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Climate change and resource scarcity are making it 
all the more urgent to find new solutions for mobil-
ity. This is becoming particularly evident against 
the background of the high level of environmental 
pollution caused by traffic. The introduction to 
this publication therefore outlines how new, cli-
mate-friendly mobility can be achieved and how 
transdisciplinary research can contribute to this 
goal. Consequently, mobility design is defined as 
a transdisciplinary task—an understanding de-
veloped by the authors, who are partners in a joint 
research project.01 The focus here is how design 
research can contribute to the development of 
multimodal, environmentally friendly mobility, in 
particular to redesigning mobility systems in a way 
that is oriented toward people and their needs. This 
publication presents the results of this research 
project, which was carried out in various constel-
lations also involving practitioners. Included as 
well are contributions by internationally renowned 
mobility researchers, who share their expertise on 
distinct areas of future-oriented mobility design. 
Thus, the already existing first volume of the Offen- 
bach publication series on mobility design, with 
its focus on design practice (Eckart and Vöckler 
2022), is here complemented by scientific findings 
and the methods of future mobility design. To-
gether, the two perspectives aim to add the dimen-
sion of user-centered mobility design to current 
discussions about the transformation of existing 
transportation systems. Above all, we would like to 
thank our guest authors who have supported this 
project with their expertise.

The Impact of Traffic on People and the Envi-The Impact of Traffic on People and the Envi-
ronmentronment
Transportation plays a key role in society’s tran-
sition toward a sustainable way of living. This 
particularly concerns the environmental impact 
caused by carbon dioxide emissions, which must 
be drastically reduced. Motorized mobility in cities 
is expected to double worldwide between 2015 and 
2050, according to estimates by the Organization 
for Economic Co-operation and Development 
(OECD) (ITF 2017). Road-based transport, however, 
has so far been unable to reduce its share of green-
house gas emissions despite all the technological 

innovations in motor vehicle power transmission 
and exhaust technology (see for example the data 
on developments in the European Union; destatis 
2021). Additionally, air pollutants are not the only 
environmental problems caused by car-based trans-
portation; road infrastructure seals off soil, and 
traffic contributes to noise pollution (UBA 2021).

Millions are on the road every day, and often 
alone in their own cars—in Germany, a passenger 
car is occupied by around 1.5 people, and in com-
muter and commercial traffic the figure is as low 
as 1.1 and 1.2 people (FIS 2019). The private car 
dominates traffic, takes up more and more space, 
marginalizes other road users, and puts a strain on 
people and the environment. This leads to consid-
erable problems, especially in densely populated 
urban centers, and highlights a socially unjust use 
of space. In German metropolitan areas, about 
50 percent of the parking spaces designated for 
cars are in public spaces, even though only 58 per-
cent of households have one (or more) cars (Nobis 
and Kuhnimhof 2018: 35).02 The other 42 percent, 
the car-free households, have to contend with 
the fact that the limited public space available is 
taken up by automobile use. In short, the question 
for these urban centers is how to achieve an im-
provement in the living and amenity quality that 
benefits all residents. The congestion caused by 

01	� The research project »Infrastruktur—
Design—Gesellschaft« (2018 to 2021) was 
funded by the Landes-Offensive zur Ent-
wicklung wissenschaftlich-ökonomischer 
Exzellenz (LOEWE) in the German Federal 
State of Hesse with the following lead 
project partners: the HfG Offenbach  
University of Art and Design (design;  
consortium lead), the Frankfurt University 
of Applied Sciences (transportation  
planning), Goethe University Frankfurt 
(mobility research), and the Technical 
University of Darmstadt (media and  
communication technology/architecture): 
www.project-mo.de. 

02	� The metropolitan areas referred to here 
are the sixteen largest German cities with 
a combined population of about 14.5 mil-
lion; see Regional Statistical Area Type: 
https://www.bmvi.de/SharedDocs/DE/Artikel/ 
G/regionalstatistische-raumtypologie.html.

Kai Vöckler et al.
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individual motorized traffic, the dominant form 
of transport, must therefore be reduced—without 
restricting personal mobility. This will not be pos-
sible through technological innovations alone; 
it will require changes in behavior. In the future, 
we will get around differently and in a more envi-
ronmentally friendly way. Accordingly, the future 
tasks of mobility design include the development 
of innovative methods, as well as of specific tools 
and strategies, that will positively promote socially 
and ecologically sustainable projects in the mobil-
ity sector. Furthermore, these must be made more 
efficient and more visible to increase their accep-
tance among the population.

Toward a New Networked and Environmen-Toward a New Networked and Environmen-
tally Friendly Mobilitytally Friendly Mobility
The way in which individual mobility needs can 
be met is essentially determined by the available 
transportation system with its modes of transport, 
supporting infrastructure, and associated control 
and supply systems. To facilitate use of a trans-
portation system, access to it must also be both 
physically and cognitively barrier-free as well as 
economically feasible. In Germany, enabling mo-
bility is largely the responsibility of the state. Local 
authorities, the states, and the federal government 
are legally responsible for providing transporta-
tion as part of the general provision of public ser-
vices. Individual mobility should be possible for 
all, even for those who do not have a car (Schwedes 
2011). To guarantee the minimum level of mobility, 
public transportation policy has been given the re-
sponsibility of providing collective transportation 
by bus and train. 

The focus of transportation policy was, and still 
is, on expanding the roadway system to provide a 
»free ride« for the privately financed automobile, 
the engine of the mass motorization of the postwar 
period. The aim is for traffic to flow as smoothly 
as possible so individuals can cover geographical 
distances, and thus change their locations, with-
out any difficulty. It seems that individual, auton-
omous mobility can only be conceived in terms of 
the automobile. Having your own car guarantees 
a constantly available means of transport, with 
the implicit assumption that all of the necessary 

infrastructure is available, while ignoring the fact 
that even today the acquisition of a car is a major 
challenge for low-income households (as indicated 
by the low level of car ownership among the lower 
social strata—Nobis and Kuhnimhof 2018). How-
ever, owning a car also fulfills the need for privacy, 
autonomy, status, and enjoyment (Hunecke 2006), 
with an enduring effect on the experience of mo-
bility. It literally embodies personal freedom and 
stands for being unconstrained in a self-propelled 
vehicle. It is flexible and comfortable to use. Not 
only that: the car as a product is a highly emotion-
ally charged object that people identify with. It is a 
status symbol, part of memories, part of the family 
(Geuenich 2020). How one moves and with what is 
not a trivial question, for the automobile not only 
makes individual mobility possible but also helps 
people seek self-affirmation and personal experi-
ence (Vöckler and Eckart 2022).

The crucial question is therefore whether au-
tonomous, individual mobility is only guaranteed 
by the car as a product or whether the transpor-
tation system, which is oriented toward individ-
ual automobility, can be transformed in such a 
way that the feeling of personal freedom can be 
transferred from the car as an object to the act of 
moving itself (as the experience of self-mobility—
Rammler 2003; Eckart and Vöckler 2018). After all, 
from an overall societal perspective, against the 
backdrop of the societal transformation toward 
sustainability, the question arises as to how the 
transportation system can contribute to the »good 
life.« That is, not as the fulfillment of promises of 
individual happiness, but rather as participation 
in a transportation system that is economically 
feasible for all, as well as ecologically and socially 
viable. This requires an understanding of mobility 
that goes beyond the dichotomy of private (auto-) 
mobility versus public transportation and instead 
sees mobility as an overarching public task encom-
passing all forms and modes of mobility (Schwedes 
2021)—a transportation policy challenge that still 
needs to be addressed.

The feasibility of intermodal and environmen-
tally friendly mobility that links public transport 
services with sharing services, and includes walk-
ing and cycling, is due to a revolution in transport  
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technology based on the two principles of net-
working and sharing. With the availability of 
mobile internet via smartphones and tablets (and 
other digitally based information and communica-
tion devices in the future), new, intelligent forms 
of mobility are possible. We are no longer depen-
dent on our own vehicle and in the future will 
easily be able to use a variety of different modes of 
transportation (including shared automobiles) on 
one route (intermodal mobility). Digitally sup- 
ported mediation platforms make environmen-
tally compatible and intelligent mobility techni-
cally possible: shared modes of transportation 
are more efficiently utilized. In this way, the focus 
is shifting away from the product toward usage, 
which is now no longer tied to a specific mode of 
transport. With innovations in usage linked to 
digitalization, product innovations focused on 
vehicle technology (such as electric power trans-
mission technology) appear to be just one building 
block within a broader systemic transformation 
that begins with a new way of using transportation 
systems (Rammler and Sauter-Servaes 2013).

However, this brings into closer focus the mobil-
ity experience, which occurs on an individual basis 
in interaction with the transportation system. 
Mobility—understood as the individual’s ability 
to move physically in space, whether on foot or by 
transport modes such as the bicycle, train, bus, or 
automobile—is a basic need and part of everyday 
life. Mobility stands for self-mobility, in contrast 
to the concept of transportation, which refers to 
the movement of people and goods (as an actual 
change of location). Mobility refers to the individ-
ual experience of interacting with other mobile 
people, as well as objects, information, spaces, 
and the infrastructure and technical systems 
that support them. This means that the existing 
transportation system with its mobility services 
is subjectively perceived, experienced, and evalu-
ated, and thus cannot be understood in isolation 
from lifestyles, consumer desires, and behaviors 
(Götz et al. 2016). Mobility systems therefore not 
only consist of material infrastructures and modes 
of transport (the transportation system), but also 
of cultural concepts and symbolic languages that 
operate within them; they are based on social 

practices and associated forms of subjectification 
(Urry 2004; Vöckler and Eckart 2022). Therefore, 
the concept of the mobility system is understood 
here as a dynamic structure embedded in everyday 
culture, which only emerges when used by moving 
individuals (Eckart and Vöckler 2022b). 

Consequently, the mobility system is to be un-
derstood in terms of use and from the individual’s 
point of view. What are the practical benefits of my 
chosen mode of travel, and how can I use it with-
out hindrance (instrumental utility)? What kind of 
experience will I have while using it, and how will 
my sense of well-being be enhanced (hedonistic 
utility)? What significance does this form of mobil-
ity have for me, and can I identify with it (cognitive 
utility) (Kelly and Sharot 2021)? To enable this 
new freedom of mobility, it is therefore necessary 
to have a seamless interaction between modes of 
transport (which is primarily a question of orga-
nization and planning). It also requires the com-
prehensive design of an environmentally friendly 
mobility system (including its digital expansion). 
And in doing so, people’s needs must be taken into 
account, and these are not merely instrumental 
(Haustein in this volume). This is the key challenge 
for mobility design, which mediates between users 
and the mobility system (»Offenbach Model,« 
Vöckler and Eckart in this volume). How is access 
to the mobility system improved, how are experi-
ences positively shaped, and how is identification 
facilitated?

Mobility DesignMobility Design
Mobility design follows the guiding principle of 
user-oriented and environmentally friendly trans-
modality.03 It views mobility as an entirety, which 
manifests itself as the need and ability to move in 
space. Both the individual basis for action and the 
spatial and structural context determine mobility 
capacity and behavior. As a significant aspect of 

03	� The following definition is based on a 
working paper written jointly by the re-
search partners already mentioned in the 
introduction to the previous volume (Mo-
bility Design, Vol. 1, Practice) (Vöckler 
and Eckart 2022: 16–17). Concordances are 
not explicitly indicated here.
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social participation, the ability to move must be 
granted to as many population groups as possible. 
Mobility design contributes to this significantly as 
an interface between people and spatial structure.

The prerequisites for designing environmen-
tally friendly mobility are the availability of envi-
ronmentally friendly mobility services, sufficient 
infrastructural provision, and the smooth organi-
zation of functional processes within the mobility 
system. The design of mobility systems, of move-
ment processes in complex mobility spaces, opens 
up a new dimension of the sustainable design of 
social transformation processes. In this context, 
the concept of design is understood in transdis- 
ciplinary terms as mobility design (Blitz et al. in 
this volume). Traditional scientific fields of inves-
tigation such as transportation planning, urban 
development, information and communication 
technology, and the social sciences are linked to 
design research on mobility. However, mobility 
design always includes the subject-specific design 
of user interaction with the mobility system. The 
design of new sustainable and networked mobility 
is thus divided into two different, but interrelated 
fields of action:

– �in a transdisciplinary, comprehensive design 
of the mobility system that considers its or-
ganizational and institutional logic, as well as 
the political parameters including ecological, 
economic, and social factors;

– �in a design-specific configuration of user in-
teraction with the mobility system. Here, the 
focus is on intermodality, that is, how differ-
ent forms of mobility can be linked with each 
other in a frictionless manner according to 
user needs.

Mobility systems encompass the mobility needs 
of users, the existing transport infrastructure, 
and all available means of transport. Mobility 
design determines the interaction of users with 
the mobility system, which consists of time- and 
movement-based usage processes, the physical 
form and organization of products and spaces, the 
digital interface, the logic of information dissem-
ination, and the underlying technical systems. 

