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Abstract: Electric vehicles (EVs) are gradually addressing the environmental problem in cities created
by internal combustion vehicles. However, to be widely used, a major challenge will still have to be
tackled. Some significant challenges are the resistance to new technologies and EVs’ purchase cost,
which is significantly higher than that of internal combustion vehicles. These challenges are similar
to the adoption of EVs for public transportation, such as buses and taxis. Thus, this paper proposes
valuable insights into attitudes and preferences for taxi and bus users for the willingness to travel
in EVs, by performing a convenience sampling, focusing especially on young users. Moreover, this
study highlights the possibility of the users paying additional fees to travel in electric taxis (ETs) or
electric buses (EBs). Pearson’s chi-squared analysis was also performed to validate the hypotheses.

Keywords: community detection; data analytics; electric vehicle; social behavior; transportation
systems; willingness to pay

1. Introduction

Human actions, including fossil fuel emissions, have contributed to the massive release
into the atmosphere of carbon dioxide and other greenhouse gasses, which are interrupting
the global carbon cycle and are contributing to global warming [1-4]. The transportation
sector is responsible for a large share of greenhouse gas (GHG) emissions worldwide.
Hence, it is essential to find new alternatives to reduce these emissions and to reduce the
dependency on fossil fuels. Electric Vehicles (EVs) seem a promising solution to mitigate
those problems [5,6].

Although EVs have various benefits, they also have various challenges. For example,
a massive penetration of EVs leads to power system issues [7,8]. Many researchers have
therefore proposed various “smart charging” techniques to mitigate those issues. Smart
charging of electric vehicles is an important field of research that allows EV users and grid
operators to correctly manage EV charging profiles for technical and economic benefits and
take into account the unique demand-side management needs of EVs [9-16].

The share of EVs in the total vehicle market is still minimal. This is due to there still
being several barriers to purchasing EVs. In general, the economic barriers include a high
initial cost of EVs and batteries. Social barriers include users’ uncertainties concerning the
EV technology.

Several initiatives for the penetration of EVs in the automotive market have been
implemented in various countries, such as Australia [17], China [18], the United States [19]
and European countries [20], among others.

In Ecuador these last years, there were a few initiatives to purchase EVs for public
transportation. In 2017, in the southern city of Ecuador, Loja, a first ET pilot project was
performed [21]. It consisted of offering fifty taxi places for the purchase of EVs. Some
economic incentives from the government and the municipality were proposed to purchase
the EV brands e4 from the Chinese company BYD and Soul EV from the Korean company
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Kia. In 2020, similarly in the western city Guayaquil, 50 ETs were purchased for a taxi
fleet [22]. Some small pilot projects were also developed in Guayaquil and in Quito with
the construction of fast EB charging stations and the purchase of some EBs [23].

The COVID-19 pandemic affected many aspects of society worldwide, especially in
2020. In particular, the transportation sector has to propose some changes to mitigate health
issues due to contacts between people in mass public transportation. Thus, this survey has
also considered a few elements of these changes in transportation.

Based on this information, and with the literature review presented in the next section,
the question arises: What is the level of people’s acceptance for electric taxis and buses?
It is crucial to answer this question to properly plan the deployment of electric taxis and
buses and define the correct tariffs for transportation.

The aim of this work is to analyze the attitudes and perceptions of bus and taxi users’
for the electrification of those vehicles, especially of young users. Besides, due to the
COVID-19 pandemic, some questions evaluated the necessary changes in transportation
for health security reasons.

The rest of this paper is organized as follows: Section 2 reviews the related works.
Section 3 presents the main methodology. Section 4 discusses the main results and findings.
Finally, Section 5 is devoted to the conclusions.

