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Abstract

First/last mile transport is essential for transit but is often found to be the weakest link in a trip. Moreover, as a result
of multiple developments (e.g. demographic shifts, urbanization, climate change, technology advancement) first/

last mile transport will likely change rapidly. The literature review of this study shows six different categories of factors
affecting first/last mile mode choice: (1) traveller, (2) psychological, (3) first/last mile trip, (4) first/last mile modes, (5)
built environment, and (6) main stage. We used this framework to understand and predict the complex process of
mode choice, specifically given the emerge of new modes. The performed mode choice experiment shows vary-

ing results regarding the preferences of travellers for existing and new means of first/last mile transport. Four future
scenarios (varying in level of sharing and flexibility of rides) are investigated. Traditional means of transport such as
private vehicles and traditional ride services remain preferred over shared vehicles and on-demand ride services. For
instance, 21% of the travellers chooses a private but no shared vehicle, and 12% chooses a traditional but no on-
demand ride service. On the other hand, 21% of the travellers prefer a shared vehicle and 23% prefer an on-demand
ride service whenever these vehicles/services are available. These results illustrate that when mode choice factors

are absent and there are no restrictions taken into account (for example the possession of a car and driving license
when choosing car), the actual chosen means of transport in the current situation differs from the preferred means of
transport in the future. The results also show potential for new, emerging, means of first/last mile transport. According
to the ‘preferred situation’ by travellers, transit nodes and first/last mile systems require a different design regarding
first/last mile facilities, dependent on the scenario(s) that will develop. The challenge for decision makers and planners
is to steer mode choice decisions in the direction according to their policy objectives, where our insights support the
corresponding design choices and policy interventions.

Keywords: First/last mile transport, Mode choice, Preferences, Shared mobility, On-demand rides, Scenario’s,
Emerging modes

1 Introduction

Multimodal passenger transportation is gaining more
attention with the ongoing climate change discussion and
the increasing possibilities to combine existing and new
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(1) demographic and social change, (2) rapid urbanisa-
tion, (3) climate change and resource scarcity, (4) tech-
nological breakthroughs, and (5) shift in global economic
power. The urban transportation sector will face a change
in needs and preferences because of among others
demographic shifts, urbanization, and climate change.
Because of demographic shifts transport options must
be expanded to meet multiple needs. Because of urbani-
zation more people are travelling (while many transport
services are exceeding capacity already) which requires
more efficient transport. Last but certainly not least, cli-
mate change asks for environmentally friendly passenger
transport. Because of this, there is a need for a more per-
sonalized, efficient, and environmentally friendly passen-
ger transport. Public transport seems to be an obvious
solution, as it can transport a large number of people at
an efficient manner. In addition, public transport brings
many other indirect positive effects such as increased
access to services and activities. However, public trans-
port has the disadvantage to be dependent on first/last
mile transport which are found to be the weakest links in
a public transport chain [17].

1.1 Research question

This research elaborates on first/last mile transport in
further detail and aims to provide insights in the prefer-
ences of travellers for existing and new means of first/last
mile transport such as shared vehicles and on-demand
ride services. The following main research question was
formulated:

RQ: What impact do new means of first/last mile
transport have on the preference of travellers regard-
ing first/last mile transport?

The outcomes of this research can be used for both sci-
entific and practical purposes. For scientists, additional
knowledge helps to understand and make predictions
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regarding future first/last mile mode choice. Urban plan-
ners, municipalities and transport authorities can benefit
from the results of this study by taking into account the
preferences of travellers when designing transit nodes
and first/last mile systems. For example, regarding the
number of vehicles that should be provided or amount of
space that has to be reserved.

1.2 Terminology

With the growing importance of multimodal transport,
an increasing number of studies focuses on the first/last
mile of the journey. In general, a multimodal trip can be
divided into three stages; first mile, main stage, and last
mile. The main stage usually describes the stage which
covers the largest distance. First/last mile (or access/
egress) describes the direction in which the trip is made.
However, when a trip is made for the second time but in
the other direction, the first mile becomes the last mile
and vice-versa. Specifying the location (e.g. home-end/
activity-end) of the first/last mile trip leads to a consist-
ent usage of the terms at both the origin and destination
side (Fig. 1). For mode choice this is important, because
usually different means of first/last mile transport are
available at the home-end and activity-end of the trip.

1.3 First/last mile mode choice factors

Mode choice is an extensively researched topic without
one universally applicable definition. De Witte et al. [9]
aimed to gain a better understanding of the notion and
analysed 76 studies from different research fields that
used the term modal choice. The review illustrates that
the interpretation of the term modal choice differs per
study and depends on the research perspectives and
objective as well. Because the researchers found no gen-
eral definition, they proposed the following definition of
modal choice from a multi-disciplinary approach:

‘the decision process to choose between different
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transport alternatives, which is determined by a
combination of individual socio-demographic fac-
tors and spatial characteristics, and influenced by
socio-psychological factors’

First/last mile mode choice is a specific topic within
the complex field of (multi-modal) mode choice. Because
multimodal trips consist of different stages, multiple
mode choice decisions have to be made. The factors that
play a role in this process can vary per stage and can
therefore differ from the general mode choice determi-
nants [2, 29].

