar, R. (2020). Journal of Cleaner 437 87.40 10.95
Energy Economics 26 Production
Research In Transportation Business and Management 21 Jansson, J. (2010). Journal of Consumer 383 25.53 3.45
Research In Transportation Economics 12 Marketing
Ecological Economics 9 Plotz, P. (2014). Transportation 355 32.27 4.23
Journal of Transport Geography 7 Research Part A: Policy Practice
Journal of Consumer Behaviour 6 Ozaki, R. (2011). Energy Policy 314 22.43 2.31
Journal of Environmental Economics and Management 6 Kahn, M. (2007). Journal of 306 17.00 2.33
Transportation Research Part E: Logistics and Transportation Review 6 Environmental Economics and
Business Strategy and The Environment 5 Management
Bunch, D. (1993). Transportation 278 8.69 1.0
Research Part A: Policy Practice
Krupa, J. (2014). Transportation 269 24.45 3.20
Table 3 Research Part A: Policy Practice
Most relevant affiliations in consumers’ EFVs behavior research. Llopis-Albert, C. (2021). Technological 252 63.00 7.30
o L Forecasting and Social Change
Affiliation Publications Eppstein, M. (2011). Energy Policy 251 17.93 1.85
University of California, Davis. 31
Simon Fraser University 18
Cornell University 17 related to the adoption of EFVs sustainable transportation technologies.
University °§ Trieste 4 Technol - 15 Johan Jansson is also a prominent author in research on EFVs, having
University of Science and Technology of China 14 . . . s
TsinghuayUniversity 24 13 dominated the field from 2009 to 2021. This author’s research explores
Ume3 Universitet 13 factors influencing consumers’ behavior related to EFVs, including the
University of California 13 impact of personal values, beliefs, norms, and habitual behaviors on the
Xiamen University 13 adoption of these sustainable transportation options. Yuyan Liu domi-
Beijing Jiaotong University 10

that personal values, beliefs, norms, and habitual behaviors play sig-
nificant roles in determining these behaviors.

The dominance factor is a bibliometric measure that is used to assess
an author’s prominence. It is computed by dividing multi-authored ar-
ticles where the author is the first author by the total number of multi-
authored articles (Gupta, 2021). Fig. 4 shows the consumers’ EFVs
behavior research dominating authors over time. From the graph, we see
that Jonn Axsen dominated from 2009 to 2021. This author’s research
primarily focuses on understanding consumer preferences and behaviors

nated from 2014 to 2023. This author’s research investigates the tech-
nological aspects that influence consumers’ adoption of EFVs. This
includes examining advancements in technology, such as battery per-
formance, charging infrastructure, and vehicle efficiency, on consumer
purchasing intentions toward EFVs. Newcomers to the field of con-
sumers’ EFVs behavior research have also achieved some dominance.
For example, Marco Giansoldati dominated from 2019 to 2021 and his
work focused on understanding the role of digital technologies and data
analytics in shaping consumer preferences and behaviors related to EFV,
whereas Mariangela Scorrano dominated between 2019 and 2022 and
her work focused on how emerging technologies, such as autonomous
driving, connectivity, and smart energy management systems, influence
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Fig. 4. Consumers’ EFVs behavior authors’ dominance over time.

consumers’ acceptance and adoption of EFVs.

In bibliometric studies, Lotka’s law suggests that the ratio between
the number of authors who produce a certain number of articles and
those who produce only one article is consistently fixed at 2 (Sahu &
Jena, 2022). Fig. 5 shows Lotka’s law in consumers’ EFVs research. The
graph suggests that Lotka’s law appears to hold in consumers’ EFVs
behavior research (K—S two sample test p > 0.05).

