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Abstract: Public ridepooling systems could contribute to the reduction of traffic volume and emissions
in cities by decreasing the number of rides by private car while increasing the average number of
passengers per vehicle. Yet, it is unknown how urban travelers value different attributes of the
ridepooling’s operational concept. Which characteristics of ridepooling concepts are most important
to the users? In order to obtain a deeper understanding of travelers’ preferences concerning a
ridepooling system, choice-based Conjoint Analysis was performed. Based on a literature review
and a focus group, six relevant attributes of the operational concept of ridepooling systems were
determined: fare, walking distance, time of booking, shift of departure time, travel time, and
information provision. Data from 237 German city dwellers were analyzed with the help of Cox
regression. Except for time of booking, all service attributes significantly affected the respondents’
choice. Besides the high relevance of fare, the results underline the particular importance of the
attribute walking distance to the pick-up point for elderly. The results give guidance for the creation
of user-centered public transport systems that meet the requirements of the prospective passengers
and thus might contribute to the development of shared passenger transport systems for sustainable
urban mobility.

Keywords: ridepooling; Conjoint Analysis; choice modelling; passenger transport; shared mobility

1. Introduction

1.1. The Benefits of Shared Mobility Services for Cities

These days we are witnessing the emergence of an abundance of new mobility concepts that are
enabled by the progress in digitalization of entire service chains [1]. Most often, they are driven by the
travelers’ requests for higher flexibility; this was found to be the factor with the greatest impact on
passengers’ overall satisfaction with the service level of public transport [2]. However, current public
transport systems reach very low scores of satisfaction concerning their flexibility, indicating an urgent
need for improvement [2].

All around the world, on-demand ride services—often called ridehailing or ridesourcing—like
Uber and Lyft have sprung up like mushrooms, marking a transformation of urban mobility [3].
However, there are critical voices claiming that the launches of ridehailing services are leading to
significant reductions in the utilization of city buses [4] and to an increase of vehicle kilometers
travelled [5]. Thus, the average number of passengers per trip should be increased by sharing rides [4].
Ridepooling aims to match rides of separate passengers [6]. Ridepooling systems like Via [7] offer a
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user-centered service that is based on real-time routing without fixed schedules and predefined stops.
With the help of intelligent matching algorithms, the routes of passengers who are heading in the same
direction are pooled.

Ridepooling systems might provide a personalized mobility service on the one hand and ensure
the efficiency and sustainability of the transport system on the other hand [8]. Such shared mobility
systems might complement public transport [9]; they could also make an important contribution to
the improvement of sustainable and livable cities since shared mobility systems might reduce traffic
volume and thus decrease CO; emissions and the number of parking spaces required [8,10-13]. In a
simulation study, the International Transport Forum of the Organisation for Economic Co-operation
and Development (OECD) revealed that only 2.8% of today’s fleet size in the city of Lisbon would be
necessary to secure citizens” mobility if shared mobility systems would provide on-demand mobility
for citizens [10]. According to their simulation, the use of shared taxis and taxi-buses would reduce
CO; emissions to 66% of today’s level and result in a release of 97% of parking spaces which could
be recaptured for living and recreation purposes. Furthermore, the simulation revealed that the total
vehicle-kilometers would be 37% less. Based on an agent-based simulation model, Martinez, Correia,
and Viegas [11] proved that the introduction of a shared-taxi scheme in the city of Lisbon improved
the taxi system performance from the users’ perspective in a way such that the average waiting time,
total travel time, and fare could be reduced. The obtained results further showed that the taxis may
also benefit from an increase in operational efficiency which was measured by the average revenue per
travelled kilometer [11].

The expected dissemination of autonomous vehicles will most likely contribute to the
attractiveness of shared mobility services and the efficacy of those systems [12]. Accordingly, the
MEGAFON study showed that a combination of a high-performance tramway and a ridepooling
system would ensure public mobility in the city of Stuttgart based on a vehicle fleet that includes
7% of today’s number of vehicles [13]. Those findings are in line with results from Fagnant and
Kockelmann [14], whose simulation study revealed that each shared autonomous vehicle can replace
around 11 private cars.

All of those studies share the idea of reducing the number of private rides with the help of public
ridepooling services in order to reduce urban traffic. As proposed by the study of the International
Transport Forum, new shared public transport systems should be of superior quality to the current
public transport system in order to reach high user acceptance and willingness [10]. Yet, it is still
unclear to which extent certain characteristics of a ridepooling system lead to superior quality and
hence influence its adoption. Thus, in order to create ridepooling systems that are an attractive
alternative to private cars, there is a great need to study travelers’ requirements concerning such
ridepooling systems.