Various types of studies have included first/last mile
mode choice factors. However, the factors that have been
considered in each study strongly depends on the aim of
the research as was also concluded by De Witte et al. [9]
during their review on mode choice in general.

Instead of researching first/last mile mode choice sepa-
rately from the main stage, some of the studies combined
all trip stages to research the attractiveness of multimodal
transport in general [2, 8, 17, 24, 27]. Studies that do
exclude the main stage, mainly research one of the other
stages, either the home-end or activity-end. The number
of studies that focus on home-end trips are, compared
to studies on activity-end trips, found in greater num-
bers, possibly due to the larger number of options avail-
able at the home-end of the trip. For other studies, the
distinction between both trip-ends was the motivation to
research the differences in factors between both [13].

Besides the trip stages, the considered means of first/
last mile transport and transit nodes are different in
each study. Especially studies performed in the Neth-
erlands, mainly focus on the role of the bicycle solely
[21, 24, 27]. The bicycle accounts for the largest share
of home-end trips (43%) and is therefore an interesting
vehicle to study for researchers in this country [15]. In
other countries where the bicycle plays a less prominent
role, other means of first/last mile transport have been
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researched more frequently. Since the bicycle is consid-
ered a poor man’s vehicle in Indian cities, other transport
means such as rickshaws (i.e. human-powered tricycles)
have a dominant role [12]. In Vietnam, the motorcycle is
extremely popular, also for short distance trips which are
attractive to walk [26]. The aim to increase the walking
share is a trending topic, also in the United States where
short car trips have a predominant role relative to other
transport means [5]. Besides studies on existing means
of transport, other researchers focus on the potential of
emerging means of transport such as demand responsive
transport (DRT) and automated vehicles for activity-end
trips [1, 29].

The variation in researched means of transport per
country can also be observed for the type of transit
nodes. As mentioned before, the train is used as the main
transport mode for the majority of the multimodal trips
in the Netherlands. As a result, a large number of stud-
ies have focused on railway stations as transit node [10,
11, 17, 19, 21, 24, 27, 29]. However, studies in other coun-
tries, where other means of transport are dominating the
main stage of multimodal trips, consider other transit
nodes such as bus rapid transit (BRT) stations, light-rail
transit (LRT) stations, mass rapid transit (MRT) stations
and high-speed rail (HSR) stations [14, 16, 18, 28].

It can be concluded that studies on first/last mile mode
choice are diverse regarding the considered trip stages,
means of first/last mile transport and transit nodes.
Most studies are performed with a specific aim, strongly
related to the country in which the research takes place.
For example, to stimulate walking or increase the bicycle
share.

Based on the factors that were found during the lit-
erature review, six distinctive categories were defined
to which all first/last mile mode choice factors can be
assigned to. These six categories together form the first/
last mile mode choice framework (Fig. 2):

Characteristics of the traveller
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Fig. 2 First/last mile mode choice framework
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The first category, characteristics of the traveller,
entails the individuals’ personal and household situa-
tion. Psychological factors such as attitude, perception,
lifestyle and habits are also traveller dependent but
reflect unobserved, or latent, variables. These variables
either have no measurement scale or are perceived dif-
ferently per individual. The third category (characteris-
tics of the first/last mile trip) includes all trip specific
determinants. The distance, for example, is widely
researched but also the trip purpose and the weather
conditions can be assigned to this category. First/last
mile mode characteristics form the fourth category
and only include factors that are related to the means
of transport. Travel time and cost are among the most
reviewed factors in this category. The fifth category
characterises the built environment in which the first/
last mile trip, and thus the mode choice, takes place.
Determinants among this category can be classified
according to the variables density, diversity and design,
also known as the 3Ds’ [6]. The sixth and last category
includes factors that are related to the main stage and
were found to influence the first/last mile mode choice
as well. These six categories and all factors that fall
within those categories are found to influence first/last
mile transport.

1.4 Outline

This paper is organized as follows. In the following chap-
ter, the methodology of the research is elaborated on.
This chapter describes the construction of scenarios,
the location for the case study and the set up of the sur-
vey that has been conducted for this research in further
detail. In chapter 3 the results are given and discussed.
Finally, in chapter 4, conclusions are drawn and dis-
cussed, and recommendations are provided.

