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Abstract

The present study aims to investigate user attitudes and behaviour when users interact with a corporate
multimodal mobility sharing system, consisting of battery electric vehicles (BEVs), pedelecs (i.e. electric bicycles) and
public transport. We analysed participants’ attitudes towards BEVs, pedelecs, public transport, and the underlying
service tools, as well as the economic impacts of the whole corporate multimodal mobility system. Ninety-three
participants took part in the 22 months long naturalistic driving study and used the corporate multimodal mobility
sharing system for their business travel. The attitudes towards BEVs and the keyless access were evaluated as the
most positive components, and usage behaviour was related to a more positive attitude towards pedelecs, public
transport, as well as the keyless access and the booking tool. The economic evaluation revealed the possibility of
significant reductions in mobility costs when integrating different means of transport into a smart multimodal
mobility system. The findings may help fleet owners to further improve existing mobility concepts for corporate
travel.

Keywords: Corporate Mobility as a Service (CMaaS), Field study, Usage behaviour, Experience, In-company mobility
solution, Battery electric vehicles, Pedelecs, Public transport, Business models, Life cycle costing, Opportunity costs

1 Introduction
Variants of shared mobility are promising solutions for a
sustainable transportation future, given the associated
reductions in average vehicle ownership [25], emissions
[9] and travelled kilometres [33]. The availability of
shared mobility services also resulted in a mobility shift,
mostly characterised by an increase in the use of bicycles
and walking, as well as the usage of carpooling [25]. Fur-
ther, shared mobility solutions are a more appropriate

way for vehicle provisioning with a substantial market
potential [4]. At the same time, they enable a more effi-
cient use of resources through a higher degree of vehicle
utilisation with a potentially larger user pool, compared
to an exclusive provision for a specific user or company.
Furthermore, shared mobility users reported lower com-
muting stress compared with single-occupant vehicle
users [8]. Multimodal mobility, defined as the usage of a
transportation network with diverse transport modes for
the needs of mobility [11], seems to be a promising path
to further improve the positive environmental benefits
of single-mode sharing systems. The integration of bicy-
cles and public transport are suitable examples for this.
Beyond that, ride sharing has established itself as an-
other popular mode of travel and a viable business
model [40] that could be combined with classical car
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sharing and multimodality. The positive effect of cycling
relates to reduced emissions and traffic congestion [36],
as well as reduced travel costs [22]. In addition, active
mobility has a positive effect on physiological health pa-
rameters such as obesity [2] and cardio-vascular risk
[15], as well as on mental health parameters such as
well-being [24]. Positive aspects of the usage of public
transport are less greenhouse gas emissions and a relax-
ation of traffic problems caused by a high amount of in-
dividual transport [35].
However, to the best of our knowledge, there are no

previous studies in which a field-tested multimodal shar-
ing system has been examined for its user acceptance
and economic efficiency, comparing the means of trans-
port contained therein.

2 Theoretical and conceptual background
2.1 Corporate multimodal mobility systems
As mobility for business journeys accounts for a high
proportion of daily kilometres travelled and greenhouse
gas emissions [26], supporting the use of more environ-
mentally friendly means of transport for business jour-
neys is a promising approach. In this regard, several
companies use a company-owned fleet or in-company
mobility solutions. However, conventional corporate
mobility systems with accounting per business journey
are still predominant.
In smart(er) corporate multimodal mobility solutions

several modes of transport are accessible. Such solutions
can be considered as Mobility as a Service (MaaS) in a
corporate setting, meaning that they are controlled by a
corporation and used by employees for travelling to,
from, in or between work sites or campuses [16]. MaaS
is understood as the “integration of various forms of
transport services into a single mobility service access-
ible on demand” [23]. MaaS adds value through the
usage of a single ICT application to provide a smart ac-
cess to mobility. Corporate MaaS (CMaaS) solutions can
be seen as “sandbox” versions of well-functioning gen-
eral MaaS implementations and be used to gather first
experiences, since their usage is limited to a business-
related context where many of the contextual variables
are easier to control [16]. One example of a CMaaS so-
lution is the use of an in-house pool of company cars
based on a booking platform and with access to add-
itional transport modes. But CMaaS solutions can also
be implemented without in-house fleets. The economic
viability of the operation of such systems depends on
several factors, such as integrated means of transport,
type of vehicle use and travel, usage scenarios, drive
technologies, as well as the underlying procedures and
tools. For instance, mobility costs of in-house, B2B
shared or third-party vehicle fleets can vary significantly
and depend on the number of employees using the

vehicles successively or simultaneously. Efficient,
software-supported business processes can reduce the
overhead costs of business journeys. Furthermore, not
all means of transport are suitable for every type of
travel (e.g. bicycle vs. long-distance traffic) whereas other
manifestations of a mobility solution fit together quite
well (e.g. fixed carpooling for commuting between
homes and work).
Based on these considerations, Fig. 1 shows a morpho-

logical box for a possible classification of CMaaS
solutions.
The blue marked boxes represent the manifestations

of the CMaaS solution addressed within this paper.
Noteworthy (especially for the interpretation of the eco-
nomic results) is that the CMaaS solution under consid-
eration differs from conventional corporate mobility
systems in two main points. On the one hand, it inte-
grates ecologically sustainable company vehicle fleets
with public transport services. On the other hand, it also
renounces traditional accounting systems for business
journeys to increase further potentials that come with a
multimodal platform.