2. Related Works

Various works have studied consumer perceptions for the adoption of EVs based on
surveys. These studies include technical, social, economic, and environmental aspects.
In [24], an analysis of consumer attitudes and perceptions was performed to highlight the
barriers to adopting EVs. The biggest concern found was the EV range limitation and the
high cost. The authors of [25] studied the interest of plus-in EVs to be purchased in 21 US
cities, resulting in low interest. A similar survey was carried out by [26] in large US cities,
with similar conclusions. The authors of [27] analyzed the consumer attitudes towards
purchasing EVs in Spain. In [28], a survey was performed in Latvian municipalities. The
authors of [29] investigated consumers’ desire to buy electric vehicles in Shenzhen, China,
and found a significant level of interest. In [30], consumer perceptions and personalities re-
lated to purchasing EVs in China were studied. The authors of [31] analyzed the perceptual
and motivational reasons for the low adoption of EVs in Denmark. In [32], an evolution of
the consumer preferences to purchase EVs and Plug-In Hybrid Vehicles (PHEVs) between
2011 and 2017 was performed. The authors of [33] focused their perception research on
various brands of EVs. In [34], a structural equation modeling analysis using data gathered
through an online survey was performed to assess the EV purchase intentions in Spain.
This work was complemented by [35]. In [36], the potential buyers of Hybrid Electric
Vehicles (HEVs) and PEVs were identified based on a survey in the United States.

Other studies focused on general perceptions of EV charging. For example, in [37],
the recharging of EVs was studied in UK drivers. The authors of [38] assessed the current
levels of visibility for public plug-in EV charging infrastructure within Canada. This study
concludes that only 18% of respondents were aware of at least one public charger. In [39],
the widespread ignorance or misunderstanding considering the technology of plug-in
EVs compared to Hybrid Electric Vehicles (HEV) was analyzed. The authors of [40] asked
children about EVs and conventional cars in Denmark and the Netherlands. In [41], the
barriers to the adoption of PEVs in India and Sri Lanka were studied.

Segmentation analyses have also been performed for the EV market. In [42], a two-
stage cluster analysis methodology has been followed to identify market segments in a
dataset of UK drivers, demonstrating that a significant degree of consumer stratification is
present in the emerging market for EVs. The authors of [43] propose an Italian automobile
user segmentation for full EVs based on the perceived attractiveness of the benefits of a
full-electric city car offering and investigate whether various demographic factors designate
the identified categories. In [44], market segmentation is conducted, with an emphasis on
discovering commonalities in the features of electric car models in the Polish market and
suggested groups. In [45], several European automobile taxation schemes are reviewed,
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and a methodology for computing CO2-based taxation step curves is proposed, allowing
for a coherent comparison and overview.

Some other surveys analyzed new services and technologies for EVs, such as vehicle-to-
grid (V2G). For example, in [46], the near-term market for V2G was evaluated by analyzing
the consumer’s willingness to pay for V2G services. The authors of [47] studied the
expectations of battery swapping stations. In [48], the impact of new mobility services such
as car-sharing on EV sales was studied. The authors of [49] evaluated expert perceptions
of Grid-to-Vehicle (G2V), Vehicle-to-Home (V2H), and V2G in the United States. In [50], a
study was performed to understand whether current car users of new vehicle technologies
will purchase EVs in California, USA.

Other works have analyzed the impacts of various incentives for the market of EVs.
For example, in [51], various incentives, such as registration tax exemptions, free parking
spaces and road tolls, among others, were analyzed in various cities in the world. The
authors of [52] explored the effects of perceived risk, perceived usefulness, and financial
incentive policy in ten pilot cities in China. In [53], the moderating effects of environmental
traits and government support on EV purchase intention in Korea were examined. The
authors of [54] proposed a structural equation model and a neural network approach to
analyze various EV incentives for the customer’s intention to purchase EVs in Zhejiang
Province, China. All these works and others presented robust surveys and valuable analysis,
resulting in crucial conclusions concerning the economic, technical, social, and legislative
barriers and challenges for the massive adoption of EVs. However, all these works focused
only on light and private EVs. To the knowledge of the authors, no work performed a
perception survey related to EVs for public transportation, such as buses and taxis, which
is the objective of this work.

3. Methodology: Survey and Data Analysis

A convenience sampling [55] was performed through an online questionnaire and was
used to gather data from a sample population (see Appendix A). The target population
includes Quito and Ecuador’s citizens to capture perceptions, attitudes, and opinions
related to replacing combustion buses and taxis with electric ones. The survey was intended
for people using public transportation at least once a week. This will lead to possible cost
changes, so this impact is evaluated.