2 Research approach

This chapter describes the research approach that has
been followed to collect data on travellers’ preferences
regarding existing and emerging means of first/last mile
transport. First, scenarios were drawn to distinguish
future developments paths for first/last mile transport.
Hereafter, a location for the case study was selected and
finally a survey was set up and conducted.
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2.1 Scenario design

As a result of multiple trends and developments (e.g.
demographic shifts, urbanization, climate change,
technology advancement) urban mobility, and there-
fore first/last mile transport, is likely to change
fundamentally.

Many of the novel and innovative means of transport
that are emerging can be assigned to the concept called
shared mobility. Two categories can be distinguished:
the sharing of a vehicle and the sharing of a passenger
ride [23]. The principle of the vehicle sharing services
is simple,a traveller gains the benefit of a private vehicle
without the costs and responsibilities of ownership. This
service can be distinguished from the other service which
do not share vehicles, but rides. These rides can either be
provided by drivers who use their own private vehicle or
by taxi or public transport companies. For this research,
the following services have been considered: (1) carshar-
ing, (2) bikesharing, (3) e-scooter sharing, (4) individual
on-demand ride services, and (5) collective on-demand
ride services. The first three services can be assigned
to the vehicle sharing concept while the latter two are
among the ride sharing one.

The success of the services is expected to be dependent
on two main driving forces. On the one hand, the degree
to which the vehicle sharing economy develops, and on
the other hand, the degree to which ride sharing ser-
vices are offered. Considering a high and low evolution
of both the driving forces, four distinguishable scenarios
were constructed based on literature and interviews with
experts in the field. In each of the four scenarios differ-
ent means of first/last mile transport are expected to
have a dominant role (Fig. 3). Using this method with
four ‘extreme’ scenarios we were able to capture people’s
preference and how this changes when specific means of
transport are absent.

Scenario 1 illustrates a situation without shared vehi-
cles and on-demand ride services. It is assumed that peo-
ple remain attached to their private vehicles and public
transport is still provided according to traditional fixed
routes and timetables. In scenario 2, shared vehicles
instead of private vehicles are available. Still, ride ser-
vices are provided the traditional way as in scenario 1.
Scenario 3 on the other hand, considers a situation in
which private vehicles are combined with ride services at
an on-demand basis. Examples of the individual form are
ridesourcing where drivers use their own private vehicles
(e.g. Uber) and e-hailing where the service is provided
by a third party or taxi company [7]. For the collective
form there is ridesplitting (e.g. UberPOOL) and demand
responsive transit (DRT). Different from ridesplitting,
drivers of the DRT service are employees of the respec-
tive service provider. Scenario 4 illustrates a situation in
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SCENARIO 2 vehicle sharing economy SCENARIO 4
e Walking e Walking
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e Traditional ride services ¢ On-demand ride services
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Fig. 3 Expected dominating means of first/last mile transport in each scenario
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SCENARIO 3

which both shared vehicles and on-demand ride services
are available.

The scenarios matrix will later be used in the survey to
collect data on travellers’ preferences regarding first/last
mile mode choice in four different scenarios. Before the
survey is constructed, a case study location is selected
where the survey will be performed.

2.2 Case study

To gain insights into the modal choice decisions of trav-
ellers, we performed a case study. One specific railway
station is selected to collect this data for the predefined
scenarios that are constructed in the previous subpara-
graph. For this research, the Almere Centrum railway
station in the Netherlands was selected as case study
location based on various characteristics. Almere is
located in the province of Flevoland, half an hour drive
from Amsterdam, and has more than 200.000 inhabit-
ants. Almere Centrum is one of the six train stations
in Almere, and used by 25,888 travellers on an average
weekday, especially during the morning peak (18.2%)
and the evening peak (13.5%) (NS [20]. Moreover, there
is a wide variety of first/last mile facilities and services at
Almere Centrum: travellers can make use of a car park-
ing facility and various bicycle parking facilities, there
are shared vehicles (car and bicycles) available, there is a
Kiss + Ride facility and a taxi stand, and last but not least,
there is a bus station where various lines have their stop.

The Almere Centrum railway station is representative of
Dutch medium sized stations.

2.3 Survey

A mode choice experiment was set up and conducted
to observe current and future mode choice decisions.
Below, we briefly describe how the survey was designed,
implemented and executed.

2.3.1 Method

Although an extensive list of factors on first/last mile
mode choice was found in our literature review, the sur-
vey of this research will not specify attributes. Using
attributes and varying with attribute levels would make
the research too extensive and does not fit in the avail-
able amount of time. Because attributes will be absent,
mode choice decisions of respondents are dependent on
the available information and expectations regarding the
service provided by the different means of first/last mile
transport.

Because travellers at railway stations do not have the
time to complete a survey on site, the survey was made
online. This allows travellers to complete the survey at,
for them, a suitable moment. Google Forms was used to
construct and conduct the survey. The tool has all the
features that are required for this survey, including sur-
vey logic and image choice. Survey logic makes it possible
to redirect respondents to a specific question based on a
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given answer. Image choice makes it possible to show fig-
ures as multiple-choice options instead of text only. The
digital survey was made accessible for travellers via a link
and QR code, depicted on the flyers that were distributed
at Almere Centrum.