This requires mobility design to be systemically 
oriented: this approach necessitates the pooling of 
diverse mobility-related expertise. Mobility design 
should therefore be seen as an interdisciplinary 
task. Design is the integrating element since it 
mediates between people and mobility systems 
through design decisions and shapes user experi-
ences (Vöckler and Eckart in this volume).

The design-specific configuration of mobility is 
based on the mobility needs of the individual user. 
It

– �affects attitudes, values, and perceptions, and 
thus behavior and perception, through design 
decisions;

– �focuses on the influence of semantic design 
aspects on the perception and use of mobility 
systems beyond the functional aspects;

– �enables access, facilitates orientation, com-
municates meaning, builds familiarity 
through recognizability, and generates accep-
tance through quality (comfort and value).

Individual appropriation and evaluation are de-
cisive factors for acceptance. Therefore, when 
the existing transport system is transformed into 
a multimodal mobility system, this must be un-
derstood as a function. And acceptance is only 
achieved if concrete use leads to a positive mobil-
ity experience.

Chapters and Themes in this PublicationChapters and Themes in this Publication
The contributions in the first section address the 
tasks and challenges of mobility design as a field 
of research. By way of introduction, Ole B. Jensen 
(Aalborg University) summarizes the beginnings 
of the »mobility turn« in sociology and human 
geography, as well as the shift toward »mobility 
design« in architecture and design. Beginning  
with the physical interaction of a subject with the 
mobility system and the accompanying multi- 
sensory and affective experience, this chapter 
outlines how this interaction is characterized by 
the design of affordances and atmospheres. Fol-
lowing this, the model of human-centered mobil-
ity design developed at HfG Offenbach University 
of Art and Design is presented. Thus, for the first 
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time, a systematic and conceptual modeling of 
the requirements for the design of intermodal, 
environmentally friendly mobility systems will 
be available for discussion (Vöckler and Eckart). 
The transdisciplinary perspective on mobility 
design is illustrated in the next contribution 
through interdisciplinary collaboration between 
mobility research, urban and transportation plan-
ning, and design in the implementation of bicycle 
lanes. By bringing together different disciplinary 
approaches, theoretical assumptions, and meth-
ods, it is possible to achieve an overall increase in 
knowledge for mobility design (Blitz, Lanzendorf, 
and Müggenburg). Finally, the concept and de-
velopment of the digitally supported, interactive 
»Mobility Design Guide« is introduced. This guide 
prepares the relevant contents for a future mo-
bility design for the target group of planners and 
designers as well as decision makers from politics 
and business; it also documents the results of the 
interdisciplinary research project (Krajewski, Reit-
maier, Vöckler, and Eckart).

The second section focuses on »Connective  
Mobility.« The contributions assembled here ad-
dress central aspects of the design of new mobility 
structures. To introduce the section, Sonja Hau- 
stein (Technical University of Denmark) provides 
an overview of the most important psychological 
theories of behavioral changes toward transpor-
tation, and how these mechanisms of change are 
linked to the sociocultural and physical environ-
ment. This contribution is followed by a presen-
tation of the long-term focus group method; this 
research project was supported by focus groups 
across a four-year period. Participant feedback 
(as knowledge transfer from laypersons) was in-
corporated into further work (Schäfer, Stolte, and 
Reinfeld). In the next chapter, from the perspec-
tive of urban design and planning, the question is 
explored as to which methods and processes need 
to be established in order to transform the car- 
oriented city into the livable city. Using Copenha-
gen as an example, this study demonstrates that 
integrated holistic concepts are needed to estab-
lish quality agreements for the city as a whole, and 
to develop solutions tailored to the place and the 
users. It is therefore less of a spectacular single 

solution and more a holistically oriented planning 
culture that enables successful transformation  
(Rudolph-Cleff and Hekmati). Focusing on practice- 
led design research, the following chapters pres-
ent the specificity of the design methodology 
within its situational, systemic, and contextual 
orientation. Using examples of the design of tran-
sit situations in public transport, it is shown how 
innovations become possible via a systemic and 
user-oriented design approach (Moeckl, Schwarze, 
Eckart, and Vöckler). The final chapter here shows 
how design research can anticipate and experi-
mentally develop new, intelligent intermodal mo-
bility services (on the basis of current technologi-
cal developments)—in order to foster discussions 
on the development of future mobility (Moeckl, 
Schwarze, and Eckart).

In the third section, »Active Mobility,« the 
contributions discuss urban planning principles, 
strategies, and devices that promote physically 
active mobility (walking, cycling). These authors 
thus broaden the view of mobility design as an im-
portant factor in strengthening health and quality 
of life in growing urban regions. Ralph Buehler, 
Denis Teoman, and Brian Shelton (Virginia Tech) 
begin with a comparative study of the urban, polit-
ical, and organizational structures and initiatives 
that have positively influenced cycling in the cities 
of Washington, DC, and Frankfurt am Main over 
the past twenty years. In their conclusion, the 
authors illustrate how both of these auto-oriented 
cities (without long cycling traditions) succeeded 
in moving toward integrated planning in small in-
crements, where the adaptation of infrastructure 
was combined with other support measures (in-
cluding speed limits for motorized traffic). Martin 
Knöll’s essay picks up from here at the level of 
urban design. He examines the question of which 
new instruments are necessary and beneficial to 
the optimization of temporary traffic experiments 
in keeping with the sustainable, healthy develop-
ment of the urban core. Focused on the year-long 
closure of Frankfurt’s Mainkai, this essay recog-
nizes that the promotion of health and physical ac-
tivity is generally well-anchored in the city’s long-
term urban concept and master plan. However, 
there is a considerable deficit in terms of strategic 
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planning, communication, scientific evaluation, 
and sufficient participation of temporary experi- 
ments, which has so far impeded a more far- 
reaching realization of urban transformation pro-
cesses. The contribution by Jenny Roe and Andrew 
Mondschein (both University of Virginia)  
continues the thread by calling for much greater 
consideration of people’s mental health and 
cognitive capabilities when designing future 
streetscapes. They present a new model that adds 
qualitative aspects such as well-being, experi-
ence, perception, and social interaction to the 
traditional quantitative factors of »active travel« 
(focused on length and frequency of distance 
traveled), while integrating these with assessment 
methods such as EEG testing, as well as pulse and 
perspiration measurement. Even though studies 
that address design interventions in urban spaces 
and scientific evaluation using mobile sensor tech-
nology are still rare, the authors present a convinc-
ing way of making investments tangible through 
measurable effects on the quality of mobility and 
mental health.

This section concludes with three chapters ex-
amining practice-led research and design projects. 
The example of cycle street configuration demon-
strates the need for designs based on user perspec-
tives. In collaboration with social science mobility 
researchers, design decisions are evaluated using 
surveys, and the results incorporated in further 
developments, thus providing a model approach 
(Albrecht and Blitz). Based on the example of the 
bicycle, the next chapter illustrates how bicycles 
can be approached in a systematic way, not only 
as a commodity and a mode of transport that is a 
product of design, but also as a component within 
an environmentally friendly mobility system seen 
from the user perspective—which in turn leads 
to innovative redesign. This approach can also be 
applied to transport infrastructure such as bicycle 
bridges (Moeckl, Schwarze, and Eckart). Finally, 
Lakshya Pandit presents the results of a study on 
the Mainkai in Frankfurt, where 30% more cyclists 
and 1150% (!) more children were counted on bi-
cycles while it was closed to motorized traffic in 
2020 (Pandit et al. 2020). After it was reopened to 
motorized traffic in 2021, the number of bicyclists 

dropped to an even lower number than what had 
been recorded before the experiment, back in 2019.

The contributions to the section »Augmented 
Mobility« focus on the transformation of existing 
transportation systems through the possibilities 
afforded by digital information exchange, as well 
as through the application of digitally supported 
investigation tools. Weert Canzler and Andreas 
Knie (Wissenschaftszentrum Berlin) explain how 
public transport can be reorganized through 
digitalization in concert with the integration of 
(partially) autonomous on-demand shuttles, thus 
making the system considerably more efficient 
and user-friendly—provided that appropriate 
policy regulations are implemented. The next 
chapter describes how »serious games« and »gam-
ification« can be deployed to promote environ-
mentally friendly mobility behavior. In this way, 
users can be motivated to change their mobility 
behavior (Göbel, Tregel, Müller, and Steinmetz). In 
the contributions that follows, interdisciplinary 
collaboration between cognitive psychology and 
design suggests that virtual reality simulations 
can provide an empirically valid means of assess-
ing the impact of designs and plans, even before 
they are implemented (Schwarze, Vöckler, Hinde, 
David, Le-Hoa Võ, and Eckart). Finally, an essay 
on the development of a game app, a collabora-
tive effort between media and communication 
technology, design, and transportation planning, 
illustrates how a mobile, context-sensitive game 
can promote climate-friendly behavior (Reitmaier, 
Müller, Reinfeld, Tregel, Krajewski, Schäfer, and 
Göbel).

In the last section, »Visionary Mobility,« the 
future prospects of new mobility are addressed. 
At the beginning of this section, Claire Gorman, 
Fábio Duarte, Paolo Santi, and Carlo Ratti (MIT 
Senseable City Lab) present research projects 
that demonstrate novel possibilities for traffic 
optimization based on data linkage and analysis. 
The starting point here is no longer the physical 
product but the digital network, which enables a 
new, more flexible adaptation of traffic to usage. 
The following chapter explores how the impact 
of changes in user expectations resulting from 
digitalization may influence the possible design 
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of mobility systems. It then discusses the contri-
bution that future mobility design could make to 
societal transformation processes (Krajewski and 
Reitmaier). Finally, in his essay Stephan Rammler 
(IZT—Institute for Futures Studies and Technology 
Assessment) explores the challenges that can be 
expected in the configuration of socioecological 
mobility transformations through design. He sees 
mobility design as an intermediary discipline at 
the interface between a wide range of urban, spa-
tial, and transportation-related sciences on the 
one hand, and design and planning practices to-
gether with the user experience on the other.

OutlookOutlook
This publication outlines a new perspective on the 
transformation of existing transportation systems 
into networked and environmentally friendly 
mobility systems, which are consistently devel-
oped from the user perspective: that is, Mobility 
Design. Based on user needs, the conclusions that 
are drawn with respect to planning, design, and 
scientific evaluation are presented for discussion. 
The interdisciplinary orientation of most of the 
chapters gathered here shows how knowledge 
can be produced that transcends disciplinary 
boundaries in the context of problem-oriented 
applied research—here, on climate change and the 
resulting essential ecological transformation of 
transportation systems. Interdisciplinary collabo-
rations resulted in mutually interacting cognitive 
methods that, in our view, provide the basis for a 
yet-to-be-developed transdisciplinary mobility 
design. The essays presented here in the context 
of research collaborations among the authors 
go beyond fundamental scientific research and 
are aimed at supporting societal transformation 
toward sustainability.
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Designing and Researching Intermodal Mobility

The implementation of intermodal mobility—the 
interlinking of diverse forms of mobility along a 
single route—initiates a revolution in mobility 
technology that is based on the principles of net-
working and sharing. Environmentally sustain-
able and intelligent mobility is becoming tech-
nically more feasible as users are able to access 
the internet en route, linking digitally supported 
intermediary platforms; transport resources that 
are shared collectively are simply more efficient. 
From a user perspective, all these mobility op-
tions—walking and cycling, bus or rail, shared 
automobiles—should be conceived as an intercon-
nected, intermodal mobility system that needs 
to be flexibly adaptable to individual mobility 
decisions. Only design can convey the significance 
and value of these new, progressive modes of mo-
bility to users with immediacy and while they are 
moving. What is necessary, therefore, for purposes 
of design work is a systemic perspective that bears 
in mind all components of the mobility system: 
from bicycle racks to transport vehicles, and all 
the way to station concourses. Each of these indi-
vidual elements communicates to users forms of 
access to the mobility system as a whole, including 
its linkage with digital information and commu-
nication. The task of design is to mediate between 
the human individual and the mobility system to 
have a positive impact on user experience. Design 
optimizes access while enabling identification (the 
»Offenbach model«).