2.2 The link between user research and economic
feasibility of CMaaS
In order to better understand users’ travel mode choices,
the acceptance of, and attitudes towards different means
of transport need to be examined [16]. Several existing
publications study users’ acceptance of car sharing and
ride sharing systems (e.g. [22, 39]) and the influence of
user attitudes on bus and car use (e.g. [1]). Attitudes to-
wards a certain behaviour have been successfully proven
to be a useful predictor of a certain behaviour [10]. In
the context of travel mode choice, research shows that
attitudes towards bus, car and bicycle are quite stable
[1]. However, from battery electric vehicle (BEV) re-
search we see that attitudes can be positively affected by
experience and usage [5, 6].
Current mobility research also addresses economic as-

pects of multimodal mobility solutions, especially for the
public in inner-city areas. Many recent studies focus on
integrating BEVs and electric bicycles (i.e. pedelecs) in
mobility chains, as for example one for the city of
Chemnitz and the Ore Mountains district [17]. Other
studies [29, 34] concentrate on the combination of pub-
lic transport with automated vehicles for feeder traffic
and their potentials for economic efficiency. Particularly
questions related to the economic viability of alternative
mobility concepts like CMaaS are being intensively in-
vestigated at the moment. Although a great number of
challenges show up due to the early stage of develop-
ment, previous studies conclude that CMaaS is a prom-
ising business opportunity [19, 21]. However, the
academic discourse on the economic implications of
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CMaaS and other multimodal mobility concepts is still
in its infancy with economic advantages that still need to
be proven and, (if beneficial) with optimal configurations
and resource allocations that have yet to be determined.
Since most of the existing trials and analyses are limited
to experimental testing, specific application fields or
sub-problems, many research questions remain
unanswered.
Overall, there is a great need for further research into

viable implementations of multimodal mobility solu-
tions. For successful realisations and the large-scale use
of sustainably promising mobility systems, experiences
must be gained by (and examined for) potential user
groups, which can significantly increase acceptance
among them. Furthermore, the link between user ac-
ceptance and the generation of economic benefits for
the involved stakeholders is particularly interesting since
both might mutually influence each other. Thus, the re-
search fields of psychology and economics are of great
importance for the success of innovative mobility sys-
tems. Our results provide a humble contribution to ac-
quire knowledge in this field.

2.3 Present research
The aim of the present research was to investigate par-
ticipants’ attitudes towards different means of transport

(i.e., BEVs, pedelecs, and public transport) and the
underlying mobility service tools (i.e., keyless system ac-
cess, web-based booking tool, and the online ticket sys-
tem linked to a corporate account for paying for public
transport journeys) which were necessary in order to
offer a CMaaS system. We investigated the influence of
usage (i.e., travelled kilometres with BEVs, pedelecs and
public transport) on participants’ attitudes, analysed as-
sociated mobility costs of the three means of transport
and carried out an economic evaluation of the whole
CMaaS system.
To offer a sustainable transport system it is necessary to

ensure economic advantages in viable business models
(i.e. according to Schallmo [32] the simplified representa-
tions of an enterprise’s business logic, consisting of inter-
linked elements). Our related investigations were based on
approaches for business model development and selection
according to Rehme et al. [28], the evaluation and descrip-
tion model according to Schallmo [32] and life cycle cost-
ing [12] for an economic evaluation. With data obtained
in the project we investigated the economic efficiency of a
presumably more ecologically sustainable CMaaS system
(see [4]). This CMaaS solution represents one of the
promising approaches according to a work by IVM Insti-
tut für Vernetzte Mobilität gGmbH [18], in which a large
number of business models were designed and evaluated.

Fig. 1 A possible classification scheme of CMaaS solutions
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For the investigation purposes in the main areas of interest
of this paper we address the following research questions (Q):

Q1: What attitudes towards the three means of
transport (BEVs, pedelecs, public transport) and the
underlying mobility service tools (keyless system access,
web-based booking tool, online ticket system linked to
a corporate account for paying for public transport
journeys) were reported?
Q2: What influence does usage (i.e. travelled kilometres
with BEVs, pedelecs and public transport) have on
participants’ attitudes?
Q3: What economic costs are related to the three
means of transport?
Q4: Should in-company mobility solutions be provided
or is the conventional system with per business journey
accounting economically advantageous?