2.3.2 Design

Because surveys are often experienced as dull, the design
of the survey plays a crucial role to get enough and reli-
able responses. The basic principle for the construction
of the survey was to make the survey easy and clear to
understand. Besides, respondents should be able to com-
plete the survey within a limited amount of time. Since
most of the travellers are familiar with the Dutch lan-
guage, the survey was designed in Dutch. During the
construction process, feedback was asked from various
persons with different backgrounds to improve the qual-
ity of the survey and to eliminate vagueness and uncer-
tainties. The remainder of this subparagraph briefly
explains all parts of the survey.

2.3.2.1 Introduction section of the survey The introduc-
tion of the survey describes its background and purpose.
The format and the expected amount of time it takes to
complete the survey are also communicated. The contact
details of the researcher are provided at the end of the
introduction to allow respondents to seek contact when
they have any questions or comments.

2.3.2.2 Part 1: Station function Because first/last mile
mode choice strongly depends on the availability of trans-
port means, the first part of the survey aims to capture
the station function of Almere Centrum for each respond-
ent. Besides, respondents are asked to select the date and
time on which the trip was made. This information can
later be used to identify irregular mode choice decisions
in case of extraordinary events (e.g. disrupted transport
services, extreme weather conditions). Based on the
respondent’s answer to the station function, a respond-
ent is redirected to the survey that applies to him or her,
which can be either the home-end or activity-end survey.
Respondents who do not use the train or those who use
the Almere Centrum station to transfer between trains
are being thanked for their cooperation but precluded of
the remaining questions.

2.3.2.3 Part 2: Current mode choice In the second
part of the survey, respondents are asked to specify the
means of transport they used for the trip to/from the
railway station. Furthermore, respondents are asked to
specify the distance of their home-end or activity-end
trip. Because the distance was found to influence first/
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last mile mode choice by many researchers during the
literature review, the factor is included in the survey.

2.3.2.4 Part 3: Future mode choice The third part asks
respondents to choose a means of first/last mile trans-
port in each of the four scenarios that were constructed
in Sect. 3.1. They are emphatically asked for their pre-
ferred future transport means assuming that all modali-
ties and required facilities are available. This also means
that respondents without a car and/or driving license
can choose for a car, private or shared dependent of
the scenario. Each means of first/last mile transport is
explained briefly at the beginning of this section. Still,
this information is also provided at each question for
the means of transport where respondents can choose
from. If respondents indicate to prefer a shared vehicle
in scenario 2 and/or 4, an additional question is asked to
discover the preferred form of sharing.

2.3.2.5 Part 4: Final questions In the fourth and last
part of the survey, respondents are asked to answer
four general questions about their gender, age, driver’s
license possession and trip purpose. All these factors
were found to influence first/last mile mode choice
during the literature review and are easy to analyse in
this survey. Moreover, NS Stations provided data on
the populations’ age and trip purpose, which allows the
researcher to make comparisons. For the other features
of which data is missing, other sources will be consulted
to make comparisons.

2.3.3 Practical information

The survey was conducted in week 47 of 2018 from Mon-
day 19 November until Friday 23 November. During
these five days, flyers were distributed among travellers at
Almere Centrum during the morning peak (07:00-09:00)
and evening peak (16:00—18:00). No extraordinary events
(e.g. disrupted transport services, extreme weather
conditions) occurred during these days. Although the
weather conditions in November are different from other
months, general mode choice decisions are expected to
be captured by this survey. The surveyor was present
during all peak hours on all weekdays. On Tuesday and
Friday, an extra surveyor provided assistance. Because
multiple entrances and exits are present at railway station
Almere Centrum, the surveyor(s) changed location(s)
during the week. This also reduced the chance of asking
travellers a second time. Because it was not allowed to be
active on the platforms or block the transfer of travellers,
flyers were distributed at a sufficient distance from the
gates, entrances and elevators. Travellers were asked to
fill in the survey online via the link on the flyer.
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The minimum number of respondents that is required
to get statistically significant results can be calculated
with the following equation:

2'p(l-p) 1.962505+(1-05)
ize — e? _ 0.052 _
Sample size = 2p(1-p) | n 1962505+(1-05) 355
2N 0.052+4,712
with: z=z-score (1.96 for 95% confidence level),

p=standard of deviation (percentage in decimal form,
50% =0.5), e=margin of error (percentage in decimal
form, 5%=0.05), N=population size (average number
of weekday morning peak travellers=4,712, 18.2% of
25,888).

For the majority of the variables (z-score, standard of
deviation and margin of error), standard values can be
used. However, the population size refers to the number
of people that are being researched. For this research,
weekday morning peak travellers are among the group of
interest. According to the formula for the desired sample
size, 355 respondents are required to get statistically sig-
nificant results.