1.2. Travelers’ Requirements for Ridepooling Services

When introducing new mobility services to the market, it is essential to take travelers’ preferences
into account at an early stage of development [15]. In order to attain higher user acceptance and
willingness, it is essential to base the innovative service on the users’ needs and requirements [16].
Several research studies have addressed travelers’ requirements concerning fixed-scheduled bus
transport and found reliability, fare, distance of bus stop, frequency, and travel time to be recurring
attributes that affected bus service quality from the passengers’ perspective [17-21]. See [22] for a
literature review on the attributes of bus services that proved important for passengers” appraisal
in previous studies. Yet, findings concerning fixed-schedule bus transport are hardly transferable
to ridepooling services since they are in large parts very different: they lack supply-oriented
service elements, like fixed routes and stops, in favor of demand-responsive service elements, like
real-time routing.

As public ridepooling systems share important aspects of their operational concept with
demand-responsive transport systems (DRT), which have operated for several decades in rural



Sustainability 2018, 10, 3711 3of16

areas [23], it seems reasonable to consider findings in the field of passengers’ requirements concerning
DRT systems. Finn, Ferrari, and Sassoli (2004) [24] identified several main needs of users relating to
DRT systems based on an excessive user needs analysis. They emphasized the importance of easy access
to the service in terms of short walking distances as well as complete and reliable information [24].
Furthermore, they stressed the relevance of the ease and speed of booking, a minimum of detours,
and maximum operating hours and network coverage for users’ acceptance [24]. In a further study,
short travel and waiting times were revealed as important performance indicators of DRT systems from
the customers’ perspective [25]. Kahrs [26] used Conjoint Analysis to model the Willingness-To-Pay
(WTP) of regular bus users and nonusers for different DRT systems. He found a high WTP of users and
nonusers for short waiting times and a low importance of the location of the pick-up point. Takeuchi,
Nakamura, Okura, and Hiraishi [27] examined the feasibility of DRTs based on a demand study with
the help of a stated preference survey. They found waiting time and travel time to affect travelers’
appraisal of DRT systems [26]. Konig and Grippenkoven [28] found the construct of Performance
Expectancy of the DRT service to be the best predictor of the users’ behavioral intention to use a
DRT system. Nelson and Phonphitakchai [29] conducted a survey in order to examine residents’
awareness, satisfaction, and relative advantage concerning a local DRT system. They showed that
respondents perceive the DRT as better in terms of service quality than the conventional bus service
but are somehow unsatisfied with the booking procedure via phone [29].

However, those studies [24-29] addressed DRT systems in rural areas that are booked solely by
phone calls that have to be made several hours or even a day before the ride. Since today’s ridepooling
systems are mainly launched in large cities and rely upon online booking via smartphone, the results
of the user studies concerning DRT systems are only transferable to a limited extent. As a result,
a systematic understanding of the various factors contributing to the utility of ridepooling systems is
still lacking. How travelers perceive and assess the service characteristics of ridepooling systems still
remains unclear. Thus, further studies should consider the flexibility and dynamics of ridepooling
services caused by the evolution of information and communication technology (ICT).

The study presented here builds on the previously found attributes that are important for the
success of DRT systems and transfers them to the concept of ridepooling systems. It aims to contribute
to a deeper understanding of the relative importance of these attributes and travelers’ preferences
concerning ridepooling systems. Hence, the study intends to determine which characteristics of
ridepooling service concepts are most important to the users by incorporating various attributes like,
for example, walking distances to the pick-up point and fare prices. Furthermore, the study addresses
the question of how sociodemographic characteristics of travelers, like age, and situational factors,
like the purpose of the trip, affect the appraisal of the ridepooling’s service characteristics. Since new
ridepooling systems all over the world emerge mainly in large cities [30], the scope of this research
is limited to the analysis of urban residents” appraisal of ridepooling service characteristics. At the
present time (mid-2018), 18 locations in Germany offer ridepooling services to their local residents,
16 of which operate in large cities with more than 100,000 inhabitants [30].

The study presented here is one of the first attempts to assess the effect of ridepooling
service characteristics on travelers’ appraisal of ridepooling systems. It aims to make important
contributions to the ongoing research in the field of new transportation systems by using the method
of Conjoint Analysis.

