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Abstract: Despite the positive outlook of various organizations on the prevalence of eco-friendly cars,
Korea’s electric vehicle market is small, and growth is slow. To identify factors that hinder consumer
awareness and the spread of eco-friendly vehicles, news articles and online postings on eco-friendly
vehicles from 2006 to 2020 were collected and analyzed using text mining techniques. This study
found that Korean consumers thought hybrid vehicles were fuel-efficient and quiet; however, there
were concerns about battery life and safety due to poor battery performance and complaints about
battery replacement. Nevertheless, consumers thought electric cars were sophisticated, luxurious,
youthful, clean, and that technical problems would be resolved in the future. The inconveniences
of charging and short-distance driving, the expenses and the lack of various dispute settlement
measures have been shown to lower the intention to purchase electric vehicles.

Keywords: CONCOR analysis; eco-friendly car; opinion mining; topic modeling

1. Introduction

Automobiles that use fossil fuel as a power source have caused serious environmental
problems by emitting greenhouse gases and harmful exhaust fumes. As the problem of
climate change caused by the emission of greenhouse gases becomes more serious and
due to the COVID-19 pandemic, global interest in health and safety has increased. The
demand for eco-friendly cars using alternative power sources is increasing unprecedentedly.
Accordingly, the automobile industry is rapidly changing into an eco-friendly one, and
the world’s leading automobile companies and many countries are striving to preempt
competitiveness in electric cars and new technologies. According to the Ministry of Science,
Information and Communications Technology of Korea, the Korean government’s goal is
for the country to capture 10% of the global market by producing 3 million electric cars
and 850,000 hydrogen cars by 2030. This would reduce greenhouse gases by an expected
30% and fine dust by 11% [1]. However, despite government support and efforts such as
subsidies and tax benefits, the market for eco-friendly automobiles has not grown. That said,
electric cars are attracting attention as the next-generation eco-friendly vehicles because
they drive on batteries and do not emit exhaust and greenhouse gases. According to the
International Energy Agency [2], accumulated sales of electric cars worldwide increased to
7.2 million units in 2019 due to regulations in various countries and efforts of automobile
manufacturers to protect the environment and 47% of which were in the People’s Republic
of China. There are more than 100,000 electric vehicles on the road in 9 countries including
China, Canada, France, Germany, Japan, Netherland, Norway, UK, and the USA. And at
least 20 countries, electric vehicles have reached market shares above 1%. However, electric
cars account for only 1% of the total number of cars and with 90% of global electric car sales
concentrated in China, Europe, and the United States [2]. Except for Europe, China and the
United States, sales of electric vehicles in the rest of the world are quite low. This is due to
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various factors such as lack of government interest in electric vehicles, lack of infrastructure
for charging stations, absence of electric vehicles themselves, and cultural differences
in means of transportation [3]. Though Korea is one of the world’s top five automobile
manufacturers, the ranking of electric vehicle sales by country is China first with the
highest number of sales, followed by the USA, Norway, Japan, the UK, Germany, France,
the Netherlands, Canada, Sweden, and Korea [4]. Currently, the automobile industry is in
the process of changing vehicle types from internal combustion engines to electric cars. To
drive this change and facilitate the spread of electric cars, research is essential to clarify
consumer perceptions of electric cars and the various obstacles that may arise during the
adoption of electric cars.

In this study, through the analysis of unstructured big data, we identified consumers’
perceptions of and trends in eco-friendly cars and analyzed the market. For this, various
types of media and various text analysis methods were used. This involved the examination
of general opinion of Korean consumers on the adoption of eco-friendly cars and the present
challenges facing countries and major automobile manufacturers worldwide. According
to the Markets and markets [5], the electric vehicle market of Asia Pacific is expected
to witness the fastest growth, followed by Europe and North America. The automotive
industry in the countries such as China, Japan, and South Korea is inclined toward the
development of advanced electric vehicles. However, compared to China and Japan,
the growth of the electric vehicle market in Korea is slower. Korea’s electric car stock is
incomparably small compared to that of China, the world’s best, and is only a third of
Japan’s [2]. Our analysis and results show that the automakers and researchers could
find it useful to employ unstructured text big data, from newspapers and a web forum, to
supplement their survey-based data collection strategies.