The article is structured as followed: Chapter 3 describes
the methodology of the study, the participants and mea-
surements. Chapter 4 contains the results and addresses
the four research questions. In the last chapter, we sum-
marise the results, discuss them and derive implications
for research and practice. Finally, a conclusion is given.

3 Methodology
3.1 Study setup
We used data from a 22months long-term naturalistic
driving study [3], implementing a CMaaS system to

investigate mobility behaviour and user acceptance in
interaction with new mobility systems. Study partici-
pants were employees at Technische Universität Chem-
nitz, Germany.
The University has approximately 2500 employees and

is located in a hilly medium-size city with approximately
247.000 inhabitants and an above-average proportion of
academics. Its facilities are spread over four locations
(one in the city centre, two close to the city centre and
one on the outskirts) within a distance of three to eight
kilometres. The outer area of the city is characterised by
suburban and rural districts with variable altitude pro-
files. A significant share of employees commutes from
other municipalities.
Study participants had free access to four BEVs, eight

pedelecs and the public transport network for their busi-
ness journeys (i.e., only for business travel; no home-to-
work travel). A charging infrastructure and a web-based
booking application (i.e., ICT solution) were also pro-
vided. For using public transport an additional online
ticket had to be booked, provided by an additional web
application. Thus, the payment could be made via an on-
line ticket system and corporate account. In order to use
a vehicle, participants first had to select the start, destin-
ation and time of the desired journey via the web-based
booking tool (Fig. 2, left). Depending on vehicle avail-
ability (Fig. 2, middle), the preferred means of transport
was selected. Finally, the arrival time was specified, and
the booking was confirmed. Afterwards, participants

Fig. 2 The booking process via the web-based booking tool
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received a reservation confirmation (Fig. 2, right). Fig-
ure 2 represents the booking process.
Participants only needed their employee ID card to get

access to the BEVs (keyless system access). In order to
use the pedelecs, participants received the PIN for open-
ing the bicycle lock. Public transport access was possible
by a QR-code, which could be retrieved with the reserva-
tion confirmation via an additionally connected online
ticket system.
Before their first system access, all participants re-

ceived a comprehensive technical briefing about the
mobility sharing system, including how to use the
three means of transport and the booking tool, the
scope and extent of data collection, and their condi-
tions of use (e.g., restricted only to business travel; no
home-to-work travel). Participants filled out two on-
line questionnaires after four and after 6 months of
system usage. We assessed participants’ usage behav-
iour and their attitudes towards the three means of
transport (BEV, pedelec, public transport) and under-
lying mobility service tools (keyless system access,
web-based booking tool, online ticket and corporate
account).

3.2 Participants
Interested university staff were invited to take part
in the study via newsletter, press release and study
homepage and were required to fulfil the following
inclusion criteria: (1) active employment with Tech-
nische Universität Chemnitz because of aspects of
insurance law (e.g., not on parental leave), (2) par-
ticipation in data collection, and (3) acceptance of
the legal conditions of use (e.g. only business jour-
neys). Out of 284 applicants, 93 participants fulfilled
the criteria and had completed data collection in the
online questionnaire after four and after 6 months.
The sample consisted of 21 women and 72 men ran-
ging from 21 to 64 years old (M = 35 years, SD = 9.3).
73.1% of the participants were university educated,
21.5% were technical or administrative personnel and
5.4% were students with employment contracts.
In the application questionnaire (before study par-

ticipation) participants reported to travel on average
21.7 km (SD = 34.06, Min = 0, Max = 174) with car,
7.3 km (SD = 13.46, Min = 0, Max = 75) with bicycle
and 10.1 km (SD = 29.72, Min = 0, Max = 180) with
public transport on a typical work day (including pri-
vate journeys).
This study was carried out in accordance with the

American Psychological Association Code of Ethics,
as well as recommendations, regulations and consent
templates of the Technische Universität Chemnitz
ethics commission. All subjects gave written informed
consent.

3.3 Measurements and calculations
We used a combination of subjective questionnaire data
to assess participants’ attitudes, objective driving data
from the booking tool to assess usage in kilometres by
the three means of transport and several cost calcula-
tions for the operating organisation.
Participants’ usage behaviour and attitudes towards

the three means of transport and underlying mobility
service tools were assessed after four (T1) and after six
(T2) months of system usage with two online
questionnaires.

3.3.1 Attitudes towards means of transport and underlying
mobility service tools
We used single stimulus statements to assess partici-
pants’ attitudes towards each of the three means of
transport and service tools. Items were: “I like the elec-
tric vehicles used in the project (Smart fortwo, electric
drive)”, “I like the pedelecs used in the project”, “I like the
possibility of using public transport in the project”, “I like
the keyless access to the vehicle via the employee ID
card”, “I like the booking system (available via PC,
smartphone and at the charging station)”, “I like the on-
line ticket system with the corporate account for paying
for public transport journeys”. All items were answered
on a six-point Likert scale from 1 (strongly disagree) to
6 (strongly agree).