2. Materials and Methods

2.1. Choice-Based Conjoint Analysis

Conjoint Analysis is a widespread approach used to study human choice behavior in broad
fields of applications like transport science, among others [31]. Since its beginnings in the 1970s,
Conjoint Analysis has gained widespread acceptance over the different methodological alternatives
offered [32]. Conjoint Analysis is a decompositional method used to examine the importance of
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characteristics of products or services [32]. The method is based on the premise that the utility of
an alternative could be decomposed into partial utilities of the individual attributes (CONsidered
JOINTIy) [32]. In Conjoint Analysis, as a stated preference method, individuals are asked to indicate
their preferences among alternatives that are defined by a set of combinations of attributes [33].
Under the premise that individuals select the alternative with the highest subjective utility, the utility
of the attributes and the probability of choosing the alternative could be examined by analyzing
respondents’ preferences [33]. In contrast to Discrete Choice Models, Conjoint Analysis allows the
testing of alternative product features [34]. Choice-based Conjoint Analysis combines features of
Discrete Choice Models and Conjoint Analysis [34]; it is considered to be the most realistic form of
Conjoint Analysis as respondents are faced with choice situations very similar to the actual marketplace
by presenting all attributes considered relevant for an alternative and providing a none-of-these
option [35]. Moreover, choice-based Conjoint Analysis allows the inclusion of interaction effects in
the statistical model. Therefore, it can be tested whether the valuation of attributes differs across
individual characteristics of the respondents, such as age [36].

2.2. Definition of Attributes and Levels

As proposed by Klejgaard, Bech, and Segaard [37], relevant attributes and levels for the Conjoint
Analysis concerning attributes of public ridepooling systems were elicited through a qualitative
process. First, a literature review was performed to identify relevant attributes of ridepooling service
characteristics from the travelers” perspective. Due to the limited empirical findings concerning
travelers’ appraisal of ridepooling service characteristics, studies concerning travelers’ perception
of bus public transport services were considered as well. To delimit the field of research, only those
attributes were considered that were part of the operational service concept of public transport.
Therefore, attributes like vehicle cleanliness and stop environment were excluded. Based on the
literature review, ten relevant attributes of bus public transport were identified: reliability, frequency,
travel time, fare, information provision, walking time to access, number of stops, service provision
hours, network coverage, and connectability [22].

As a second step, as proposed by [38], a focus group with nine participants (six female,
Meang, = 51.7 years, SDgge = 22.5 years) from the city of Braunschweig was formed to validate the list
of attributes based on the literature review by the subjective views of travelers. The aim of the focus
group was to further define criteria for rejection of the offered service (so called K.O. criteria) and to
translate technical terms like network coverage into the comprehensive language of the participants.
Overall, 25 attributes were identified by the participants of the focus group. The five attributes of
service quality that were rated the most relevant by the participants were time expenses, fare, spatial
flexibility, temporal flexibility, and reachability of destinations.

As a last step, the identified attributes of the literature review and the focus group were compared
and selected according to the Conjoint Analysis design guidelines given by Omre [39] and Weiber and
Miihlhaus [40].

Reliability was renamed shift of departure time since there is no predefined schedule for
ridepooling systems. This attribute was linked to the attribute temporal flexibility since the
mobility-on-demand concept that lacks fixed schedules entails a shift of departure if other passengers
are previously boarding the same vehicle. This is the same for the in-vehicle travel time, which might
be prolonged due to detours caused by the access and egress of other travelers. This temporal
flexibility affects the time expenses and travel time, which were considered the same attribute and
called travel time. Even though frequency is one of the most mentioned attributes within the literature
of public transport service quality, it was not considered a suitable attribute for this study since
ridepooling systems are not based on a fixed timetable. Reachability of destinations was found to
be hardly controllable and a derivation of demand in a specific operation area and was therefore not
included in this analysis. The attributes connectability, service provision hours, network coverage,
and number of stops were not considered in this study since they were proposed to be linked only to
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fixed-schedule public transport. Instead, spatial flexibility was included and linked to the attribute
walking time to access that has been identified in the literature review. Finally, time of booking was
added as an attribute because the service concept of ridepooling requires booking of rides, in contrast
to conventional public transport.

Finally, the following six attributes were chosen for inclusion in the choice-based Conjoint
Analysis:

o  Time of booking describes the minimal number of minutes required to book a ride beforehand.

o Walking distance describes the distance in meters to reach the nearest pick-up point.

o Shift of departure defines the possible shift of the pick-up time caused by the previous access of
other passengers.

o  Travel time describes the in-vehicle time that is influenced by the detours caused by the access and
egress of other travelers.

o Information provision describes the quantity of information that is given to the travelers.

e  Fareis defined as the price in euro for a single trip.