Accordingly, the focus of design research is on 
the quality of the mobility experience of users 
during their interaction with the intermodal mo-
bility system. In order to arrive at well-founded 
assessments of the impact of design decisions, 
dynamic two-dimensional visualizations are uti-
lized on the basis of transport system data to de-
velop mobility scenarios, which are in turn tested 
and evaluated in virtual-reality test situations. 
With the integration of various user groups (par-
ticipatory design), this research approach allows 
us to conceptualize fundamental and empirically 
grounded design approaches. The results can then 
flow into the development of design guidelines 
and concepts. A further resource for design re-
search is the development of concepts in relation 

to concrete problematics that anticipate desir-
able developments, which then become possible 
through the design artifact. Fundamental, always, 
is a systematic approach that consistently con-
ceptualizes the intermodal mobility system as a 
dynamic system that is configured through active 
use by mobile individuals (connective mobility). 
The design artifact, then, is to be understood as 
a mediating element within the larger mobility 
system. A particular challenge for designers of  
intermodal mobility systems is the configuration 
of mobility hubs. For environmentally friendly 
mobility, particular attention must be devoted as 
well to the considerable importance of nonmotor-
ized mobility (active mobility). And emerging to-
gether with the formation of a digitally supported 
information and communication space, not least 
of all, is an extension of the mobility system (aug-
mented mobility), one that opens new perspec-
tives for designing modes of interaction between 
the human individual and the mobility system, 
which in turn require further investigation.
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This chapter introduces the new research area of 
mobilities design. It situates the development of 
mobilities design in relation to transportation and 
urban planning, urban design, and architecture 
while also connecting it to the humanistic and 
social sciences that it embraces. Some of the piv-
otal concepts within the mobilities design research 
field are affordance, atmosphere, and embodi-
ment. The chapter will explore the relationship 
between these key concepts, specifically, and dis-
cuss how they form an important foundation to 
the mobilities design field. The chapter ends with 
some key pointers for future research within this 
emerging and growing field. 

IntroductionIntroduction
Humans are mobile animals. We walk and run by 
our own bodily force, and our mobility technol-
ogies have shaped the way we live in ways not to 
be underestimated. Sailing, flying, driving across 
space and time at scales from neighborhoods to 
the globe (and these days even beyond with the 
»billionaires’ race to space«), we are indeed »homo 
movens« (Vannini 2010). Our cities have over the 
last century taken shape after the most influen-
tial of all mobilities modes: the car. The ways in 
which flying has contributed to cultural exchange 
and globalization (and carbon dioxide emissions) 
is also hard to underestimate. We are mobile as 
a species in our »naked capacities« (Ihde 1990). 
However, the artificial landscapes of urban infra-
structures that now has become »second nature« 
are also only inhabitable via mobility. 

In the early days of the »mobilities turn« most 
disciplinary resonance was found in sociology 
and human geography. However, for more than 
a decade a turn to architecture and urban design 
has enabled the establishment of the research 
area of »mobilities design« (Jensen 2013, 2014; 
Jensen and Lanng 2017). Paying attention to the 
role of design in the making of the infrastructural 
landscapes of contemporary mobilities was only 
one dimension hereof. Another was a turn to 
the concepts and vocabularies within architec-
ture and design enabling researchers to develop 
a sense of materials, spaces, volumes, voids, 
shapes, forms, and so forth. Learning from the 

design fields has also meant being inspired by the 
critical and creative approaches to shaping and 
making cities. To broadly simplify the matter, the 
social sciences developed a fine-tuned sense of 
problems, but it takes the architecture and design 
fields to enhance a sense of potentials. Mobilities 
design merges the critical sense of problems with 
the creative understanding of potentials in a re-
search strategy that is much better equipped to 
understand the mobile life conditions of contem-
porary urbanites. 

This chapter is structured in the following 
manner. After the introduction, a section follows 
explaining the shift from transport to mobilities 
and then further on to mobilities design. To ex-
plain in more detail the capacities of mobilities 
design research, three key terms are then related 
in the framing section. The notion of affordances, 
atmospheres, and embodiments constitutes the 
rough contours of a theoretical framework for un-
derstanding mobilities design. The chapter ends 
with some concluding reflections and thoughts 
about future research. 

From Transport to Mobilities (Turn 1) to Mo-From Transport to Mobilities (Turn 1) to Mo-
bilities Design (Turn 2)bilities Design (Turn 2)
The multiple movements across and between 
cities have deep repercussions for who we are 
and what relationships we can engage in. This 
discussion is already well known under the rubric 
of transport (Shaw and Hesse 2010). Movement 
from point A to point B has shaped the form of 
cities and nation-states and has become a huge 
and globe-spanning logistics operation. Getting 
people, goods, and information from A to B in the 
shortest possible span of time, via the quickest 
routes, or most cost-efficiently has become the 
territory of transportation engineering and plan-
ning. However, there is more to mobilities than 
movements between A and B! The ways in which 
mobilities shape identities and societies has been 
the key interest of the »mobilities turn,« which 
emerged within social science around the millen-
nium (Jensen 2015; Sheller 2021). Moving »beyond 
societies,« as Urry (2000) titled his agenda-setting 
book Sociology Beyond Societies, meant focusing 
on mobility and immobility in networks rather 
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than on static structures. The turn to mobilities 
has roots back in the early social sciences (Jensen 
2015; Simmel 1994), but with the emergence of a 
new interdisciplinary way of thinking about cities 
and societies in the light of mobilities across so-
ciology, geography, planning, and anthropology 
a new agenda was shaped. Mobilities research 
is thus an important rethinking of the role that 
movement and transportation have in making so-
cieties. It moves beyond the instrumental and into 
the more complex questions of identity, belonging, 
and situatedness of human practice. 

We might say that transport has been about 
instrumental movement from A to B in efficient 
and safe ways. Opening up to mobilities does 
not remove those concerns, but rather adds two 
vital dimensions: experiences and aesthetics; 
and power and sociality. If we think of these four 
dimensions—instrumentality, safety, experience, 
and sociality—then the turn from transport to 
mobilities can be said to add the latter two to the 
first two. In the last ten to fifteen years, mobil-
ities design has made a second turn, exploring 
the meticulously detailed relationships between 
the »made« (or designed) spaces, infrastructures, 
and technologies, and moving human bodies. 
The lesson learned from engaging with design 
»sensitizes us to the detailed entanglements with 
matter, surfaces, volumes, physicality, etc. that 
we know are important for the sensorial expe-
riences of mobile subjects enrolled into various 
Mobilities systems and infrastructures« (Jensen 
2016, 594).

The habitats of contemporary urbanites are 
huge artifacts. Urban networks and infrastructural 
landscapes are »made«; hence, the focus on design 
as something that explores »making« (Gänshirt 
2021). As mentioned, there are two dimensions to 
mobilities design research. One is the enhanced 
understanding of the role of materials, spaces, and 
artifacts. The other is concerning the processes 
within design. It is what some research environ-
ments have come to see as critical and creative ap-
proaches to look for potentials as well as problems 
(Jensen and Lanng 2017). The argument for mobil-
ities rather than transport is thus well explained. 
However, why term it mobilities design and not, 

for example, »traffic architecture« (as proposed by 
Buchannan 1964). The argument here reaches back 
to the situated and pragmatic focus on the mobile 
situation (Jensen 2013). What is of interest is that 
which affords a specific mobile situation. Honing 
in on architecture is simply not precise enough. 
We might face cases where the mobile situation is 
shaped by algorithms of traffic-light coding or the 
service design of ticket systems. These dimensions 
are hardly architecture, so the pragmatic research 
interest is much better taken care of if we use the 
broader notion of design. To put in one line: we 
are exploring mobilities, not transport; design, not 
architectures:

Affordances, Atmospheres, Embodiments: Affordances, Atmospheres, Embodiments: 
Framing Mobilities Design ResearchFraming Mobilities Design Research
The key question to mobilities design research is: 
»what design decisions and interventions afford, 
enable, or prevent concrete mobile situations?« 
(Jensen 2016, 590). To explore this, a number of 
relevant and interesting theories and disciplines 
might be mobilized. This chapter focuses on three 
key concepts that will enable us to get closer to un-
derstanding the actual, situated, and practical di-
mension of mobilities. In short, we need concepts 
for a vocabulary that enhances our understanding 
of what enables the mobile practices by humans 
(see Jensen and Lanng 2017 for a more elaborate 
argument). 

AffordancesAffordances The concept of affordance was coined 
by environmental psychologist James J. Gibson 
(1986). The affordances of an environment are 
what it »offers« the animal, what it »provides« or 
»furnishes« (Gibson 1986, 127). Gibson argued that:

Air affords breathing, more exactly, respiration. 
It also affords unimpeded locomotion relative 
to the ground, which affords support … water 
is more substantial than air and always has a 
surface with air. It does not afford respiration 
for us. It affords drinking. Being fluid, it affords 
pouring from a container … a horizontal, flat, 
extended, rigid surface affords support (Gibson 
1986, 129–35).
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Affordance is a relational term. This means that 
we are looking at what a ramp or a bench may do 
or enable in relation to a human body. This is pre-
cisely why the situational mobilities research has 
found value in the notion of affordance (Jensen 
2013). With its focus on the staging of mobile sit-
uations, the notion of mobility affordances was 
articulated to capture »how the specific relation 
between the moving body and its material envi-
ronment opens up (or narrows down) to particu-
lar modes of mobilities, different speeds, trajec-
tories etc.« (Jensen 2013: 120). Mobilities design 
research explores mundane mobilities practices 
that could be:

a fine-grained asphalt floor of a road (one of the 
most ubiquitous types of pavement in spaces 
of mobilities), which affords frictionless and 
smooth car rides; or a traffic signal, which af-
fords the ruled organization of intersecting 
mobilities and sets the scene for embodied and 
interactional mobile situations, such as waiting 
in a crowd with other pedestrians. Affordance is 
thus a concept that enables us to target the per-
formative effects of mobile situations through 
the relational mobile subject—body—material-
ity couplings (Jensen et al. 2016, 30).

Much more could be said about affordances, but 
hopefully its relevance to mobilities design re-
search is clear.

AtmospheresAtmospheres The second concept that we will 
introduce as a cornerstone of mobilities design is 
the notion of atmosphere (or ambience). This is 
a vital concept to engage with the added dimen-
sions we saw with the first turn from transport to 
mobilities. If we are to understand how mobilities 
relate to experiences, aesthetics, power, and so-
ciality we need concepts like atmosphere. Bissell 
argues that »affective atmospheres are central to 
everyday conduct whilst on the move since differ-
ent atmospheres facilitate and restrict particular 
practices« (Bissell 2010, 272). And Borch points to 
the fact that atmospheres exercise a »subtle form 
of power« where people’s behaviors, desires, and 
experiences are managed and controlled without 

their awareness (Borch 2014, 15). Atmospheres 
shape a »manifestation of the co-presence of 
subject and object,« and are characterized as the 
»prototypical ›between‹ phenomenon« (Böhme 
1998, 114). And a final quote to include from one of 
the founding figures of the mobilities turn, John 
Urry: »Atmosphere is in the relationship of peoples 
and objects. It is something sensed often through 
movement and experienced in a tactile kind of 
way, what Thrift terms ›nonrepresentational‹ prac-
tices (1996)« (Urry 2007, 73).

We register atmospheres in airports, on streets, 
on the freeway, and all other places where we are 
on the move. From research into how hostile ar-
chitecture or »dark design« is excluding homeless 
people in cities via spikes in the ground under 
bridges or leaning benches affording lying bodies 
to fall to the ground, we see a connection between 
mobilities and atmospheres (Jensen 2019). When 
homeless people move through the city in search 
of night shelter, the increasing number of dark 
design interventions orchestrates what has been 
termed an »atmosphere of rejection« (Jensen 
2020). What this means for mobilities is that the 
city’s rejecting response to the homeless creates 
»go and no-go areas« in the city and over time 
contributes not only to a specific atmosphere for 
the shelter-seeking, but also to a »jigsaw puzzle« of 
spaces to avoid and spaces that are attractive due 
to their affordances (Jensen 2019). 

EmbodimentsEmbodiments The bridge from affordance and 
atmosphere to embodiment is not hard to see. 
Anderson argues that atmospheres emerge in the 
relational »assembling of the human bodies, dis-
cursive bodies, non-human bodies, and all other 
bodies that make up everyday situations« (Ander-
son 2009, 80). Embodiment means including the 
multisensorial and affectual experiences of the 
moving subject. Too little attention is given to the 
crucial question, »How does it feel?« within the 
transportation. However, we all recognize that the 
air quality, the temperature, and the kinesthetic 
and haptic experiences that shape our mobilities 
experiences are more than simply objective di-
mensions. We realize this whether we are flying 
in different sort of aircrafts (Jensen and Vannini 



Ole B. Jensen

28

2016) or if we are taking an air-conditioned sky 
train instead of an overcrowded, non-air-condi-
tioned bus (Jensen 2007). We may put this in very 
simple terms: we are doing mobilities (Jensen 
2013). Hence, the role of embodiment becomes 
vital to our analysis and understanding (Jensen 
2016, 593).