3.3.2 Mobility data
Via the booking tool we assessed the number of partici-
pants’ journeys using the three means of transport
(BEVs, pedelecs and public transport) and the travelled
kilometres until T2. We define a journey as all travelled
kilometres between the successful booking via the sys-
tem (i.e., click the button “start your ride” in the booking
tool) and the return of the borrowed vehicle or the def-
inite exit from public transport (i.e. click the button
“end your journey” via the booking tool). Several stops
were possible within one journey. We recorded a total
number of 799 journeys corresponding to 12024 trav-
elled kilometres with the three means of transport
(BEVs: 501 journeys and 7666 km, Pedelecs: 174 jour-
neys and 1350 km, public transport: 124 journeys and
3008 km). Table 1 represents the average and maximum
travelled kilometres and number of journeys until T2 for
each means of transport. Each participant drove on aver-
age 64 km with the BEVs, travelled 14 km with the pede-
lecs and 27 km with public transport. There were on
average six journeys made by the BEVs, and two jour-
neys each by the pedelecs and public transport per par-
ticipant. BEVs were used most frequently (most driven
kilometres and number of journeys), followed by pede-
lecs and public transport.
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Before the implementation of the CMaaS system, there
was no possibility of using company bicycles or pedelecs.
Billing paper tickets for public transport was possible,
but very complex and time-consuming. As a result of
the implementation of the CMaaS system, the propor-
tion of business journeys by pedelec and public transport
has increased significantly.
The average distance travelled for business journeys at

Technische Universität Chemnitz is 6 km within the city
area. The number of journeys with all means of trans-
port per employee and per week is 1.32 in the summer
half-year (April – September) and 1.65 in the winter
half-year (October – March). This distance and number
of journeys apply to 48.48% of the employees. All other
employees have either a really low volume of business
journeys or rather many long-distance business journeys
(travelled by plane, for example), that could not be cov-
ered by the trialled CMaaS concept. Regarding the pede-
lecs and the range of the BEVs (up to 120 km) a special
kind of journey in the city area was under investigation.

3.3.3 Cost calculations and economic evaluation approach
The economic results presented in chapter 4 are based
on cost calculations for the operating organisation, con-
sidering all relevant cost components of the CMaaS sys-
tem from a life cycle point of view.
We assessed the total travel-related costs for business

journeys (e.g., for acquisition, operation and mainten-
ance of company vehicles and infrastructures (charging
stations, IT-equipment) and associated service staff, pay-
ments for external transport services, as well as oppor-
tunity costs) for each means of transport. In addition to
costs that can be directly allocated to the cost units (pas-
senger car, pedelec, public transport rides), other (indir-
ect) travel-related costs also occur. Forecasting these
costs is especially difficult, since they depend on many
parameters that cannot be controlled. For example, add-
itional costs for an electronic public transport ticket
management system largely depend on the local trans-
port operator, while costs for the installation of charging
points are strongly dependent on the respective location
conditions. For this reason, these values were added to
the total costs as a fixed component in a combined
package and apportioned pro rata to the vehicle

kilometres. Other system costs include costs for support,
the administration of the booking tool, as well as for
hardware and software. In order to be able to compare
different means of transport fairly, additional opportun-
ity costs (OC) must be taken into account. These oppor-
tunity costs represent the loss of working time which
may arise from the increased transit times with slower
means of transport (see Fig. 3); the consequent reduc-
tions in effective working time should be considered in a
monetised manner, as they were implemented in our
calculation.
From an economic point of view, the purpose of a

CMaaS system should be to reduce the total accumu-
lated costs for business journeys. As benchmark for the
status quo the common and currently used conventional
system per business journey accounting was used. This
system implies the use of a means of transport as chosen
by the user within the specifications for billable travel
expenses. Before and after the journey administrative ef-
fort is necessary. This effort includes the preparation of
the business journey application and of the claim-forms
for reimbursement, the signature and verification by su-
periors, and the verification and the settlement by the
travel cost centre. So, with every business journey an
enormous overhead is generated. Suitable solutions to
reduce these overhead costs of business journeys are the
provision of a company-owned vehicle pool or the par-
ticipation in a CMaaS system that waives advance pay-
ments and individual settlements. With these solutions,
the administrative effort can be reduced if the conven-
tional system is abolished. A comparison shows which
approach for corporate mobility is economically
advantageous.

4 Results
4.1 User’ attitudes towards the three means of transport
and underlying service tools
The descriptive statistics of the reported user attitudes
towards the three means of transport and service tools
between T1 and T2 are displayed in Table 2. Participants
reported consistently positive attitudes towards the three
means of transport and the service tools (i.e., all ratings
were above the scale mean). As there were no differ-
ences in the reported attitudes between T1 and T2 (all
p-values < .274), we also give mean scores for the two
combined.
To analyse our first research question (Q1) we con-

ducted two ANOVAs and tested differences between
mean attitudes (Mmean) towards the three means of
transport and the three underlying mobility service tools
separately. Analyses revealed significant differences in
participants’ attitudes towards means of transport (F(2,
184) = 5.69, p = .004, η2p = .06) and underlying mobility
service tools (F(2, 184) = 46,76, p < .001, η2p = .34).