3 Results

In this chapter the results of the mode choice experiment
are presented and observations are made in order to give
an answer on our research question: ‘what impact do new
means of first/last mile transport have on the preference of
travellers regarding first/last mile transport?

In total, 1,955 flyers were distributed among travellers
at railway station Almere Centrum and 442 surveys were
completed at the end of the week. After filtering the out-
liers, 401 surveys remained useful for further analyses.
Because a minimum of 355 respondents was required, it
can be concluded that the achieved sample is sufficient to
get statistically significant results for the total population
of interest.

3.1 Data analysis
The collected data from the survey is analysed and
compared with data from the total population. For this
research, data on gender, age, trip purpose and driver’s
license possession were collected (Table 1). Regarding the
age and trip purpose, NS Stations [20] provided data on
the total population which was used for validation pur-
poses. However, it should be mentioned that flyers for
the survey of this research were distributed during week-
day peak hours only, while NS Stations gathered general
data from travellers at Almere Centrum. For the other
two factors, other data sources were consulted to validate
the data.

The distribution of men and women is 55% ver-
sus 45% respectively. As mentioned, NS Stations did
not provide data on the gender of the respondents.
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Table 1 Survey data compared with population data

Survey data  Population data®
Gender
Men 55% 55% 0%
Women 45% 45% 0%
100% 100%
Age
0-19 11% 16% —5%
20-24 17% 24% —7%
25-44 33% 31% +2%
45-64 36% 26% + 10%
65+ 3% 4% + 1%
100% 100%
Trip purpose
Commuting/business 72% 54% +18%
School/study 21% 13% +8%
Social/recreation 7% 33% —26%
100% 100%
Driver’s license
Yes 80% 64% + 16%
No 20% 36% —16%
100% 100%

2 Population data for gender and driver’s license is from CBS and for age and trip
purpose from NS Stations

However, the open source dataset of the CBS on pas-
senger mobility in 2017, shows the same ratio of men/
women for travellers making a trip by train [3].

Regarding the age of the respondents, it can be
observed that more travellers aged 45-64 are among
the respondents of this survey than of NS Stations’ (36%
versus 26%). The age category 20—24 on the other hand,
is underrepresented (17% versus 24%). Differences for
other age categories are within a range of 5%. Because
the data from NS Stations originates from surveys as
well, it is not sure that values collected via the survey
in this research are wrong. Differences can be a result
of the time of day at which age cohorts travel because
flyers to access the survey were distributed during peak
hours only.

The trip purpose was also researched in both the sur-
vey of this research and by NS Stations. Differences can
be observed for the three distinguished travel motives:
(1) commuting/business, (2) school/study, and (3) social/
recreation. Because flyers for the survey were distributed
during weekday peak hours, respondents travelling for
commuting/business (72% versus 54%) and school/study
(21% versus 13%) purposes are overrepresented. People
travelling for social/recreational purposes are expected to
use the railway station especially outside the peak hours
and during the weekends. This also explains the lower
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share found in this research (7%), relative to the value
found by NS Stations (33%).

Of all respondents that completed the survey for this
research, 80% indicated to be in possession of a drivers’
license. As for gender, NS Stations did not provide data
on this factor. General data on the total number of driv-
ers licenses in the Netherlands, together with the total
number of inhabitants, indicate that 64% of the people
are in possession of a driver’s license [4]. The high share
found in this research illustrates that the possession of
a driver’s license does not by definition means that this
group prefers a car instead of the train.

In general, it can be concluded that the collected sam-
ple represents the total population of interest sufficiently
for the purpose of this study.

3.2 Mode choice results

Data on the current mode choice of travellers was also
collected by the survey and the results are visualized in
Fig. 4. The current modal split of home-end trips (58%)
shows large shares for the bus (43%) and the bicycle
(41%). For activity-end trips (42%), these modes are only
used by respectively 18% and 10% of the travellers, after
walking (67%). In line with these findings, the majority of
activity-end trips (54%) are of 1 km or less (Table 2). The
distance of home-end trips is on average a little longer,
64% of the trips are within a range of 1-5 km.

For both home-end and activity-end trips and all four
scenarios that were discussed in Sect. 3.1, Sankey dia-
grams were constructed based on the outcomes of the
survey. In respectively Figs. 5 and 6 the Sankey diagrams
for home-end trips and activity-end trips are presented.
The left side of the diagrams show the current means of
first/last mile transport, while the right side represents
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Table 2 Distance of home-end and activity-end trips to/from
Almere Centrum

Home-end trips (%) Trip distance Activity-
end trips
(%)

12 <1km 54

64 1-5km 34

16 5-0 km 9

6 >10 km 1

2 I don't know 2

the chosen means of transport in the considered sce-
nario. Because no attributes were specified in the survey,
the observed mode choice in each scenario represents
the preferred transport means of travellers. The remain-
der of this chapter presents the most important observa-
tions for home-end trips, activity-end trips and first/last
mile trips in general.

