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Abstract

This study examines road user opinions regarding small modular autonomous electric
vehicles, focusing on the differences between the elderly and non-elderly populations in
Norway. The data allowed for a comparison between 193 respondents under 65 years
old and 208 respondents over 65 years old. The results highlighted significant differences
between the two groups about the vehicles, their usability, and the likeliness of using them
as public transport if implemented in the future. Traffic safety and personal security were
found to be decisive aspects, for respondents over 65 years old being more worried about
safety and security than their counterparts. Trust that the authorities will ensure the safe
implementation of such vehicles in the current transportation system was also significantly
different between the two groups, with the younger generations having more trust in the
authorities than the older group. The results shed light on road user opinions about a small
modular transport mode, particularly on those over 65 years old, indicating a need for
research efforts to better identify how this new form of public transport should be imple-
mented in the future to improve the mobility of all travellers and meet the needs of the
seniors.

1 INTRODUCTION

In times when autonomous vehicles and modular solutions are
the focus of technology developers, lawmakers and transport
operators, solid knowledge is needed to uncover the require-
ments for the safe implementation of autonomous transport
systems and to understand how they will benefit different road
user groups. These technological advancements have a large
potential to solve the traffic safety and sustainability challenges
of the current transport systems [1] by reducing greenhouse gas
emissions and road traffic accidents [2–4].

New autonomous transport solutions range from privately
owned autonomous cars [5] to self-driving minibuses or shut-
tles on dedicated roads or in mixed traffic [6]. For example, two
prototypes of modular autonomous electric pods were tested
in Dubai in 2017 in a closed area (NEXT Future Transporta-
tion Inc.). The innovative modularity of the system allows a
pod to automatically detach from the rest of the pod platoon
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in heavy traffic conditions and re-join it when traffic conditions
are improved (Figure 1). El-pods are small cabins (max. 6 seats)
and will be therefore used by a limited number of travellers.
However, the modularity makes it possible to increase the num-
ber of users, by creating trains of pods on roads and travellers
will have the opportunity to walk to another pod according to
desired destinations with no need to step outside to change pods
and travel directions. This functionality will be of high inter-
est by reducing the current travel times with public modes and
increasing the accessibility of public transportation for all road
users with additional services such as on-demand or door-to-
door services. In addition, in case of a virus pandemic such as
the recent COVID-19 pandemic, el-pods could be limited to
family members or traveller groups. The modular solution may
be therefore more attractive than the minibuses by providing a
comparable service to taxi pooling. If successfully implemented
and operated, this new form of transport can indeed reduce pri-
vate car traffic whilst benefiting traffic safety and sustainable
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2 MOSCOSO and ROCHE-CERASI

FIGURE 1 Images depicting the design of small modular autonomous electric vehicles. Source: www.get-next.com (used with permission from Next Future
Transportation Inc.).

cities. This research aims to determine whether the modular
design is a transport solution that should be considered for road
transportation in Norway.

1.1 Public acceptance of new transport
technology

The successful implementation of any new technology relies
on public acceptance. Before developing any new mobility and
transport solutions, it is important to have a clear understanding
of the needs and requirements of the transport users to avoid
low public acceptance and overlooked solutions. This is partic-
ularly important as low public acceptance can act as a barrier
when trying to implement new mobility and transport solutions
[7, 8].

Venkatesh et al. [9] developed the Unified Theory of Accep-
tance and Use of Technology (UTAUT) and showed that
the intention to use a new technology and usage behaviour
is built on four constructs: performance expectancy, effort
expectancy, social influence and facilitating conditions. The
UTAUT theory was based on previous models, including the
most influential psychological theory regarding the associa-
tion between beliefs and behaviour, the Theory of Planned
Behaviour (TPB). The TPB theory showed that attitude, sub-
jective norms, and perceived behavioural control are decisive
for predicting behavioural intention [10]. The UTAUT model
was further developed by research studies to be applied to the
acceptance of autonomous transport solutions to determine the
relevant factors affecting their adoption, even though the high-
est technology maturity level of these solutions is not always
reached.

Previous studies have addressed the public acceptance of
autonomous vehicles and indicate differences in acceptance
according to the type of autonomous vehicles investigated, for
example, between private autonomous cars and autonomous
public modes [6, 11–13]. Considering the latter, research has
determined the relevant factors influencing the public accep-
tance of such public modes. These factors are related to the
perceived usefulness, usability, reliability, safety, comfort, and
trust, and depend on one’s personal and cultural background
[14–17]. In addition, research on autonomous shuttles provides
solid knowledge about other factors that may be decisive for
their acceptance. The indicators of user acceptance during tri-

als were found to be willingness to pay, waiting time, vehicle
speed, distance, and time to the nearest stop [18]. Users often
reported during the pilot studies that the speed of the vehi-
cles was too low [19–21]. How individuals relate to autonomous
public modes in regard of trust in automation and perceived risk
affects their acceptance level and further their intention to use
the mode [22].

1.2 Demographic differences in the
acceptance of autonomous buses

Studies have found significant differences in risk perception
between different road user groups [23]. For example, Roche-
Cerasi [22] carried out a study in Norway and showed that
there are significant differences between genders when the
respondents were asked to evaluate the safety and security of
autonomous minibuses compared to traditional buses with a
driver. Women were found to be more worried than men about
the four items: (i) traffic safety (accidents), (ii) security related
to violence, robbery, and harassment, (iii) security related to
hacking and terrorism, and (iv) security related to data privacy.
Previous studies examining differences in concerns about pub-
lic and private transport modes also found similar results [24].
Trust in automation is a key factor in the intention to use public
modes. Previous studies showed that road users preferred to
have an operator inside driverless buses to take over control
of the vehicle if necessary; women being more worried than
men [25]. In addition, shared vehicles with ride-sharing were
found to be more likely to be adopted by young individuals
and individuals who are more used to multimodal mobility
[26]. Roche-Cerasi [22] showed that slightly over half of the
respondents in her study in Norway had no trust or low trust in
the ability of the authorities to reduce the risk of accidents with
driverless minibuses. Results indicated that individuals with
higher education and individuals living in densely populated
areas had greater trust in the authorities. Roche-Cerasi [22] rec-
ommended that the authorities and cities communicate more
about how they will ensure the safety of road users and the safe
implementation of autonomous buses in mixed traffic. In stud-
ies of autonomous shuttles in Germany, the elderly reported the
shuttles as less easy to use than their counterparts [27], whereas
Roche-Cerasi [22] found that the public thought that the
autonomous mode would be useful for increasing the mobility
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MOSCOSO and ROCHE-CERASI 3

of the elderly (opportunity to travel more) and people with
disabilities.