Table 1 Participants’ average and maximum travelled
kilometres and number of journeys until T2

Mkm (SD) Maxkm Mjourneys Maxjourneys

BEV 63.81 (103.53) 440 5.39 (10.50) 75

Pedelec 13.47 (29.34) 140 1.87 (5.74) 37

Public transport 26.75 (83.65) 550 1.33 (4.56) 25

N = 93. Because some participants made no business journeys, for each means
of transport Min = 0. Max referred to maximum total number of travelled
kilometres/journeys after 6 months of system access

Günther et al. European Transport Research Review           (2020) 12:64 Page 6 of 13



Bonferroni-corrected post-hoc comparisons revealed
that BEVs were significantly preferred compared to pub-
lic transport (p = .010). There were no significant differ-
ences between attitudes towards pedelecs and public
transport (p = .093), as well as BEVs and pedelecs (p =
.461). Regarding attitudes towards the underlying mobil-
ity service tools we found strong significant differences
between each tool (all p-values < .001). Together, these
results showed that in the CMaaS system there is a
strong car orientation. The BEVs and the keyless access
received the highest preferences; i.e. the attitudes were
the most positive (Q1).

4.2 Influence of usage on user’s attitudes towards the
three means of transport and underlying service tools
Regarding our second research question, to investigate
the influence of usage behaviour on participants’ atti-
tudes we used a correlative design. Correlation coeffi-
cients (Spearman-Roh) between usage in kilometres with
each means of transport and reported attitudes (Mmean)
towards the three means of transport and underlying
mobility service tools are displayed in Table 3.
Answering Q2, we found that the usage of BEVs, pede-

lecs and public transport was related to a more positive
attitude towards the three means of transport and the

Fig. 3 The significance of opportunity costs

Table 2 Descriptive statistics of participants’ attitudes towards the three means of transport and underlying service tools

MT1 (SD) MT2 (SD) Mmean (SD)

Means of transport

BEV 4.86 (1.00) 4.88 (1.04) 4.87 (.92)

Pedelec 4.73 (.95) 4.69 (1.02) 4.71 (.89)

Public transport 4.53 (1.13) 4.44 (1.18) 4.48 (1.05)

Service tools

Keyless access 5.35 (.67) 5.26 (.97) 5.31 (.71)

Web-based booking tool 4.83 (1.00) 4.78 (1.04) 4.81 (.89)

Online ticket and corporate account 4.16 (1.29) 4.23 (1.29) 4.19 (1.16)

N = 93. Scale ranged from 1 to 6
M = Mean, SD = standard deviation
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booking tool. An increased driving experience with BEVs
was related to a more positive attitude towards the key-
less access. Further, attitude towards the online ticket
and corporate account benefited from usage of public
transport. Thus, driving experience and system usage
could help to positively influence users’ attitudes to-
wards and perceptions of new mobility concepts.

4.3 Economic evaluation of costs of the three means of
transport
Addressing Q3, a basis for comparison was created with
reference to the evaluated mobility data. Only two
means of mobility at a time were compared with each
other to ensure comparability in the variation of their ra-
tios in the satisfaction of mobility demand. In our study
setup, public transport caused the same opportunity
costs arising from slower transit as taking pedelecs. But
it raised higher mobility costs per distance, since more
expensive single tickets had to be invoiced for flexibility
and accountability reasons. Therefore, only company-
owned BEVs and pedelecs were considered for this
comparison.
The total business travel volume, which could be

covered with the considered CMaaS solution, was de-
rived from a previous corporate mobility study at
Technische Universität Chemnitz [20]. This study in-
cluded a survey in which employees were asked how
often and what distances they have to travel normally.
The results were interpolated to all university em-
ployees and resulted in a total distance of 418,654.67
km to be covered per year. Within a multimodal mo-
bility concept it is NOT reasonable to assume the ex-
clusive use of certain means of mobility. Rather, in
such concepts, there will always be a mixed use of
transport modes that has to be assessed economically.
For this reason, we did not consider the costs of a
CMaaS system in which only BEVs, only pedelecs or
only public transport are used for our analysis, but
rather compared different modal split variants. Our
benchmark was formed by a 78% recourse to electric
vehicles. This share of use by university employees
represented the actual share observed within the field
study, supported by the collected data of participants.
The remaining 22% of mobility demand was assumed
to be met by pedelecs. This 78:22 ratio represents

Option 1. Table 4 shows associated costs and their
expected change if a higher mobility share (assumed
at 50%) is covered with pedelecs (Option 2). Based on
our rough analyses of employees’ travel behaviour and
considering factors like distances and weather condi-
tions, such a 50:50 ratio appears as a feasible (sustain-
ability) goal, whereas an even higher share of pedelec
usage seems unlikely to be achievable. For answering
Q3, we compared these two options with each other.
It becomes clear that increasing the proportion of the
more environmentally friendly power-assisted bicycles
leads to a significant reduction in mobility costs in
the narrow sense, but overall to an increase in the
total costs for business journeys. This is due to the
lower speed of travel and higher opportunity costs.
Taking the available data into account, €183,556.27

per year was incurred for the operation of a multimodal
mobility fleet in Option 1 which represents the bench-
mark. Therefore, no Opportunity Costs were accounted
in Option 1. Option 2 on the other hand had an in-
creased use of the more environment friendly means of
transport, the pedelec. With respect to the slower tran-
sit, opportunity costs were included here.