The relationship between bodies, spaces, and 
vehicles is complex. Multiple senses and affect 
enter the equation, as does the fact that our bodily 
boundaries might have to be rethought. Gerontol-
ogy put focus on what is termed the extended body 
as an illustration of this phenomenon (Reynolds 
2018). According to this line of thinking the body 
is only one component of a full mobile situation. 
Furthermore, we may start reflecting that we are 
»touching the world« in many more different and 
important »critical points of contact« (Jensen and 
Morelli 2011) than we normally think of. The body 
has an »osmotic« or open relation to the world as it 
»extends« into relations with artifacts and spaces 
(Jensen 2016; 2021). The American philosopher 
Richard Schusterman articulates it very directly 
when he states that: 

To focus on feeling one’s body is to foreground 
it against its environmental background, which 
must be somehow felt in order to constitute 
that experienced background. One cannot feel 
oneself sitting or standing without feeling that 
part of the environment upon which one sits or 
stands. Nor can one feel oneself breathing with-
out feeling the surrounding air we inhale. Such 
lessons of somatic self-consciousness eventu-
ally point toward the vision of an essentially 
situated, relational, and symbolic self rather 
than the traditional concept of an autonomous 
self-grounded in an individual, monadic, inde-
structible and unchanging soul (Schusterman 
2008, 8).

In other words, when we are in a car, on the bus, in 
the bike saddle, or simply walking down the street, 
we are sensing a considerable number of things. 
In terms of consciousness, we might foreground 
and background certain things like paying atten-
tion to the red and green light at street crossings, 

other vehicles and bodies in the environment, or 
signage, and so forth. It is precisely this holistic 
and situational complexity we need to understand 
(Jensen 2013).

The interlinking of affordance, atmosphere, and 
embodiment is not the full story about the theo-
ries underpinning mobilities design research, but 
these are key terms and, in particular, their inter-
relationship is vital for showing the move from 
transport over mobilities to mobilities design. 

Concluding ReflectionsConcluding Reflections
Mobilities design research may be situated and 
articulated in various ways, but one school of 
thought that has emerged is material pragmatism 
(Jensen 2017; Jensen and Lanng 2017). It is too 
much to engage in a deeper exploration of the 
ontological and epistemological assumptions and 
underpinnings of material pragmatism here, but a 
few indications can be made:

The analytical position of material pragmatism 
points to the actual effects and situations and not 
some abstract and generalized perspective. Mate-
rial pragmatism asks »what enables this particular 
mobile situation?« and in answering it seeks to 
move beyond subjects standing before objects, 
humans before spaces, people before infrastruc-
tures. Rather, material pragmatism argues for a 
situated, holistic, materially sensitive understand-
ing of mobilities (Jensen 2017, 10).

The research agenda of material pragmatism 
is thus one that invites further explorations of 
mobilities design. Surely more conceptual and 
theoretical work is needed. Moreover, there is a 
need to explore more methods reaching across the 
qualitative and quantitative data trench as one 
thing, but also to include more technologically in-
novative approaches (sensor technology, cameras, 
geo-sensitive approaches, eye-trackers, etc.) to 
»orchestrate« mobilities design research methods 
(Jensen et al. 2020). Following these aspirations, 
a future material pragmatist research agenda for 
mobilities design should explore the creative po-
tentials of design thinking and practice in relation 
to building things, intervening, and mocking up 
experiments in urban spaces in a 1:1 scale as well 
as exploring the potential of a critical and creative 
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mindset, and creative processes of »what if?« 
design scenarios.

The latter is where the potential for public in- 
volvement and critical cocreation is located. 
Hence, there is plenty of work to do for fulfilling  
a future material pragmatic mobilities design 
research agenda. 
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The Offenbach model, developed as part of a design 
research project aimed at promoting environmen-
tally friendly mobility at HfG Offenbach, places 
people and their needs at the center of a transpor-
tation system that brings together climate-friendly 
mobility options.01 This design research is not 
focused on the organization and planning of traffic 
flows and systems, but rather on the configura-
tion of an intermodal, environmentally friendly 
transportation system with its data and physical 
environment. It also considers shared transport 
modes and spaces while in use, as well as the mo-
bility experience. Since the actual space in which 
users move is already digitally supported to a great 
extent and thus increasingly overlaid with online 
information, this mobility experience is being 
expanded to include the virtual dimension, and the 
digital expansion of mobility space has been incor-
porated accordingly in the Offenbach model.

As a means of introduction, the concept of 
human-centered design will be explained below. 
Next, this essay will focus on the Offenbach Model 
developed from this concept. This model aims to 
capture and define terms that guide the design of 
intermodal mobility systems. In the section follow-
ing, the development of terminology is presented 
in reference to findings from design studies, social 
science mobility research, and urban and traffic 
planning. This essay concludes with an overview of 
the future challenges of design that considers the 
way information increasingly pervades physical 
space and how this affects mobility design.

Human-Centered DesignHuman-Centered Design
Design mediates between users and their environ-
ment (products, systems, technologies, services) 
and anticipates new forms of use, for which it 
shapes their aesthetic impact and articulates their 
symbolic meanings as relevant offers. Design 
enables interaction and influences the behavior 
of users through form-making decisions. Accord-
ingly, design shapes the user experience (Vöckler 
and Eckart 2020). Design refers to the affective 
impact (the aesthetic dimension), usability (the 
practical dimension), and meaning (the symbolic 
dimension) of artifacts as they are developed 
and formed through design (Vöckler 2021). This 

corresponds to the analysis of the design task in 
the creation of artifacts developed at HfG Offen-
bach in the 1970s as the theory of product language 
(»The Offenbach Approach«) (Gros 1983; Fischer 
and Mikosch 1984; Gros 1987). In this approach, 
the human-object relationship is defined in design 
theory as the actual design task; it is only through 
the interaction of human and object that meaning 
emerges (Gros 1976). Meaning—and thus the un-
derstanding of designed objects—encompasses the 
aesthetic impact of the formal structuring that un-
folds through perception, with its accompanying 
affects. These play an essential role in determining 
to what extent the interaction is already evaluated 
positively or negatively on the perceptual level: 
feelings of pleasure or displeasure, as they are 
modulated, for example, through a clear or even 
confusing structure (formal-aesthetic functions). 
In addition, there is also the understanding of how 
objects can be used and what they offer (indicating 
functions, i.e. of possible uses; this corresponds 
largely to the affordances introduced into design 
theory by the cognitive scientist Donald Norman. 
See Norman 1988; Jensen in this volume). Further-
more, artifacts have social and cultural references; 
they generate opportunities for identification, 
which in their symbolic meaning fosters self-assur-
ance (symbolic functions; see Vöckler 2021). They 
are a means of social distinction (status), but also 
facilitate identification in or with a culture (here: 
mobility culture; see Götz et al. 2016). Accordingly, 
artifacts create meanings that go far beyond their 
practical functions (Krippendorff and Butter 1984; 
Steffen 2000). Beyond their formal structure, the 
effect of designed objects and spaces also reveals 
symbolic meanings that relate to their socio- 
cultural context. They can bring about new and 
fascinating ways of seeing, and thus of valuing, 
the (designed) environment. At the same time, 
design can express respect for its users through the 
symbolic meanings of the materials used as well as 
through the language of form.

The interaction of humans with objects (human- 
object relationship) was further developed in 
design theory in the concept of the interface. 
Today, an interface is usually only understood 
as an interface between a human being and a 
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technical device (as well as between technical 
devices). In principle, however, the term interface 
refers to the interaction of users with a product in a 
course of action (Bonsiepe 1996). Accordingly, the 
space of interaction is understood as the interface. 
If the focus of design is on the interaction itself, 
then it becomes clear that the understanding of de-
signed objects is never completely predetermined 
or preformed, neither in the subject nor in the 
object (Krippendorff 2006).02 Moreover, with the 
focus on interaction, the scope of designing prod-
ucts has expanded to include processes, situations, 
and (technical) systems. Human-centered design 
therefore generates a fundamental understanding 
of the interplay between perceptions, actions, and 
the emergence of meaning in the interaction be-
tween humans and their (designed) environment 
(Krippendorff 2006). Meaning emerges through 
application, in use, and in the interplay of percep-
tions and actions. For this reason, designers must 
be able to grasp how users understand products 
and how design decisions can have a positive 
impact on this understanding.

The focus of the Offenbach model of human- 
centered mobility design is on interaction with the 
concrete physical space in which users physically 
move. However, with the utilization of a technical 
medium that is mobile and connected to the body, 
such as the smartphone in common use today, the 
perception of the environment has changed, espe-
cially to the extent that it stages new environments 
(in particular as an enveloping private sphere). 
This affects self-positioning: both functionally in 
orientation (navigation), but also symbolically and 
emotionally in the form of self-representation in 
informational space, which at the same time has a 
reciprocal effect on self-positioning in real space—
validating me as an individual in interaction with 
the digitally augmented concrete environment. 
Even if the smartphone being carried is not used 
or is only used temporarily, this has an impact 
on the subjective sense of security in real space 
and increases the sense of one’s own self-efficacy 
(autonomy) (Colomina and Wigley 2019). Person-
alized access to the mobile internet offers great 
opportunities for positively influencing mobility 
behavior through motivational feedback strategies 

or even gamification approaches (see Göbel et al. 
in this volume). Accordingly, the specific effects of 
digitally supported extensions of the interaction 
space have been taken into account in the develop-
ment of the model and its guiding concepts. Major 
changes can be expected in this area in the future 
(see the outlook section at the end of this essay).03

Modeling and Definition of the Interaction Modeling and Definition of the Interaction 
AreasAreas
Models serve as bridges between theories and 
real-world applications. Crucial for the develop-
ment of any model is how the phenomenon to be 
modeled is abstracted. This abstraction process is 
accompanied by a corresponding concept forma-
tion. Concepts are understood here as tools with 
which we describe (and order) phenomena, and 
which make those phenomena accessible to us by 
opening up new perspectives, thereby structur-
ing the design exercise (Eckart 2021). The model 
presented here follows a pragmatic approach that 
focuses on the interaction between users and the 
mobility system, that is, on subjective actions: 
human-centered mobility design. At the same 
time, this approach allows the mobility system to 
be designed to ensure successful interaction. How-
ever, this also requires a more precise definition of 
the different types of interactions.

In two specialist workshops, key concepts were 
identified that are essential for determining design 
parameters (↳Fig. 1).04 These were assigned to 
three interrelated interaction areas that capture 
different qualities of interaction with the mobility 
system. These are

– �the access, which encompasses all the factors 
that make successful and barrier-free use pos-
sible in the first place, essentially relating to 
the functional side (the practical dimension);

– �the experience had with and during use, with 
the social-emotional influencing factors of its 
affective impact (the aesthetic dimension);

– �the identity, which enables identification with 
the mobility system and conveys its meaning, 
thus promoting an emotional bond (the sym-
bolic dimension).
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Guiding principles were developed for a mobility- 
space design oriented toward user needs, by in-
corporating cognitive and design science findings 
regarding interactions during usage acts, which 
emphasize the importance of noninstrumental 
factors (Desmet 2002; Norman 2004; Ortony et al. 
2005). These concepts are assigned to the three 
levels of interaction. If mobility behavior is es-
sentially (co)determined by noninstrumental, 
symbolic, and emotional factors, then these must 
be considered in the design of intermodal mobil-
ity systems. Here, the goal is to enable a smooth 
and satisfying interaction during usage and to 
achieve a positive (emotional) evaluation that has 
a meaningful effect beyond the usage act itself. 
Consequently, meaning is formed and formulated 
through the design.

01	� The research project »Infrastruktur—
Design—Gesellschaft« (2018 to 2021) was 
funded by the Landes-Offensive zur Ent- 
wicklung wissenschaftlich-ökonomischer 
Exzellenz (LOEWE) in the German Federal 
State of Hesse with the following lead 
project partners: the University of Art 
and Design in Offenbach (design, consor-
tium lead), the Frankfurt University of 
Applied Sciences (transportation plan-
ning), Goethe University Frankfurt (mobil-
ity research), and the Technical Univer-
sity of Darmstadt (media and communication 
technology/architecture). 

02	� Originally developed in the 1990s in the 
context of human-computer interaction 
(HCI) in parallel with computer science 
and product design, the term human- 
centered design defined a process for in-
volving users in the design process and 
the problems involved with computer dis-
play work. In economics, human-centered 
design is also discussed as a component of 
management techniques (design thinking).

03	� Smartphones (and other wearables) are 
technologies commonly used today to medi-
ate between the informational and physical 
environments; what specific requirements 
for the design of such user interface 
(user interface design) will not be dis-
cussed separately. Although information 
available while on the move is increas-
ingly being requested in a progressively 
more complex manner (for example, via ges-
tural or mimic and acoustic control mech-
anisms), it still forms a largely delim-
ited space that must be operated via input 
media. Nevertheless, it is necessary to 
correlate the information provided digi-
tally with the information in the physical 
space in order to achieve as clear an un-
derstanding as possible among users; that 
requires coherence in information design 
at both the digital and analog levels.