Table 1 presents the final attributes and corresponding levels that were used for Conjoint Analysis.

Table 1. Attributes and contributing levels.

Levels
Attributes
Level 1 Level 2 Level 3 Level 4
Time of booking 5 min 10 min 30 min
Walking distance 0m 300 m 500 m
Shift of departure time +0 min +10 min +20 min
Travel time 10 min 20 min 30 min
Information provision None Little Much
Fare 2.50€ 3.00€ 3.50€ 4.00€

2.3. Experimental Choice Design

To reduce the number of presented choice sets, a fractional factorial design was produced with
the help of the software R, as described in [41]. A total of 24 choice sets were created and presented to
the participants in random order. As Figure 1 shows, each choice set consisted of two alternatives and
the opportunity to choose none of these to avoid a forced choice, as recommended by [35]. The survey
respondents were told that the focus of the study was the service concept of ridepooling systems and
that all other attributes of the ridepooling systems were kept constant between the alternatives to
avoid those excluded attributes interacting with the choice sets.

Which alternative would you choose?

Alternative 1

Walking distance: 300 m
Fare: 2.50€
Shift of departure: +20 min
Travel time: 20 min
Information: much
Time of booking: 30 min

O

Alternative 2

Walking distance: 0 m
Fare: 4.00 €
Shift of departure: +0 min
Travel time: 20 min
Information: much
Time of booking: 30 min

O

None of these

O

Figure 1. Example of a choice set (translated from German).

All subjects gave their informed consent for inclusion before they participated in the study. Before
starting the choice experiment, the ridepooling concept was introduced and explained in detail to
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the respondents to make sure that all of them had the same level of knowledge about the system and
its characteristics. The ridepooling concept was introduced with the following textual description:
“Please imagine a public bus transport system that waives fixed schedules and fixed stops. Instead,
an intelligent algorithm computes the route on demand depending on the ride requests of travelers.
Travelers could make their ride requests by phone or by using a smartphone app. This transport system
aims to match ride requests of travelers in order to pool the rides of different passengers and then
presents a route to the traveler. Since further passengers might enter or leave the vehicle on the way,
detours are no exception but a system-inherent characteristic, and changes in departure and arrival time
happen on a frequent basis. A total number of eight passengers can enter the vehicle”. Subsequently,
the service characteristics (attributes) and their specific expressions (levels) were introduced to the
participants with the help of textual descriptions as well as graphical representations, as shown
in Figure 2.

10 min X
i ‘
¢« 0 .
+0min
10:10 +0min 10:20
A passenger boards the vehicle
A 8
20 min 2 \
+ 10 min
10:10 10:20

Arrival

§ Several passengers
board the vehicle

10:10 3 20 min

Figure 2. Graphical explanation of the levels of the attribute travel time, translated from German.

Half of the participants were introduced to the scenario of a trip of 5 km to the city center for
shopping. The other half of the participants were encouraged to imagine using the ridepooling
service for a doctor’s visit, which was defined as a trip of 5 km as well. As flexible departure times
and shifts of arrival time are inherent aspects in ridepooling services, the scenarios were chosen to
control for the effect of time pressure on the choice behavior of the respondents. The doctor’s visit
was selected as a scenario to induce time pressure due to the fixed appointment. After the choice
experiment, the respondents were asked to answer questions about their sociodemographic data and
mobility habits.

The study was performed as an online survey using the software SosciSurvey [42].
The respondents were recruited via social media posts on Facebook and Twitter. The study was
introduced to the participants as a research study aiming to assess and model travelers’ appraisal of
the service characteristics of ridepooling systems. It was not mentioned that a ridepooling service is
being planned to operate in their particular city.

2.4. Sample Description

A total number of 529 respondents from all over Germany completed the online survey. Each of
the 16 federal states of Germany was represented in the data. The spatial distribution of the survey
respondents is displayed in Figure 3. Due to data protection regulations, no microspatial data were



Sustainability 2018, 10, 3711 7 of 16

collected about the particular cities in which the respondents lived. Since the focus of this publication
is adult city-dwellers, only those respondents aged over 18 years and stated to live in a city with more
than 100,000 inhabitants were included in this analysis (1 = 237). For the analysis of the total sample,
reference is made to Konig and Grippenkoven (2018) [36].