2. Theoretical Background
Definition and Types of Eco-Friendly Cars

Eco-friendly vehicles can be defined as vehicles with enhanced capabilities to reduce
greenhouse gases or harmful emissions compared to conventional vehicles. These vehicles
either save on the use of conventional fossil fuels or use other energy sources to replace
fossil fuels [6]. Eco-friendly cars that meet this definition include solar vehicles, hybrid
electric vehicles (HEV), plug-in hybrid electric (PHEV), fuel cell electric vehicles (FCEVs),
natural gas vehicles, clean diesel vehicles, and battery electric vehicles (BEV) [7]. Eco-
friendly cars have a higher entry barrier due to various problems such as poor charging
infrastructure and high prices. However, the size of the market for eco-friendly cars is
expanding continuously as government-level support plans and ways to activate the spread
are proposed in each country. Hydrogen electric vehicles that use hydrogen fuel cells are
expected to take longer to enter the market in earnest as the price and stability of the fuel
cell stack are yet to be fully verified. Extended range electric vehicles are also slow to
distribute in the market. On the other hand, hybrid electric vehicles that generate electricity
from internal combustion engines to drive motors, battery electric vehicles powered by
pure electricity, and plug-in hybrid electric vehicles equipped with internal combustion
engines are evolving rapidly and becoming mainstream in the eco-friendly car market.

A HEV is a vehicle that drives a combination of engine and motor power that charges
its battery by generating electricity when the brakes are applied or when going downhill.
PHEVs have the same driving system as hybrid vehicles; however, there is a difference in
how the car draws and stores energy from external sources. The PHEV is a more advanced
vehicle with a larger battery capacity and can be charged with both fuel and electricity.
A BEV is a completely pollution-free vehicle [7] that works by supplying electric energy
from high voltage batteries to electric motors. BEVs are charged in a low-carbon electricity
grid, which makes it possible to reduce greenhouse gas emissions to a very low level [8].
According to Margaritis et al. [9], electric vehicles are characterized by the lightness of the
vehicle subsystems such as suspension, steering, and braking and by being equipped with
batteries. Also, maintenance costs are 20–30% lower than internal combustion engines [9].
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On the other hand, the disadvantage of electric vehicles is that the battery requires to be
charged, and for this, separate charging infrastructure is required, and the charging time
is long [10]. In terms of consumer behavior, electric cars are an innovation that generates
change for the total consumer behavioral stream from selection to usage [11]. For example,
since consumers are unfamiliar with electric vehicles and do not have a lot of purchasing
experience, so it takes a lot of time and effort to make a purchase decision. Also, to use
an electric vehicle, the driver must be used to connecting the vehicle to the electric grid,
charging the battery while not in use, and planning the next ride in advance [12]. According
to Ju [13], consumers usually reluctant to change, so innovations that demand change aren’t
always welcomed by consumers. This study aims to identify consumers’ perception of
eco-friendly cars and the factors that affect consumers’ intention to purchase these vehicles,
focusing on hybrid cars that include plug-in hybrids and electric cars, the mainstream
options in the eco-friendly car market. According to Oliver and Rosen [14], environmental
value is a strong predictor of American consumer’s behaviors and positively effects on
willingness to act to protect the environment. For instance, Heffner et al. [15] found that
consumers who showed a high level of environmental awareness in purchasing were more
likely to buy eco-friendly cars than those who were less concerned about the environment.
Similarly, Gallagher and Muhlegger [16] found that social preferences for the environment
are the main determinant of consumer environmentally friendly automotive adoption. In
research on electric vehicles, many studies have shown that there is a correlation between
the eco-friendly lifestyle [17], eco-friendly attitude [18], interest in the environment [19],
and the intention to purchase electric vehicles.

On the other hand, McDonald’s et al. [20] argue that some environmentally oriented
consumers can continue to purchase products that can harm the environment (e.g., flying
or air travel). The properties of electric vehicles also affect consumer preferences for
them. Numerous studies conducted on consumers in various countries such as USA [17],
Netherlands [21], Denmark [22], and Sweden [23] show that the high purchase cost of
electric vehicles negatively affects their preference. Insufficient charging infrastructure [24],
short mileage due to lack of battery technology [25], and long charging time [24] are also
considered major barriers to the adoption of electric vehicles. On the other hand, according
to Jensen et al. [22], low fuel and operating costs have a positive impact on consumer
preference for electric vehicles. In addition, government support such as tax concessions
and subsidies and a well-established infrastructure have a positive impact on electric
vehicle preference [24].

According to McKinsey & Company [26], global auto sales decreased during the
COVID-19 crisis; however, the electric vehicle market is far more likely to see a quick
recovery. Although Korea is one of the world’s top five automobile manufacturers, the
market share of electric cars in Korea is only 2% [4]. Despite various government support
efforts, including subsidies, tax incentives, and the construction of charging stations, the
expansion of the eco-friendly automobile market in Korea is slowing down. According
to Rezvani et al. [27], expanding the electric vehicle market requires an understanding of
what psychological mechanisms are required for promoting the purchase and acceptance
of electric vehicles, in addition to the characteristics and demographic effects of electric ve-
hicles themselves. Graham-Rowe et al. [28] also suggest that the consumers’ psychological
aspects are required to be studied extensively, as they could affect purchases.