As a result of the survey, 217 responses were obtained and used for analysis. The
objective was to identify the attitudes and perceptions of bus and taxi users for the possible
electrification of public transportation. A secondary objective of this work was to associate
those socioeconomic characteristics with individual expectations and attitudes towards
EVs, which included gender, age, dwelling place, and traveling behavior. We assume that
these variables affect the beliefs and perceptions of individuals.

The collected data were processed into a dataset. Sociodemographic variables were
collected together with user perception variables. An Exploratory Data Analysis (EDA) was
carried out. Namely, the EDA was carried out on factor variables. Mosaic plots were the
preferred tool to visualize and describe the correlations among the factor variables. Stacked
percentage bar plots were also used according the nature of the responses analyzed [56]. The
relation between the aforementioned demographics and user perception factor variables
was quantified and the results are discussed as follows.

The survey was conducted on the first quarter of 2020, at the beginning of the pandemic
year. A convenience sampling was performed through an electronic (Google) form.

4. Results and Discussion
4.1. Sample Description

The survey has a higher representation of males (59%) compared to females (41%).
The respondents of this work are significantly young. In Ecuador, the 18-24 year old
group represents almost 6% of the entire population, and the average age is 29 years
old [57]. Moreover, this group of people is the most important sample that takes public
transportation. Most people from the 54+ group do not travel much around the city and
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have their own vehicles. Most of the respondents live in the North of Quito, which is one
of the richer zones in Quito. Furthermore, there was a pilot project of EBs. Quito’s major
willingness is to electrify electric buses and taxis due to the better electric distribution
networks in the North of Quito. Thus, we have mainly focused on respondents from this
area, and we considered some data of people that travel to the North of Quito. In Ecuador,
the average salary is $324.9 per month [58].

Table 1 summarizes this demographic information.

Table 1. Demographic summary of the sample.

Number Share (%)
Gender
Male 128 59
Female 89 41
Age
18-24 116 53
25-34 48 22
35-44 28 13
45-54 15 7
>54 10 5
Starting point of the journey
Los Chillos 34 16
Tumbaco 22 10
Mitad del Mundo 6 3
Carapungo-Calderén 9 4
South of Quito 29 13
North of Quito 103 47
Old City 14 6
Trip Duration
<20 min 41 37
21-30 min 36 32
31-40 min 19 17
41-50 min 10 9
>50 min 5 5
Trip Distance
<8 km 36 32
8-15 km 49 44
16-23 km 10 9
24-31 km 8 7
32-39 km 7 6
>39 km 1 1

4.2. Description of Bus Users

From the respondents, only 63% travel by bus at least one time per week. This means
that the other respondents have their own vehicle or travel by taxi, foot, or bike.

Most of the bus users wait from 5 to 10 min (44%), which is a relatively quick time.
However, 11% of the users wait more than 20 min.

In terms of travel bus costs, most people spend $1 or less per day (38% for $0.50 and
40% for $1). Note that the cost of a single trip in a bus in Quito is $0.25, so a $0.50 fare
means a two-way trip, and a $1 trip means a two-way trip considering the need to travel in
two different buses to reach the destination. This information is summarized in Table 2.
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Table 2. Demographic summary of the bus users.

Number Share (%)
Frequency of use
Don’t travel by bus 81 37
1 per week 18 8
2 per week 12 6
3 per week 9 4
4 per week 10 5
5 or more per week 87 40
Waiting Time
<6 min 10 7
5-10 min 60 44
10-20 min 51 37
>20 min 15 11
Cost of travel per day
$0.50 51 38
$1 55 40
$1.25 12 9
$1.50 8 6
>$1.50 10 7

4.3. Description of Taxi Users

From the respondents, only 51% travel by taxi at least one time per week. This means
that the other respondents have their own vehicle or travel by bus, feet, or bike.

Most of the bus users wait from 5 to 10 min (49%), which is a relatively quick time.
However, 13% of the users wait more than 10 min.

In terms of travel bus costs, most of the people spend $4 or less per day, with 15% of
users who spend less than $2 per trip. The start of the taxi trip in Quito is $0.50 with a
driven cost of 0.40 $/km, and considering a minimum cost trip of a taxi of $1.45 during the
day and $1.75 in the night. This information is summarized in Table 3.

Table 3. Demographic summary of the taxi users.