The new concept of small autonomous modular electric vehi-
cles (el-pods) with their modularity component has the potential
to ease the current commuting issues in cities (e.g. travel times,
flexibility, and comfort) that users of private cars find critical
about public modes [28]. The el-pods may completely change
the way road users and in particular the elderly think about pub-
lic transportation. This is promising particularly in the context
of population ageing, as it can be argued that the el-pods will
be essential to increase the mobility of the elderly and people
with disabilities. This is in line with the UN Sustainable Devel-
opment Goal 11, stating that: “By 2030, provide access to safe,

affordable, accessible and sustainable transport systems for all, improving

road safety, notably by expanding public transport, with special attention

to the needs of those in vulnerable situations, women, children, persons

with disabilities and older persons”. Indeed, accessibility to trans-
port is of high importance to older people [29, 30], and impacts
the population’s health and well-being [31]. Moreover, Harper,
Hendrickson, Mangones, and Samaras [32] predicted a potential
increase in the US population travelling with autonomous vehi-
cles for the elderly and people with and without travel-restrictive
medical conditions. The results concerning the elderly drivers
without medical conditions presented a potential increase of
2.2% in total annual vehicle miles travelled (VMT) compared
to the younger population within each gender. We can conclude
that the increased automation and future transportation system
need to be especially beneficial for the elderly.

Although there can be found a large number of studies
addressing public acceptance to autonomous vehicles, includ-
ing studies focusing on elderly people, the knowledge is scarce
when analysing the differences between elderly and non-elderly
people and how they assess autonomous vehicles. Moreover, no
previous research has investigated the acceptance of el-pods (or
autonomous vehicles with the modularity component) of these
two different groups. Considering that all road users, particu-
larly the elderly and people with disabilities, may benefit from
the implementation of el-pods in the current transport system,
research efforts should focus on how to meet the needs of the
different road user groups and to develop viable business mod-
els for transport service providers. The elderly and the retiree
group have different requirements and needs than other age and
user groups when it comes to transportation services, and it is
important to identify how new solutions can benefit them.

1.3 Study objectives

To the best of our knowledge, no previous research study
focused on the acceptance of non-elderly and elderly popula-
tions to implementing el-pods in public transportation systems.
In addition and based on the recent pandemic that has afflicted
the world, there is today no transport system adapted to major
sanitary situations with restrictive social distance. As discussed
earlier, the implementation of such el-pods has the potential
to address several challenges related to transport, sustainability
and social aspects, but there is a need to understand the needs

of different groups of road users to avoid social barriers that
might hinder their possible implementation. Thus, the present
study focuses on evaluating the opinions and views of different
groups of individuals on how useful they consider the imple-
mentation of such el-pods. As such, the objective of the study is
twofold:

(O1) To explore whether modular autonomous electric
pods have the potential to fulfil traveller needs and
demand for public transport (e.g. accessibility, safety,
security, comfort, and infection protection).

(O2) To investigate whether there are any differences in
how the elderly and non-elderly groups assess different
aspects related to the use of autonomous electric pods.

2 METHOD

To address the knowledge gap, a research study was carried out
among the Norwegian population to examine the opinions and
views of individuals regarding the usefulness of el-pods. This
study makes use of a questionnaire with validated questions and
item measurement instruments to address the initial views of
a prospective mobility solution. To this end, a web survey to
collect data from people concerning their preferences, opin-
ions or factual information [33] has been used. The web survey
was based on previous research studies regarding autonomous
vehicles. The reliability and validity of the item measurement
instrument regarding the transport priorities were previously
tested [22, 23]. However, the questionnaire developed for the
web-survey was adapted to the services that the particular mod-
ular design could offer to travellers. The questionnaire was
pre-tested and revised before it was opened for responses.
This stage was important to evaluate whether the questionnaire
was valid regarding the understanding of the concept and the
formulation of the questions.

Based on the variables found in the existing literature, and
indicated in Section 1, seven factors were selected for this study:
(i) Familiarity with the concept of el-pods, to explore the level
of knowledge among the respondents of this particular mobil-
ity solution; (ii) Usefulness of the el-pods; (iii) Likeliness to use
the el-pods if implemented; (iv) Transport priorities and prefer-
ences for the interior design of el-pods, to explore which factors
are important to road users when choose and use transport
modes, and to uncover preferences for the interior design of
the el-pods; (v) Positive effects of using the el-pods; (vi) Safety
and security issues when travelling with el-pods, and (vii) Trust
in authorities. The following sub-section presents the research
questions related to each of these seven factors and their corre-
sponding survey questions. Appendix A presents the complete
questionnaire including all the survey questions as presented to
the study respondents.

2.1 Research questions

Table 1 below presents the six research questions addressed in
the web survey with the corresponding questions.
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4 MOSCOSO and ROCHE-CERASI

TABLE 1 Research questions addressed in the web survey.

RQ Research questions

Survey

questions

RQ1 Familiarity: To what extent are individuals
familiar with the concept of autonomous
minibuses and modular vehicles?

7, 8, 9, 10, 11

RQ2 Usefulness and likeliness to use: How likely do
individuals think they will use the el-pods in
the future?