In this study, opinion mining was used to identify consumer awareness of electric
and hybrid vehicles and factors affecting the purchase and acceptance of these eco-friendly
vehicles. Opinion mining is mainly applied to analyze public opinion on products and ser-
vices preferences, social events, and political issues from various social media content [29].
Among the various techniques used in big data analysis, opinion mining is important for
not only individuals but also companies. Individuals may want to see other customers’
opinion of a product before buying it. Companies seek to analyze customer feedback to
improve the features of their product and make future decisions.
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3. Method
3.1. Data Collection

Text analysis is conducted to better understand public opinion about the benefits and
obstacles of adopting eco-friendly vehicles. Newspaper articles and posts on web forums
have been selected as two relevant sources for examination. To extract the main topics dis-
cussed on eco-friendly cars in Korean media, a newspaper corpus was generated and topic
modeling was conducted. The newspaper articles were extracted using a Korean media
database (bigkinds). This database contains 54 news brands, encompassing major/minor
news brands and general/specific news coverage. In this study, news articles published
in the Chosun Ilbo, JoongAng Ilbo, Dong-A Ilbo, Maeil Business News Korea, The Hankyoreh,
Kyunghyang Shinmun, and The Digital Times were analyzed as targets in consideration of
the number of sales units and awareness. The search term used to extract these articles was
“green car,” “eco-friendly car,” “electric car,” and “hybrid car” in Korean. The articles were
extracted over the last 15-year period (1 January 2006 to 31 December 2020) and in total
155,589 articles were analyzed.

An analysis of the annual number of news reports related to eco-friendly cars shows
that the number of reports began to increase rapidly from 2008 and increased further
until 2010 (Figure 1). Most of the news articles at this time were about Hyundai Motor
Company’s first plug-in hybrid car and its policy to cut the vehicle acquisition registration
tax on electric vehicles. However, from 2010 to 2012, articles about eco-friendly cars
declined. In line with the timing of mass production of electric vehicles by GM, Nissan,
and BYD, governments of each country also announced support plans that would attract
attention, such as subsidies, exemption from various taxes, and discounts on parking lots.
However, since 2011, when electric vehicles began to be mass-produced in earnest, the
sales performance of electric vehicles in the world was far below expectations [30]. As the
global economic recession enters a prolonged phase, the high price of electric vehicles has
undermined consumers’ willingness to buy. These chilly reactions from consumers affected
automakers’ new car development strategies, and governments’ policies to promote eco-
friendly vehicles have also begun to confuse. The situation in Korea was no different.
Global electric vehicles were not even imported at all, and there were many articles that
the full-scale launch of electric vehicles developed by domestic companies was imminent,
but it was not easy to see electric vehicles in operation around us. In 2012, Hyundai
Motor Company and Kia Motors Corporation launched their Sonata and K5 hybrid models,
and related articles and eco-friendly car sales increased significantly. Since then, with
the production of second-generation electric vehicles in 2016, news reports related to
electric vehicles have increased significantly, and overall news related to eco-friendly cars
has exploded.

The second sample analyzed was extracted from a popular online community for
car enthusiasts, Bobaedream.co.kr (accessed on 3 May 2021). With more than 1 million
members and an average of 1.7 million visitors per month, Bobaedream.co.kr is the largest
online community in Korea and the 15th largest in the world [31]. The data collected using
a Python-based crawler made for this study using BeautifulSoup. A web crawler is a
program that can repeatedly and automatically download web pages and extract and fetch
the necessary information from HTML [32]. To extract web data, DOM (Document Object
Model) based methods [33] were used. BeautifulSoup is a Python data extraction library
developed by Leonard Richardson and other open-source developers. It can parse HTML
and XML documents and provides simple methods to interact with the DOM model.

A total of 24,239 cases from March 2006 to December 2020, when the first solar-
powered hybrid electric vehicle in Korea entered a pilot phase and posts on electric vehicles
began to appear. We searched for posts using the search terms “green car,” “eco-friendly
car,” “electric car,” and “hybrid car” in Korean.

Bobaedream.co.kr
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3.2. Analysis Techniques

Content analysis allows people to review the meaning or key ideas of a message. In
this study, NLTK (natural language toolkit), Konlpy (Korean NLP in Python), and Mecab-ko
packages, a Korean text analysis software package were used to extract the co-occurrence
matrix of frequently used terms. NLTK packages are useful for investigating the frequency
of occurrence of specific terms as well as the degree of combinations and combinations of
specific words. In addition, semantic network analysis, a type of social network analysis,
was performed to analyze posts, where the basic unit of analysis is the term. Social network
analysis can be useful for describing the units and their relationships expressed in social
network structure and for analyzing conflicts.