3.2.1 Home-end trips

Figure 5 shows the expected modal shift for home-
end trips in each of the four scenarios. It was already
observed that in the current situation, the majority of the
home-end trips are made by bicycle (41%) and bus (43%).
In scenarios where these services are not available, the
preference of travellers is divided over all means of first/
last mile transport available. Some interesting observa-
tions for home-end trips solely are further discussed
underneath the figure.

First of all, the car is found to be a popular transport
mode in each of the four future scenarios, regardless of
the type of car available (private or shared). Although the
car is currently used for only 5% of the home-end trips

10%

43%

Home-end
(58%) Bus
Taxi

m Other

Walking
H Bicycle
m Car (driver)

H Car (passenger)

Fig. 4 Modal split of Almere Centrum for home-end trips and activity-end trips

1% 1%
18%
S N
§ % Activity-end
(42%)

67%
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SCENARIO 3

(driver + passenger), the car share in each of the four sce-
narios is 18%, 13%, 17% and 10% respectively. This means
that travellers currently do not use the car or do not have
a car or driver’s license while they prefer to travel by car
to the railway station in the future assuming that the
required facilities are available. The data reveals that 32%
of the home-end travellers, which equals 74 respondents,
prefer to use the car in one or more scenarios. The num-
bers illustrate that especially younger (0—24, 57%) women
(62%) travelling for school/study purposes (51%) prefer to
use a car in at least one of the scenarios. As expected, the
home-end distances are larger for this group than for the
average home-end traveller. More trips with a length of
5-10 km and longer than 10 km are represented in this
dataset. Still remarkable is the relatively high share of
trips by car which are shorter than 1 km (9%).

Another interesting observation regarding the popu-
larity of the car is found when analysing the charac-
teristics of travellers who choose a private car when
available (scenario 1 and 3). Among this group, the per-
centage of women (72%) is even higher than observed
during the previously discussed observation. Travel-
lers aged 0—24 account for almost three quarters (72%)

of this group, while the average is 27%. In line with
this result, the number of travellers without a driver’s
license is also higher and accounts for 40%, which is
20% higher than the average. This illustrates the inex-
perience of driving a car among a group who prefers to
use one.

Both observations show the preference towards the
car for specific users of which an explanation is hard to
give. Teenagers who do not work yet might get enthu-
siastic about the idea of travelling by car in the future.
However, this does not explain the high share of women
among travellers who prefer a car.

The traditional bus remains a popular means of trans-
port in the scenarios where the service is available.
In scenario 1 and 2, respectively 31% and 50% of the
travellers have a preference for the bus. Additionally,
a quarter of the travellers (57 respondents) prefer the
bus in both of the scenarios. 82% of this group, already
uses the bus in the current situation. Data on the char-
acteristics of these travellers do not show extreme dif-
ferences regarding the average home-end traveller. Still,
a majority of them travels for commuting/business pur-
poses (81%) and falls within the age range of 25—44 and
45-64 (both 39%).
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Fig. 6 Expected modal shift for activity-end trips in all four scenarios

SCENARIO 3

3.2.2 Activity-end trips

Figure 6 shows the Sankey diagram for activity-end
trips in each of the four scenario’s. In general, it can be
observed that walking remains a high share among activ-
ity-end travellers. However, in each scenario, the share
decreases considerably. Some interesting observations
for activity-end trips solely are further discussed below.

The share of travellers that walk at the activity-end of
the trip reduces in each of the four scenarios (44%, 39%,
37% and 42%) relative to the current situation. The data
illustrates that although 67% of the activity-end trips are
made by foot, 20% of the travellers actually never pre-
fer to walk. This group of travellers prefer not to walk
although 82% of them has to walk less than 1 km. The
characteristics of the travellers among this group are
not considerably different from the average activity-end
traveller.

Besides the group of travellers who never prefer to
walk, there is a large share of activity-end travellers (30%)
who indicate to have a preference for walking in each of
the four scenarios. Most of them (94%) do already travel
by foot in the current situation. Again, the majority of the
trips (71%) are less than 1 km. However, 27% of this group
walks a distance of 1-5 km. Characteristic differences are

present among this group relative to the average activity-
end traveller. The share of men among this group is 65%
and also travellers aged 25-44 (45%) are present in larger
numbers. This illustrates that middle-aged men travelling
for commuting/business purposes (86%) are more willing
to walk, regardless of the available transport modes and
services.