13, 14, 18, 19

RQ3 Transport priorities and preferences for
interior design: What aspects do individuals
prioritize when they choose travel modes?
Which interior design features of el-pods do
individuals consider attractive?

6, 22

RQ4 Positive effects: Which positive effects do
individuals associate with el-pods?

15, 16, 20

RQ5 Safety and security issues: Which safety and
security issues are individuals worried about?

15, 16

RQ6 Trust in authorities: Do individuals trust the
ability of authorities to ensure the safe
implementation of el-pods?

23

2.2 Procedure

The web survey was distributed through various communica-
tion channels, for example, national organizations such as public
transport association, national association of cyclists, retirees,
and student organisations, in order to collect data from individu-
als with different sociodemographic backgrounds. Specific road
user groups on popular social media platforms were also invited
to participate in the web survey. A total of 401 individuals were
recruited: 31.9% via social media group membership, 51.1% via
organisation membership, 12.2% via close contact, and 4.7%
did not mention how they had access to the web survey. Since
91% of the Norwegian population have access to Internet (SSB,
2018), there was no particular difficulty to reach the older gener-
ations. The study was carried out between December 2020 and
January 2021.

2.3 Sample

The sample consisted of individuals between 18 and over 65
years old, individuals who work or are students, under 65 years
old (group 1: non-elderly group) and individuals who are over 65
years old (group 2: elderly group). The proportions of females
or males were respectively of 47.2% and 51.3% in group 1 and
38.0% and 61.5% in group 2. Group 1 in the sample is mainly
composed of individuals working full time (69.9%) and group 2
of retirees (100%). On average, there are 38.6 individuals per age
group. The smallest age groups are individuals of 26–35 years
(n = 25) and 56–65 years old (n = 33). About 57.1% of indi-
viduals in group 1 live in a city with over 100,000 inhabitants,
whereas for group 2, individuals living in large cities is only of
29.3%. Since modular autonomous electric vehicles might be
considered more useful in large cities, the spread out of retirees

TABLE 2 Demographic characteristics of the two study groups.

1 2

Groups N (%) N (%)

Gender Female 91 (47.2%) 79 (38.0%)

Male 99 (51.3%) 128 (61.5%)

Prefer not to answer 3 (1.5%) 1 (0.5%)

Age groups −65 years +65 years

18–25 years 46 (23.8%)

26–35 years 25 (13.0%)

36–45 years 44 (22.8%)

46–55 years 45 (23.3%)

56–65 years 33 (17.1%)

+ 65 years 208 (100%)

Education level Primary school 1 (0.5%) 9 (4.3%)

Secondary school 31 (16.1%) 66 (31.8%)

University 161 (83.4%) 133 (63.9%)

Work situation Full-time 135 (69.9%)

Part-time 11 (5.7%)

School/student 47 (24.4%)

Retired 208 (100%)

Place of
residence

Small place (less than
200 inhabitants)

2 (1.0%) 16 (7.7%)

Small town with
200–1999 inhabitants

16 (8.3%) 38 (18.3%)

Medium-sized city with
2000–19,999
inhabitants

23 (11.9%) 36 (17.3%)

Large city with
20,000–100,000
inhabitants

45 (23.4%) 51 (24.5%)

City with over 100,000
inhabitants

105 (54.4%) 61 (29.3%)

Prefer not to answer 2 (1.0%) 6 (2.9%)

Driver’s license Yes 173 (89.6%) 200 (96.2%)

No 20 (10.4%) 8 (3.8%)

Total 193 (100%) 208 (100%)

in different city sizes could influence the results obtained for
group 2. The results for the two study groups also showed that
a large proportion of the respondents reported having a driv-
ing licence (89.6% of the respondents in group 1 and 96.2%
in group 2). For individuals in group 1, 35.8% stated that they
mostly used their car to travel to their work or study place before
the COVID-19 pandemic. About 31.1% used public transporta-
tion modes, 15.5% cycled and 14.5% walked. A large share of
retirees in group 2 stated that they had access to a car (92.3%)
and 62.0% stated that the car was also their most used transport
mode before the sanitary crisis. Only 16.3% of the retirees used
public transport modes (n = 34) and 85.3% of those who used
public modes reported using them less during the pandemic.
Table 2 below shows the distribution for the two study groups.
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MOSCOSO and ROCHE-CERASI 5

2.4 Questionnaire

Exploratory research was carried out to investigate the citizens’
opinions about the new concept of public transportation. The
questionnaire was divided into four sections: (1) The first sec-
tion concerned travel habits; the respondents were asked how
often they used the different public and private transport modes
(public modes, car, bicycle, motorcycle, and walking) before the
COVID-19 situation and whether the sanitary crisis changes
their travel habits on a five-point evaluation scale ranging from
‘never’ to ‘very often’. (2) The second section is related to
transport priorities based on an 11-factor measurement instru-
ment. The respondents were asked how important the following
aspects were for their choice of transit mode: punctuality, fre-
quency, travel time, cost, comfort, flexibility, accessibility, safety,
security, and environmental awareness. A five-point evaluation
scale ranging from ‘not at all important’ to ‘very important’
was used. They also had to evaluate to what extend the interior
design of el-pods was important for them. Several design fea-
tures were proposed: lighting, colours and surfaces, comfortable
seats, communication about stops and delays, dynamic infor-
mation on travel time, access to a Wi-Fi network and mobile
charging. (3) The third section concerned the el-pods and their
usefulness and benefits for society. First, the respondents were
asked if they had had the opportunity to test autonomous shut-
tles or even el-pods, or if they had heard of them. They were
asked to evaluate whether the el-pods would be useful for them
for specific daily travels and how likely they thought it was that
they would use the el-pods if the vehicles fulfilled their own
requirements. In addition, the respondents were asked about
the benefits they expect from the inclusion of el-pods in the
public transport system. They had to select an answer on a five-
point evaluation scale ranging from ‘very unlikely’ to ‘very likely’
for four items: fewer traffic accidents, less car traffic and pol-
lution, shorter travel time with public transport, and increased
mobility (opportunities to travel more) for the elderly and peo-
ple with disabilities. They could also choose to answer that
they did not see any benefit in this form of transport. (4) The
fourth part is related to their concerns about the safety, secu-
rity, and health issues related to the use of el-pods. They were
asked how likely they thought that they would use them in a
future scenario where the pods will run on a fixed route and
time schedules. In addition, concerning the COVID-19 situa-
tion, the respondents had also to evaluate how likely they will
use pods during a pandemic with specific infection control mea-
sures (pods used by traveller groups or family members). They
were also asked how the pods should be operated to prevent
infection: Social distancing with limited groups of users in pods,
infection tracking with the ability to identify the passengers,
contactless payment, and ticketing. (5) In addition, they had to
agree to what extent they had trust in the authorities’ ability
to ensure the safety of passengers travelling with el-pods and a
strict regime for control and certification of el-pods. Finally, the
respondents were asked about demographic variables including
gender, age, income, and education. The complete questionnaire
is presented in Appendix A.