Number Share (%)

Don't travel by taxi 106 49
1 per week 52 24
2 per week 25 12
3 per week 12 6
4 per week 5 2
5 or more per week 17 8
Waiting Time

<5 min 43 39
5-10 min 54 49
10-20 min 13 12
>20 min 1 1
Cost of single travel

<$2 17 15
$2-3 30 27
$3—4 31 28
$4-6 27 24
$6-8 4 4

>$8 2 2
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Figure 1 depicts the bar chart of the customer preferences related to the kind of service
for taxis. Note that Uber is the taxi service that is preferred by most of the respondents with
more than a half of the respondents that selected it as their first choice. This is because in
Quito this taxi app is now widely used and many users like this service due to the security
that Uber offers. Moreover, it can be seen that the other taxi app services are not much used.

B 1st choice 2nd choice 3rd choice 4th choice W 5th choice

Uber— o i
Yellow Taxi 33.3 26.1

Cabify

In Drive

il

Other == 6.3 76.6

I I I I I
0 20 40 60 80 100

Figure 1. Bar chart of the preferences of service types of taxis.

4.4. Attitudes and Perceptions Towards Electric Public Transportation
4.4.1. Type of Energy Use

Overall, 69% of the total respondents will prefer EBs and ETs, while 22% do not care
about the type of energy used for transportation, and 9% prefer fossil fuels.

In Figure 2, a mosaic plot considering the age and the preferred type of energy use for
transportation is illustrated. Observe that people that are between 25 and 34 years old are
more sensitive to preferring electric public transportation. On the other hand, there is a
significant proportion of people between 18 to 24 years old that do not care about electrified
public transportation or prefer it to be powered by fossil fuels. There were no statistically
significant differences in concerns based on genre.
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Age

18-24

Fossil Fuels Electric Indifferent
Prefered Energy Source for Transportation

Figure 2. Mosaic plot of the preferred energy source for transportation based on age.

4.4.2. Willingness to Pay an Additional Value

The perceptions indicate that 64% of the respondents are willing to pay an additional
fee to travel in EVs without considering any additional incentive. In Figure 3, a mosaic plot
of this perception is represented, considering the gender. It is observed that women are
overall more willing to pay an additional fee for traveling in EVs than men.

Woman

Gender

NO YES
Willingness to pay an additional value

Figure 3. Mosaic plot of the willingness to pay an additional value based on gender.

A Pearson’s chi-squared test was performed to determine whether there is a statistically
significant difference between the expected frequencies and the observed frequencies for
categorical variables in a contingency table, such as Gender/Willingness to pay extra [59].
Table 4 depicts the observed and expected frequencies (in parenthesis).
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Table 4. Observed and expected frequencies.

Willingness to Pay More
Gender No Yes
Male 29 (22.7) 34 (40.3)
Gemale 11 (17.3) 37 (30.7)

The null hypothesis is that there is no observed difference between the observed
frequencies according to gender. The Pearson’s chi-square test resulted in a p-value of
0.0120, indicating evidence against the null hypothesis; thus, we can conclude that there
is a difference in the willingness to pay more to use EVs according to the gender of
the respondent.

Similarly, in Tables 5 and 6, the results of a Pearson’s chi-squared test considering
Average Time/Willingness to Pay more and Average Distance/Willingness to Pay more
are summarized.

Table 5. Observed and expected willingness to pay more based on trip duration.

Willingness to Pay More
Trip Average Time (min) No Yes
21-30 13 (12.97) 23 (23.03)
31-40 8 (6.95) 11 (23.03)
41-50 2(3.6) 8 (23.03)
>51 1(1.8) 4 (23.03)
<20 16 (14.77) 25 (23.03)

The Pearson’s chi-square test resulted in a p-value of 0.71, indicating no evidence
against the null hypothesis; thus, we can conclude that there is no difference in the will-
ingness to pay more to use EVs according to the average time of the trips. A similar result
is found for the average distance of the trips. The Pearson’s chi-square test resulted in a
p-value of 0.34, indicating no evidence against the null hypothesis; thus, we can conclude
that there is no difference in the willingness to pay more to use EVs according to the average
distance (kilometers) of the trips.

Table 6. Observed and expected willingness to pay more based on trip distance.

