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Abstract

Ride-pooling (RP) services, in which passengers with similar destinations share a ride,
offer considerable potential for enhancing urban mobility by bridging gaps in public
transportation (PT) networks and providing a convenient alternative to private car use.
For the effective design and operation of such services, a detailed understanding of user
preferences and usage patterns is essential. This study investigates differences in RP
preferences and usage between day and night (with nighttime defined as 10:00 p.m. to
5:00 a.m.), drawing on both a stated choice experiment (SCE) and revealed preference
data collected in Mannheim, Germany. The focus lies on the local RP service fips, which
is integrated into the PT system. The SCE, conducted in 2024 with 566 participants, was
analyzed using a nested logit model. The analysis of the SCE reveals that nighttime
preferences for RP are characterized by reduced sensitivity to travel time and cost, creating
an opportunity for RP operators to optimize stop network designs during nighttime hours
by increasing pooling rates. In addition, it indicates a greater likelihood of private car usage
at night, especially among women, likely due to safety concerns and limited PT availability.
The analysis of revealed preference data provides a complementary perspective. It shows
that the RP nighttime service primarily attracts younger users, while many respondents
report not being active on weekend nights. However, the combination of low public
awareness and limited service availability, evidenced by rejected booking requests, suggests
that existing demand is not being fully captured. This implies that low usage is not merely
the result of low demand, but also of structural barriers on both the supply and information
side. Overcoming these barriers through targeted information campaigns and expansion of
nighttime service capacity could substantially enhance sustainable urban travel options
during nighttime.

Keywords: ride-pooling; transport mode choice; stated choice experiment; nested
logit; nighttime

1. Introduction

To address the evolving needs and challenges in urban and rural traffic systems, new
mobility services have been developed in recent years. Characterized by flexibility and
convenience, a range of services have been established, ranging from bike- and carsharing
to ride-hailing and ride-pooling (RP) [1]. While the former involves the individual booking
and independent use of a bicycle or private car, ride-hailing entails booking a vehicle with
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a driver for a specific route without additional passengers. RP builds on this concept by
allowing other passengers to share the ride [2]. Based on a predefined algorithm, this
app-based service pools passengers with similar destinations along a shared route into
a single vehicle. In this way, individual travel costs, total mileage driven, and traffic
congestion can be reduced overall, contributing to a more sustainable public transportation
(PT) system [3-5]. Proponents highlight RP’s potential to reduce vehicle miles traveled
and address first- and last-mile connectivity issues, thereby increasing the accessibility and
efficiency of the overall mobility system. However, critics caution that RP may cannibalize
existing PT services by shifting demand from line-based PT to more flexible, on-demand
options, potentially increasing traffic volumes and emissions [6-8]. Previous studies have
examined a wide range of influencing factors, including sociodemographic, mobility-
related, and psychological determinants [9].

However, one dimension that has received limited attention is the temporal variation
in RP usage, particularly during nighttime hours. In this study, nighttime is defined as
the period between 10:00 p.m. and 5:00 a.m. It can be assumed that travel behavior
differs significantly between daytime and nighttime due to increased safety concerns and
the reduced availability of alternative transport modes [3,10-12]. This gap in research is
particularly relevant as RP services may offer substantial potential during nighttime, both in
improving accessibility and in filling service gaps left by traditional PT. To better understand
these dynamics, this study examines the case of the RP service fips in Mannheim, Germany,
which complements the existing local PT network. The analysis is based on survey data
collected from Mannheim residents during January and February 2024. This is the first study
in Germany that combines stated preference and revealed preference data to empirically
analyze temporal differences in RP behavior, thereby contributing novel insights to the
field of time-sensitive mobility research. While the methodological framework builds on
established discrete choice modeling techniques, the main objective of this study lies in
generating empirically grounded insights into temporal variation in ride-pooling behavior.
The integrated use of stated and revealed preference data strengthens the robustness of the
analysis and provides a more comprehensive understanding of user behavior in a relatively
underexplored research context. The findings aim to illuminate the varying behavior of
passengers at different times of the day, providing valuable insights for RP operators and
urban planners to enhance the effectiveness and sustainability of RP services.

This paper is structured as follows: Section 2 provides a comprehensive literature
review on the impact of nighttime conditions on travel mode choice and mobility behavior.
Section 3 outlines the methodological framework of the study, including the design and
implementation of the stated choice experiment (SCE), the characteristics of the RP service
fips, the data collection process, and the statistical modeling approach. Section 4 presents
and discusses the empirical results. Finally, Section 5 summarizes the main findings,
reflects on their implications for transport policy and planning, and suggests directions for
future research.