Network analysis

Co-citation network analysis

A co-citation network is established when two authors are both
referenced in a third source (Mostafa, 2022). Fig. 6 displays the con-
sumers’ EFVs behavior co-citation network. The graph appears sparse,
indicating a diversity or dissimilarity among the referenced works,
which suggests ‘heterophily’ or weak correlations between various co-
citations (McPherson et al., 2001). This sparsity may result from shifts
in consumers’ EFVs behavior trends and methodologies over time. It
could also reflect an evolving field, where consistent patterns or well-
established clusters are yet to form (Zhao & Strotmann, 2015). This
dynamic and fragmented network is likely shaped by various jurisdic-
tional factors, including differences in infrastructure maturity,

80

60

40

% of Authors

204

regulatory environments, and technological capabilities across regions.
These cross-border disparities contribute to weaker connections be-
tween clusters and highlight the need for region-specific research. Local
policies and cultural factors play a crucial role in influencing the
development and adoption of EFVs, underscoring the importance of
tailoring research to distinct regional contexts.

Collaboration network analysis

Fig. 7 shows the authors’ collaboration network in consumers’ EFVs
behavior. The graph reveals four main clusters: The first cluster (red
colored) includes authors such as Mark Bradley, David Brownstone,
David Bunch, and Gareth Occhiuzzo. This group of researchers focus on
the analysis and modeling of consumer behavior towards EFVs,
exploring factors such as preferences, perceptions, and decision-making
processes. The second cluster (green colored) features authors like Jonn
Axsen, Kenneth Kurani, Zoe Long, and Ekaterina Rhodes. This group
appears to deal with the impact of various policy measures, incentives,
and regulatory frameworks on the adoption of EFVs. They evaluate the
effectiveness of governmental policies, incentive structures, and public
engagement strategies in shaping consumer behavior and facilitating
market growth for EFVs. The third cluster (blue colored) includes au-
thors such as Joan Ogden, Kalai Ramea, and Christopher Yang, who

Documents written

Fig. 5. Consumers’ EFVs behavior Lotka’s law diagram.
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Fig. 7. Consumers’ EFVs behavior authors’ collaboration network.

focus on the technological and infrastructural aspects related to EFVs.
This group investigates advancements in vehicle technology, infra-
structure development (such as charging stations and refueling net-
works), and the integration of EFVs into existing transportation systems.
The fourth cluster (yellow colored) features authors like Mark Jaccard,
Paulus Mau, and Kenneth Tiedemann. Their focus is on economic and
behavioral modeling related to EFV adoption, examining the economic
implications, cost-benefit analyses, market dynamics, and consumer
financial incentives to understand the factors driving or hindering the
adoption of EFVs.

Fig. 8 shows consumers EFVs behavior collaboration network among
institutions. According to the figure, there appear to be three main

clusters. The first cluster (red colored) includes institutions such as “The
Beijing Institute of Technology”, “Tsinghua University”, “The University
of Science and Technology of China”, and “Xiamen University”. The
second cluster (green colored) includes institutions such as “Cornell
University”, “The University of California, Davis”, “The University of
South Carolina”, and “Seoul University”. The third cluster includes in-
stitutions such as “Simon Fraser University”, “The University of Texas at
Austin”, and “The University of Oxford”. A closer look at the clusters
formed reveals that most of the clusters point out to a north-south divide
with virtually no cooperation between developed and developing
nations.

This geographic divide underscores the importance of considering
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Fig. 8. Consumers’ EFVs behavior collaboration network among institutions.

regional and city-level factors when examining global collaboration
patterns in EFVS research. Differences in infrastructure, local policies,
and government support for EFVs can significantly shape research pri-
orities and international partnerships. For example, institutions located
in cities with advanced EFVs infrastructure such as Beijing (Beijing
Institute of Technology, Tsinghua University), Los Angeles (University
of California, Los Angeles), New York (New York University), San
Francisco (University of California, Davis), Toronto (University of Tor-
onto), Seoul (Seoul University), London (University College London),
Berlin (Technical University of Berlin), and Vancouver (Simon Fraser
University) tend to form concentrated research networks. City-specific
factors like local policies, infrastructure readiness, and environmental
initiatives in these locations drive collaboration within regions and often

southjkorea
peoplg china
englend
austgalia )
ir@a nethaglands =pain

set the research agenda (Axsen et al., 2011).