Willingness to Pay More

Trip Average Distance (km) No Yes
16-23 4(3.6) 6 (6.4)
24-31 1(2.88) 7 (5.12)
32-39 1(2.52) 6 (4.48)
88-15 20 (17.66) 29 (31.34)
>39 1(0.36) 0 (0.64)
<8 13 (12.97) 23 (23.03)

In Figure 4, a mosaic plot of this perception is represented considering age. It is
observed that people between 18 and 24 years old are less willing to pay an additional
fee to travel in EVs. This could be because this group of people does not have their own
incomes in general. On the other side, people from 25 to 34 are more willing to pay an
additional fee.
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>54
4554

35-44

25-34

Age

18-24

NO YES
Willingness to pay an additonal value

Figure 4. Mosaic plot of the willingness to pay an additional value based on age.

Next, the purpose was to assess the upper limit regarding an additional fee that users
will be willing to pay for taking ETs or EBS. Exceeding this additional fee, the users will
consider not taking a bus or taxi.

For ETs, the maximum additional value was first evaluated without an incentive. Then
it was evaluated considering a privileged route, which reduces the travel time that is a
proper incentive for taxi users. In Table 7, the results for ETs are summarized. Note that
half of the respondents are willing to pay $0.75 or more without any additional incentive
for taking an ET. The minimum fare for a taxi ride in Quito is 1.50 USD. This can go up
to $25 for a taxi ride to the international airport. The mean ride costs 4-5 dollars, around
a 15% to 20% additional incentive for taking an ET. Moreover, with the privileged route
incentive, it can be noted that some users are willing to pay a little more than without this
incentive; however, it seems that this incentive is not particularly motivating.

Table 7. Maximum additional fee for ETs.

Number Share (%)

No additional incentive

$0.25 36 32
$0.50 20 18
$0.75 17 15
$1 20 18
$1.50 18 16
Privileged Route

$0.50 39 35
$0.75 25 23
$1 25 23
$1.50 22 20

In Figures 5 and 6, the mosaic plots of genre and age are depicted. Observe that
women are in general willing to pay more to travel in an ET, while people between 25 and
34 are in the group that is willing to pay more, while the group aged between 35 and 44 are
the group that is less willing to pay an additional fee for traveling in an ET.
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Woman

Gender

0.50

0.75

Additional value for ETs ($)

Figure 5. Mosaic plot of the willingness to pay an additional value for ETs based on gender.

>54

45-54

35-44

Y 25-34
<

18-24

0.50
Additional value for ETs ($)

Figure 6. Mosaic plot of the willingness to pay an additional value for ETs based on age.

0.75

For EBs, the maximum additional value was only evaluated without an incentive
since buses already have pre-defined routes in the city and, in some cases, they are already
privileged. In Table 8, the results for ETs are summarized. Note that more than half (55%)

of the respondents are willing to pay $0.25 or more for traveling in an EB.

Table 8. Maximum additional fee for EBs.

Additional Fee for Bus Number Share (%)
$0.10 24 22
$0.15 14 13
$0.20 12 11
$0.25 22 20
$0.30 39 35
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In Figures 7 and 8, the mosaic plots of genre and age are depicted for EBs. The results
are similar to the case for ETs: women are in general willing to pay more to travel in an EB,
while people aged between 25 and 34 are in the group that is willing to pay more, while the
group of 35 to 44 year-olds are less willing to pay an additional fee for traveling in an EB.

Woman

Gender

0.20 0.25
Additional value for EBs ($)

Figure 7. Mosaic plot of the willingness to pay an additional value for EBs based on gender.

35-44

18-24

0.20 0.25
Additional value for EBs ($)

Figure 8. Mosaic plot of the willingness to pay an additional value for EBs based on age.

4.4.3. Concerns for EVs

Some of the most critical concerns for users were suggested to the respondents: ve-
hicle speed, vehicle security, range autonomy, and comfort. From the respondents, the
primary concern is the range autonomy with 63%, then the speed vehicle with 19%, vehicle
security with 15%, and finally comfort with 9%. As illustrated in Figure 9, it seems that
range autonomy and the speed of the vehicle are significant concerns for men. In contrast,
vehicle security and comfort are significant concerns for women. There were no statistically

significant differences in concerns based on age.
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Woman

Gender

Comfort Security Autonomy Speed
EV Concerns

Figure 9. Mosaic plot of the EV concerns based on gender.