3 RESULTS

3.1 Analysis strategy

Descriptive statistics were used to reveal the characteristics of
the sample. Moreover, to uncover possible differences among
both demographic groups (under 65 and over 65), inferential
statistical tests were used. For the questions based on a 5-point
Likert-type scale in the questionnaire, which is commonly con-
sidered to be of the ordinal level of measurement and with data
that are not normally distributed, the Mann–Whitney U test
was used for evaluating the differences in the two independent
groups. Pearson chi-square tests of independence determined
whether the associations between the groups were statistically
significant. The assessments of statistical assumptions were per-
formed prior to the application of the tests to confirm their
suitability. The results were analysed with statistical tests, using
the IBM SPSS Statistics 27 software. By convention, the cut-
off point for the statistical results is a p-value of 0.05. The
confidence level of the sample was 95%. Furthermore, for the
interpretation of the results, the discrete response categories
were numbered for the strength of agreement. This means that
they were numbered from strongly disagree = 1 to strongly
agree = 5, for the likeness to use el-pods from very unlikely = 1
to very likely = 5, for the factors of priorities from not impor-
tant at all = 1 to very important = 5 and for the concern about
safety and security from not worried at all = 1 to 5 = very
worried.

For comparing the differences between groups for exam-
ple for the strength of agreement, grouping of responses (e.g.
strongly disagree with disagree) have been performed. The fol-
lowing sections present the main findings for the six research
questions of the study. Figures depicting the results of the sur-
vey questions are colour-coded from negative responses (light
green) to positive responses (dark green). The neutral responses
(e.g. neither/nor) present a grey colour.

3.2 Statistical analyses

3.2.1 Familiarity with the concept of el-pods

El-pods were defined as follows in the survey:
“An el-pod is a modular vehicle designed to transport a max-

imum of 6 seated people. These el-pods can be connected to
other el-pods to allow more passengers to be transported if nec-
essary. It is possible for passengers to move between el-pods
when they are connected, so that they can offer an indoor tran-
sition to other travel routes. It is expected that such el-pods can
be ordered using an app on a smartphone. Note that there will
be no driver or host on board, but the el-pod are expected to
be remotely supervised by an operator at a traffic control cen-
tre.” In addition, Figure 1 was also shown in the survey to the
respondents.

The respondents were asked if they had heard about
autonomous minibuses or el-pods, and if they had tried them.
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6 MOSCOSO and ROCHE-CERASI

TABLE 3 Mann–Whitney U test results on differences in likeliness to use el-pods for the two study groups.

Ranks Test statistics

Test variable

Grouping

variable (Age) N
Mean

rank

Sum of

ranks Mann–Whitney U Wilcoxon W Z
Asymp. sig.

(2-tailed)

(a) Likeliness to use el-pods
if all personal requirements
are met

Elderly (65+) 184 151.94 27,957.50 10,937.50 27,957.50 −6.013 <0.001

Non-elderly (−65) 183 216.23 39,570.50

(b) Likeliness to use el-pods
as part of public transport
with fixed route and schedule

Elderly (65+) 187 170.18 31,823.00 14,245.00 31,823.00 −3.119 0.002

Non-elderly (−65) 186 203.91 37,928.00

(c) Likeliness to use el-pods
for infection control during a
pandemic

Elderly (65+) 188 153.99 28,951.00 11,185.00 28,951.00 −5.925 <0.001

Non-elderly (−65) 182 218.04 39,684.00

Over 60% of the respondents indicated that they had not heard
about el-pods before. Among the ones who answered that had
heard of them, few reported that they had even tried an el-pod
in the UK or France. The results showed that a large share of
the sample was familiar with autonomous minibuses (94%) and
11.2% had even tried one of them. This is not surprising taking
into consideration that several pilot studies have been and are
being carried out in Norway [34, 35]. We can therefore argue
that there was no particular difficulty for the respondents to
understand the concept of el-pods. A significant difference was
found between the two groups (Pearson chi-square test X2 (2,
N = 401) = 28.9, p < .001); individuals under 65 years old in
group 1 had also more opportunities to try the minibuses than
those in group 2. For the el-pods, only 32.2% of the sample had
heard about this new concept and no significant difference was
found between the two groups.

3.2.2 Usefulness of el-pods

The respondents were asked how likely they thought the el-
pods would be useful for them and for different types of travel:
(1) between home and work/study place, (2) between home
and traditional public transport, (3) between public transport
and work/study place, (4) to travel to leisure, social activities,
or shopping centres. For Group 1, 35.8% of the respon-
dents thought that the el-pods would be more useful for them
between home and work/study place, 17.6% for travelling to
leisure, social activities, or shopping centres, and 14.0% between
home and public transport. Around 26.4% thought that the el-
pods would be not useful at all for them. For group 2, 56.7%
did not think that the el-pods would be useful for them and
27.9% thought that they could use them for travelling to leisure,
social activities, or shopping centres. No statistically significant
differences were found between the two studied age groups.