Fig. 9 shows the consumers’ EFVs behavior collaboration network
among countries. The results show three clusters. The first cluster (red
colored) includes five countries, namely Australia, England, India,
Netherlands, and Spain. The second cluster (Green colored) includes five
countries: Italy, France, Sweden, Germany, and Switzerland. Whereas
the third cluster (blue colored) includes three countries: the USA, South
Korea, and China. A closer look at the clusters formed reveals that most
of the clusters are formed based on linguistic similarity, geographical
proximity, or cultural affinity (Accetturo et al., 2021; Jayasekara &
Tan,2024; Serrano-Arcos et al., 2022).

sweden  gerfganyVVit@riar

framce

Fig. 9. Consumers’ EFVs behavior nations’ collaboration network.
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Keywords and co-occurrence network analysis

Fig. 10 shows a wordcloud generated using authors’ keywords. A
wordcloud can be used to summarize textual information, where the
importance of each word is determined by its size and proximity to the
center of the cloud. From the graph, it appears that the most relevant
keywords in consumers’ EFVs behavior research used are “electric ve-
hicles” (259 times), “purchase intention” (31 times), “consumer
behavior” (29 times), “new energy vehicles” (19 times), “total cost of
ownership” (19 times) and “sustainability” (16 times). These keywords
reflect the primary themes and focal points in the literature, suggesting
that studies often explore the intentions behind purchasing EFVs, overall
consumer behavior, cost considerations, new energy, and sustainability
aspects. The wordcloud provides a clear summary of the key topics
driving research in EFVs consumer behavior.

We also utilized the keywords provided by the authors to create the
consumers’ EFVs behavior keyword co-occurrence network. Fig. 11
depicts the resulting network. From the figure, it appears that four
clusters are formed. The first cluster (red colored) includes words such as

“consumer behavior”, “technology adoption”, and “greenhouse gases”.
The common theme in this cluster is the adoption and environmental
impact of alternative fuel vehicles, with a focus on understanding how
consumers perceive and adopt alternative fuel vehicles, influenced by
factors such as technology adoption and their potential to reduce
greenhouse gases. The second cluster (green colored) includes terms
such as “hybrid vehicles”, “sustainable development”, and “total cost of
ownership”. The common theme in this cluster is the economic and
sustainability aspects of hybrid vehicles. It focuses on the role of hybrid
vehicles in promoting sustainable development and considers the total
cost of ownership, including long-term economic benefits and environ-
mental impacts. The third cluster (blue colored) encompasses terms such

s “electric vehicles”, “new energy vehicles”, “purchase intentions”, and

sales . The common theme in this cluster is the market dynamics and
consumer interest in EFVs, as the focus here is factors influencing pur-
chase intentions and sales, highlighting how consumer demand and
market trends drive the adoption of EFVs. The fourth cluster (yellow
colored) includes terms such as “secondary batteries”, “charging batte-
ries”, and “battery electric vehicles”. The common theme in this cluster
is the technological aspects and infrastructure of EFVs, as the focus here
is on the development and optimization of secondary batteries and
battery charging technologies.

2

Conceptual structure and thematic maps

Fig. 12 illustrates the thematic evolution timeline for consumers’
EFVs behavior, depicting the changing focus of author keywords over
time and providing insight into the shifting priorities and directions in
the field. From 1993 to 2006, the focus on “electric vehicles” centers on
advancements in battery technology, improvements in vehicle perfor-
mance, market adoption challenges, the development of supporting
infrastructure like charging stations, and the environmental benefits of
EVs. This period highlights the foundational work necessary to establish
electric vehicles as a viable alternative to conventional vehicles.

[
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Moreover, the period from 2007 to 2015 includes terms such as “hybrid
vehicles”, “plug-in electric vehicles” and “consumer attitudes”. This
cluster reflects a shift towards exploring how consumer behaviors
impact the adoption of EFVs. Between 2016 and 2020, the focus on “new
energy vehicles”, “charging infrastructure”, “willingness to pay” and
“adoption intention”. It appears that the focus in this period has shifted
toward evaluating the practical aspects of integrating advanced, sus-
tainable transportation technologies into the market. This cluster em-
phasizes understanding consumer willingness to invest in new energy
vehicles, the development and impact of charging infrastructure, and
the factors influencing the intention to adopt these vehicles. The fourth
period between 2021-2023 includes keywords such as “environmental
concern”, “electric vehicles”, “hybrid vehicles” total cost of ownership”
and “adoption intention”. This cluster reflects a growing emphasis on
understanding how environmental concern and the total cost of
ownership influence consumer intentions to adopt EFVs. It highlights
the importance of addressing both ecological impacts and financial
considerations in promoting sustainable transportation options.