Ahead of the main process, the text data underwent basic text processing, that is,
tokenization, stop words removal, and lemmatization. This preprocessing aimed to elimi-
nate words, symbols, or characters that are not important for extracting information. The
second process was to remove stop words, that is, words that are likely insignificant for
information extraction, such as conjunctions (e.g., “for” and “but”) and articles (e.g., “the”
and “a”). In this research, 283 words were considered as stop words and included 47 slang
words. The last text processing task performed by researchers was lemmatization, which
allows various forms of a word to group and analyze them into a common base form.
Without this step, the model views these words as distinct entities and reduces the overall
importance in the entire model. This pre-processing of the posts was carried out using
the Konlpy and Mecab-ko packages in Python. After cleaning and preprocessing, all text
documents were combined to create a corpus [34]. These packages allowed us to conduct
tagging for 44 Korean language part of speech (POS). In contrast to the newspaper article,
user-generated content requires further pre-processing since the data typically contain
numerous abbreviations, emoticons, slang words, and misspellings [35].

To run a mathematical model on a text corpus, the corpus was transformed into a
document term matrix representation. Using Python’s Gensim library, a document term
matrix was prepared and an LDA model was executed. Latent topic models are effective
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methods for extracting latent semantic information from text corpora, and LDA (Latent
Dirichlet Allocation) appears to be the most effective one. LDA models assume that a
document is a distribution over a topic and the topic is represented as the distribution
over the word [36]. As a result, topic modeling assumes that each document can contain
multiple topics, so documents are not grouped together. Instead, by linking documents
and topics, it is possible what topics are distributed for each document, or how topics are
distributed in what documents, and how words reveal topics. This research implemented
LDA as inference process for document-level classification task.

To reveal hidden subgroups and investigate the semantic structure of the text, conver-
gence of iterated corrections (CONCOR) analysis was performed [37]. CONCOR analysis
is a method that performs a correlation analysis repeatedly to identify appropriate levels of
similarity in groups. The CONCOR analysis can distinguish more meaningful subgroups
in a network where the relationship of keywords is relatively clear, making it easier to diag-
nose similarities with correlations. These derived subgroups or structural isostatic groups
are called “blocks,” and additional analyses can be performed on these blocks to elicit
implications. Therefore, CONCOR analysis is sometimes called “block modeling.” The
CONCOR analysis identifies individual blocks that correspond to a set of highly correlated
keywords, while also identifying relationships between blocks [38]. For semantic network
analysis, CONCOR analysis was performed using UCINET, a social network analysis tool.
Employing CONCOR, we classified the messages on the two types of eco-friendly cars into
several categories and analyzed the text. UCINET was used to visualize the network.

4. Result

In the second half of 2016, according to the LG Economic Research Institute [39], the
emergence of second-generation electric vehicles with a range of more than 300 km made it
possible for electric cars to compete directly with cars with an internal combustion engine.
Therefore, in this study, we compared and analyzed posts written between March 2006
and June 2016, when posts were written about the development of eco-friendly cars, with
posts written between July 2016 and December 2020, after the appearance of the second
generation of electric cars, to see if there were any changes in the perception and attitude
toward eco-friendly cars.

4.1. Text Analysis Finding 1: Issue Networks over Time

Word clouds are widely used to summarize and visualize the content and themes of
a text. Word clouds utilize a variety of font sizes and colors to display important words
in a text. They are effective to visually summarize the main contents of the text and to
intuitively guiding the users to navigate the theme of the text.

Figure 2 illustrates the 30 most frequently encountered nouns in the dataset. It pro-
vides a general overview of the dominant terms related to the topic of eco-friendly cars in
news articles. In the early days of eco-friendly car development, there were many articles
that emphasized the environment-friendly nature of these vehicles, particularly electric
and hybrid cars. Many articles focused on the development of new fuel vehicles and
new cars that would be unveiled at motor shows. On the other hand, as eco-friendly cars
began to be mass-produced, there were more articles on how Korean companies could
play a role in the global market. As companies such as LG Chemistry, SK Innovation, and
Samsung SDI produced batteries for electric vehicles, words such as “batteries,” “future,”
and “development” were ranked at the top, and there were many comments about these
companies. Meanwhile, in the early stage of eco-friendly car development, hybrid cars
were mentioned a lot; however, as the development of eco-friendly vehicles is actively
progressing, after July 2016, the hybrid cars were mentioned less frequently (5th→77th),
and the words ‘hydrogen,’ ‘Tesla,’ and ‘future’ have emerged. This can be interpreted as
a result of the emergence of cars that match the elements of eco-friendly cars more than
hybrid vehicles, and hybrid vehicles are perceived as economical cars of ‘fuel efficiency’
and ‘appropriate price’ rather than ‘eco-friendly’. Words such as “Hyundai Motor Com-
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pany,” “China,” “investment,” and “factory” also showed that Korea was focusing on the
development and production of future eco-friendly cars, including electric vehicles.