2. Literature Review

Although RP services can exist in privately owned forms or as a complement to line-
based PT [13], their integration is aimed at supplementing the typically radial design of PT
networks and enhancing flexibility through on-demand features. Several studies highlight
the complex relationship between RP and PT systems. For instance, Schaller [14] found that
RP services in suburban California are mainly adopted by existing PT users. To preserve
the functionality of PT, Anzenhofer et al. [15] propose a clear separation between the two
systems by means of pricing strategies and distinct service design. A deeper understanding
of the factors that influence user decisions to adopt or reject RP services is therefore
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essential. While the literature has extensively examined a wide range of influencing
factors, including sociodemographic (e.g., age) [16], sociopsychological (e.g., environmental
awareness) [9], mobility-related (e.g., pricing strategies) [17], and trip-related aspects (e.g.,
urban structure) [3,18], the role of nighttime conditions as a contextual factor remains
relatively underexplored, despite its growing relevance in travel behavior science.

2.1. Nighttime Travel Behavior

Nighttime mobility is increasingly recognized as a critical dimension of urban travel
behavior, particularly due to challenges related to safety and service availability. PT
continues to be a vital mode during nighttime hours, although with specific limitations.
In a study based on semi-structured interviews with 167 PT users in Karlsruhe (Germany),
Kapitza [19] found that, although nighttime PT is generally positively perceived, issues of
safety and cleanliness were frequently mentioned as areas for improvement. Using a hybrid
choice modeling approach, Scagnolari et al. [20] demonstrated that young drivers are more
likely to switch to PT when safe and affordable options are available. Similarly, McCray
and Brais [21] showed in a GIS-based analysis that bus users tend to avoid poorly lit stops,
underscoring the role of physical infrastructure in nighttime mobility. In the context of
bike-sharing systems, Yu et al. [22] found that nighttime demand is more dispersed and
often associated with night bus routes in Beijing, while Faghih-Imani et al. [23] observed
significantly reduced late-night demand in Barcelona and Seville using a mixed linear
model. At the same time, private car usage tends to increase at night, largely due to
safety concerns and limited PT availability. Analyzing MiD 2017 data via a discrete choice
model, Kapitza [24] found that suburban commuters are especially prone to using private
cars at night. Furthermore, Bromley et al. [25] noted that concerns about the security of
parking facilities play a significant role in the decision to use private cars at night. In a
similar vein, Gelino et al. [26] demonstrated that unreliable nighttime transport services,
specifically delays exceeding 30 min, can prompt students to walk home alone, even when
this option is perceived as unsafe. Moreover, gender-specific safety perceptions have
emerged as a critical determinant of nighttime mobility behavior. Based on a commuter
survey, Kapitza [27] showed that women perceive nighttime travel as significantly less safe,
which directly affects their mode choice. Similarly, Bromley et al. [25] found that women
report substantially higher levels of fear when waiting at bus stops or in parking garages
during nighttime hours. Heinen et al. [28] also observed that female bicycle commuters
in the Netherlands are less likely to cycle at night, predominantly due to safety concerns.
These findings underscore the importance of incorporating gender-sensitive perspectives
into nighttime mobility planning, particularly when aiming to foster equitable and inclusive
access to transportation across all user groups.

2.2. Nighttime Utilization of RP Services

Within this broader context, RP services exhibit distinctive temporal patterns, particu-
larly at night. Goedde et al. [1] conducted spatial regression analyses using CleverShuttle
data from Berlin and Munich, revealing a notable demand peak for RP services around
midnight, precisely when PT services are unavailable or insufficient. Kostorz et al. [29]
observed similar peaks in the evening hours between 8 p.m. and midnight based on data
from the MOIA RP service in Hamburg. Zwick et al. [30] investigated nighttime use of
MOIARP during the COVID-19 pandemic, when the RP service supplemented PT. They
found users to be significantly younger and that RP was mainly used for leisure purpose,
even though nighttime curfew still existed during that time. An analysis of MOIA booking
data from 2023 focusing on individuals with mobility impairments reveals that this user
group primarily travels during the day, while usage is significantly lower in the evening
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and at night [31]. Shulika et al. [3] confirmed that RP usage intensifies during weekend
nights, with up to 50% of trips being efficiently shared, using an offline utility-based algo-
rithm and 1.5 million New York taxi rides. Krauss et al. [32] conducted an SCE in German
cities to examine mode choice for shared modes and found that cost outweighed travel time
for RP and carsharing. However, users’ willingness to pay (WTP) for RP services appears
to decline slightly during nighttime. Hou et al. [33] report a 2.12% decrease in WTP at night,
potentially reflecting heightened safety concerns or a higher subjective valuation of time.