Fig. 13 depicts a thematic/strategic map where the average values
for both axes are represented by a dashed line, dividing the map into
four quadrants. Each quadrant signifies a unique theme, with the size of
the bubbles indicating the frequency of keyword usage across docu-
ments. The Motor Themes quadrant (high density, high centrality) fea-
tures themes with strong internal and external development (Shi et al.,
2019). In the context of consumers’ EFVs behavior research, keywords
such as “consumer behavior”, “vehicles”, and “stated preference” are
prominent, focusing on how consumers perceive, evaluate, and decide
on purchasing EFVs, which is essential for understanding factors influ-
encing EFVs adoption and developing strategies to promote sustainable
transportation. The second quadrant is typically referred to as the
“highly-developed-and-isolated themes” quadrant, focusing on niche
themes (Maulidiya et al., 2024). It exhibits a high-density-low-centrality
structure, indicating that while the themes within this quadrant are
well-developed internally, they have limited external significance.
Keywords like “climate change”, “charging”, “energy”, and “mixed
logit” are notable here, addressing the environmental impact of EFVs,
charging infrastructure, energy efficiency, and advanced statistical
modeling of consumer preferences. The third quadrant, characterized by
low density and low centrality, is known as the “emerging-or-declining
themes” quadrant (Sadatmoosavi et al., 2021). Such themes may indi-
cate potential hotspots in consumers’ EFVs behavior. Examples in this
category include keywords such as “battery electric vehicle” and
“innovation” which indicate ongoing or future developments in battery
electric vehicle adoption and technological advancements within the
EFVs sector. Finally, the “basic-and-transversal themes” quadrant, with
low density but high centrality (Mostafa, 2022), includes themes that
are less developed in terms of internal ties but have significant external
connections. In the context of research on consumer behavior regarding
EFVs, these themes encompass topics like “electric vehicle”, “purchasing
intention”, “policy”, and “total cost of ownership”, serving as key
foundations for understanding consumer behavior towards EFVs and
emphasizing the importance of broad, interconnected topics within the
research network.
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Fig. 10. Consumers’ EFVs behavior keyword-based wordcloud.
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Reference publication year spectroscopy (RPYS)

The references cited in the 662 articles, totaling 13768, were im-
ported into the CRExplorer software. The disambiguation feature of the
software was utilized to refine and clean the cited references. Subse-
quently, the analysis was carried out on the cleaned set of cited refer-
ences using R software. Fig. 14 illustrates the spectrogram of consumers’
EFVs behavior research. The black line indicates the quantity of refer-
enced citations, while the red line reflects the deviation from the 5-year
median. The aim was to pinpoint the “citation classics” pivotal to the
historical underpinnings of consumers’ EFVs behavior. This was ach-
ieved by scrutinizing peaks in the red line, which typically denote sig-
nificant milestones in the research domain.

Table 5 shows the major peaks associated with the consumers’ EFVs
research. From the table it is evident that the earliest citations date back
to 1905, including significant historical works such as Max Lorenz’s
(Lorenz, 1905) “Methods of measuring the concentration of wealth”
which introduced the Lorenz curve and the Lorenz ratio (or Gini coef-
ficient), widely utilized in studying income and wealth distribution. The
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first notable peak, with a positive deviation of at least 20, appeared
around 1980, nearly eight decades after the earliest historical citation,
coinciding with the publication of Kenneth Train’s (1980) “The poten-
tial market for non-gasoline-powered automobiles”. This article focused
on developing consumer choice models for public transit using a market
segmentation approach by focusing on the different factors that influ-
ence individuals’ decisions to use public transportation. The second
notable peak occurred in 1994 and is associated with the publication of
Steven Berry’s (Berry, 1994) “Estimating discrete choice models of
product differentiation”. This paper is considered to be very influential
as it examines the challenge of conducting a supply and demand analysis
across a range of oligopoly markets featuring products with distinct
characteristics. The third notable peak occurred in 2009 and is associ-
ated with the publication of Jonn Axsen’s (Axsen and Kurani, 2009)
“Early US Market for plug-in hybrid electric vehicles: anticipating con-
sumer recharge potential and design priorities”. This paper scrutinizes
the early stages of the U.S. market for plug-in hybrid electric vehicles
and considerations related to consumer recharge potential and design
priorities. The fourth notable peak occurred in 2011 and is associated
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Fig. 14. Consumers’ EFVs behavior spectrogram (1900-2023).