3.2.3 Likeliness to use el-pods

Mann–Whitney U test, which is suitable for testing variables
with preference scales, was used to uncover differences between
the two study groups (under and over 65 years old). Table 3

below shows the results of the Mann–Whitney U test on the
likeness to use the el-pods. The differences between the groups
were found statistically significant (p ≤ 0.002). No significant
differences were detected between age sub-groups in group 1.
The respondents were asked how likely they thought that they
would use the pods (a) if all their personal requirements for
such pods were met, (b) if the el-pods provide a conventional
public transport system with established routes and schedules
(not on-demand service), and (c) as an alternative public trans-
port under a pandemic with infection risk and required social
distancing.

Figure 2 below shows the respondents’ likeliness to use the
el-pods in three scenarios. The results showed that the respon-
dents in group 1 are more likely to use the el-pods than their
counterparts in group 2 for the three scenarios: (a) 74.3% of
the respondents in group 1 stated that they would use the el-
pods if all their personal requirements are met, whereas slightly
under half of the respondents in group 2 (48.9%) thought the
same; (b) 50.5% of the respondents in group 1 stated that they
would use the el-pods as a conventional public transport sys-
tem, whereas 41.7% of the respondents in group 2 thought the
same; (c) 42.3% of the respondents in group 1 stated that they
would use the pods under a pandemic, whereas only 20.2% of
the respondents in group 2 thought the same. About 63.8% of
the respondents in group 2 did not think that they would use
the pods during a pandemic.

The COVID-19 pandemic has strongly affected the travel
habits of citizens in many cities across the world. To investigate
further whether an innovative modular system might be consid-
ered by individuals as an alternative transport solution during
a pandemic; the respondents were asked if they believed that
social distancing could be effectively provided in such a system.
The results showed that whereas 53.9% of the respondents in
group 1 believed that the modular system would provide effec-
tive social distancing, only 33.2% in group 2 believed it. In
addition, concerning the application system for infection trac-
ing, and contactless ordering and payment, slightly over half of
the respondents in group 1 thought that the application system
would provide effective infection tracing (58.5%) or a contact-
less system (52.3%), whereas there were more uncertainties in
group 2 where under 40% evaluated these features in el-pods
are effective (31.3% and 34.6%).
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MOSCOSO and ROCHE-CERASI 7

FIGURE 2 Respondents’ likeliness to use the el-pods for the two groups: (a) if all personal requirements are met, (b) as part of a conventional public transport
system, and (c) for infection control measures during a pandemic.
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8 MOSCOSO and ROCHE-CERASI

TABLE 4 Mann–Whitney U test results on differences in transport priorities for the two study groups.

Ranks Test statistics

Test variable Group Age N
Mean

rank

Sum of

ranks Mann–Whitney U Wilcoxon W Z
Asymp. sig.

(2-tailed)

Punctuality 2 +65 208 187.66 39,034.00 17,298.00 39,034.00 −2.631 0.009

1 −65 193 215.37 41,567.00

Frequency 2 +65 208 172.14 35,805.00 14,069.00 35,805.00 −5.653 <0.001

1 −65 193 232.10 44,796.00

Travel time 2 +65 208 173.24 36,034.50 14,298.50 36,034.50 −5.423 <0.001

1 −65 193 230.91 44,566.50

Flexibility 2 +65 208 189.37 39,389.50 17,653.50 39,389.50 −2.231 0.026

1 −65 193 213.53 41,211.50

Accessibility
(e.g. access for
the disabled)

2 +65 208 228.89 47,609.00 14,271.00 32,993.00 −5.119 <0.001

1 −65 193 170.94 32,992.00

Environmental
considerations

2 +65 208 189.00 39,312.00 17,576.00 39,312.00 −2.247 0.025

1 −65 193 213.93 41,289.00

3.3 Transport priorities and preferences for
the interior design of el-pods

A sub-objective of the research study (RQ4) was to explore
which aspects related to the interior design of the el-pods are
important for the respondents that they would consider using
them. The six proposed features were not solely limited to the
aesthetics of the el-pods but also to the capacity to communicate
with the el-pods as well as other technological services:

(1) Inside lighting: Satisfactory artificial lighting without blend-
ing sources

(2) Aesthetics: Colours on surfaces
(3) Ergonomics: Comfortable seats
(4) Communication with other vehicles and road users (e.g.

stops and manoeuvres)
(5) Dynamic information about the el-pod’s position, travel

time, and delays
(6) Access to free Wi-Fi and the possibility to charge the phone

The results showed that there were no significant differ-
ences between the two groups for four of the six features.
Respondents in group 1 always found all the features more
important than those in group 2. Features 4 and 5 were found
the most important features for group 1 and 2 and a signifi-
cant difference was found with Mann-Whitney U tests (Feature
4: U = 17,543.50, N1 = 193, N2 = 208, p = 0. 018; Feature 5:
U = 15,188.50, N1 = 193, N2 = 208, p < 0.001). No significant
difference was found between age sub-groups in group 1 for the
6 features.

As described in Section 1, 11 factors that are important when
road users choose and use transport modes were also exam-
ined [28]. Table 4 below shows for which transport aspects,
significant differences between the two groups were found.
Both groups found punctuality, frequency, travel time, flexibility,

and environmental considerations, important or very important.
However, respondents in group 1 ranked them as more impor-
tant than those in group 2. Only the factor, of accessibility,
was ranked as important by respondents in group 2 (45.2%),
whereas their counterparts in group 1 evaluated this factor as
not important (50.2%). There were no significant differences
between the groups for the other factors economy, comfort,
safety, security (related to violence, robbery, or harassment) and
security (related to terrorism).