Figure 2. Word clouds of nouns used in the news article on eco-friendly cars.

LDA algorithms were used to extract topics from news articles. The clustered topics
were first named by one researcher based on the identification of a logical connection
between the most frequently occurring words for a topic. Then this topic name was
confirmed by a second researcher who was not otherwise involved in the project. Table 1
shows the results of topic modeling. To tokenize and clean the texts, such as by removing
stopwords such as “things” and “stuff” from the inquiry and combining words with the
same base (e.g., “drive” and “driving”). Looking at the topics in the news related to
eco-friendly vehicles by period, the following search terms appeared most frequently in
the first period: “government policy,” “technology development,” “new vehicle launch
trends,” “domestic industry related to an eco-friendly car,” and “battery.” In the second
period, the terms were: “government policy,” “technology development and investment,”
“eco-friendly car market,” and “new vehicle launch trends.” Looking at the changes in
topics by period, “government policy” appeared in both the first and second generations.
The focus of the first period was on government regulations and government support or
benefits to encourage the purchase of eco-friendly vehicles, whereas in the second period,
the focus was on the green industry, including the eco-friendly automobile business, which
was seen as a national task of the government, and on the process of promoting it, new
jobs, and services. It was based on the content of the “Green New Deal.” Topics on battery
development, investment in EVs, and the export of EVs appeared in both the first and
second periods. In particular, the Korean government and companies thought the electric
vehicle battery industry was very important, and as a result of sustained investment and
development, many companies, including SK Innovation, Samsung SDI, and LG Chemistry,
have now gained an important position in the market.

4.2. Text Analysis Finding 2: Opinion Mining of Electric Cars

The dominant terms related to electric cars in online postings are shown in Figure 3.
The top 30 words were compared according to frequency of use in each period and divided
into the first generation from March 2006 to June 2016 and the second generation from July
2016 to December 2020. Words such as “hybrid,” “development,” “fuel efficiency,” and
“performance” topped the list in the early stages of electric vehicle development, while
words such as “hydrogen,” “design,” “problem,” “Tesla,” “China,” and “stock” appeared
in the second generation.
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Table 1. Topics for each period.

Period Topic Word

01/01/2006–06/30/2016

Government
policy

Car, government, sale, domestic, subsidy,
diesel, market, support, industry, Japan,
counter plan, standard, import, price, this year,
last year, regulation, hybrid car, economy,
outlook

Technology
development

Electricity, car, eco-friendly, hybrid car, electric
car, vehicle, charge, development, Hyundai
Motor Company, release, hydrogen, driving,
automatic driving, technology, model,
domestic, Ioniq, supply, Kia Motors
Corporation, Seoul

New vehicle launch trends

Car, Tesla, market, United States, world, motor
show, model, Korea, local, China, company,
international, release, time, Busan, this year,
sale, Hyundai Motor Company, domestic,
global

Domestic
industry related to eco-friendly cars

Industry, energy, economy, investment,
company, business, technology, growth,
market, future, electricity, LG, field, Gwangju,
smart, innovation, development, Korea,
strategy, stock price

Battery

Electricity, electric car, battery, car, China, LG,
chemistry, business, manufacture, company,
charge, Samsung SDI, SK innovation, supply,
factory, market, development, conclusion,
innovation, Jeju Island

07/01/2016–12/31/2020

Government
policy

Industry, economy, government, company,
New Deal, president, energy, support, policy,
region, environment, eco-friendly, business, car,
future, carbon, job, Korea, propulsion, Biden

Technology
development and investment

Battery, business, electricity, electric car,
company, technology, development, factory,
chemistry, China, manufacture, investment,
automotive parts, future, car, material, market,
charge, mobility, supply

Eco-friendly car market

Tesla, COVID-19, United States, market,
quarter, stock price, investment, domestic, car,
this year, chemical, Korea, performance, export,
stock market, outlook, contrast, sale, record,
economy

New vehicle launch trends

Car, electricity, Hyundai Motor Company,
hydrogen, electric car, vehicle, Kia Motors
Corporation, eco-friendly, release, model,
brand, domestic, market, sale, unveil, this year,
charge, Korea, world
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Figure 3. Word clouds of nouns used in the online postings on electric cars.