with the publication of Jonn Axsen’s “Plug-in hybrid vehicle GHG im-
pacts in California: integrating consumer-informed recharge profiles
with an electricity-dispatch model energy policy”. This paper is
considered to be influential as it explored the greenhouse impacts of
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plug-in hybrid vehicles in California. The fifth notable peak occurred in
2014 and is associated with the publication of Patrick Plotz’s “Who will
buy electric vehicles? identifying early adopters in Germany”. This
paper is very influential in EVs literature as it helps in identifying the
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Table 5

RPYS peaks and associated documents.
Year Citations 5-year median deviation Document
1905 1 1 Lorenz.
1980 51 20 Train.
1994 73 21 Kurani et al.
2000 274 117 Brownstone et al.
2002 243 44 Ben-akiva et al.
2007 586 267 Chan.
2008 451 131 Bolduc et al.
2009 631 180 Axsen et al.
2010 764 178 Jansson et al.
2011 551 234 Axsen et al.
2014 1291 198 Plotz et al.
2017 1457 124 Andwari et al.

early adopters EVs in Germany. The sixth notable peak occurred in 2017
and is associated with the publication of Nadia Adnan’s (Adnan et al.,
2017) “Adoption of PHEV/EV in Malaysia: a critical review on pre-
dicting consumer behavior renewable and sustainable energy reviews”.
This paper is considered to be a seminal work in consumers’ EFVs
behavior research as it explores factors that influence consumers to
purchase EFVs.

Discussion and future research agenda

In this research, we used bibliometric methods to analyze con-
sumers’ EFVs behavior research over three decades (1993-2023) based
on 662 peer-reviewed articles written by 1590 authors from 61 nations.
The exponential growth in the scientific production of consumers’ EFVs
behavior research, particularly from 2006 onwards, aligns with the
global efforts to combat climate change. This implies a strong link be-
tween environmental concern and the increased focus on consumers’
EFVs behavior research. We have conducted a comprehensive biblio-
metric assessment of all the WoS and Scopus indexed peer-reviewed
articles related to consumers’ EFVs behavior. This approach was taken
to avoid any bias that can result from arbitrarily selecting evidence,
potentially leading to a sample selection bias. Additionally, we used SNA
to provide a holistic view of the field, uncovering intricate collaborative
and interconnected networks within it. This interconnectedness proves
valuable in gaining insights into the evolving themes and changing
paradigms over time within this field.

Our analysis has revealed some major research trends in the field of
consumers’ EFVs behavior over three decades. For instance, we have
identified a shift from early research on EVs to more recent studies on
hybrid vehicles and self-driving cars. Understanding such trends can
help researchers, policymakers, and marketers in their endeavor to
formulate policies and strategies aiming at formulating marketing and
advertising campaigns geared towards pro-environmental consumers.
Our bibliometric network analysis has also highlighted influential au-
thors and institutions that have made substantial contributions to the
field. This information is valuable for recognizing major research hubs,
which can be helpful for developing collaborative initiative and resource
allocation.