4.4 Economic comparison between a smart corporate
multimodal mobility system and a conventional system
with business journey accounting
Regarding Q4, it has already been mentioned that the
provision of an in-company mobility concept is an in-
novative alternative to established procedures in
which business journey expenses are billed and reim-
bursed later. For the economic comparison of the two
approaches for corporate mobility the administrative
costs have been quantified. By using the conventional
system with a business journey accounting system an
average additional expense of €3.47 would be caused
for each journey by the administrative effort. This
was found in a previous survey and calculation [4].
Furthermore, it was assumed that a vehicle with con-
ventional drive and no electric vehicle was used when
driving a private car. In this realistic scenario, the
CMaaS system was offering a further environmental
benefit. It should be noted that business journeys are
usually bidirectional (from the workplace to the exter-
nal appointment and back), so the administrative

Table 3 Correlation coefficients (Spearman-Roh) between usage (in km) and attitudes towards the three means of transport and
underlying service tools

BEVattitude Pedelecattitude Public transportattitude Keyless accessattitude Booking toolattitude Online ticketattitude
a

BEVkm .14 −.12 −.13 .21* .22* −.11

Pedeleckm −.07 .40** −.09 −.12 .11 .09

Public transportkm −.05 −.01 .31** −.03 .24* .12

N = 93. a Online ticket and corporate account. ** p = < .01, * p = < .05. We used the mean attitude between T1 and T2. Attitude scale ranged from 1 to 6. Bold
marked correlation coefficients should have higher values than unmarked correlations due to content considerations
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effort was divided over a total of 12 km. This repre-
sents an average round journey.
Table 5 illustrates the costs incurred by inner-city

business journeys with the established procedure of
business travel accounting. The results show the
enormous influence of opportunity costs, which are
calculated here based on the slower movement of
pedelecs and public transport compared to car/BEV
and not in relation to a modal split benchmark like
in chapter 4.3. These economic characteristics should
always be put into perspective when considering
urban mobility.
The table shows that costs can be saved by provid-

ing in-company mobility solutions. Due to the consid-
erable expense of business travel accounting, the costs
for each journey are so high that the operation of an
in-company mobility system is worthwhile. The time
consumption that leads to additional administrative
opportunity costs is illustrated in Fig. 4.
The results from Table 5 show that the savings from

the elimination of cost for business journey verification
and settlement are so significant that the higher costs
for the in-company solution are offset. The highest sav-
ings of total travel-related costs can be expected from
the provision of electric vehicles as part of an in-
company solution.

5 Discussion
5.1 Summary of results
Within the present research we investigated participants’
attitudes towards BEVs, pedelecs, and public transport,
as well as the underlying service tools for a CMaaS sys-
tems. The attitudes towards BEVs and the keyless access
process were the most positive evaluations representing
a strong car orientation. Usage was related to a signifi-
cantly more positive attitude towards pedelecs, public
transport, the keyless access system, as well as the book-
ing tool.
From a monetary point of view, the provision of a

multimodal mobility system based on BEVs was the
most cost-effective of the alternatives evaluated, which is
largely due to the effects of a simplified process of busi-
ness journey accounting and therefore reduced adminis-
trative costs as well as the absence of opportunity costs
of slower modes of transport.
Although the mobility costs in the narrow sense of the

in-company solution are higher than those of the con-
ventional system (as reported in Table 5), no generalis-
able statement can be made about the economic
(dis)advantage in relation to this part of total travel-
related costs. This depends on many factors like vehicle
utilisation and the ownership of vehicles and the corre-
sponding infrastructure. The dependence of the overall

Table 4 Costs of mobility caused by company-owned fleet

Option 1 Option 2

BEV Pedelec BEV Pedelec

Distance in km 327,330.64 92,324.03 209,827.34 209,827.34

Costs in € 160,756.60 21,279.66 114,764.34 42,941.86

Costs per Distance in ct/km 49 23 55 20

OC in € 43,137.83

Administrative Costs 1520.01

Costs for Mobility without OC in € 183,556.27 159,226.21

Total travel-related Costs for business journeys in € 183,556.27 202,364.04

Lowering of Costs in € (positive = saving) - 18,807.77

Option 1 = Benchmark with 78% BEV mobility share, Option 2 = 50% mobility share each
OC = Opportunity Costs