The final sample of adult German city-dwellers was characterized by a mean age of 43.5 years
(SD = 16.5 years) and consisted of slightly more men (n = 139, 58.6%) than women (1 = 94, 39.7%,
rest unknown). The majority of respondents declared working full-time (48.9%). Another 11.0%
worked part-time. Exactly 16.0% of the respondents indicated being retired, and 18.1% were still in
education. Of the respondents, 8.4% declared being mobility impaired (n = 20). Slightly more than
one-third of the respondents stated that they own no car (34.2%). Concerning modal split, 18.6% of the
respondents stated using bus transport on five to seven days per week. Private cars were used by more
than one-quarter of the respondents (26.2%) for at least five days per week. Of the respondents, 22.8%
declared that the distance to the next bus stop from their home is less than 100 m (n = 54). Another
62.4% (n = 148) stated that the next bus stop was within a distance of 100 m to 500 m, and 10.1% (n = 24)
had to walk more than 500 m to reach the nearest bus stop.

The majority the respondents declared having heard before about the concept of ridepooling
systems (81.0%, n = 192), yet only 35.4% (n = 84) specified living in a city where a ridepooling system
operates. Another 37.6% declared that they do not know whether a ridepooling system exists in
their city (n = 89). Concerning their own experience with ridepooling systems or demand-responsive
transport systems, 19% stated having used a ridepooling system at least once (1 = 45). Out of the total
sample, 8% (1 = 19) have used a ridepooling system several times. The majority of the respondents
have never used a ridepooling system (80.6%, n = 191).

Schleswig-
Holstein
(n=2) Mecklemburg-
Vorpommern
Hamburg (n=1)
(n=5)
Bremen
(n=1)
Lower Saxony, Berlin
(n=52) (n=12)
Saxony- Brandenburg
Anhalt (n=4)
MNorth Rhine-
Westphalia
=2 Saxony
Hesse TT:lzlnlg}la (n=26)
(n=7)
Rhineland-
Palatinate
(n=3)
Saarland
(n=1)
Bavaria
Baden- (n=22)
Wirttemberg
(n=12)

Figure 3. Spatial distribution of the survey respondents in the states of Germany (1 = 175, rest unknown).

2.5. Data Analysis

The Conjoint Analysis was performed based on the part-worth model that is most commonly
used for choice-based Conjoint Analysis [32,33]. The overall utility of an alternative is determined by
Equation (1).
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] Mj
Us = Z Z bjm X Xjms @
j=1m=1

us = utility of alternative s

bj = part-worth utility of level m of attribute j

Xjms = dummy variable (x;,;s = 1if s concerning j is m, otherwise = 0)

As another specification, the logit-choice model was used, as recommended by [33]. Data were
analyzed with the help of conditional logistic regression, as described by [33], with the statistical
software SPSS [43]. The last level of the attributes was determined as a base category for each attribute,
as suggested by [33].

3. Results

3.1. Results for the Total Sample

Model fit was measured using the log-likelihood function which is based on chi-square
statistics [33]. The model fit was very good (X2 (14, N = 17,065) = 2454.3, p <0.001).

Table 2 shows the results of Cox regression. The regression coefficients represent the part-worth
utilities of the attribute levels. The last level of the attributes was determined as a base category for
each attribute. The alternative-specific constant (ASC) which represents the none-of-these option
describes the uniqueness of an alternative that is not captured by other explanatory variables [44].
Comprehensibly, the estimate of the ASC is negative (—1.645); this indicates a negative effect on the
utility, but no further interpretations of this coefficient can be made. Fare_2.50€ revealed the highest
regression coefficient and, thus, the highest part-worth utility. The p-value displays the significance of
the regression coefficients in predicting the model. As shown in Table 2, apart from Time of booking 5
min and Time of booking_10 min, all regression coefficients reached significance.

Table 2. Results of Cox regression.

Attribute Level Regression Coefficient ~ Standard Error ~ p-Value
Fare_2.50€ 1.581 0.068 <0.001 **
Fare_3.00€ 0.979 0.072 <0.001 **
Fare_3.50€ 0.651 0.071 <0.001 **

Walking distance_0 m 1.114 0.060 <0.001 **
Walking distance_300 m 0.700 0.062 <0.001 **
Time of booking_5 min 0.069 0.066 0.294
Time of booking_10 min 0.078 0.056 0.164
Shift of departure_+0 min 1.022 0.057 <0.001 **
Shift of departure _+10 min 0.078 0.068 <0.001 **
Travel time_10 min 1.151 0.067 <0.001 **
Travel time_20 min 0.604 0.056 <0.001 **
Information_none —0.925 0.063 <0.001 **
Information_little —0.402 0.057 <0.001 **
None-of-these (ASC) —1.645 0.099 <0.001 **

Note. ** p < 0.01.