Moreover, results show that the collaborative network between au-
thors is sparse. This can be linked to the dynamic and evolving landscape
of EFVs behavior research, characterized by changing trends, method-
ologies, and cultural influences over time. The sparse network possibly
stems from geographical dispersion, disciplinary variations, or a lack of
well-organized initiatives. The wordcloud and thematic evolution map
indicated a pronounced emphasis on keywords like “electric vehicles”,
“hybrid vehicles”, “new energy vehicles”, “total cost of ownership” and
“purchase intention”. This trend may be reflective of a broader shift in
the automotive industry towards sustainable transportation solutions.
The prevalence of these keywords suggests that researchers are keen on
understanding both the technological aspects of EFVs and the behavioral
dynamics of consumers. Based on the study findings, we suggest the
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following research agenda based the theory, methodology and context
(Paul & Cestero, 2021):

Exploring the role of technological innovations in shaping consumers’
attitudes toward EFVs

Our results indicate that there is a critical need to investigate the role
of technological innovations in shaping consumers’ perceptions toward
EFVs. Despite a robust body of research on consumers’ EFVs behavior
(Axsen et al., 2009; Wang et al., 2019; Andwari et al., 2017), there re-
mains a significant gap in understanding how advancements in EFVs
technology, infrastructure, and automation influence consumer
decision-making processes. For instance, our thematic analysis shows
that consumer preferences and adoption factors related to EFVs have
been extensively studied. The thematic and keyword co-occurrence
analyses further emphasize key technological themes such as “new en-
ergy vehicles”, “sustainability” and “technology adoption” indicating
their relevance in the EFVs discourse but underscoring the need for more
focused research on their integration into consumer decision-making
frameworks. For instance, while the wordcloud analysis shows signifi-
cant attention paid to “electric vehicles” and “consumer behavior”, it
also reveals limited exploration into how these technologies directly
impact consumer perceptions and choices. Future research should focus
on examining how technological innovations, such as advancements in
energy storage, charging infrastructure, and automation, influence
consumers’ perceptions and decision-making processes regarding EFVs.

Policy development and equity implications

The results of this study highlight a significant gap in policy-oriented
research regarding consumers’ EFV behavior. Existing literature pri-
marily focuses on understanding consumer preferences and adoption
factors related to EFVs (Axsen et al., 2009; Tan et al., 2021; Zhang et al.,
2019). While financial incentives such as subsidies, tax breaks, and re-
bates play a crucial role in encouraging consumers to adopt EFVs, equity
considerations are vital in ensuring their effectiveness. Lower-income
consumers may still face barriers, such as the high upfront cost of
EFVs, despite the availability of incentives. This gap emphasizes the
need for policies that ensure equitable access to sustainable trans-
portation options across all socioeconomic groups. Moreover, there is a
noticeable scarcity of studies that explore the impacts and imple-
mentation strategies of policies aimed at promoting EFVs adoption.
Thematic analysis reveals key topics in the literature, including “electric
vehicles”, “consumer behavior”, “total cost of ownership”, and “pur-
chasing”. While these themes demonstrate the breadth of research on
various aspects of EFVs, the co-occurrence network analysis indicates a
significant gap in connecting these themes with policy outcomes. This
underscores the need for research that bridges consumer behavior in-
sights with effective policy frameworks to drive higher adoption rates of
EFVs and promote sustainable transportation initiatives. Future research
should focus on investigating the effects of various policy measures on
the adoption and integration of EFVs. This includes examining how
different policy frameworks influence consumer behavior, as well as
evaluating the effectiveness of financial incentives, regulatory measures,
and infrastructure investments in promoting EFVs. Studies should aim to
bridge the gap between consumer behavior research and policy devel-
opment, providing a comprehensive analysis of how policies can be
designed and implemented to support sustainable transportation ini-
tiatives and enhance EFV adoption rates.

Addressing global diversity in consumers’ EFVs behavior

This study detected a lack of cross-cultural research on consumers’
EFVs behavior (Axsen et al., 2009; Tan et al., 2021; Zhang et al., 2019).
The collaboration network analysis reveals limited engagement from
other regions, including the Middle East and various parts of Asia,
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suggesting a narrow geographical focus. This indicates a pressing need
for more in-depth cross-cultural analysis of consumers’ EFVs behavior
across different countries. Exploring how cultural, economic, and policy
variations impact the adoption and perception of EFVs could provide
valuable insights. For instance, qualitative studies, surveys, or focus
groups could identify cultural nuances influencing consumer decisions,
such as differing attitudes toward sustainability and technology. This
approach could lead to region-specific interventions to promote EFVs
adoption, ensuring that policies and marketing strategies are tailored to
the unique characteristics of each cultural context, thereby enhancing
the global uptake of consumers’ EFVs behavior knowledge. Future
research should prioritize cross-cultural studies to examine how cul-
tural, economic, and policy differences affect consumers’ perceptions
and adoption of EFVs. This includes conducting qualitative research,
surveys, and focus groups across diverse regions to uncover cultural
nuances and preferences. By identifying region-specific factors influ-
encing consumer behavior, researchers can develop tailored policies and
marketing strategies that address local needs and enhance EFVs
adoption.