The reviewed literature highlights that nighttime mobility is shaped by a complex
interplay of contextual, infrastructural, and psychosocial factors. Safety concerns, particu-
larly among women, emerge as a consistent barrier across all modes of transport. While PT
remains essential at night, its limited availability and perceived lack of safety often lead to
increased reliance on private cars. In this context, RP services demonstrate potential as a
flexible and demand-responsive alternative, especially during periods of low PT coverage.
However, their effectiveness depends on a range of factors that are particularly sensitive to
nighttime-specific conditions.

3. Methodology

This section outlines the methodological approach used to examine the effect of
daytime on travel mode choice. First, the design and characteristics of the local RP service
are described, followed by details on the data collection process and the experimental setup
of the stated choice survey. Subsequently, the statistical models employed for data analysis
are introduced.

3.1. Description of the RP Service Fips

According to the local PT operator rnv, the RP service fips complements PT in
Mannheim and Heidelberg (Germany), particularly in peripheral areas, and serves as
a first- and last-mile solution [34]. Rides can be booked via app or phone within defined
zones and hours. Using RP, passengers with similar routes are grouped to optimize capac-
ity and reduce congestion. The service operates fully electric vehicles powered by 100%
renewable energy, some of which have barrier-free access including wheelchair ramps and
low-floor entry. Each vehicle seats up to five passengers, with space for luggage, strollers,
and mobility aids, and includes integrated child safety seats. By promoting shared mobility,
fips aims to reduce single-occupancy private car trips, thereby lowering emissions and
easing urban traffic congestion. Passengers with a disability card travel free of charge,
while holders of a PT pass pay only a EUR 1 surcharge per ride. Of particular relevance
to this work, fips also operates during nighttime hours, when regular public transport
services are limited, thereby ensuring comprehensive urban accessibility. During the day,
however, fips is only available in the northern and southern parts of the city, while at night
it operates citywide. Figure 1 shows a typical fips vehicle.

3.2. Data Collection and Sample Description

In the context of an acceptance study for fips [35], data were collected between January
and February 2024. Participant recruitment primarily took place through small postcard
invitations sent randomly to over 100,000 households across the Mannheim urban district,
supplemented by social media advertisements from rnv. As an incentive, participants
had the chance to win one of 25 local gift vouchers, each worth EUR 20. The survey was
designed to collect detailed information on participants” sociodemographic characteris-
tics, their general attitudes toward RP services, and in particular, their usage behavior
with respect to the nighttime RP service fips. Respondents who had previously used the
nighttime service were asked to provide information about their most recent trip. This
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included the purpose of the trip and any complementary modes of transportation used
during the outbound or return leg (e.g., walking, PT, private car). In addition, the survey
also addressed non-users of the RP service. These respondents were asked to specify the
reasons for their non-utilization, such as lack of awareness.

Figure 1. Features of the fips service (Source: rnv).