Since differences in utilities particularly affect choices [45], the ranges of part-worth utilities
of the attributes were calculated. Furthermore, the relative importance of the attributes, displayed
by a high range of part-worths, was assessed by dividing each attribute’s range by the sum of all
range values, thus normalizing the sum of the importances to 1 [32,33]. The results of the relative
importance of the attributes are displayed in Figure 4. As shown here, fare was revealed to have the
highest relative importance on the overall appraisal of the ridepooling service (27.3%). The attribute
walking distance (19.3%) was nearly as important to the respondents’ choice as travel time (19.9%).
The attribute booking time was revealed to have the lowest relative importance (1.3%).
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Figure 4. Relative importance of public ridepooling service attributes for urban dwellers (N = 237).

3.2. Results Comparing Previous Ridepooling Experience

The respondents’ assessment of the ridepooling service attributes was compared according to
the experience of the respondents in using ridepooling systems. For this purpose, two groups were
formed. Respondents that declared having not used a ridepooling system or demand-responsive
transport system before were assigned to the group without ridepooling experience (1 = 191, 80.6%).
Respondents that had used a ridepooling system at least once before were assigned to the group with
ridepooling experience (n = 45, 19%). As shown in Figure 5, the relative importance of the service
attributes was compared for the two groups. As shown here, the respondents’ assessment of the
ridepooling service characteristics varied depending on their previous experience with ridepooling
systems. Whereas fare and travel time seem to be more important for respondents without ridepooling
experience, respondents with ridepooling experience are more attentive to booking time and shift of
departure and value the attribute information provision more than respondents without experience.

B Without ridepooling experience (n=191) = With ridepooling experience (n = 45)
100
29
£ 80
€
g
< 60
g 50
£ 40
v 30 281 . ¢ 534
2 238 191198 Loy 2t# 0:9 16.7
& 20 - 150145
i I e = = e
O N T T 1
Fare Walking  Booking Shift of  Travel time Information
distance time departure provision
Ridepooling service attributes

Figure 5. Relative importance of ridepooling service attributes compared for respondents with and

without ridepooling experience.
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3.3. Results Comparing Age Groups

The utilities of the public ridepooling’s attributes were analyzed with regard to the age of the
respondents. For examining the effect of age on the relative importance of the ridepooling service
attributes, two extreme groups were defined: younger respondents aged less than 35 years (1 = 95)
and older respondents aged more than 60 years (1 = 43). Figure 6 shows the relative importance of
the six attributes for the two age groups. As presented here, the importance of the attributes varies
widely between the two extreme age groups. Older respondents ascribe the highest importance to
the attribute walking distance (34.9%). In contrast, younger respondents are far more attentive to the
attributes fare (30.1%) and travel time (22.4%). Younger respondents (16.8%) are also more reactive to
shifts of departure than older respondents (13.6%).

B Younger respondents (< 35 years, n=95) O Older respondents (> 60 years, n = 43)
100
o 90
= 80
§ 70
s 60
Yl
g 50
E 40
o 30.1 32.4
& 30 - 2322 224
2 16.8 DA 12.9
s 20 - 120 136 12.8 7122
O 1 T T -_l T T T 1
Fare Walking Booking time  Shiftof = Travel time Information
distance departure provision
Ridepooling service attributes

Figure 6. Relative importance of ridepooling service attributes compared for younger and
older participants.

3.4. Results Comparing Trip Purpose

The utility of the ridepooling’s attributes was compared between two trip purposes: doctor’s
visit and shopping. As shown in Figure 7, only small differences were revealed between the relative
importances of the attributes according to trip purpose. Respondents who were instructed to imagine
a doctor’s visit were more sensitive about a shift of departure (19.6%) than respondents who were
facing the shopping scenario (15.6%). Respondents were slightly more attentive to fare and walking
distance when the trip purpose was shopping.
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B Doctor's visit (n=111) O Shopping (n =126)

100
90
80
70
60
50

40
30 262 27.5

207 213
172 196 .-, 129 14.8

20 - 144
IR 1B o= I= Bt
0 A —

Relative importance in %

Fare Walking Booking time  Shiftof = Travel time Information
distance departure provision

Ridepooling service attributes

Figure 7. Relative importance of ridepooling service attributes according to trip purpose.