04	� The workshops were led by Kai Vöckler, who 
prepared and conducted them together with 
Julian Schwarze and Janina Albrecht. Kai 
Dreyer, Peter Eckart, Anna-Lena Moeckl, 
Thilo Schwer, and Knut Völzke were also 
involved in the workshops.
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Fig. 1 Offenbach Model: Diagram of user 
interaction with an intermodal mobility 
system together with the concepts guid-
ing its design, which have been assigned 
to three interlinked areas of interaction 
(Source: DML/HfG Offenbach; concept: Peter 
Eckart, Julian Schwarze, and Kai Vöckler; 
graphics: Beatrice Bianchini and Ken  
Rodenwaldt)
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The Offenbach Model: Areas The Offenbach Model: Areas 
of Interaction and Guiding of Interaction and Guiding 
ConceptsConcepts

AccessAccess

The basic prerequisite for the utilization of a pub-
licly accessible intermodal mobility system is that 
access is functionally enabled (for all users). This 
concerns recognizability and accessibility (barrier- 
free access), the provision of necessary informa-
tion, the design of orientation elements, and the 
usability of the objects that people interact with. It 
is the goal of the design to ensure a trouble-free pro-
cess that can be mastered with minimal cognitive 
effort. This includes, for example, a comprehensive 
information and guidance system, recognizable 
links and connections, and ticketing (digital and 
analog). Additional factors are the structuring of 
circulation spaces and the positioning of spatial 
elements that provide orientation, as well as opera-
tional elements that can be understood intuitively.

RecognizabilityRecognizability It is essential to design the entire 
intermodal, environmentally friendly mobility 
system (with its different interlinked mobility 
services and resultant variety of spaces along a 
route) as a recognizable coherent structure (coher-
ence of design). Recognizability is a fundamental 
prerequisite for establishing symbolic meaning (see 
the Identity section below). Significantly, this also 
includes the transparency of the data that enable 
digitally supported interactions, which must be 
communicated in a recognizable way—through the 
link to physical space.

AccessibilityAccessibility Inclusive mobility system design also 
permits people with physical and cognitive impair-
ments to use the system without assistance (ac-
cessibility). This applies particularly to aspects of 
traffic safety and routing during use. Consequently, 

it is necessary to design visual, acoustic, and tactile 
information according to the two-senses princi-
ple. An inclusive design also takes into account, in 
the sense of »design for all« (universal design), the 
effects of age, educational level, and cultural famil-
iarity, up to and including economic restrictions on 
access.

UsabilityUsability focuses on the actual usage situation, 
on the effectiveness and efficiency of use, with the 
objective of ensuring that mobility processes run 
smoothly. This is to be achieved primarily through 
the self-explanatory character (intuitive use) of the 
system. Therefore, comprehensibility that requires 
minimal cognitive effort is a central design ob-
jective. Usability, in relation to specific practical 
functions, is one of the operational prerequisites 
of usage. Ergonomic aspects play a central role 
in this context by optimally supporting use and 
minimizing strain or disturbance. An important 
prerequisite for the usability of mobility systems 
is traffic safety, which must be appropriately con-
veyed through design (see the above section Acces-
sibility).

InformationInformation Comprehensive analog and digital 
information linking the various mobility services 
and spaces (information and routing systems; 
pictorial and written symbols such as pictograms, 
maps, written and numerical information) is the 
basis for intermodal and multimodal mobility. In 
addition to information on mobility services, this 
also includes information on routing, travel times, 
and distances (including travel costs, if applicable). 
Among these are signs indicating escape routes, 
alarm devices, and hazard markings, which must 
all be designed in a clear and comprehensible 
manner to ensure traffic safety. In addition, there is 
further information on useful facts such as spatial 
location (site plans), as well as on additional ser-
vices (e.g., gastronomy), and experiences to be had. 
Mobility-related information must be clearly differ-
entiated from additional information (such as ad-
vertising or entertainment options) for the sake of 
the recognizability needed for mobility purposes.
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OrientationOrientation Wayfinding is a central component of 
orientation, which on the one hand is supported 
by an information and wayfinding system (see 
the section Information), and on the other hand 
should occur intuitively when interacting with 
the space (as flow), as a reflection of usability. 
This corresponds to clear spatial organization and 
routing via space-defining architectural elements 
together with objects positioned to provide ori-
entation in conjunction with posted information 
(routing systems). This includes the formation of 
visual reference points (landmarks), which guide 
action and lead to the nodes, where decisions on 
further routing are necessary (see Schwarze et al. 
in this volume). These orientation elements enable 
intuitive wayfinding and hence the linking of dif-
ferent mobility options.

ExperienceExperience

Socioemotional factors are essential for positive 
mobility experiences and pertain to the require-
ments for (»subjective,« i.e., perceived) safety, 
experiential and amenity quality, and privacy 
and social interaction. Design measures can, for 
example, provide for the visual control of a space, 
thus creating a sense of security through the estab-
lishment of visual relationships and appropriate 
lighting. However, these can also create spaces 
for retreat as well as interaction within the spatial 
organization. In addition, the design of objects 
that are essential for the stay (waiting times), such 
as seating and leaning options, convey a sense of 
quality and thus of value through their materials 
and design language. It is also important to create 
experiential quality through attractive visual  
relationships among contextual features in the 
interplay of the spatial configuration, objects,  
and signs. Last but not least, the goal is to create 
positive self-awareness (self-positioning in terms 
of spatial perception) and thus a sense of self- 
efficacy (autonomy) within the flow of barrier-free 
and intuitive use. Mobile access to the internet 

also influences the sense of security and location 
(sense of direction and self-positioning). Accord-
ingly, the association with real space (recognizabil-
ity) should be designed in conjunction.

Amenity QualityAmenity Quality A sense of well-being is strongly 
affected by the intrinsic value of the environ-
ment as conveyed through its design, which is 
experienced as being purposeful when its usage 
is stress-free. Essentially, this involves the design 
modification of functional requirements to ensure 
amenity quality in transport, transfer, and waiting 
areas (weather and noise protection, seating and 
standing areas, lighting, and materials), with the 
overall atmosphere of the space, objects, lighting, 
and information reflecting their inherent value.

Quality of ExperienceQuality of Experience Stimulating mobility 
experiences contribute to positive emotional as-
sessment. Thus, the design focuses on communi-
cating and accentuating the experiential qualities 
that result from movement in physical space. 
The joy of locomotion and being on the move can 
be designed in relation to the usage context, for 
example, through the formulation of visual re-
lationships to the surroundings. Or, by arousing 
interest and curiosity in the process itself as well 
(by making it possible to experience the rhythm of 
locomotion).

 
AutonomyAutonomy The feeling of freedom engendered 
by deciding for yourself which route and mode 
of transport to take strongly influences the emo-
tional assessment of the mobility experience. 
Here, the decisive factor is designing a process that 
is as free of disruptions and as clearly recognizable 
as possible, and thus comprehensible. Self-efficacy 
is also experienced through positive self-percep-
tion, in that finding your own way is facilitated by 
an appropriately designed spatial experience. In 
this context, the connection to digitally available 
information is to be designed for as well, in respect 
to operational choices, processes, and self-posi-
tioning.
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(Subjective) Sense of Security(Subjective) Sense of Security Design interven-
tions exert considerable emotional impact on the 
subjective feeling of safety (such as fear of harass-
ment or criminal assault). For example, the design 
and illumination of the mobility space can create 
visibility and thus provide an overview, which 
allows for visual control of the space. This also 
includes the formation of spatial areas of retreat 
and protection (»back protection«) and visible 
means of avoidance and escape. A design element 
such as lighting, for example, can exert a calming 
effect through a warm light temperature. Cleanli-
ness, which is important for the subjective feeling 
of safety, can also be supported in terms of design 
by appropriate materials, although their value and 
the symbolically conveyed appreciation associated 
with them must also be put into perspective. The 
digital expansion of personal action space in addi-
tion offers a variety of possibilities for conveying 
confidence in the safety of the mobility process, 
which also applies to questions of traffic safety 
(as part of the information about the process and 
possible disruptions).

 
Sociality and PrivacySociality and Privacy Sociality and privacy are 
two mutually dependent needs that are to be 
treated differently in terms of design, which con-
sequently must be brought into relationship with 
one another. On the one hand, there is the need for 
social interaction beyond the mobility function, 
which enables a sense of community. This means a 
communication-oriented spatial organization that 
favors self-determined social interactions (such 
as appropriately positioned seating). In principle, 
there is also the option of allowing for digitally 
supported communication between actors in 
usage contexts. On the other hand, it is essential 
to consider the need for privacy and to create op-
portunities for spatial separation and demarcation 
(distances).

IdentityIdentity

A coherently developed design (including in re-
lation to digitally available information) fosters 
a sense of well-being when in use, which conveys 
a feeling of respect (comfort) in its emotional 
impact. The symbolic effect of the design language 
conveys meaning that can be engaged with. In this 
way, a positive experience of social positioning 
is made possible (status). Both aspects with their 
symbolic significance must already be considered 
in the actual design. Together, they help users 
identify with the mobility system. In particular, 
the public character of the intermodal mobility 
system requires a symbolic design that articulates 
its social significance.

ComfortComfort The quality of the design in its aesthetic 
effect, in concert with the interaction of forms, 
colors, materials, light and spatial design, commu-
nicates an overall appreciation of user needs. This 
space is permeated by digital (and increasingly 
personalized) information, which must be suitably 
incorporated into the general experience. This 
essentially concerns the symbolic-emotional effect 
of the mobility system in use, which is experienced 
as appreciation.

StatusStatus The design of the mobility system conveys 
symbolic meaning. What does an intermodal,  
ecologically beneficial system stand for? Impor- 
tant themes to be expressed through the design are 
environmental friendliness, innovativeness, and 
sustainability. Here, sustainability means durable 
design that is not oriented to commercially ex-
ploitable, short-lived fashions, but rather is com-
mitted to a public design language that serves the 
common good. As a central part of public life, the 
design of an essential public mobility articulates 
its significance for society as a whole. In this way, 
social recognition is also conveyed to the users, 
which results from participation in this form of 
progressive and sustainable mobility.
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Elaboration of Key Terms in Relation to Mo-Elaboration of Key Terms in Relation to Mo-
bility Research and Transportation Planningbility Research and Transportation Planning
In principle, the importance of symbolic-emo-
tional influences on mobility behavior has been 
recognized in mobility research as well as in urban 
and transportation planning, but it has not yet 
been adequately systematized and modeled in a 
way that could guide design practice. The Offen-
bach model intends to accomplish this in a first 
step, while remaining mindful of the lack of empir-
ical validation (see Schwarze et al. in this volume).

The modeling here was based on existing 
models of interactive design, which are grouped 
together in design research under the term user- 
centered design, an approach that combines  
utility and usability (Norman 1988). This was 
subsequently expanded to user experience design, 
which focuses on positive user experience through 
the design of digital and analog artifacts, while 
broadening this to incorporate emotional factors 
(Norman 2004). The user experience also includes 
the effects that a product has on users before they 
use it (anticipated use) and after they use it (iden-
tification with the product). Accordingly, it also 
refers to emotional and aesthetic qualities (from 
the user’s point of view) and not only to functional 
characteristics (Hassenzahl and Tractinsky 2006). 
The concept has already been standardized with 
ISO 9241-210 as a norm for the human-centered 
design of interactive (technical) systems, whose 
terms were accommodated insofar as they con-
cern the direct interaction with the product and 
not, for example, organizational-technical or even 
resource-related aspects such as the question of 
the efficiency or effectiveness of the system (ISO 
9241-210: 2019). For the Offenbach model, other 
terms of user experience design were also adopted 
(Morville 2004; Hassenzahl 2018). The starting 
point is user needs, which are to be communicated 
within a usage context (with its technical, physical, 
social, cultural, and organizational components). 
However, the selection is limited to the usage pro-
cess (interaction with the mobility system) (see 
also Desmet and Fokkinga 2020 with their further 
development of Maslow’s hierarchy of needs and a 
redefinition of the guiding concepts in a meta- 
analysis of the relevant psychological literature). 

Yet there is still no agreement within design re-
search as to which conceptual system is considered 
to be the most viable. In addition, the various defi-
nitions of user experience design, which are not 
always systematically elaborated, also refer to differ-
ent contexts of use (interactive technical or analog 
products). For the terms used in the modeling pro-
cess, see the matrix of terms discussed (↳Fig. 2).