Besides revealed preferences, a central component of the survey was a stated choice
experiment (SCE), which focused on participants’ travel mode choices across both day-
time and nighttime scenarios, encompassing both mono- and intermodal options. This
experiment forms the core of the study, providing insights into individuals” preferences
for various modes of transportation under different travel conditions. The conceptual
design of the survey, particularly the combination of revealed preference elements with
a stated choice design, follows methodological standards that have also been applied in
other studies evaluating innovative mobility services. For instance, a similarly structured
empirical study was conducted as part of the accompanying research on the deployment
of automated minibuses in Monheim am Rhein [36]. In total, 602 individuals participated
in the survey. After applying data cleaning procedures, such as removing responses with
implausible completion times and identifying straightlining behavior, a final sample of
566 participants remained for analysis. Table 1 presents descriptive statistics for different
user groups, highlighting the attractiveness of the nighttime service for younger individ-
uals. Specifically, users of the RP nighttime service have an average age of 42.9 years,
making them significantly younger than both daytime-only users (51.6 years) and non-
users (51.3 years). This age-related pattern aligns with the demographic profile of nighttime
service users of the private RP provider MOIA, as reported by Zwick et al. [30]. During
the sample recruitment, no quotas were aligned, but all people willing could fill out the
survey, as we expected major challenges to find sufficient respondents with experience
while applying quotas. Therefore, the right-hand column provides the results from the
latest German national household survey Mobilitaet in Deutschland to compare the current
sample with [37]. Since only adults could participate, the proportion of employed and
retired people in our sample is higher than the German average. As the data stems from
2017 membership rates for shared services are low or not available at all.
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Table 1. Sociodemographic and mobility characteristics of RP (non-)user groups.
Day and Night Daytime-only Non RP Users Germany
Category RP Users RP Users (0 = 271162%) 017 [37])
(n=90115%) (n =138123%)
Sociodemographics
Female 50.0% 51.4% 51.7% 49%
Average age [years] 429 51.6 51.3 444
Individual with mobility impairments 14.4% 32.6% 10.5% 11%
Employed 58.9% 60.1% 64.3% 47%
Student 10.0% 2.1% 5.2% 2%
Retired 20.0% 30.4% 22.0% 21%
Lives in Mannheim city 90.0% 86.2% 84.8% -
Availability of mobility tools
Driver’s license 58.9% 71.7% 84.2% 87%
Avg. number of cars per household 0.79 0.83 1.2 1.1
RP use at least once per week 46.7% 40.6% - -
Public transit pass 64.4% 48.6% 37.0% 18%
Bicycle available 64.4% 64.5% 75.1% 73%
Car-sharing membership 10.0% 8.7% 6.0% 3%
Bike-sharing membership 10.0% 10.1% 8.1% -
E-scooter-sharing membership 17.8% 10.1% 8.9% -

3.3. Stated Choice Experiment Design

The SCE was structured around three scenarios, each featuring three situational varia-

tions, resulting in nine stated choice tasks per respondent. In each situation, respondents

had to select the alternative they personally found most attractive. As illustrated in Figure 2,

the first scenario captured mode choice decisions for daytime travel, while the third sce-

nario focused on nighttime travel (10:00 p.m.-5:00 a.m.). The second scenario involved an

intermodal setting, featuring a combination of PT (bus and rail) and the RP service fips.

However, in order to ensure comparability between the daytime and nighttime scenarios,

each of which exclusively reflects unimodal choices, the intermodal scenario was excluded

from the present analysis.

1st scenario: monomodal, daytime )

A B > o

2nd scenario: intermodal, daytime

£ ™
A T

lWalking] [Bicycle] [ PT ] [ . ] [Pr:;arte l

[ Bicycle ] { Private J { Walking } [ Bicycle } [ and J
d car and PT and PT PT

e 3rd scenario: monomodal, nighttime

. t
A & &R o

Trip attributes

G} Travel time
G) Waiting time

@% Travel costs 3:? Frequency

@ Egress/Degress time (: Transfer (PT)

lWalking ][ Bicycle ][ PT ][ ] P’i‘fr‘e ml

Focus of this study

Trip purpose

E’ Work

@ School/College

g Train station

@ Leisure

A Home
fﬁl Other errands

Note: The modes bicycle and car are displayed based on availability to the participant. For car, a valid driver’s license is required. For nighttime scenarios, availability of bicycle

and car also depends on the participant’s self-reported fitness to drive

Figure 2. Design of the stated choice experiment.

A preliminary question assessed participants’ ability to drive at night (e.g., considering

factors such as regular alcohol consumption during nighttime activities or general fatigue),

which served as a filter for displaying the bicycle or private car (highlighted in blue in

Figure 2). To reduce complexity and prevent participants from being overwhelmed by too
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many choices, taxis were excluded from the daytime scenarios. This decision was based on
the assumption that taxis are more relevant at night due to the lower availability of other
transport modes such as PT [23]. The Ngene 1.2 software was used to design the SCE by
optimizing utility functions within a D-efficient design, thereby minimizing the number
of required respondents and the D-error [38] . Four question blocks were identified as the
optimal setup. Travel times were constrained to reflect real-world conditions in the city of
Mannheim, Germany. Typical urban trips with distances ranging from 2 to 5 km served
as a reference for the scenario design. For better comprehensibility, Table 2 presents the
attribute levels used in the experiment. The cost attributes in the scenarios were adjusted
to account for realistic urban trip distances and fare discounts, such as those available for
PT pass holders or individuals with mobility impairments.

Table 2. Attribute levels in the stated choice experiment.