4. Discussion

4.1. Summary and Interpretation of Results

As stated by the International Transport Forum [10], new shared transport systems should be
of superior quality to the current public transport system to facilitate users” adoption. Yet, it is still
an unanswered question as to which service attributes of a ridepooling scheme contribute to its
attractiveness. The presented study provided some interesting insights into the relevance of various
ridepooling service attributes to travelers’” appraisal of ridepooling systems. First of all, the analysis
demonstrated that it is worth going into detail when analyzing travelers’ choice behavior. While
fare was the most important service attribute for the overall sample, this was especially true for
younger participants. For the group of elderly respondents, walking distance turned out to be the
most important attribute, whereas fare was of secondary importance. Thus, the results confirm the
findings of previous research on the relevance of short walking distances and nearby bus stops for
the elderly [19,46]. Hence, the question of which characteristics of ridepooling concepts are most
important to users has a different answer depending on the target group. While younger respondents
are more attentive to the fare, older respondents attach greater importance to the walking distance and
thus would most likely prefer the door-to-door service that is a little bit more expensive or results in a
longer journey. Hence, it could conceivably be hypothesized that older respondents are likely to accept
a trade-off of travel time and fare for door-to-door service.

The results revealed that respondents seem to be highly attentive to shifts of departure caused
by the previous entry or exit of other passengers. This is especially the case for younger respondents
who under shifts of departure reacted very sensitively to the prolongation of travel time. Thus, further
research should address the question of what extent of detour caused by the access and egress of other
passengers is still acceptable to the travelers. Furthermore, the findings underline the relevance of
a comprehensive information provision on the operational concept and the system-inherent service
characteristics, like timely flexibility.

The results stressed the importance of the attribute information provision for the respondents
appraisal of the ridepooling service concept which was previously confirmed in the field of
ridesharing [47]. The findings indicate that travelers are very attentive to the provision of information

7
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on the ride since ridepooling systems lack fixed schedules and thus increase the information needs
of travelers. Further research should address this topic by examining the travelers’ needs regarding
comprehensive information provision on ride details like access points, the route, and the entry of
fellow passengers. The importance of comprehensive information provision is further pointed out
by the finding that more than one-third of the survey respondents declared that they do not know
whether a ridepooling system exists in their city. This surprising finding might possibly be traced back
to the novelty of ridepooling concepts in Germany and their low visibility. Thus, further research on
the level of awareness of the urban population is needed in order to adapt marketing strategies.

Surprisingly, the attribute booking time was of subordinate relevance for the respondents. It seems
like the possibility to book a ride on demand, meaning just a few moments before the desired
departure time, is not particularly important to the respondents. A possible explanation for the limited
importance of the attribute booking time might be that the respondents had difficulties understanding
the explanation of the attribute. Since booking time is an unusual characteristic of public transport, the
relevance of this attribute might be underestimated by the respondents. Interestingly, the attribute
levels of booking time reached statistical significance when considering only the younger respondents
who are said to be more experienced in booking mobility services. Accordingly, respondents who
stated having used a ridepooling system before are more attentive to the booking time; this provides
an indication for the hypothesis that unexperienced respondents in terms of ridepooling systems have
difficulties in understanding the concept of booking a ride. Thus, the authors recommend a detailed
analysis of the effect of booking time on the acceptance of ridepooling systems since the possibility to
book a vehicle on demand is an essential characteristic of ridepooling schemes.

4.2. Limitations and Further Research Needs

In interpretation of the study findings, some restrictions of the study design and methodology
should be taken into account. First of all, the study was limited to the analysis of urban residents’
appraisal of ridepooling service characteristics. Thus, all derived assumptions that go beyond this
scope must be treated with caution.

It must be noted that the power of Conjoint Analysis depends heavily on the selection of the
attributes and levels. Thus, the exclusion of relevant attributes might have impaired the explanatory
power of the study. However, it can be assumed that the extensive literature review and the focus
group that was carried out before the detailed analysis reduced the risk of missing relevant attributes
as well as the risk of making an incorrect selection of attributes.

Furthermore, it should be noted that the scope of the findings is limited to the chosen scenarios.
Thus, results are restricted to the particular trip types of 5 km distance concerning a doctor’s visit
and a shopping trip in an urban environment. Further research could assess whether the findings are
transferable to other trip types, like commuting trips.