Table 5 Costs and savings of an in-company mobility solution compared to costs without an in-company solution

Car / BEV Pedelec Public Transport

Mobility Costs without OC in ct/km with in-company solution 45 18 40

OC in ct/km caused by slower transit in comparison to car 37 37

Total travel-related Costs including OC in ct/km with in-company solution 45 55 77

Mobility Costs without OC in ct/km without in-company solution 30 5 37

Administrative Costs in ct/km 29 29 29

OC in ct/km caused by slower transit in comparison to car 37 37

Total travel-related Costs including OC and administrative cost in ct/km without in-company solution 59 71 103

Relative savings through use of in-company solution 23.73% 22.54% 25.24%

OC = Opportunity Costs
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economic advantage of the in-company multimodal mo-
bility system is also subject to several factors.

5.2 Implications and influencing factors
As a result of the implementation of the CMaaS system,
the proportion of business journeys by pedelec and pub-
lic transport has increased significantly. According to
Martin & Shaheen [25] we were able to observe a mobil-
ity shift. Thus, offering different mobility options in a
smart way is useful and necessary to increase the use of
bicycles and the public transport, as well as walking.
The different attitudes towards the three means of

transport and the underlying mobility service tools may
indicate further improvements in dealing with multi-
modal mobility systems. Previous research showed that
the ease of use (i.e. effort expectancy) of a corporate car
sharing system was an important factor for the accept-
ance of this service [14]. Due to the ease of use of the
BEVs and the keyless access, we assumed this was the
main reason why their attitude was assessed as the most
positive. The integration of the online ticket and corpor-
ate account requires an additional booking step and was
therefore not optimal. Thus, we were able to strengthen
previous research and could summarize that access to
mobility should be designed to be as easy as possible.
For CMaaS systems, this could be realised, for example,

through a flexible and smart key access for cars. In our
study, this could be realized by the keyless access via
employee ID card. Based on our results, we would rec-
ommend a smarter integration of the pedelecs and the
public transport than we could implement in the our
study. Bicycles could be integrated with a digital PIN al-
location system, and for the access to public transport,
digital tickets or subscribers (e.g. job tickets) for em-
ployees are a recommended option.
As we found positive correlations between user atti-

tudes and usage behaviour and as attitudes are a key
predictor of behaviour [10], care should be taken to en-
sure that users have the opportunity to have positive ex-
periences with the desired means of transport. For
instance, test drives with a detailed briefing in the car’s
handling could make this possible.
Our results emphasize the importance of practical ex-

perience and usage for the evaluation of BEVs, pedelecs
and public transport, as well as the underlying mobility
service tools. This is in line with existing research [5].
However, in this study the attitude towards BEVs bene-
fited only slightly from driving experience. This correl-
ation may have been reduced due to the limited
availability of the BEVs. These were the most frequently
used means of transport and thus most often reserved
by other users.

Fig. 4 The significance of administrative costs
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According to Hesselgren, Sjöman & Pernestål [16],
work-related mobility was able to play an important role
in influencing mobility behaviour. It is conceivable that
positive experiences with new means of transport and
attitudes gained could also influence private mobility be-
haviour and the choice of transport.
The examinations show that the preferable choice

from an economic point of view falls on the (electric)
passenger car, which is presumably the most resource-
intensive mobility option. This result can be justified be-
cause of the faster travel with this means of transport (in
Chemnitz) and depends on several factors.
Critical values of relevant influencing factors can be

derived which lead to relative advantages of the more
sustainable modes of transport (pedelecs and public
transport):

� The distance to the parking space from the actual
point of departure and destination is a large
influencing factor on possible opportunity costs of
BEV mobility (particularly in bad weather). For an
ideal walking speed of 5.50 km/h, the critical parking
distance of the BEV is 130 m when competing with
the pedelec alternative and 400 m for the public
transport alternative. At longer distances the BEV
loses its economic advantage.

� The critical parking fees for cars at the destination
are €0.54 when competing with the pedelec
alternative and €1.67 for the public transport
alternative. When parking fees are higher, the BEV
loses its economic advantage.

� Positive health effects (measurable by lower
absenteeism and higher productivity) can
compensate for the opportunity costs of slower
movement with (electric) bicycles. Employees
receive additional exercises (exercise in the fresh
air and cycling) on their way to the destination,
which reduces their downtime. In 2014, public
sector workers lost an average of 19.25 working
days due to illness [7]. By eliminating one sick
day per year for every 22nd mobility user, pedelec
mobility would have an economic advantage. One
in four users would have to record a decrease of
one sick day for public transport to be
advantageous.

It is obvious that the critical values shown above are
not utopian values. It is therefore possible to promote
more environmentally friendly and in-company mobility
solutions by feasible adjustments of general conditions,
e.g. political interventions with regard to public infra-
structure and pricing for parking or incentive systems
for healthy mobility. This falls into line with previous re-
search suggesting that CMaaS offerings can be valuable

at the same time from a financial, social and environ-
mental perspective under the right circumstances [21].