Attributes Walking Bicycle Private Car PT RP Taxi
Travel time (min) 25,35,45,55 9,14,19,24 5,8,11,14 6,9,12,15 6,9,12,15 5,8,11,14
Egress time (min) - - 2,4,6 4,6,8 2,4 -
Degress time (min) - - 1,3,5 2,4,6 2,4,6 -
Waiting time—day (min) - - - 4,8,12 4,8,12 -
Waiting time—night (min) - - - 15, 30, 45 15, 30, 45 2,7,12
Transfer (within PT) - - - 0, - -
Travel costs (EUR) - - 1.5,3,45 0,17,3.2, 0,1,35,45, 12,18, 24

47 55

3.4. Model Specification

This study analyzes travel mode choice within the utility maximization framework [39,40],
where the utility Uj; of alternative j is composed of a deterministic part V; and a random error
term ¢&;:

LI] = V] + ;. (1)

The deterministic utility is specified as
Vi = Boj + Z,Binz’j/ 2)
1

where f; is the alternative-specific constant capturing intrinsic preferences, and X;; are
explanatory variables such as travel time or cost.

Although machine learning methods (e.g., random forests, gradient boosting, neural
networks) offer high predictive accuracy [41,42], they lack behavioral interpretability and
require large datasets [43]. Since this study focuses on explaining mode choice behav-
ior, especially differences between daytime and nighttime travel, discrete choice models
(DCMs) are preferred for their interpretability and suitability for moderate sample sizes.
The multinomial logit (MNL) model, based on the assumption that the error terms ¢ i follow
an ii.d. Gumbel distribution, defines choice probabilities as

exp(Vj)

1= Yrecexp(Vi)’ ®)

where C denotes the choice set.

However, MNL imposes the Independence of Irrelevant Alternatives (IIA) assumption,
which can be violated if alternatives share unobserved characteristics, leading to biased
estimates. To relax IIA, the nested logit (NL) model groups alternatives into nests By,
allowing correlated unobserved utility components within nests [44]. The choice probability
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decomposes into the product of the probability of choosing nest m and the conditional
probability of choosing alternative j within that nest:

P]‘ = Pj|m X Py (4)
with v
exp (H)
P = —— /s ®
Sy
and T
ex
Pm - M p( ™ m) (6)
Y=y exp(A]p)
where A, € (0,1] is the nest correlation parameter and
Vik
Iy = lnkz exp ()\:1) )
€Bp,

is the inclusive value summarizing nest attractiveness.

Model parameters are estimated via maximum likelihood, implemented with the
Apollo package in R [45]. This approach balances explanatory power with computational
feasibility given the sample size and the study’s behavioral focus.

3.5. Model Selection

To assess the model fit and compare different model specifications, we rely on key
statistical indicators, particularly the log-likelihood value (LL), the Bayesian Information
Criterion (BIC) [46]. The LL value measures how well the model explains the observed
choices: a higher (less negative) LL indicates better in-sample fit. However, as model
complexity increases, the LL alone may favor overfitted models. Therefore, the BIC is
reported additionally, which penalizes model complexity and helps in selecting a more
parsimonious specification. The BIC is defined as

BIC = —2-LL+k-In(N) ®)

where k denotes the number of estimated parameters and N represents the number of ob-
servations. Lower BIC values indicate a better trade-off between model fit and complexity.

4. Results and Discussion

This section presents key findings on how nighttime-specific conditions influence
travel behavior. It begins with an analysis of revealed preferences regarding the use and
perception of the fips RP nighttime service, followed by insights from stated preference
modeling. Throughout the presentation of results, direct comparisons with existing litera-
ture are made to contextualize the findings.

4.1. Revealed Preferences: Nighttime RP Usage and Perceptions

Survey-based insights into actual use patterns of the local RP nighttime service indicate
currently low adoption rates, as illustrated in Figure 3. Among all respondents, who have
ever used the RP service fips (n = 228), only 40% (n = 91) had used the service during
nighttime. Of these, 15.4% reported using the service nearly every weekend, another 15.4%
used it 2-3 times per month, and 27.5% had tried it only once.
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0% 20% 40% 60% 80% 100%
m (almost) every weekend m2-3 weekends per month
11 weekend per month less than 1 weekend per month
one-time usage never

Figure 3. Frequency of usage of the RP nighttime service by all RP users (n = 228).