Undoubtedly, the representativeness of survey participants must be questioned in earnest.
A common limitation of online surveys lies in the self-selection of participants. To name one bias,
the sample consisted of a higher share of well-educated people than occurs in the overall German
population. For example, 100% of the respondents aged between 20 and 25 years held a qualification
for university entrance, so-called Abitur, whereas in the German population, the share is 47.6% [48].
It should be noted that no data were collected about the particular cities the respondents lived in. Yet,
the spatial structure of urban development and the existing public transport supply are commonly
assumed to affect urban residents’ mobility choices [49,50]. Hence, no statements can be made about the
effect of spatial urban structure nor public transport supply on the residents’ appraisal of ridepooling
service characteristics. However, it is very likely that those environmental characteristics affected the
respondents’ choices even though they were instructed to imagine the same usage scenario. Further
research should consider environment-specific factors for contextualizing the findings.

There was no verification as to whether all respondents correctly understood the ridepooling
concept and the meaning of its attributes. Even though none of the respondents stated having trouble
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understanding the ridepooling concept nor the attributes in the text field for further comments at the
end of the survey, the actual comprehension rate is not known.

4.3. Recommendations for Policy, Transport Authorities, and City Planning

Based on the results of the Conjoint Analysis, several recommendations with practical relevance
for policy as well as for transport and city planning authorities can be derived to enhance public
mobility in cities by operating ridepooling systems that meet the requirements of different user groups:

e  Walking distance to the pick-up points of the ridepooling service should be as short as possible,
especially in city districts with a high average age. If possible, a door-to-door service should be
offered. In contrast, in districts with a high share of students or low-income earners, the density
of pick-up points could be lower to allow lower fares.

e In order to avoid notable shifts of departure, transport agencies should aim to provide a high
availability of vehicles, especially in areas with high demand, like the city center.

e A large shift of departure should be avoided for trip purposes with a fixed appointment like a
doctor’s visit or a train departure to ensure connection.

e To guarantee seamless interchanges between ridepooling systems and means of public transport,
these connections should be taken into consideration for routing and should be prioritized.

e  The fare should be set as low as possible to position public transport as an eco-friendly competitor
for motorized individual transport. If possible, the pricing scheme of public ridepooling services
should be integrated into the local tariff of public transport to facilitate intermodal trip chains [51].

e  Itshould be possible to use monthly tickets and student tickets for the ridepooling system. In this
way, the integration of the ridepooling service into fixed-schedule transport could be facilitated
and public transport could be complemented.

e Provide clear and comprehensive information on the service concept and operational aspects like
the detour time, as proposed by [10,52].

e  Avoid excessive travel times by limiting the maximum detour to an acceptable, still-to-be-defined
level to reach a reasonable fit that describes a state in which the benefits of sharing the ride are
greater than the costs of the detour [53].

By taking these recommendations into account, new ridepooling systems could be made more
appealing and could thus increase residents’ willingness to use ridepooling systems. The study gives
some advice on how to design ridepooling systems in such a way that users are willing to share rides,
which is an important objective of transport planning, in order to increase vehicle occupancy rate [5].
Regarding the findings, ridepooling systems should aim to limit the travel time and shift of departure
caused by the access and egress of other passengers to compete with nonshared transportation services
like taxi cabs or Uber (except UberPool, which aims to pool rides). Increasing the attractiveness
of shared mobility concepts is considered to be important as nonshared on-demand transportation
services, also called ridehailing, have the potential to cannibalize public transport in cities: there is
some evidence that those services negatively impact transit use [4]. On the contrary, new mobility
system that are based on sharing rides might complement public transport [9] and could make an
important contribution to the improvement of sustainable cities [8,10-13]. The results suggest that
fare might be a powerful measure to encourage travelers to use ridepooling services. A potential
strategy for rewarding travelers that share rides might be to offer shared rides that are cheaper than
individual rides, as realized at MyTaxiMatch in Hamburg [54]. However, further research is needed
to examine the willingness to pay for shared rides and to define the size of discount that is needed
to make the shared ride more attractive than the nonshared ride. The authors would further like
to encourage research on the analysis of service attributes besides pricing that might contribute to
increasing travelers’ willingness to share rides with strangers. Possibly, other incentive strategies like
gamification might prove useful in encouraging travelers to use ridesharing schemes. Furthermore,
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the analysis of attributes that were not included in this study like vehicle cleanliness and the number
of other passengers might be an interesting starting point for further research.

5. Conclusions

To conclude, the results of the study provide insights into the subjective relevance of attributes
that affect urban travelers” appraisal of ridepooling systems. The results show that the attributes
fare, travel time, and walking distance affect the respondents’ choice behavior the most. However, it is
worth going into detail since the relative importance of the attributes differs among the age groups
under consideration. The results give guidance for the creation of a user-centered public transport
system that meets the requirements of the prospective passengers and thus might contribute to the
development of shared passenger transport systems for sustainable public mobility in cities.
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