3.2.3 First/last mile trips in general

In addition to the home-end and activity-end observa-
tions, general observations are done. For these obser-
vations, both the datasets of home-end trips and
activity-end trips are combined. Especially interesting are
the new transport modes and services that are included
in the scenarios and the characteristics of travellers who
are willing to make use of them. Because the number of
travellers with a preference for e-scooter and on-board
vehicles was relatively low, merging both datasets also
provided a more extensive dataset to analyse.

21% of the travellers prefer a shared vehicle when avail-
able (in both scenario 2 and 4). The results show that
slightly more men (58%) than women (42%) are among
this group relative to the average traveller (45% women,
Table 1). Another interesting observation is the increased



Stam et al. Eur. Transp. Res. Rev. (2021) 13:56

share of travellers aged 25-44 (35%) and 45-64 (40%).
Regarding the trip purpose, 78% of the travellers in this
group indicate to travel for business/commuting pur-
poses. The preference of travellers towards different shar-
ing forms is equally divided.

21% of the travellers prefer a private vehicle, but no
shared vehicle. To analyse this in further detail, the char-
acteristics of travellers who prefer a private vehicle in sce-
nario 1, but subsequently no shared vehicle in scenario
2, are examined. Among the group who do not prefer to
share a vehicle, the majority of the travellers are women
(52%). In line with the unexpected findings on the pre-
vious theme, the share of younger travellers aged 0-19
increased by 5% to a total of 16%. Looking at the trip
purpose of the travellers among this group shows larger
shares for school/study (25%) and social/recreation (12%)
trips.

23% of the travellers prefer a flexible ride service when
available (in both scenario 3 and 4). On-demand ride
services, both individual and collective, can be seen as a
flexible upgrade compared to traditional forms such as
the bus. Again, it is interesting to see that older people
are more willing to make use of innovative services. The
share of travellers aged 45—64 increases by 13% to a total
share of 49%, at the expense of groups aged 20-24 (— 5%)
and 25-44 (— 10%). An explanation for this can be the
accessibility of the bus, which is perceived differently
between elderly and youngsters. An on-demand ride ser-
vice no longer has the issues of accessibility.

12% of the travellers prefer a traditional ride service,
but no flexible ride service. Travellers who prefer a tra-
ditional ride service in scenario 1, but subsequently
no on-demand ride service in scenario 3 are examined.
Again, the majority of the travellers (74%) already trav-
els by bus in the current situation. The characteristics
of these travellers show that especially teenagers aged
20-24 (30%,+ 13%) travelling for school/study purposes
(36%, + 15%) are among this group.

10% of the travellers prefer to use a vehicle that is
allowed to be taken on-board in at least one of the sce-
narios. This option was found popular among current
cyclists (38%), who probably already bring their vehicle
on-board, in the form of a foldable bicycle. This specific
type of bicycle was not part of the answer options, and
existing users are categorised as general cyclists. The data
shows that especially travellers aged 25-44 (43%,+ 9%),
travelling for commuting/business purposes (78%,+ 5%),
are among this group. scenarios.

8% of the travellers prefer to use an e-scooter in at least
one scenario. Again travellers aged 25-44 (45%,+ 12%),
travelling for commuting/business purposes (79%, + 6%),
are largely represented. Relative to the average traveller
(45% women, Table 1), more women (48%) are found to
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be interested in using an e-scooter in at least one sce-
nario. Another interesting observation is the first/last
mile distance of e-scooter fans. Especially trips between
5-10 km (27%, + 14%) are popular among e-scooter fans
compared to the average traveller (Table 2), while trips
between 1-5 km (33%, — 19%) are less represented. Still,
it should be taken into account that only 8% of all travel-
lers indicate to use an e-scooter in at least one scenario,
which is relatively low.

With the results and observations presented in this
chapter, our research question is answered: ‘what impact
do new means of first/last mile transport have on the pref-
erence of travellers regarding first/last mile transport?

The answer is of course dependent on the scenario that
will develop. In this study we distinguished two main
driving forces on which the four scenarios were built.
On the one hand, the degree to which the vehicle sharing
economy develops, and on the other hand, the degree to
which ride sharing services are offered.

When shared vehicles (scenario 2 and 4) would replace
all private vehicles (scenario 1 and 3), it is expected that
some of the travellers will start using other forms of tra-
ditional transport such as the bus (home-end, scenario 2)
and to a lesser extent walking. For home-end trips in par-
ticular, it can be seen that the share of bicycles decreases
significantly when only shared vehicles are offered. For
activity-end trips this trend is much less visible. Com-
pared to the current situation, the bicycle share is even
increasing. This most likely has to do with the availability
of the availability of this means of transport at the activity
end of the trip in the current situation. For e-scooters the
difference in private and shared vehicles is barely visible.

When flexible ride services (scenario 3 and 4) would
replace all traditional ride services (scenario 1 and 2), the
same observation is visible as when the vehicle sharing
economy develops. Travellers shift to traditional trans-
port means such as the private bicycle although to a
lesser extent. The flexible ride services are most popular
among current bus users but also travellers who currently
travel by private bicycle (home-end) or who walk (activ-
ity-end) shift to this flexible service.