Since the nighttime service is not widely used, it is important to understand the barriers
to its adoption (see Figure 4) . Among both daytime-only RP users (n = 138) and non-users
with RP awareness (n = 271), the most frequently cited reason for non-use was simply
not traveling at night (67% and 55%, respectively). However, 24% of daytime-only users
and over 40% of non-users reported being unaware of the nighttime service, indicating
substantial information deficits. Additionally, RP non-users show a significantly stronger
preference for using the private car compared to daytime-only RP users, aligning with
findings by Kapitza [24] and Bromley et al. [25], who documented increased nighttime car
usage. Furthermore, operational barriers such as limited service areas ( 20% of RP non-users)
and failed booking attempts (8% of RP daytime-only users) point to functional shortcomings
or a limited number of operating vehicles during nighttime. Notably, safety concerns were
rarely reported as a barrier to nighttime RP use. Taken together, these findings suggest
that addressing both informational and operational barriers offers considerable potential to
increase awareness and, ultimately, adoption of RP nighttime services.

Not traveling at night

Lack of knowledge about night service
Start/Dest. not within RP service area
Prefer private car (as driver) at night
Prefer taxi at night

Prefer private car (as passenger) at night
Prefer cycling at night

Prefer PT at night

Prefer e-scooter at night

Not available / booking declined

"”"f’“

Safety concerns at night

0% 10%  20% 30%  40% 50% 60% 70%
m Daytime-only RP users (n=138) ®RP non-users (n=271)

Figure 4. Reasons for the previous non-use of the RP nighttime service (n = 138).

The majority of nighttime RP trips (70%) were for returning home, often following
leisure-related activities (21%). Only a minority used the service for accessing or leaving
PT stations (4%) or for other purposes (4%), as depicted in Figure 5 . This usage pattern
underscores the critical role of flexible demand-responsive services in bridging accessibility
gaps during off-peak hours, especially when traditional PT networks operate at reduced
frequencies and limited coverage.
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Trip home |
Trip to a leisure activity NG
Trip to the train station
Other N
0% 10% 20% 30% 40% 50% 60% 70% 80%

Figure 5. Trip purposes of RP nighttime usage (n = 90).

The analysis of modal combinations shows that many users combine RP with PT:
44% used PT (tram/train or bus) for either the outbound or return trip while using RP
for the other. Additionally, 30% used RP for both directions, highlighting its key role in
complementing PT, especially during off-peak hours. Figure 6 illustrates the transport
modes used before and after nighttime RP trips.

Opverall, the analysis of revealed preferences indicates low current usage of the service
during nighttime hours, primarily due to low awareness among potential users. However,
the service is particularly valued for convenient return trips. Enhancing user awareness
and expanding service coverage could significantly improve nighttime mobility.

RP |
Taxi W
Private car (as passenger) I
Private car (as driver) [
Tram / Train (PT) |
Bus (PT) I
Walking N

0% 5% 10% 15%  20% 25%  30%  35% 40%  45%  50%

Figure 6. Transport modes used before and after nighttime RP trips (n = 90).

4.2. Stated Preferences for Daytime and Nighttime Travel Mode

To analyze travel mode preferences at different times of day, several model specifi-
cations were estimated and compared. The process started with a baseline MNL model
including only ASCs. Explanatory variables, such as level of service and other travel-related
attributes, were then incrementally added. Model performance was assessed using LL and
BIC, as previously described. To address potential IIA violations, several NL models with
alternative structures were tested. Table 3 summarizes the results.

Table 3. Model comparison.

Model LL BIC #Parameters
MNL base —4825.03 9690.71 5
NL base —4804.17 9665.25 7
MNL extended —4185.17 8825.64 56
NL extended —4174.64 8820.84 58

The final NL model (NL extended) achieved the lowest BIC and the highest LL,
indicating superior model fit. Moreover, all estimated nest-specific scale parameters (A)
lie strictly between 0 and 1 and are significantly different from 1, supporting the statistical
validity of the nesting structure and justifying its selection for the final analysis.

The estimated nested logit model reveals significant differences in travel mode prefer-
ences between daytime and nighttime contexts, as shown in Table 4. The findings suggest
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that individuals are less sensitive to travel times and costs when traveling by RP or private
car at night. This is consistent, on the one hand, with findings by Kapitza [24] and Brom-
ley et al. [25], who report a significantly increased likelihood of nighttime car use. On the
other hand, the results also align with Goedde et al. [1] and Shulika et al. [3], who found
peak RP demand around midnight, particularly when PT options are limited. Moreover,
access and egress times for RP services are perceived less negatively at night, indicating
that users are more willing to accept longer walking distances to and from the service
during nighttime hours. In terms of gender differences, women exhibit a lower preference
for RP and walking at night compared to daytime, likely due to reduced perceived safety
during nighttime, as documented by previous research [25-27]. Similarly, bicycle owners
shift toward private car use at night, likely due to reduced visibility and safety concerns,
though biking remains their dominant mode overall. Among individuals with mobility
impairments, PT is preferred during the day, whereas taxis are more frequently chosen at
night, suggesting that differences in service availability, accessibility, or perceived conve-
nience may influence this shift. For trips to major transport hubs, RP appears to be the
preferred mode during the day, particularly for accessing the main train station.