Looking at the countries that were mentioned frequently in the posts during each
period, “Europe” and “United States” were mentioned a lot in the first period; however,
“China” ranked 27th in the second period as the Chinese electric vehicle market developed
rapidly under the leadership of the state. On the other hand, the rankings of the USA and
Europe fell. The word “charge” was mentioned much more in the second generation than
in the first generation, and the words “distance” and “problem” confirmed the increased
interest and dissatisfaction with charging issues as the use of electric vehicles spread.
Meanwhile, as electric cars became popular in the second generation, words such as
“stock,” and “stock price” appeared.

Using COCOR analysis, texts from both periods were classified and analyzed into
several categories. The results of the CONCOR analysis provided four themes based on
word frequently (Figures 4 and 5).
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The first generation’s four themes of electric cars are listed by the frequency of the key
words: “new vehicle launch trends,” “considerations when purchasing electric vehicles,”
“comparison of performance with other power engines,” and “issues related to the domestic
automobile industry (Figure 4).” The most frequently mentioned topic in postings on first-
generation of electric vehicles was the launch of new vehicles. Words such as “Japan,”
“Toyota,” “Europe,” “motor show,” “brand,” “Hyundai Motor Company,” “Kia Motors
Corporation,” and “design” showed a lot of interest in electric cars emerging from various
brands. Comments on Japan, which led the development of the first electric vehicles, and
Europe, which created the electric vehicle market with strong regulations, showed that
these countries played an important role in the early electric vehicle market. On the other
hand, through words such as “battery,” “price,” “problem,” “motor,” “charge,” and “time”,
the factors that consumers consider when purchasing electric vehicles are different from
those of conventional internal combustion locomotives. In the same context, words such as
“diesel,” “gasoline,” “hybrid,” “engine power,” “efficiency,” “performance,” and “engine”
indicated that consumers had started to compare electric vehicles with other power-engine
vehicles in terms of attributes. In addition, there were also comments on issues concerning
the auto industry, such as Renault Samsung’s strike and GM’s withdrawal from Korea.

The second generation’s four themes of electric cars ranked in order of the frequency
of key words are: “interest in the release of new cars,” “considerations when purchasing
electric vehicles,” “interest in new technology,” and “interest in domestic electric vehicle
manufacturers (Figure 5).”

After the launch of the second-generation electric car, consumers continued to pay
attention to the launch of new car. In the second-generation electric vehicle, as the popu-
larity of electric vehicles progresses, a hybrid vehicle or a popular model among existing
internal combustion locomotives is released as an electric vehicle, or an electric vehicle with
improved performance and design is released. As luxury car manufacturers such as BMW,
Jaguar, and Mercedes-Benz launched electric vehicles and various lines of electric vehicles
from sports cars to SUVs to suit the consumer’s lifestyle were developed, consumers’
interest in electric vehicles has increased continued. As both electric and hybrid cars were
popularized, the second generation specifically mentions SUV electric vehicles and SUV
hybrid cars among various types of cars, which can be interpreted as the popularity of
SUVs in the Korean market and around the world. In Korea, SUVs are popular for their
practicality and excellent safety. And recently car campers who would like to modify their
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cars so they can sleep in them while camping are increasing rapidly due to the COVID-19
pandemic. Next, words such as “subsidy,” “system,” “Tesla,” “price,” and “fuel efficiency”
showed that consumers were more actively considering purchasing electric vehicles than
before. Consumers were interested in how much the subsidies would make electric cars
cheaper and various consumers are considering buying high-end electric vehicle brands
such as Tesla. BMW, Meanwhile, as the development of electric vehicles progressed, online
posts are started to mention “China,” “Korea,” and the “USA,” which are countries leading
the electric vehicle market and production. Interest in hydrogen cars, a new technology
related to eco-friendly cars, also emerged. In this regard, interest in Korea’s “Hyundai
Motor Company,” which focuses on the electric vehicle and hydrogen car market segment,
also increased. Many consumers were interested in the growing eco-friendly car market
and the issue of developing a platform exclusively for electric vehicles, even if they were
not planning to purchase eco-friendly cars themselves. This is a result of reflecting the
growing interest of domestic consumers in eco-friendly vehicles such as hybrid, electric
and hydrogen vehicles [40].