Social science mobility research into the fac-
tors influencing the use of transportation focuses 
on, among other things, attitudes toward trans-
portation (Anable and Gatersleben 2005; Steg 
2005; Hunecke 2006). This attitude reflects the 
subjective stance, mixing rational and emotional 
factors. In addition, attitude indicates an associ-
ated behavioral tendency. However, here attitude 
relates to the use of transportation (and the im-
plicitly linked evaluation of the transportation 
infrastructure or the mobility system). The psy-
chological construct attitude is operationalized 
differently in the studies considered; for example, 
a distinction is made between instrumental, af-
fective, and symbolic factors (Steg 2005), or the 
noninstrumental factors are summarized as sym-
bolic-emotional factors (Hunecke 2006; Haustein 
in this volume). Structurally, this also corresponds 
to the division into the three areas of interaction 
in the Offenbach model, with the instrumental 
(access, the practical dimension) as well as the 
noninstrumental factors of influence (experience, 
the aesthetic dimension in its affective impact, 
as well as identity as the symbolic dimension). 
However, classifying them into instrumental and 
noninstrumental factors has proven to be difficult, 
as a number of terms cannot be clearly assigned 
to either category (Pripfl et al. 2010; Busch-Geert-
sema 2018). For example, autonomy can be classi-
fied as independence in the sense of self-efficacy 
as part of the symbolic-emotional factors or it can 
also be defined as freedom in terms of the private 
availability of a means of transport playing an 
instrumental role. Overviews that systematize the 
developed terms in a summary manner are there-
fore confronted with the problem of having to 
consider partly conflicting definitions of the same 
terms. Nevertheless, even with different classifica-
tions and limitations, there is a large overlapping 
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of terms that may be identified as being significant 
for mobility activity (see the meta-analysis by 
Pripfl et al. 2010; Busch-Geertsema 2018; ↳Fig. 2). 
For application-oriented design research, it is 
sufficient to be aware of the factors that influence 
attitudes toward the use of transportation (and 
thus indirectly also mobility actions) and to con-
sider them as critical user needs in modeling. In 
doing so, all factors were excluded that cannot be 
directly addressed in terms of design. This applies, 
for example, to important influencing factors such 
as the availability and reliability of the mobility 
services provided, which primarily affect the plan-
ning and organization of personal mobility. In this 
context, however, it is important for the design to 
convey the information to users in a comprehen-
sible way. One example here is travel expenditure. 
From the user perspective, information about 
travel time as a fundamental consideration (the 
time required to cover a distance) must be avail-
able when choosing between different mobility 
services, which is therefore considered under the 
guiding concept of information, as are the factors 
mentioned above. Yet, time also plays an essential 
role in the quality of the experience, since the ex-
perience of a flow is to be understood qualitatively 
as a trouble-free, seamless flow of locomotion.05 
Influencing factors such as environmental aware-
ness (which we instead understand as a social 
norm) as well as health (as a personal norm) were 
not taken into account, since these can or should 
be part of the symbolism to be formulated in terms 
of design, but certainly do not apply to all users.

In transportation planning, the importance of 
design has been neglected so far (Hofmann 2019). 
In English-language publications on the topic of 
design, planning and engineering issues are usu-
ally dealt with from an instrumental point of view, 
such as in the planning of road layouts and align-
ments, which do not adopt a design perspective 
based on user needs (Cervero and Kockelman 1997, 
who introduced in their frequently cited article 
the planning-relevant »3 Ds«: density, diversity, 
and design). Emotional and symbolic aspects 
are scarcely considered in the planning of public 
transport facilities (Hofmann 2019). Studies and 
manuals on the planning and design of multi- and 

intermodal mobility, in particular on mobility 
stations and interchanges, point out the need for 
design—for example, with regard to their urban 
spatial impact. However, this is essentially limited 
to functional aspects such as recognizability and 
accessibility, although the symbolic impact in the 
urban spatial fabric is still discussed to a limited 
degree. However, no clear recommendations are 
made, nor is there a systematic elaboration of the 
design requirements (BBSR 2015; Zukunftsnetz Mo-
bilität NRW 2015). The guidelines of the Road and 
Transportation Research Association (Forschungs-
gesellschaft für Straßen- und Verkehrswesen— 
FGSV) name important design factors in the plan-
ning and design of local public transport con-
nection facilities (FGSV 2009), such as quality of 
experience, which is also addressed in its symbolic 
effect (in the use of high-quality materials express-
ing appreciation, which we assigned to comfort) 
as well as with regard to its public character (in 
our view, part of sociability as the need for social 
interaction and proximity). In addition, the per-
ception of security (subjective security) and the 
associated need for privacy, which is important 
for social acceptance, are also mentioned. The 
FGSV (2009) also considers important functional 
requirements such as barrier-free accessibility and 
the importance of information and orientation as a 
prerequisite for access when using transfer points. 
It highlights the fact that these are generally cen-
tral places in urban life, offering aesthetic quality 
and symbolic impact that provide a means of iden-
tification. These central factors were incorporated 
into the Offenbach model and have been consis-
tently developed conceptually from the user per-
spective. However, the FGSV does not differentiate 
between management activities (such as cleaning 
services), urban and traffic planning (such as com-
pact building structure, weather protection, and 
direct routing), and design activities (architecture 
and design), which convey the functional require-
ments in a user-centered (and inclusive) manner 
while also significantly contributing to the emo-
tional and symbolic impact of the mobility system.

In conclusion, it can be said that a sufficiently 
systematic and conceptually defined modeling 
of the requirements for the design of intermodal, 
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environmentally friendly mobility systems has not 
been undertaken to date. Based on the findings of 
mobility research and transportation planning, 
the Offenbach model is presented for discussion 
here as a scientifically derived design proposal for 
structuring design requirements in the context of 
public mobility.

Outlook: The Design of Future Interaction Outlook: The Design of Future Interaction 
Spaces (Post Human-Centered Design)Spaces (Post Human-Centered Design)
Digital transformation has fundamentally changed 
mobility space. This concerns not only the cur-
rently possible, expanded, and personalized 
options for user engagement through the mobile 
internet, but also the future development of the 
mobility system into an adaptive and responsive 
system increasingly controlled by artificial intelli-
gence. Through the development of a technological 
system that is data-based, operates in real time, is 
decentralized, personalized, and self-optimizing, 
the transportation system will become dynamic 
through the use of algorithms and thus adapt to 
user behavior in an anticipatory manner. »Intelli-
gent environments« will emerge that not only pro-
vide options for user action, but also adapt services 
individually in advance on the basis of available 
personal data, thereby optimizing the user’s ability 
to act (Eckart and Vöckler 2022a). This transforms 
the interface between humans and the (artificial) 
environment as well as the technical system that is 
interwoven with it. Technology is no longer a tool 
that enhances the human capacity to interact with 
the environment, but rather information and com-
munication technology creates new environments 
within the informational penetration of physical 
space. But this means that the acting human is no 
longer the focal point in the environment—they are 
deprived of their »uniqueness« (Floridi 2014). And 
this is despite the fact that the digital penetration 
of the environment will allow it to be adapted to 
individual needs in ways that could hardly have 
been imagined previously. For design and design 
theory, this also requires a reformulation of the 
human-centered approach such that it becomes an 
ecological one, which goes beyond the anthropo-
centric to consider the coaction of things (Morton 
2018).

The design of a »post human-centered interface« 
merges with the material environment and con-
sequently disappears as an identifiable interface 
(Weiser 1991), thus requiring mediation of this 
new arrangement through design (Redström and 
Wiltse 2019). These ambient intelligences thus act 
independently via their material presence as well. 
In order to convey their performative qualities, 
a theoretical reconceptualization of affordance 
(and indicating functions) through design will 
be needed (Jensen et al. 2016). In doing so, the 
interaction space itself, the relationships created 
within it, and its digital linkages will have to be 
designed and thus mediated—also in the sense of 
empowering users (Easterling 2016). In short, the 
artifacts that will be interacted with in the future 
can no longer be seen as being closed, or fixed, nor 
as being set apart from oneself. This will require 
not only the development of new cultural tech-
niques, but also their creative mediation. The de-
cisive factor here will be that it is not so much the 
»what,« the object—which does not disappear, but 
is part of the expanded interaction space in its in-
terface function—but the »how,« that is, the rules, 
connections, and protocols that must be commu-
nicated (Easterling 2021). This is also a political 
question: the design of digital infrastructures must 
preserve the personal rights of citizens and should 
ultimately facilitate informational self-determina-
tion (Eckart and Vöckler 2022b). As yet, no theoret-
ical design concepts guiding design practice have 
been created for this emerging development—this 
will have to be addressed in the future. However, 
we think that the systematic recording and model-
ing of design parameters presented here can help 
to clarify the design challenges and serve as a basis 
for further research. Against the background of 

05	� A good example is the Cykelslangen bicycle 
bridge in Copenhagen with its curved path, 
which is totally pointless from a functional 
standpoint (increased travel time), but 
allows for a memorable mobility experience 
offering varying, attractive vistas; it has 
thus been accepted with great enthusiasm 
(and at the same time has made a strong sym-
bolic impact as an iconic symbol of environ-
mentally friendly mobility).
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Fig. 2 Matrix of critical terms in the selected literature. Compa-
rability is limited because the analyses listed refer to different 
contexts. The matrix of terms used served as orientation in the 
development of the guiding terms to identify overarching patterns. 
(Source: DML/HfG Offenbach; Kai Vöckler)
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the future dissolution of input interfaces and the 
emergence of personalized »intelligent environ-
ments,« the model proposed here will have to be 
further developed towards the design of an infor-
mationally enhanced »Human-Environment Inter-
action« (Encarnação et al. 2015), in which humans, 
the environment, and technical systems will enter 
into a new relationship. This must be conveyed 
through design in order to facilitate understand-
ing and create meaning.
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Shaping Mobility through Design?

For the past few years, the influence of spatial 
design on individual mobility behavior has been a 
focus of empirical mobility research. The structures 
and objects generally encompassed by the term 
built environment cover a broad spectrum, ranging 
from smaller components such as streetlamps and 
traffic lights, to the construction of entire street 
networks, neighborhoods, or cities (Lawrence and 
Low 1990; Handy et al. 2002; Smith et al. 2017). 
Much research draws on the spatial and structural 
characteristics described by Cervero and Kockel-
man (1997) as »density« (concentration of develop-
ment, population, and jobs), »diversity« (mixed  
use of housing, work, utilities, educational and 
recreational functions, as well as mix of building 
types), and »design« (structure and layout of the 
street network and spaces, presence of pedestrian 
and bicycle infrastructure). These dimensions, 
known as the »3 Ds,« are understood to be key deter-
minants of the distances traveled and consequently 
of the choice of transport mode and individual  
mobility behavior (Ewing and Cervero 2010; Busch- 
Geertsema et al. 2020). Accordingly, the main con-
sideration here is the practicability of mobility 
options in relation to the expenditures associated 
with mobility (Handy 2018; Bohte et al. 2009).

Less attention has been paid to characteristics of 
the built environment that go beyond this, such as 
aesthetic features. Therefore, the question of how 
mobility spaces as a whole affect mobility behavior 
often remains open. 

In this essay, we would like to address the prob-
lem by adopting a broader, transdisciplinary 
perspective that views mobility behavior not only 
in terms of objectively measurable travel expendi-
tures, but also on the basis of individual percep-
tions and evaluations of the design aspects of public 
space. A central research method to this end is the 
theory of product language, which comes from 
design research and will be discussed in more detail 
in the next section. This theory describes the effect 
of the built environment on the individual, based 
on various functions. This is followed by an over-
view of prior research findings on the effect of these 
functions on mobility behavior. We will then show 
how transdisciplinary, empirical mobility research 
can be implemented by involving practitioners, 

using the example of a research project that has 
already been carried out. This essay concludes with 
some final remarks on possible further research.

An Expanded Understanding of the Impact of An Expanded Understanding of the Impact of 
the Built Environment: The Theory of Product the Built Environment: The Theory of Product 
Language Applied to Mobility ResearchLanguage Applied to Mobility Research
In his work on product language, Gros (1972) dis-
tinguishes three main functions in the relation-
ship between humans and objects: the practical, 
the aesthetic, and the symbolic—subsequently 
also referred to as the practical, formal aesthetic, 
and semantic functions (Gros 1983). The practical 
function refers to the execution of an object’s pur-
pose and its use. These include properties such 
as functionality, operability, practicality, safety, 
durability, and efficiency, focusing primarily on 
objective-rational characteristics (Zeh 2017). By 
contrast, the other two functions of an object are 
mediated by individual perceptions or sensory im-
pressions (Gros 1983). In this context, the aesthetic 
function refers to design qualities that are per-
ceived as stimuli independently of possible attri-
butions of meaning. These include basic features 
such as shapes, structures, colors, materials, or the 
formal aesthetic manifestations of complexity and 
order (Mareis 2014; Steffen 2000). The symbolic 
function as the semantic dimension of objects 
describes their communication of meanings and 
information (Zeh 2017); Gros (1983) distinguishes 
between symbols and indicators. Symbols point to 
contexts that go beyond the actual characteristics 
of the object. For example, they evoke associations 
and ideas of specific cultural, social, economic, or 
ecological meanings (Bürdek 2005; Steffen 2000). 
Indicators, on the other hand, point directly to the 
purpose, status, and operation of an object, thus 
highlighting its practical function, for example, 
by means of switches and labels (Steffen 2000; 
Gros 1983; Zeh 2017). When all design functions are 
taken into consideration, this allows for a compre-
hensive view of the perception and evaluation of 
objects and thus can also provide a clue as to their 
effects on the individual.