Atnight, however, the distribution of mode choices becomes more balanced, with taxis
slightly more frequently chosen than RP or PT, possibly due to their greater reliability as
connecting modes to scheduled rail services. In contrast, for leisure and homebound trips,
private car usage is less common at night than during the day. This pattern may be related
to a higher prevalence of social activities in walkable areas, reducing the need for private
car use during evening hours. In terms of service familiarity, individuals who are familiar
with RP services are more likely to choose this mode both during the day and at night.
Additionally, they show a significantly lower tendency to use the private car at night,
suggesting that RP may function as a perceived substitute for private car use, especially
in nighttime contexts. However, among frequent RP users, a stronger preference for RP is
only evident during the daytime. This difference may be linked to lower demand or altered
mobility patterns during nighttime. A similar day-night divide is observed in relation to
PT pass ownership, which is positively associated with PT use and negatively associated
with private car use during the day. These effects are not observed at night, which may be
related to reduced PT service frequency, limited spatial coverage, or decreased perceived
safety of transit systems during nighttime. Finally, private car ownership, parenthood,
and employment status are all associated with reduced PT usage during the daytime. This
finding may reflect an increased need for flexible mobility or a stronger preference for the
convenience of private modes among these groups. However, at night, this relationship
appears to weaken, possibly due to a shift toward non-obligatory activities or changes in
evening activity patterns.

The nested logit model provides deeper insights into how individuals make travel
decisions. Its parameters indicate moderate correlation in the unobserved utility compo-
nents of walking and cycling (A = 0.55), suggesting these modes are partially substitutable.
A higher parameter for private car and PT (A = 0.81) points to weaker substitutability,
though shared use contexts such as commuting may explain their grouping. RP is not part
of any nest, indicating that it is perceived as a distinct alternative with a unique utility
structure. These results suggest that RP is not primarily substituted by a specific mode but
rather competes broadly across multiple modes.
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Table 4. Estimation results for the nested logit model on mode choice.

Walking  Bicycle Private Car PT RP Taxi

Base attributes
Alternative specific constants 0.4 0 0.82 ** 0.23 0.4 —1.26 ***
Travel time (min)

Day —0.05**  —0.07 *** —0.35** 0 —0.06 *** n.a.

Night —0.04 —0.07 = 0 0 0 —0.04 *
Travel cost (EUR)

Day n.a. n.a. —0.14 **= —0.17 *** —0.17 = 0

Night n.a. n.a. —0.06 * 0 0 0
Egress/Degress time (min)

Day n.a. n.a. —0.05 *** 0 —0.1*** n.a.

Night n.a. n.a. —0.07 *** —0.05 *** 0 n.a.
Waiting time (min)

Day n.a. n.a. n.a. 0 0 0

Night n.a. n.a. n.a. —0.02 *** —0.01 *** 0
Further attributes
Female

Day 0.37* 0 0.57 *** 0.55 *** 0.62 *** n.a.

Night 0 0 0.93 *** 0.75 *** 0.42 ** 0.71 ***
Bicycle ownership

Day —1.1 % 0 —1.27 *** —1.32 % —1.38 *** n.a.

Night —0.9 *** 0 —0.83 *** —1.58 *** —1.5 % —1.12 %
Individual with mobility
impairments

Day 0 0 0 0.54 * 0 n.a.

Night 0 0 0 0 0 1.32 ***
Trip to main train station

Day 0 0 0 0.87 *** 1.07 = n.a.

Night 0 0 0 0.71 ** 0.76 *** 0.86 ***
Leisure trip

Day 0 0 0 0 0 n.a.

Night 0 0 —0.45* 0 0 0
Home trip

Day 0 0 0 0 0 n.a.

Night 0 0 —0.42* 0 0 0
RP service awareness

Day 0.38 * 0 0 0 1.06 *** n.a.

Night 0 0 —1.03 *** 0 1.11 == 0
RP frequent user

Day 0 0 0 0 0.61 *** n.a.