In addition, significant differences between genders were also
found for the sample. Table 5 shows the results for accessibil-
ity, safety (accidents), security (violence, robbery, harassment),
security (terrorism), and environmental considerations. The
results suggest that all these six factors are important to women
whereas only three of them, safety, security (violence) and envi-
ronment are important to men. Men stated that accessibility is
not important for them (49.3%) and there was no clear result for
safety related to terrorism. The most important factor for both
women (81.2%) and men (63.0%) is safety (accidents). There
were no significant differences between genders for the factors
of punctuality, frequency, travel time, comfort, and flexibility.

3.3.1 Positive effects of using the el-pods

Another objective of the study (RQ5) was to examine which
positive effects the respondents thought the eventual use of el-
pods could bring. Figure 3 below presents the results for four
proposed effects. Significant differences were found with Pear-
son chi-square tests between the two groups for the four effects:
(1) Increased mobility for elderly and people with disabilities
(X2 (4, N = 401 = 25.7, p < 0.001), (2) reduced travel time with
public transport (X2 (4, N = 401 = 25.9, p < 0.001), (3) less
car traffic and pollution (X2 (4, N = 401 = 43.8, p < 0.001),
(4) fewer traffic accidents (X2 (4, N = 401 = 25.1, p < 0.001).
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MOSCOSO and ROCHE-CERASI 9

TABLE 5 Mann–Whitney U test results on differences in gender for transport priorities.

Ranks Test statistics

Test variable

Group variable

(Gender) N
Mean

rank

Sum of

ranks Mann-Whitney U Wilcoxon W Z
Asymp. sig.

(2-tailed)

Accessibility (e.g.
access for the
disabled)

Female 170 226.64 38,529.50 14,595.50 40,473.50 −4.252 <0.001

Male 227 178.30 40,473.50

Safety (accidents) Female 170 227.79 38,725.00 14,400.00 40,278.00 −4.568 <0.001

Male 227 177.44 40,278.00

Security (related to
violence. robbery
or harassment)

Female 170 229.15 38,956.00 14,169.00 40,047.00 −4.673 <0.001

Male 227 176.42 40,047.00

Security (related to
terrorism)

Female 170 235.59 40,050.00 13,075.00 38,953.00 −5.634 <0.001

Male 227 171.60 38,953.00

Environmental
considerations

Female 170 229.10 38,947.00 14,178.00 40,056.00 −4.720 <0.001

Male 227 176.46 40,056.00

FIGURE 3 Respondents’ opinions about possible positive effects of using el-pods for the two groups, (a) group 1, non-elderly and (b) group2, elderly.
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10 MOSCOSO and ROCHE-CERASI

Respondents in group 1 agreed or strongly agreed that the el-
pods would have four effects if implemented in the future;
the strongest effects would be for them (1) increased mobil-
ity for the elderly and people with disabilities (74.8%) and (3)
less car traffic and pollution (70.5%). The same results were
found with the respondents in group 2 with 52.9% agreeing that
both effects (1) and (3) are expected to happen. Respondents in
group 2 are more uncertain about the effects (2) and (4) with
61.5% and 52.4% of the respondents answering that they nei-
ther agreed nor disagreed that these effects would happen. No
significant differences were found between the age sub-groups
in group 1 for the four effects.

3.3.2 Safety and security issues

Respondents were asked to evaluate possible safety and secu-
rity issues when travelling with el-pods. The four issues
were: (1) Data protection, (2) security (violence, robbery, and
harassment), (3) security (hacking and terrorism), (4) traffic
safety.

Mann–Whitney U tests showed significant differences
between the study groups for all four issues: Data protec-
tion: U = 16,615.00, N1 = 193, N2 = 208, p = 0.002;
Security (violence, robbery, and harassment: U = 14,632.50,
N1 = 193, N2 = 208, p < 0.001; Security (hacking and terror-
ism): U = 16,914.50, N1 = 193, N2 = 208, p = 0.005; Traffic
safety: U = 16,664.50, N1 = 193, N2 = 208, p = 0.002. For
all four issues, the results indicate that respondents in group
2 (65+) are more worried than their counterparts in group 1.
Figure 4 shows the distribution of the responses for the two
groups.

In addition, a significant difference between genders was
found with the Mann–Whitney U test for traffic safety:
U = 16,787.00, N1 = 170, N2 = 227, p = 0.021; women being
more worried than men. No significant differences were found
between genders on security issues and data protection. Figure 5
below shows the distribution of the responses related to gender
for traffic safety.

3.3.3 Trust in authorities

The final research question (RQ6) aimed to explore the level
of trust of the respondents in the authorities for the con-
trol and certification of the el-pods, and for ensuring that the
safety of road users will be their priority. Pearson’s chi-square
results show significant differences between the two groups for
having trust in the authorities that they will have the users’
safety as their priority with el-pods, X2 (4, N = 401 = 12.4,
p = 0.015). Respondents from group 1 (−65) indicated to have
a higher degree of trust (72.0%) compared to their counter-
parts from group 2 (58.1%). A significant difference was not
found between the groups for having trust in the authorities
that they will have a strict regime for control and certification of
the electric pods.

4 DISCUSSION

4.1 Limitations of the study

El-pods are not a form of transport that is planned to be
implemented in the short term. One could argue that the
population would find it hard to understand the concept and
the implementation-related issues. However, pilot studies of
autonomous minibuses are numerous in Norway and the con-
cept of modular vehicles, and its benefits were explained in
the survey by means of texts and pictures. Despite this limita-
tion, the results shed light on the needs and opinions of these
el-pods as novel transport technologies divided by age group.
The results in turn can serve to formulate new theories and
hypotheses for further research efforts focusing on the accep-
tance of new autonomous transport technologies by different
market segments. The data collection of this study was per-
formed before any implementation of such el-pods. As such,
further research efforts are encouraged to follow whether the
public acceptance of technology changes throughout the years
and after implementation.