According to the Figure 6, words related to positive emotions included “new,” “high
performance,” “high class,” “improvement,” “expectation,” “innovative,” “benefit,” “excel-
lent,” “success,” “dramatically,” and “clean.” In other words, consumers were optimistic
about improvements in electric vehicles in the future and saw electric vehicles are sophisti-
cated and luxurious following the introduction of electric vehicles by luxury automotive
brands such as BMW, Tesla, Mercedes Benz, Audi, and Jaguar. The words “innovative,”
and “clean” also showed that purchasing an electric vehicle could create a positive image.
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Negative emotion words related to electric vehicles included “fire,” “expensive,”
“poor,” “worried,” “noisy,” “serious,” “uncomfortable,” “difficult,” and “defective.” Be-
cause of fire accidents, the most common word related to negative emotions was “fire.” In
the case of “expensive,” it was not only associated with the price of the vehicle but also
with “repair cost,” indicating that difficulty in repairing cars or the high cost of the repairs
were major obstacles to the acceptance of electric vehicles. Meanwhile, words related
to “lack” appeared, such as “technology,” “option,” “knowledge,” “safety,” “mileage,”
“infrastructure,” “charging station,” “power,” and “bill,” indicating that there was anxiety
about the manufacturing. The analysis also found that it was essential to prepare standards
for punishment for obstruction to charge and the checking of charging facilities for the
spread of electric vehicles. In addition, there was a lack of options to choose from, and
there was also an anxiety about the lack of electric vehicle maintenance experts.

4.3. Text Analysis Finding 3: Opinion Mining on Hybrid Cars

As a result of extracting and comparing the 30 most frequently mentioned words in
postings related to hybrid cars before and after July 2016 in the early days of the hybrid
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car launch, words such as “fuel economy,” “price,” “development,” “performance,” and
“motor” appeared (Figure 7). However, as development progressed and various hybrid cars
were introduced, the words “new,” “concerned,” “option,” and “selection” became popular.
Through this, we found that consumers increasingly considered buying hybrid cars.

Figure 7. Word clouds of nouns used in the online postings on hybrid cars.

In Figure 8, the four themes of the first generation are ranked in order of the volume
of key words: “performance of hybrid vehicles,” “new vehicle launch trends,” “consid-
erations when purchasing electric vehicles,” and “leading countries and companies in
electric vehicles.”
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First, words such as “engine power,” “performance,” “best,” “design,” “mounting,”
“application,” “system,” “use,” “technology,” and “turbo” show that consumers are inter-
ested in the performance and construction of hybrid cars. Words such as “plan,” “this year,”
“release,” and “new car,” show that the nature of the automobile-related community, there
were many posts about newly released hybrid cars. Additionally, words such as “Sonata,”
“Avante,” “fuel efficiency,” “battery,” and “electricity” indicate that the comparison criteria
with internal combustion engines are fuel economy, battery performance, and electricity
usage. “Sonata” and “Avante” are among the best-selling cars in Korea and they are usually
the standard for Korean consumers when they compare prices and performance when
purchasing vehicles. Words such as “Toyota,” “Prius,” “Japan,” and the “USA” indicated
the leading companies and countries in the early hybrid market.
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In Figure 9, the four themes of the second generation are ranked in order of the volume
of key words: “specific performance of hybrid vehicles,” “new vehicle launch trends,”
“considerations when purchasing electric vehicles,” and “intention to purchase.”
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Looking at the words in the “specific performance of hybrid vehicles” group, con-
sumer interest has shifted from a broader interest in hybrid vehicles to more specific
vehicle models and options. Words like “trim”, “application,” “generation,” “new model,”
“design,” “Sonata,” and “Sorento” confirmed this. This consumer’s tangible interest can
also be confirmed through the mention of specific car brands such as “Santafe,” “Ioniq,”
“Avante,” and “Grandeur”. The words “difference,” “range,” “mileage,” “problem,” “con-
cern,” “battery,” “option,” “discount,” “contract,” and “selection” also indicated that many
consumers had purchased or were considering purchasing a hybrid car.

Positive emotion words related to hybrid vehicles included “new,” “high perfor-
mance,” “outstanding,” “easily,” “high class,” “steadily,” “popularity,” “like,” “prefer,”
“optimal,” and “reasonable (Figure 10).” Through these words, we found that consumer
thought hybrid cars not only excelled in performance but were also highly fuel efficient
and convenient as new innovative products. Negative emotion words related to hybrid
vehicles included “defect,” “faulty,” “nuisance,” “damage,” “stress,” and “burden.”
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5. Discussion

To examine public opinion on the adoption of eco-friendly cars and current challenges
facing countries and major automobile manufacturers, we used two types of text data: news
articles and online postings. Through topic modeling, CONCOR analysis, and sentiment
analysis algorithms, we found patterns in the text data.

The study found that consumers thought hybrid vehicles were fuel-efficient, quiet,
and were satisfied with the benefits of discounts. The positive words related to hybrid
cars, included “popularity,” “like,” and “prefer” showed the hybrid cars are more popular
compared to electric cars. Many specific car names were also mentioned in the posts related
to the hybrid car, indicating that consumers were buying hybrid cars more frequently than
electric vehicles. On the other hand, there were concerns about battery life, fuel efficiency,
and safety problems due to poor battery performance, and complaints about battery
replacement. Meanwhile, in the news related to eco-friendly cars, mentions of hybrid cars
also declined as cars that emphasized eco-friendliness were developed, such as ‘hydrogen
electric cars’ and ‘electric cars’. As hybrid cars became popular, consumers considered
specific properties such as design and trim, in addition to fuel efficiency and performance.