Night 0 0 0 0 0 0
PT pass ownership

Day 0 0 —0.73 *** 0.68 *** 0 n.a

Night 0 0 0 0 0 0
Private car ownership

Day 0 0 0 —0.5 0 n.a

Night 0 0 0 0 0 0
Child(-ren) in household

Day 0 0 0 —-035* 0 n.a.

Night 0 0 0 0 0 0
Employed

Day 0 0 0 —0.5 0 n.a.

Night 0 0 0 0 0 0

*** ** *indicate significance at the 1%, 5%, and 10% levels, respectively. n.a.indicates that the value is not applicable
for the respective specification. Bicycle serves as a reference mode for model estimation LL(NL) = —4174.64, Adj.
p? = 0.2149, AIC = 8465.28, BIC = 8820.84.
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In summary, based on the stated preference data, nighttime travel is characterized by a
decreased sensitivity to both travel time and travel cost. Concurrently, there is a significant
shift towards increased private car usage, particularly among women, which can likely be
attributed to heightened safety concerns as well as the reduced availability and frequency
of PT services during night hours. RP services emerge as a valuable alternative, especially
among users familiar with the service, functioning as a partial substitute for private car use
at night and potentially contributing to a reduction in individual motorized traffic.

5. Conclusions

RP services, which allow passengers with similar destinations to share rides, present
significant opportunities to enhance urban mobility by complementing existing PT systems
and offering viable alternatives to private car use. Understanding usage patterns, particu-
larly temporal variations between day and night, is essential for optimizing these services.
This study emphasizes the importance of temporal differentiation in RP preferences, using
the case of the local RP service fips, which is integrated into the PT network in Mannheim,
Germany. In 2024, a survey was conducted that included both a stated choice experiment
and revealed preference questions, yielding a sample of 566 valid responses. To analyze
differences in mode choices between daytime and nighttime contexts, a nested logit model
was estimated based on the stated choice data. The findings underscore that nighttime
mobility exhibits distinct behavioral patterns, including a decreased sensitivity to travel
time and cost and a greater reliance on private cars, particularly among women, most likely
due to safety concerns and the limited availability of PT. Moreover, the reduced sensitivity
to travel time observed in nighttime contexts suggests a potential for a more efficient and
spatially optimized stop network during these periods to improve vehicle utilization and
reduce operational costs. An analysis of the revealed preference data further shows that
the RP service during nighttime hours mainly attracts younger users, while a substantial
portion of respondents reported not being active during weekend nights. Nonetheless,
the actual utilization of RP services at night remains low. This appears to be driven less by
a lack of demand and more by structural limitations, such as low public awareness and
insufficient service availability, as reflected in the frequency of rejected booking attempts
during nighttime. This implies that low usage is not merely the result of low demand,
but also of structural barriers on both the supply and information sides. Overcoming these
barriers through targeted information campaigns and a strategic expansion of nighttime
service capacity could substantially promote more sustainable mobility during nighttime.
Overall, the results align with prior research highlighting the increasing importance of
flexible mobility solutions when conventional PT is less accessible or perceived as unsafe.
However, it should be noted that the survey sample is not representative of the popula-
tion, which limits the generalizability of these results. Moreover, due to the recruitment
strategy, particularly via the social media channels of the local PT provider rnv, the sample
may overrepresent PT-affine individuals, potentially leading to a self-selection bias that
influences mode preferences. In addition, the intermodal scenario, originally included
for daytime settings, was deliberately omitted from the nighttime experiment to isolate
time-of-day effects. This limits the findings to unimodal choices during nighttime. Future
research should deepen the understanding of how nighttime-specific conditions, such as
safety concerns, limited service availability, and reduced PT coverage, influence travel
decisions across diverse population groups. In particular, studies using more represen-
tative samples and including intermodal scenarios could help to better capture the full
range of mobility needs and evaluate the role of RP services as a complement to PT under
real-world nighttime constraints. Although safety concerns were rarely reported explicitly
by non-users in this study, future research should incorporate qualitative interviews to
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better capture implicit safety-related barriers, particularly among women, that may not
be fully reflected in standardized survey responses. From a modeling perspective, inte-
grating the estimated discrete choice models into agent-based models (ABMs) enables the
simulation of individual travel decisions and their system-level impacts under varying
nighttime and off-peak conditions. This allows for a differentiated assessment of modal
shifts, network utilization and cannibalization effects between RP and PT, supporting the
design of adaptive, demand-responsive mobility strategies. These insights contribute to a
better understanding of nighttime travel behavior.
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