Linking this theoretical design concept with 
social science and urban planning approaches 
results in new ideas on mobility research and the 
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promotion of sustainable mobility. Although the 
concept of design functions was originally focused 
on product design, it can be transferred to the 
urban and mobility spheres, for example to indi-
vidual objects such as plantings, or to entire mobil-
ity systems and spaces (Blitz and Lanzendorf 2020; 
Vöckler and Eckart 2020). For instance, mobility 
stations and transfer points in public spaces can 
convey symbolic and aesthetic impressions in ad-
dition to the practical functions related to the use 
of transport modes, and thus be associated with 
positive or negative perceptions and emotions 
(Hofmann 2018; Knöll et al. 2014; Gehl 2010).

The Promotion of Nonmotorized Mobility The Promotion of Nonmotorized Mobility 
through the Design of Urban Spaces: Findings to through the Design of Urban Spaces: Findings to 
Date on the Effect of Design FunctionsDate on the Effect of Design Functions
In considering objectively measurable spatial and 
temporal accessibility, the focus of previous re-
search has been primarily on the practical function 
of mobility spaces (Blitz and Lanzendorf 2020). 
It has been shown that a high density of develop-
ment, population, and jobs, combined with a high 
degree of mixed land use, a seamless, dense street 
network, and proximity to destinations, results 
in a reduction in the use of private cars and favors 
bicycle and pedestrian travel (Brownson et al. 
2009; Newman and Kenworthy 2006; Buehler 2011; 
Ewing and Cervero 2010; Holtzclaw 1994; Saelens 
et al. 2003). The reduction in travel distances to 
everyday activity locations resulting from the 
aforementioned factors—that is, the creation of a 
compact city of short distances and the concomi-
tant reduction in individual travel expenditure—is 
cited as a crucial reason for these relationships 
(Banister and Hickman 2006; Næss 2012; Van Wee 
2002). In addition, many empirical studies indi-
cate that the availability of dedicated bicycle and 
pedestrian infrastructure contributes to the safety 
and convenience of nonmotorized mobility. This 
includes such features as separate pedestrian and 
bicycle lanes, crosswalks, and bicycle parking  
facilities (Larco et al. 2012; Mitra et al. 2015; Gunn 
et al. 2014; Kamargianni 2015; Moudon et al. 2005;  
Saelens et al. 2003; Buehler and Dill 2015).

There has been relatively little research devoted 
to the effect of aesthetic features on individual 

mobility. Some studies suggest that the design of 
urban spaces with green areas and trees not only 
leads to the beautification of the cityscape, the 
enhancement of amenity quality, and the im-
provement of the urban climate, but also increases 
the inclination toward active mobility (Wang et al. 
2016; Giles-Corti et al. 2013; Mitra et al. 2015; Mc-
Cormack and Shiell 2011). Subjective perceptions 
of attractive architecture (Milakis et al. 2017), of 
cleanliness and orderliness in public spaces (Blitz 
2021), or of environments seen to have overall 
aesthetic appeal (Giles-Corti et al. 2013; Koohsari 
et al. 2013) also achieve a similar effect. Other 
research also highlights the positive influence of 
street and square designs that provide orientation 
and clarity (Rybarczyk and Wu 2014; Hajrasouliha 
and Yin 2015). Gehl (2010) further emphasizes the 
importance of proportions in public spaces being 
aligned with human perception and visibility. 
For example, open spaces that are too large would 
make it difficult to get an overview of what is hap-
pening.

Symbolic features of the mobility-related design 
of the built environment include signage, mark-
ings, and signals in the road space that function 
as indicators. Even though clearly perceptible 
markings are said to play an important role in the 
design of safe traffic areas, especially at intersec-
tions, studies on their influence on pedestrian  
and bicycle mobility have been few (Buehler and 
Dill 2015; Wang et al. 2016). Winters et al. (2010) 
were able to show that the presence of bicycle- 
related road markings and signage at the destina-
tion increased the likelihood that people would 
use a bicycle instead of a car. Mitra et al. (2015) 
indicate that stop signs at intersections increase 
pedestrian safety. In addition, symbolic features 
also include symbols that can evoke particular 
associations with objects or spaces. For example, 
adequate street lighting or surveillance cameras 
in public spaces often convey a general sense of 
safety (Mitra et al. 2015), which can be considered 
a key factor in the willingness to bike or walk in 
urban spaces (Koohsari et al. 2013; Battista and 
Manaugh 2018; Giles-Corti et al. 2013; Blitz 2021). 
By contrast, individuals from neighborhoods that 
create an overall subjective impression of a strong 
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car orientation are less likely to engage in non- 
motorized travel (Frank et al. 2015).

A Methodological Approach to Transdisci-A Methodological Approach to Transdisci-
plinary Mobility Researchplinary Mobility Research
The research results to date show that individual 
mobility behavior cannot be understood solely on 
the basis of the practical aspects of various mo-
bility options. Aesthetic and symbolic functions 
of mobility spaces, which are prone to subjective 
judgements, also play a role, yet they have received 
comparatively little attention so far. While the 
observation of practical characteristics alone, such 
as distances or travel times, is often limited to sec-
ondary data on built structure and transportation 
usage, a transdisciplinary research perspective re-
sults in an empirical approach that is more closely 
related to the individual. In contrast to simply 
recording the location and structure of individual 
elements within the built environment, the con-
sideration of individual perception of mobility 
spaces is of central importance. Within the frame-
work of a research network, this could be achieved 
through an exchange between different disciplines 
using various methods, such as interviews, written 
surveys, focus group discussions, or the technical 
recording of psycho-physiological parameters (in-
cluding eye-tracking).01 Furthermore, the research 
was characterized by exchange and cooperation 
among different partners from the fields of urban 
planning and mobility services, which facilitated 
the actual implementation of individual research 
projects in urban space.

One example of transdisciplinary research on 
the design of an urban mobility space is the work 
focused on cycle streets in Offenbach am Main (see 
Albrecht et al. in this volume). The social science 
methods of written household surveys (Blitz 2020) 
and focus group discussions (Baumgartner et al. 
2020), which were chosen to investigate individ-
ual perceptions, were supplemented in terms of 
content and method by approaches from design 
research. Firstly, this was done by considering all 
three design functions. For example, the house-
hold survey covered perceptions of the practical 
features, such as functionality and safety, as well 
as aesthetic features, such as the aesthetic effect 

in the cityscape, and symbolic characteristics, 
such as markings and signage for cycle streets. 
Secondly, various design concepts for cycle streets 
were integrated into the survey and focus group 
discussions in the form of graphic illustrations. 
These were created in the context of a design proj-
ect at the HfG Offenbach University of Art and 
Design in collaboration with the mobility research 
group of the Goethe University Frankfurt and the 
Offenbacher Projektentwicklungsgesellschaft, who 
is responsible for the practical implementation of 
the cycle streets (Albrecht and Eckart 2020). In this 
way, both social scientific findings on mobility be-
havior and practical planning requirements were 
integrated into the designs. On the one hand, the 
integration of the designs made it possible to learn 
more about the extent to which perceptions can be 
assessed by means of graphic illustrations. On the 
other, conclusions on design improvements could 
be derived from the empirical results of the survey. 
These were considered in the implementation 
of additional cycle streets in Offenbach with the 
aim of increasing their recognizability for users. 
↳Fig. 1 shows an excerpt from the household 
survey, which recorded the perception and impact 
of an already realized cycle street as well as addi-
tional cycle street designs.

The Transdisciplinary Perspective as a Basis The Transdisciplinary Perspective as a Basis 
for Further Researchfor Further Research
As the example of the research work on cycle streets 
in Offenbach am Main demonstrates, it is possi-
ble to achieve added value for mobility research 
as a whole through exchange and cooperation 

01	� The research project »Infrastruktur—
Design—Gesellschaft« (2018 to 2021) was 
funded by the Landes-Offensive zur Ent-
wicklung wissenschaftlich-ökonomischer 
Exzellenz (LOEWE) in the German Federal 
State of Hesse with the following part-
ners: the HfG Offenbach University of Art 
and Design (design, overall management), 
the Frankfurt University of Applied Sci- 
ences (transportation planning), Goethe 
University Frankfurt (mobility research), 
and the Technical University of Darmstadt 
(multimedia communications; architecture/
urban design).
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among the social science, design theory, and urban 
planning disciplines, as well as with relevant 
practitioners. Thus, at the level of theoretical foun-
dations, empirical methods, and practical imple-
mentation, various findings were linked to form a 
transdisciplinary perspective that contributes to a 
better understanding of individual mobility behav-
ior; in addition, this also points to new approaches 
for scientific research and practical measures for 
mobility design. For example, the effect of aes-
thetic and symbolic features could be identified, 
a factor which should also be considered in future 
research alongside practical functions. In addition, 
this research also yields promising starting points 
for the design or redesign of urban spaces, which 
have scarcely been considered so far, as a means of 
making walking and cycling more attractive. These 
include, for example, green areas or elements that 
impart a sense of security, such as lighting and 
cleanliness. However, regarding mobility in particu-
lar, a number of research gaps can still be identified 
in relation to the potential aesthetic or symbolic 
effects of urban spaces, such as in designated public 
areas or specific walking and cycling infrastruc-
ture. Therefore, a transdisciplinary perspective also 
appears to be useful and desirable when it comes to 
further research and the implementation of design 
measures that promote nonmotorized mobility.
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In view of global climate change and a simulta- 
neous and constant increase in the volume of traf-
fic worldwide, the strengthening and development 
of environmentally friendly mobility is understood 
more and more as a key challenge, not only in 
terms of transportation planning and infrastruc-
ture, but also in relation to society (UBA 2019). To 
cope with this complex task that demands innova-
tion, it seems sensible to think, plan, and imple-
ment mobility within a transdisciplinary context 
that is both science- and practice-oriented and 
where design facilitates access to a complex mo-
bility system. This requires a shift in perspective 
toward a systemic approach, where the innovation 
process is viewed from within the overall system 
of environmentally friendly mobility, rather than 
being focused on individual products and solutions 
(Rammler 2018: 47). This transformation involves, 
at the same time, changes in the disciplinary ori-
entation and expertise of those involved in plan-
ning and implementation. Today, they must also 
consider the effects of digitalization in terms of the 
common good and climate protection, but without 
designing digitally oriented, enhanced mobility 
systems on a purely technological basis.

As a new discipline operating within this con-
text, mobility design combines strategic foresight, 
planning, design, and technological expertise, 
while opening approaches to complex mobility 
systems. To convey the relevant content, the  
»Mobility Design Guide« was produced as a digi-
tally supported, interactive guide based on user- 
centered design methods. It is intended for  
decision-makers and planners as well as architects 
and designers in the mobility sector. It presents 
them with content related to strategy and design 
to help them develop new, sustainable mobility 
systems. This essay introduces the Mobility Design 
Guide and how it was elaborated.

Mobility design is cross-disciplinary and com-
bines systemic planning, design, and technologi-
cal expertise, as well as social science knowledge. 
The actors involved in mobility design come from 
disciplines such as architecture and design, urban 
and transit planning, social science mobility re-
search, and information technology. Thus, the 
Mobility Design Guide needs to provide relevant, 

accessible interdisciplinary communication tai-
lored to the requirements of the respective target 
groups.

The Mobility Design Guide is intended to high-
light the need for long-term, strategically oriented 
transdisciplinary planning of current and future 
mobility projects. Since more complex mobility 
issues have generally been framed within a purely 
functional, infrastructural planning context, 
the guide emphasizes the central role of design 
(understood as design and architecture and their 
different disciplinary forms) for the development 
and advancement of mobility systems. The goal 
is to use mobility design as a means of achieving 
widespread acceptance of sustainable, socially 
responsible mobility. Design per se mediates be-
tween systems and people, and renders visions in 
concrete, experienceable form while facilitating 
equal access to products. The possibilities for 
influencing the mobility experience range from 
process and spatial design to general and person-
alized information products with their full range 
of design dimensions (light, color, material, signs). 
Explaining this cross-disciplinary approach to 
mobility systems is a key objective of the Mobility 
Design Guide.

The focus of this essay will be on describing 
how this guide was developed, conceived, and 
designed. In this way, the scope of possibilities for 
design to mediate among diverse bodies of knowl-
edge within a transdisciplinary research context 
should become clear.01

Initial Point of DepartureInitial Point of Departure
The shift toward a systemic approach in the plan-
ning and implementation of climate-friendly and 
networked intermodal mobility (Rammler 2018: 
47) was the primary point of departure for the 
concept development. Here, the focus is on the 
immaterial mobility experience for users, which 
can only be grasped by taking a holistic view of 
an intermodal system with its different modes of 
transport, forms of mobility, and spaces (including 
their digital extension). Therefore, the concept of 
the Mobility Design Guide has been consistently 
developed from the perspective of the users. It 
seems necessary and advisable to convey this 
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perspective to sensitize the target group of deci-
sion-makers, planners, and designers to the spe-
cial requirements of designing a mobility system 
that can be utilized in an intermodal fashion. A 
particular challenge in conveying the perspective 
of transport users is that not only do they have 
functional, purpose-driven needs, but they also 
must be addressed on an emotional, subjective 
level. To this end, it is necessary to identify, under-
stand, and address the values and attitudes under-
lying mobility behavior (Hofmann 2019; Haustein 
in this volume), and from this to determine the 
influencing factors relevant for design (see Vöckler 
and Eckart in this volume). Accordingly, this is 
communicated in, as well as through, the design of 
the Mobility Design Guide itself.