Consumers thought electric cars were sophisticated, luxurious, and clean, and ex-
pected the problems they had today to be improved in the future. Also, positive words
related to electric cars, included “expected,” “success,” and “innovative.” This showed
that electric cars are more innovative than hybrid cars, requiring more behavioral changes
from consumers. Interest in electric vehicles was initially comprehensive, including inter-
est in Japanese brands leading the electric vehicle market and a small number of brands
unveiled through motor shows, vehicle prices, driving methods, charging time, and types
of mass-production cars. With the increase in popularity of electric vehicles, consumers’
postings changed to specific levels of interest, such as the development of third-generation
electric vehicles with im-proved performance, electric vehicles versus hybrid vehicles, au-
tonomous driving, and 500 km on a single charge. However, the inconvenience of charging,
short-range (mileage), expensive prices, and lack of options to solve various issues related
to owning electric vehicles remain as factors that lower consumer acceptance of electric
vehicles. Furthermore, a series of recent electric car fires left consumers questioning the
stability of electric vehicles, which had a significant negative impact on their intention to
purchase them.

6. Conclusions
6.1. Study Theoretical and Practical Implications

This study analyzed factors that affect consumer recognition and purchase of electric
and hybrid cars in automotive web forums using big data analysis technology. Big data
analysis can be used not only to analyze individual behaviors, consumer choices, and
emotions but also to predict the near future through various pattern analyses. The results
are significant in that the study has been able to identify various factors that have not been
revealed in previous studies. For example, factors such as anxiety about incomplete tech-
nology, lack of regulation on electric vehicle charging disturbing behavior, expensive repair
costs, difficulty in repair due to the lack of electric vehicle maintenance experts, and lack
of rescue and towing experts who understand the characteristics of electric vehicles were
found to have a negative influence on the acceptance and spread of eco-friendly vehicles.

As consumers’ interest in eco-friendly cars is increasing and consumers considering
actual purchases are increasing, manufacturers and governments can promote the spread
of eco-friendly cars if they make the following efforts based on the results of this study.First,
automakers need to think about how to convince consumers to buy their electric vehicles.
The most obvious way to do this is to first keep current customers’ brand loyalty when
switching from an internal combustion engine to an electric car or encourage new cus-
tomers to choose their own brand or product when purchasing an electric car. To achieve
either (or both), automakers need to re-establish a consumer segmentation strategy that
targets customers to their behavior and needs. According to the results of a survey of
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consumers in the UK, consumer behaviors and attitudes depend on respondents’ age,
monthly consumption level, and vehicle ownership. This also affected the usage and
average mileage of the car to be purchased later [40]. In addition, since battery charging,
mileage, and stability issues were pointed out as problems, that automakers should develop
their product proceed with a focus on these areas.

In addition, according to this study, consumers were aware of various problems such
as the management of chargers at electric vehicle charging stations, the lack of proper
regulations to discourage interfering with charging electric vehicles, and the occurrence
of disputes due to stealing electricity. Therefore, the government must come up with
specific and practical solutions to various social problems that may arise in the process
of innovation, as well as future technical problems. Also, according to Deloitte’s global
automative consumer study [40], 37% of Korean consumers say they don’t want to pay
more to purchase electric vehicles that have similar performance to conventional internal
combustion locomotives. Therefore, subsidies and tax benefits to encourage the purchase
of electric vehicles will continue to be needed for the time being.

6.2. Study Limitations and Future Research

Despite the wide appeal of Bobaedream.co.kr (accessed on 3 May 2021), it should
be borne in mind that comments may not be representative of the Korean population. In
addition, the limitation of this study is that only certain newspapers were included in the
analysis, considering the newspaper’s circulation and awareness. In the future, if research
is conducted to analyze news articles from various countries at the same time, it will be
possible to understand the differences in social perceptions and policies on eco-friendly
vehicles by country. Furthermore, based on the results of this study, quantitative research
will be required in the future to identify factors that affect the awareness and intention
to purchase eco-friendly cars by millennials, who will be the main players in the future
automobile market. In addition, this study has limitations in that it was only targeting
Korean consumers. In the future, if a study is conducted to find out the perceptions of
electric vehicles by consumers in three European countries (Norway, Sweden, and the
Netherlands) with a high share of electric vehicles through text mining methods, it is
expected to be a study that can further contribute to the spread of electric vehicles.
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