4.2 Discussion of the findings

The present study explored the perceptions, opinions, and
level of acceptance of modular autonomous electric vehicles
(also referred to as el-pods) among two study groups, that is,
non-elderly (individuals under 65 years old who work or are
students—group 1) and elderly (individuals over 65 years old—
group 2). The results showed differences between the two study
groups concerning their opinions and views about el-pods.

Concerning the usefulness of el-pods, the results showed no
significant differences between the two groups. A large share
of respondents in group 2 (56.7%) considered that the el-pods
would be not useful for them, and 26.4% in group 1 thought the
same. Previous studies have shown that transport mode prefer-
ences and whether the respondents have a driving licence or a
car at their disposal are decisive factors for transportation mode
choice [28]. A large share of elderlies in group 2 (92.3%) had
access to a car and 62.0% stated that the car was also their
most used transport mode. They did not evaluate this new form
of transport as useful. This could be due to their view of the
distance between their homes and possible el-pod stations as a
barrier, suggesting that the opportunity of having direct routes
without getting off the pod and the reduced travel time com-
pared to traditional buses are not enough to induce a modal
shift. These results are in line with previous research findings
concerning autonomous minibuses [22]. The implementation of
such modular modes should not be expected to reduce private
car use on their own. Previous studies argued that limiting the
possibilities of private car use (e.g. congestion charge) is more
effective than improving public transportation when it comes
to reducing the pollution from vehicle emissions [36].

Regarding the likeliness to use el-pods as public mode, the
results suggest that respondents in group 1 are more likely
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MOSCOSO and ROCHE-CERASI 11

FIGURE 4 Respondents’ opinions about possible safety and security issues with el-pods for the two groups, (a) non-elderly and (b) elderly.

to use the el-pods than those in group 2, in all three exam-
ined scenarios (i.e. if all personal requirements are met, as part
of a public transport network and under a pandemic). These
findings are in line with previous research studies indicating
that younger individuals have a more positive attitude towards
autonomous vehicles [25], or that age is negatively associated
with the likelihood of using autonomous buses [37]. As dis-
cussed by Nordhoff et al. [38] this could be because the elderly
see autonomous public modes as difficult to use. Another rea-
son could be that the lack of human contact may be a major
barrier for them and people with disabilities. In addition, the
separation of the el-pods when moving on roads may present a
large barrier for people with low trust in technology. Further
research is needed to understand how to address the barri-
ers that will prevent individuals from using autonomous and
modular public modes.

Concerning the transport priorities, results showed differ-
ences between the two study groups for six of the eleven factors.
The results indicated that individuals in group 1 consider punc-
tuality, frequency, travel time, flexibility, and environmental
considerations as more important compared to individuals in
group 2. Accessibility (e.g. access for the disabled) was the only
factor which was found to be more important to individuals in
group 2 than those in group 1. This is not surprising as gait
and mobility change as a person ages [39], and difficulties in
accessibility to transport services may become a key factor for
the use of public transport among the elderly population [40].
A transport solution (el-pods or minibuses) may be therefore
more useful for the elderly population if they offer on-demand
services from door-to-door; a solution that might exist if the
demand is enough and if the services are economically viable.
El-pods can be more likely to start being used in niche markets
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12 MOSCOSO and ROCHE-CERASI

FIGURE 5 Respondents’ opinions about traffic safety with el-pods for the two groups, (a) group 1, non-elderly and (b) group 2, elderly.

than in broader markets as it has been the case for minibuses.
Services should be developed based on the needs and require-
ments of the different groups of travellers considering the age
and gender groups and living environment (e.g. rural areas vs
urban areas). For example, in urban areas, the el-pods have the
potential to increase traffic fluidity, whereas in rural areas, it may
be more useful to provide mobility to older people who are
isolated at home.

The preferences regarding the interior design features of the
el-pods were also investigated. Among the six interior aspects
presented (ranging from aesthetics to technological features),
there was a clear preference for two features, and that for the
two groups: (1) Communication with other vehicles and road
users (e.g. stops and manoeuvres), and (2) dynamic informa-
tion about the el-pod’s position in the road network, travel time,
and delays. These two aspects were particularly more important
for individuals in group 2. The results related to the provision
of dynamic information are similar to the study carried out by
Amanatidis et al. [44] showing that travellers would like to over-
see whether an autonomous vehicle takes the most appropriate
route thanks to a map with position, route, arrival time, and

delays, among other features. Communication with other vehi-
cles and road users (e.g. stops) echoes the results of Tang et al.
[45], who found that travellers would like information about
traffic situations, including surrounding traffic and traffic signs.
Although communication features are reported to be an impor-
tant aspect in the acceptance of autonomous vehicles [46, 47],
further research is needed about both the communication fea-
tures with other road users outside the vehicle, as well as the
provision of information to el-pod passengers. It is not surpris-
ing that without an operator on board, the complex modular
design will represent a challenge for people to understand at
what time and in which el-pod they should move in order to
reach their destination. There is a need to examine solutions
to make el-pods useful and available to all passengers including
persons with disabilities (e.g. visually or hearing impaired).