4 Conclusions, discussion and recommendations
4.1 Conclusions
Because relatively little is known about first/last mile
transport in the era of new means of transport, this
research aimed to elaborate on the topic in further detail
and provided insights in the preferences of travellers for
existing and new means of first/last mile transport.

The literature review illustrated that many factors
together constitute the choice of a traveller for a specific
mean of transport. The mode choice framework that was
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developed distinguished six categories to which all type
of first/last mile mode choice factors can be assigned to.

According to the outcomes of this survey travellers
have different preferences which do not align with the
means of transport that they currently use. Although
the car is usually undesired in urban regions, the survey
illustrated that many travellers have a preference for the
car. Also, traditional transport means such as the private
bicycle and the traditional bus are in favour compared to
shared vehicles and on-demand ride services. We found
that 21% of the travellers prefer a private vehicle but in
scenarios where these vehicles are absent, shared vehi-
cles are not chosen which means that people choose a
completely differ means of transport such as walking or
ride services. This is also visible for ride services, but to
a lesser extent. Here, 12% of the travellers who prefer a
traditional ride service do not choose an on-demand ride
when the traditional ones are not available. On the other
hand, still 21% of the travellers prefer a shared vehicle
whenever available. In line with this result, 23% of the
travellers prefer an on-demand ride service if available.
It should be mentioned that factors (like cost and time)
were not taken into account in the mode choice experi-
ment and that the results therefore illustrate a preferred
situation. Moreover, travellers were asked to their pre-
ferred transport means in the future assuming that all
modalities and required facilities are available. This also
means that respondents without a car and/or driving
license can choose for a car, private or shared depend-
ent of the scenario. When mode choice factors and
limitations such as having a car and driving’s license to
choose the car are taken into account, the actual chosen
means of transport in the current situation differs from
the preferred means of transport in the future. In this
study, where mode choice factors are absent, the results
illustrate that there is a potential for the new, emerging,
means of first/last mile transport that have been consid-
ered in this research. The ‘preferred situation’ by travel-
lers would mean that transit nodes require a completely
different design regarding the first/last mile facilities in
each considered scenario.

For urban planners, authorities and operators, it is
important to consider which means of first/last mile
transport to/from a specific railway station are matching
best with policy and societal goals. For Almere Centrum
the outcomes showed that more people wanted to travel
by car (not taking into account mode choice factors and
other factors such as car ownership and driver’s license).
Designing transit nodes according to the preference
of travellers would result in large car parking facilities
in each of the four scenarios. However, it is question-
able whether car use to/from railway stations should be
stimulated, especially when the railway station is located
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in the city centre. In these areas space is scarce, and cars
were found to be the most inefficient means of first/
last mile transport regarding land use. However, first/
last mile mode choice can be controlled for by various
factors as was observed for Almere Centrum. The chal-
lenge for decision makers and planners is to steer mode
choice decisions in the direction according to their policy
objectives.

4.2 Discussion and recommendations

The results and conclusions that originated from this
research are dependent on various assumptions and
choices that have been made throughout the process.
First of all, of all trends and developments that are
expected to influence first/last mile transport in the
future, services originating from the shared mobility con-
cept were considered only. Consequently, this research
provided a single-concept vision on the future of urban
mobility. Future research on other trends and develop-
ments is required to understand and predict how the
first/last mile sector evolves in the coming years and
what the consequences are for transit nodes.

Second, because this research focused on first/last mile
trips to/from railway stations in the Netherlands, specific
means of first/last mile transport were considered for the
construction of the scenarios and survey. For other coun-
tries and other transit nodes with different characteris-
tics, other means of first/last mile transport are expected
to be relevant and should be included. Although the
context differ (e.g. high level bicycle users in the Neth-
erlands), the observations that are made regarding the
use of existing and preference for new means of first/last
mile transport are relevant for other countries as well.
Future research can apply the method that has been fol-
lowed in this research to gather knowledge on this topic
for other nodes and countries. Additionally, the mode
choice experiment was performed for Almere Centrum
specifically. These outcomes are expected to be especially
relevant for transit nodes with similar characteristics.
Because the experiment researched the preference of
travellers, future research is required for more accurate
predictions regarding the first/last mile mode choice of
travellers in the future by including first/last mile mode
choice factors and attribute levels. The framework that
was developed in this research provides information on
the factors that can be used.

Last, this research showed that there is potential for
new, emerging, means of first/last mile transport. Tran-
sit nodes and first/last mile systems will therefore require
a different design regarding first/last mile facilities. This
research also showed that first/last mile mode choice can
be controlled for by various factors. It is recommended to
steer mode choice decisions to match the policy goals by
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(re)design first/last mile facilities and apply policy inter-
ventions accordingly.
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