5.3 Strengths, limitations and future research
We provided mobility data from a 22month long natur-
alistic study for an urban business travel use case with
high external validity. Our results may help fleet owners
to further improve existing mobility concepts for corpor-
ate travel. However, several limitations should be taken
into account when interpreting our results: first, our
sample consisted of only 93 participants and was not
representative of the German population. All partici-
pants were interested in new technologies, being well-
educated university staff. Our participants were mostly
men and could be characterised as “early adopters” ac-
cording to Rogers [30].
Further, we only investigated urban business travel,

where every journey (BEV, Pedelec and public transport)
was free of charge for the user; this should be carefully
considered when extrapolating from our results to make
broader claims, especially for the economic evaluation of
mobility.
Because it was restricted to business use only, and be-

cause only three means of transport were offered, the
system was rarely used. Participants had a relatively low
business mobility (i.e. on average two journeys of six
kilometres per week), which was not comparable with
their normal weekly mobility (i.e. including private jour-
neys), and therefore this usage was not representative of
typical daily travel in Germany [27].
In the present study we used a combination of ques-

tionnaires, driving data via the booking tool and several
assumptions for the economic evaluation. The use of
further methods (e.g. interviews and mobility diaries)
and additional points of data collection (e.g. after 22
months of system access) would allow a more extensive
database and more meaningful statements. In particular,
adding qualitative research methods could provide fur-
ther insights into motives, feelings and the communi-
cated responses regarding people’s decisions and actions,
and open up relevant topic areas not initially considered.
The positive effects of cycling [31] or public transport

[38] and the negative effects of car-based individual
transport in cities [37] were not examined here.
In addition, the usage preferences and already existing

resources play a decisive role in the usage prospects of
multimodal mobility. In order to promote a multimodal
mobility several external factors, such as the average
speed (determined by the location of the mobility ve-
hicle), the salary of travellers or fixed costs for mobility
vehicles should be investigated more deeply in future re-
search. Also the actual loss of productive working time
during the use of public transport strongly depends on
the individual and his environment (e.g. ideas are often
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created outside the actual workplace) and should be fur-
ther investigated.
Future research should also examine adaptations of

(C) MaaS solutions within rural areas, taking into ac-
count their distinct features. Such investigations will be
carried out in the Smart Rail Connectivity Campus, a re-
cently formed innovation cluster and living lab for sus-
tainable mobility in the Ore Mountains, to whose
initiators of Technische Universität Chemnitz belongs
(for details, see www.smart-rail.cc).
Further interesting research questions concern the in-

tegration of CEP (courier, express and parcel) services,
other modes of transport (e.g. different micro-mobility
vehicles, ridesharing providers, airplanes) and automated
vehicles. Investigations of possible differences between
vehicle fleets used by municipal bodies and private com-
panies, of potential benefits of shared fleet operations
between several institutions and of the application in dif-
ferent usage scenarios, like also allowing private journeys
by employees within a CMaaS system, would also be
helpful. Beyond that, further research should be done re-
garding which modal split within (C)MaaS systems is ac-
tually preferable in the sense of environmental and
social sustainability. (Social) life cycle assessment
methods and integrated approaches of life cycle sustain-
ability assessment can be used for this purpose.
Furthermore, the impact of intrinsic and extrinsic in-

centives to motivate an environmentally friendly and
healthy mobility should be emphasised in future
research.

6 Conclusion
The present study shows that user attitudes towards dif-
ferent means of transport and the underlying service
tools are stable over a period of 6 months. However, re-
sults show that usage behaviour and experience with the
respective means of transport and service tools can
change attitudes positively. This illustrates the import-
ance of practical usage and experiences in dealing with
new technologies and alternative means of transport to
promote user acceptance and positive attitudes.
Nevertheless, ease of use and a user-friendly access to

the means of transport plays also an important role
when choosing a mobility option. In the present study,
BEVs were preferred to public transport, and there were
also strong differences in user attitudes and handling be-
tween the three service tools: the tool with the easiest
handling (i.e. key-less access) was rated most positively.
Similar to the high preferences for the BEVs, the eco-
nomic analysis showed that total travel-related costs for
business journeys can be reduced by in-company mobil-
ity solutions. However, it was not possible to include all
the parameters necessary for a comprehensive economic,
ecological and social evaluation. For instance, it was not

possible to consider the effects of vanpoolers’ commuter
stress [8] and physically active mobility (i.e. cycling) on
the health of the employees as well as the environmental
impacts of the several means of transport. For final rec-
ommendations on the selection of the means of trans-
port in a CMaaS system in particular, and for
appropriate incentives to actively promote more sustain-
able mobility concepts like MaaS in general, we strongly
recommend conducting further studies on all sustain-
ability dimensions.
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