Concerning the possible positive effects of using el-pods,
both study groups agreed on two possible aspects: Increased
mobility for the elderly and people with disabilities, and less car
traffic and pollution. Group 2 was shown to be more uncertain
whether reduced travel time and fewer traffic accidents could
be a benefit of using the el-pods. The effect on traffic safety is
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MOSCOSO and ROCHE-CERASI 13

an indirect effect of reducing private car use and may be dif-
ficult to envisage, especially if the respondents do not trust the
technology itself. The travel time is expected to be reduced com-
pared to traditional buses. However, it may be difficult for the
respondents to visualize that the modular design can satisfy all
the possibilities of routes. Simulations based on different scenar-
ios are needed to evaluate how many numbers of el-pods and at
what frequency will be necessary to replace the current num-
ber of buses and routes. Moreover, group 2 presented a higher
level of concern for all four safety and security issues com-
pared to individuals in group 1. Specifically, security (hacking
and terrorism) and traffic safety (accidents) are associated with
the use of el-pods. Previous studies have shown that gender, age,
and education were crucial factors influencing risk assessment
of individuals and women rely more on affective evaluations
and feel more vulnerable when facing criminality [23, 36, 41].
Indeed, safety (related to accidents) was a factor more important
for women (81.2%) than for men (63.0%). This is in line with
previous research that pointed out a tendency for women to be
more worried about experiencing accidents in both collective
and private transportation [23]. These results are consistent with
previous studies in Norway about the acceptance of driverless
shuttles [22] and concerns about public and private transport
modes [24], in which gender differences were also found to
be determinants for transport priorities. Safety issues regarding
autonomous public transport are unknown and strongly depen-
dent on the technology safety features and the conditions of
driving in mixed traffic. Differences in objective and perceived
travel risk should be closely followed in connection with the
spread of autonomous vehicles. Furthermore, women also tend
to be more worried than men about autonomous cars with less
intention to use them [11, 42, 43]. This result is also confirmed
in the present study with women being more concerned about
the safety and security of el-pods. Further research is needed
to investigate which safety and security measures could provide
the safe environment required by women and the elderly. Con-
cerning the security features, we can assume that the presence
of in-vehicle cameras may not be enough for these categories
of passengers. To avoid physical harassment or robbery, cam-
eras with AI-based surveillance to detect real-time abnormal
behaviour may be a solution. However, it requires that a security
service is able to intervene rapidly. Protection measures against
terrorism are necessary to increase the feeling of security, such
as secure communication protocols with authentication, confi-
dentiality and cryptographic features, and emergency stop and
communication buttons.

Finally, although a large proportion of the respondents indi-
cated to have trust in the authorities for both the certification
of el-pods and the prioritization of user safety, there was a sig-
nificant difference between the study groups. Group 1 (72%)
showed a higher level of trust that authorities will have the
safety of road users as a priority compared to their counterpart
(58.2%). Roche-Cerasi [22] showed that 50.9% of the respon-
dents in a study carried out in Norway had no trust or low
trust in the ability of authorities to reduce the risk of accidents
with driverless minibuses and concluded that distrust towards
the authorities needs to be addressed by the authorities and

bus operators. Roche-Cerasi recommended that the authorities
and cities communicate more about how they will ensure the
safety of road users and the safe implementation of shuttles
in mixed traffic. She also suggested providing information on
the safety and security requirements for the vehicle automation
system, laws and regulations, and measures (e.g. infrastructure)
put in place to avoid any unexpected events. Norwegian poli-
cies have allowed experiments with driverless vehicles on public
roads since 2018 [34, 48], allowing the conduction of large-scale
pilot projects in mixed traffic on public roads [35]. Norway is
considered one of the countries that are the most prepared for
autonomous vehicles [49]. The recent pilot studies in Norway
and their visibility on Norwegian roads might have contributed
to the familiarity of the vehicles, increasing the positive percep-
tion of both vehicles and authorities. Thus, the implementation
of these el-pods should follow a similar procedure as it was
done with autonomous shuttles, in the case of pilot studies with
el-pods in Norway: to inform the population about the tech-
nology and the benefits this new transport form can bring to
the different road user groups and to start showing the vehi-
cles on dedicated roads, and next at low speed in mixed traffic.
Demonstrations should be organised to increase knowledge and
trust.

In times when technology keeps developing and new
autonomous transport modes are being tested and expected
to be implemented in the future, further research is needed to
provide new transport services and autonomous vehicles based
on the needs and requirements of the population divided into
different market segments. Indeed, more research efforts are
required focusing on the needs of the elderly and the require-
ments for the safe implementation of autonomous public
modes. Although a significant proportion of literature is avail-
able concerning driverless buses, other innovative autonomous
transport modes should be provided equal attention.

5 CONCLUSION

The results of the present study reveal clear differences in opin-
ions and needs in relation to modular autonomous electric
pods between two study groups: group 1 (non-elderly: indi-
viduals under 65 years who work or are students) and group
2 (elderly: individuals over 65 years old and are retired). The
study also indicates compelling findings regarding differences
between genders.

The findings showed that although the respondents from
both groups do not see the el-pods as useful, non-elderly are
more likely to use them. For the non-elderly group, the follow-
ing aspects were important considerations for using the el-pods:
punctuality, travel time, flexibility, and environmental considera-
tions. The elderly group responded that an important aspect for
them to use such el-pods was the accessibility (e.g. access for the
disabled). Given that gait and mobility change as a person ages,
these findings are not surprising and underscore the importance
of designing and planning transport solutions that include uni-
versal design. Moreover, the elderly group were more concerned
about the security and traffic safety of the el-pods compared to
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14 MOSCOSO and ROCHE-CERASI

the non-elderly group. Considering that technology is advanc-
ing at a fast pace and pilot studies of small autonomous busses
are being held in different countries, future research direc-
tions should focus on exploring the level of acceptance of such
vehicles after having tried them. Moreover, it is important to
examine how this new mobility system can be developed in
a way that is useful and beneficial for the elderly group. Fur-
ther studies should also include different demographic groups,
incorporating socioeconomic aspects and regional or cultural
differences.

The elderly and people with disabilities should not be
excluded from the development of intelligent and autonomous
transport modes. Yet, in the present study, the elderly showed a
lower level of trust in the authorities for the implementation of
the el-pods and a lower level of likeliness to use the el-pods com-
pared to their younger counterpart. We recommend that public
transport planners and authorities develop specific measures for
supporting the acceptance of autonomous vehicles and covering
the needs of this particular age segment concerning accessibil-
ity, communication, transport and mobility. This could in turn
have implications for the planning and operations of new intel-
ligent transport systems that are expected to be part of public
transport systems.
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