4.5. Alternatives and Issues of Public Transportation Due to COVID-19

Due to COVID-19, some other possibilities of transportation were evaluated by the
respondents. The results show that 38% of the respondents would like to travel by bike,
37% by foot, 16% by motorcycle, and finally 8% by electric scooter, which is gaining more
attention in Quito.

Considering the main issues for public transportation, 32% of the respondents believe
that the cleaning should be improved, 33% believe that there is a lack of security distance
between passengers, 19% believe that there is a lack of electronic payment. Finally, 16% of
the respondents believe there is a lack of hydro-alcoholic gel.

5. Conclusions

This paper studied the attitudes and perceptions towards the electrification of public
transportation, such as buses and taxis. A web survey was responded to by 217 people,
considering gender, age, and starting point of the journey. Some characteristics of the trip
were first evaluated, such as the trip duration and distance, frequency of use, waiting time,
and cost of travel for buses and taxis.

It is interesting to note that the respondents are open to a variety of transportation
options, to decrease the usage of gas-based transports. It was also found, in the hypothesis
testing (Pearson’s chi-squared), that the trip time and trip distance do not influence the
willingness to pay extra for an Electric Taxi.

The perception of traveling in EVs was then evaluated considering a possible addi-
tional fee, which has to be considered since the cost of EVs is higher than that of internal
combustion vehicles. Overall, the respondents feel confident to travel in EBs or ETs, despite
some respondents’ concerns such as the range autonomy and vehicle speed. It should be
highlighted that the groups that were willing to pay more for traveling in EBs or ETs are
women and people between 25 and 34 years old.

According to the performed hypothesis test (Pearson’s chi-squared), women are more
inclined to pay for electric trips than men; possibly they care about a more comfortable and
environmentally friendly trip than men. Finally, a few perceptions were given, considering
the issues of COVID-19 for public transportation. The results of this paper will be helpful
for policymakers to analyze the proper planning of EVs for public transportation in a city
like Quito.

A more involved analysis is guaranteed for future work, such as Exploratory Factor
Analysis to group variables together and understand common factors of user perception
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variables. A principal component analysis accompanied by a cluster analysis were used, to
group users with similar perceptions and understand their common characteristics.
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Abbreviations

The following abbreviations are used in this manuscript:

EB Electric Bus
EV Electric Vehicle
ET Electric Taxi

G2V Grid-to-Vehicle

HEV  Hybrid Electric Vehicle

PEV Plug-in Electric Vehicle

PHEV  Plug-in and Hybrid Electric Vehicle
V2G Vehicle-to-Grid

V2H Vehicle-to-Home

Appendix A. Questions of the Survey

1.  Whatis your gender?

2. How old are you?

3. From which sector of Quito does your daily trip start?

4. How often do you travel by bus?

5. In the case of using the bus, how much is the usual average waiting time until the
arrival of the bus?

6. In general, how much do you spend on the bus on average per day?

7. How often do you travel by taxi?

8.  Considering the most common route, in general, how much do you spend in a taxi on
the trip you make?

9.  Sort by frequency of use, the type of service you use. (greater use above)

10. Considering the most common journey, how long does it usually take for the journey
you take?

11. Considering the most common route, how many kilometers per trip does you travel
on average?

12.  Select the type of energy you would prefer in the means of transport (taxi or bus)

13.  If you have to travel in a taxi or electric bus, would you be willing to pay an additional
cost (at the regular rate of transportation that uses gasoline)?

14. What do you think is your biggest concern about electric vehicles?
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15.  In the case of paying an additional value (for commitment to the environment). From
what additional value, you would no longer take an electric taxi?

16. In the case of paying an additional value for using a privileged route for electric
vehicles (reducing the time of arrival at the destination). From what additional value,
you would no longer take an electric taxi?

17.  In the case of paying an additional value at the current cost of $0.25 (for commitment
to the environment). From what increment, you would no longer take an electric bus?

18.  Would you consider transporting yourself using any of the following COVID-19
alternatives?

19.  What aspects do you think are missing in mass transport?
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