The dynamics of consumers’ EFVs behavior research trends

This study found that most of the consumers’ EFVs research pub-
lished so far is cross-sectional (Funke et al., 2019; Peters and Diitschke,
2014; Plotz et al., 2014). The study findings highlight a need for more
detailed temporal analysis of emerging trends in consumers’ EFVs
behavior. For instance, the growth of scientific production in this field
shows an exponential trend, particularly between 2013 and reaching a
peak in 2023. This suggests significant shifts in consumer preferences
and research focus over time. However, the data also reveals that from
1983 to 2005, publications on consumers’ EFVs behavior were rare,
likely due to the lack of technological advancements and available
consumer data. Key events such as the growing awareness of climate
change between 2006 and 2011, and the pressing environmental con-
cerns highlighted in 2013-2022, have influenced these shifts. Future
research should focus on conducting longitudinal studies to analyze the
evolution of consumer behavior toward EFVs over extended periods.
This includes identifying and examining specific turning points, key
events, and technological advancements that have influenced shifts in
consumer preferences. By investigating the impact of historical events,
policy changes, and technological innovations, researchers can gain a
deeper understanding of the factors driving changes in EFVs adoption.

Conclusions

This study is innovative from several perspectives: (1) From a theo-
retical perspective, this study identified influential authors, dominant
countries, and leading institutions revealing a global research effort. Key
themes and seminal articles are highlighted, demonstrating the multi-
faceted nature of EFVs consumer behavior research, encompassing
environmental, economic, social, and economic-related aspects. The
study’s network and keyword analyses elucidate the dynamic evolution
of the field, offering a comprehensive understanding of the critical fac-
tors influencing consumers’ EFVs adoption, such as driving range, cost,
sustainability and technological advancements. By applying biblio-
metric measures through the SNA and PRISMA methodology such as the
dominance factor and Lotka’s law, it showcases the patterns of author
prominence and productivity, and through co-citation and collaboration
network analyses, it uncovers the diverse and interdisciplinary nature of
the research. Additionally, thematic evolution further reveals the shift-
ing focus and conceptual structure of the research, uncovering the
diverse and interdisciplinary nature of the field.

(2) From a practical perspective, understanding consumers’ EFVs
preferences and the factors driving adoption, such as environmental
awareness and charging infrastructure, can inform the development of
more appealing and accessible EFVs, thereby enhancing market

13

Transportation Research Interdisciplinary Perspectives 28 (2024) 101287

strategies and product offerings. The geographical analysis of research
output highlights regions with high EFVs research activity, guiding
companies and governments on where to focus their efforts on market
expansion and policy implementation. Additionally, the collaboration
network analysis suggests potential partnerships and collaborative op-
portunities for academic and industry researchers, fostering innovation
and technological advancements in the EFVs sector. The thematic and
trend analyses provide a roadmap for future research, identifying
emerging areas and gaps that require further exploration, thus ensuring
continued progress in understanding and improving consumers’
behavior toward EFVs.

Limitations and future research avenues

While this study has made valuable contributions, it is subject to
certain limitations. First, the study’s dataset was limited to English-
language publications, potentially limiting its scope. Future research
may explore incorporating other languages to enhance the breadth of
coverage and assess the generalizability of findings. Our bibliometric
network analysis is based on quantitative data, which may not capture
the full complexity of research dynamics and interactions within the
consumers’ EFVs community. Qualitative methods, such as interviews
or surveys, could provide richer insights into the motivations, perspec-
tives, and challenges faced by researchers in this field. Future research
could employ mixed methods approaches to integrate qualitative and
quantitative data for a more nuanced understanding of consumers’ EFVs
research dynamics.
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