The objectives of future mobility design can be 
summarized as follows: 

Mobility design is oriented not toward the in-
dividual mode of transport, but instead toward 
the mobility needs of users … The transferral of 
personal feelings of freedom, status, value, and 
security currently associated with an object (the 
automobile) onto movement (mobility) means 
that this new form of individual locomotion 
must offer an experience that is persuasive, 
sustainable, and perceived positive ... The task 
of mobility design is precisely to make this 
possible: to pave the way for an ecologically 
sustainable and socially equitable mobility by 
giving shape to a climate-friendly, networked, 
intermodal mobility. (Vöckler and Eckart 2022: 
16–17). 

In the context of the Mobility Design Guide, a 
mobility system is understood as the systemic 
interaction of human and nonhuman participants 
in transportation—as a form of mobility that arises 
from the interaction of people, technical systems, 
things, and information, which is to be designed 
within an existing or even desired transportation 
infrastructure.

Requirements for a Mobility Design GuideRequirements for a Mobility Design Guide
A central question for the future use of the Mobil- 
ity Design Guide was at which point during ex-
isting planning and implementation processes 
could the expertise and knowledge of mobility 
design have an impact. A widely used planning 
and implementation process, which is also em-
ployed in public administration, is defined in the 
Federal Chamber of German Architects Fee Scale 
for Services by Architects and Engineers (HOAI).02 
This was used as a basis for structuring possible 
applications of the Mobility Design Guide in »User 
Research.« Qualitative, semi-structured inter-
views were conducted with participants from all 
service phases (1–9) of the HOAI.03 Interviewees 
came from the fields of architecture, consulting, 
design, public transportation services, politics, 
and urban and transportation planning. These 
interviews demonstrated the significance of the 
Pre-0 Phase, which is not provided for in the HOAI, 
as well as Phase 0; thus, additional interviews were 
conducted with those involved in these phases. In 
total, twenty people were interviewed.

It became clear that the participants in the  
Pre-0 Phase, as well as Phase 0 (during which 

01	� The Mobility Design Guide (https:// 
mobilitydesignguide.org) was developed 
within the interdisciplinary research 
network »Infrastructure—Design—Society« 
(2018–2021), funded by the Hessian  
»Landes-Offensive zur Entwicklung wissen-
schaftlich-ökonomischer Exzellenz«, with 
the participation of researchers from the 
fields of design, urban design, traffic 
planning, information and communication 
technology, and social science mobility 
research. Project management and creative 
direction was undertaken by Andrea  
Krajewski (Professor for Interactive Media 
Systems, Darmstadt University of Applied 
Sciences) in collaboration with Sabine  
Reitmaier (user research, conception,  
interaction design), Anna-Lena Möckl  
(conception, content design), Julian 
Schwarze (conception), Beatrice Bianchini 
(icons), and Ken Rodenwald (animations). 
The project was realized together with 
Maximilian Brandl, Philipp Kaltofen, and 
Jan Meininghaus.
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planning specifications are determined and inspi-
ration is sought), represent important audiences 
for strategically communicating a future-oriented 
mobility design. Interviewees from the disci-
plines of design and architecture, who usually 
work on design planning in Phase 3, explained 
how Phase 0 is often decisive for the project. After 
a project has been put out to tender, usually the 
basic concept or idea cannot really be changed. 
By including design considerations in Phase 0, 
the phase when strategic principles are defined 
and substantive objectives are set, the design 
requirements are more effectively incorporated 
in the tenders. Interestingly, interviewees from 
politics, administration, and business, who have 
a decisive influence on the Pre-0 Phase as well 
as Phase 0 itself, expressed the need to be able to 
learn about inspiring precedent projects as well as 
forward-looking designs and concepts. This was 
included as a requirement. Furthermore, it could 
be deduced from the survey that, in addition to 
the phases mentioned above, Phases 0 to 2 are 
also crucial for information regarding mobility 
design (↳Fig. 1). 

The respondents were almost exclusively in 
favor of a digital, interactive application of the Mo-
bility Design Guide so that they could use it at their 
own desktop screens. They stated that it would be 
desirable to be able to incorporate content from 
the guide into lectures and presentations or to be 
able to save a personal selection of the material. 

This application should always be kept up to date 
and ideally be maintained by several editors who 
would ensure its reliability and scientific quality (a 
collaboration among several universities was men-
tioned as an example). These requirements were 
addressed in design and elaboration. Following the 
principles of user-centered design, the findings  
from the user survey were evaluated and gradually  
incorporated into the design of the application 
through workshop-based development. Researchers 
from different disciplines (design, architecture, 
social science, and mobility research) participated 
in the associated workshops. A »value proposition« 
for the planned application was formulated as a 
guiding principle for the development process and 
acted as what is called a »constant companion.«

02	� The service phases specified by the German 
Fee Scales for Architects and Engineers 
(HOAI): 1: Basic determination with ex-
amination of the budget by the client; 
2: Pre-planning with cost estimation; 3: 
Draft planning; 4: Approval planning; 5: 
Implementation planning; 6: Preparation of 
tender; 7: Participation in the award; 8: 
Site supervision—construction supervision, 
and documentation; 9: Property management.

03	� The user research was conducted by Sabine 
Reitmaier and Andrea Krajewski. All inter-
views were transcribed, graphically inter-
preted, and analyzed.
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Value Proposition 
The Mobility Design Guide is a digital hand-
book for mobility design. Politicians, urban 
and transportation planners, as well as ar-
chitects and designers, are provided with 
inspiration, models, and research principles 
to support the planning and realization of 
future-oriented, socially conscious, sustain-
able mobility concepts. In contrast to classic 
reference works, the guide offers arguments 
for and examples of achieving a transformation 
in transportation by promoting a new mindset 
among transportation stakeholders through mo-
bility design. 
The guide provides a demonstration and explo-
ration of a user-oriented method for mobility 
design. Points of departure are the desirable 
mobility focal points as well as the concrete 
target formulations and project leverage mea-
sures based on these goals. User-centered per-
spectives are then adopted within a system- 
oriented approach. This allows for sustain-
able mobility to be established as a natural 
transportation option through the design of 
easy access to intermodal mobility systems and 
positive user experiences, which results in 
the affirmation of user identity.

Structure and Composition of the Mobility Structure and Composition of the Mobility 
Design GuideDesign Guide
In interviews with those involved in planning 
and implementation processes, one idea that 
often emerged was that the complex topic of new 
mobility could be approached via an interactive 
guide from different viewing altitudes as well as 
by navigating along different access routes: from 
the big picture to the details, from the abstract 
to the concrete. This requirement was included 
as a central objective in the guide’s mediation 
strategy and was set up as a basic structure for 
the information architecture. In order to provide 
orientation along access routes and viewing alti-
tudes, the Mobility Design Guide was based on an 
interactive three-dimensional map of a generic 
city and its surrounding area that changes with 
the content. The representation of the content of 
this three-dimensional map should be seen as an 
abstracted representation of the users’ living space 
(urban or rural), which serves to position content 
and orientation within the guide. In this way, the 
Mobility Design Guide enables users to move from 

a highly abstract visual level (future visions and 
their mobility-related configurations) to a con-
crete, design-oriented level of action (design proj-
ects with specific goals). Starting with a view of an 
entire system, the map view zooms in following 
the user’s gaze as they explore content down to a 
scenographic, detailed project level. In this way, 
the Mobility Design Guide deals the need to be able 
to see, plan, and, in a sense, design a project as a 
whole picture (↳Fig. 2-4).

The knowledge base is made up of a range of 
design-based and scientific projects. These are 
intended to be accessible to specific target groups 
to suit their various requirements but are inter-
connected in a context-sensitive manner. The 
design projects are always linked to a focal point 
of the future vision. Following strict user guide-
lines, these projects convey the methods that can 
be used to design for a mobility objective that is 
consistently user oriented. They also illustrate the 
impact of the design features (space, light, color, 
materials, information systems, typography, ac-
tivity structuring). By means of interlinking, the 
design projects are placed in a reciprocal context. 
In this way, interrelationships among intermodal 
mobility become visible. The design projects are 
also linked to the relevant scientific projects. 
Furthermore, the scientific projects are centrally 
grouped according to research focus and can be 
searched by keywords. Thus, the Mobility Design 
Guide meets the requirements identified during 
research: inspiration and strategic openness, com-
munication of methodological expertise, and de-
tailed fundamentals (↳Fig. 5).

The Mobility Design Guide has been imple-
mented in an initial functional, user-oriented 
basic version. It does not yet contain the complete 
range of functions (such as personalized use). 
However, it allows the target groups to get closer to 
the viewpoints, range of possibilities, and visions 
for mobility design; it also allows them to become 
intuitively acquainted with the structure of the 
guide through a process of discovery.

The Mobility Design Guide is also to be under-
stood as a design product itself. The objective of 
the concept—as with mobility design itself—is 
to achieve user-oriented, easy access and to 
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Fig. 2 Moving across the levels 
at different »altitudes« (Source: 
Andrea Krajewski and Sabine  
Reitmaier)

Fig. 3 Map showing zones of differ- 
ent mobility functions (Source: 
Andrea Krajewski and Sabine  
Reitmaier)

Fig. 4 Configuration of the »altitudes« 
(Source: Andrea Krajewski and Sabine  
Reitmaier)
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encourage emotional engagement and personal 
identification through design. For this purpose, 
design tools such as storytelling, user guidance,  
hierarchization of content, color palette, pictograms, 
fonts, and a layout that adapts to different screen 
sizes were applied. These are to be understood as a 
kind of grammar that enables consistent, easy-to-
learn access for a broad group of users at different 
points of interaction with the guide (↳Fig. 6).04

The Mobility Design Guide’s Future ImageThe Mobility Design Guide’s Future Image
One of the most significant findings from the 
interviews of those involved in the planning and 
implementation of mobility projects was that the 
knowledge of the Mobility Design Guide should be 
strategically anchored and capable of being de-
ployed in the future. This highest »altitude« in the 
systemic view is referred to in the Mobility Design 
Guide as the »future image.« This is intended to 
capture and depict mobility modes that are prefer- 
able and desirable, but not to make predictions 
about how events will unfold. Future images in the 
Mobility Design Guide illustrate ways in which de-
cision-makers in transportation policy, managing 
directors of transportation companies, urban and 
transportation planners, and project managers in-
volved in implementation can approach the com-
plex topic of future, networked, environmentally 
friendly mobility from the standpoint of mobility 
design and research.

The methodological approach used for developing 
the future structure of the Mobility Design Guide is 
called »backcasting« (Robinson 1982; Miola 2008: 
14). Backcasting is understood as a normative, 
design-oriented method that formulates desirable 
future developments in a standardized manner, 
thus creating spaces in which measures and objec-
tives can be determined as to how this desirable 
future can be achieved. In the design field, this 
is used among other methods, for example, in 
»transition design« (Candy 2019: 18). In terms of 
methodology, this was transferred to the planning, 
design, and implementation of projects in the 
mobility sector. Accordingly, the Mobility Design 
Guide shows thematically grouped perspectives 
for development that can be used to discuss key 
tasks. In addition, possible areas in which a sys-
temically oriented, user-centered mobility design 
can be applied are clarified. Structured in this way, 
the content is intended to inspire people to work 
together with other stakeholders to conceive of 
networked and environmentally friendly mobility 
as a coherent whole, as a system, and to use the ap-
plication structure thus developed to draw up new 
guiding principles for planning and design.

The Mobility Design Guide’s vision of the future 
is based on central theses that were developed in a 
»ten-year horizon« workshop and then condensed 
into four key future mobility topics during sub-
sequent workshops.05 These describe the social, 
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economic, technological, and ecological dimen-
sions of a more desirable, user-oriented vision of 
future mobility. The textual interpretation of their 
focal points is as follows:

– �Future mobility is smart enough.
– �Future mobility is needs-based.
– �Future mobility is accessible to all.
– �Future mobility is designed for the long term 
(↳Fig. 7).

The guide uses design projects as examples to 
show how ideas about future images can be ex-
plored through a step-by-step design process. 
However, these design projects do not only provide 
visual material and inspiration; they also provide 
a methodical framework for developing system-
ically conceived mobility solutions based on the 
key aspects of mobility (vision), the definition of 
project objectives (mission), and the associated 
actions (levers), which answer the needs of trans-
portation users on rational, socioemotional, and 
symbolic-emotional levels. These design projects 
are linked to the findings of the research projects 
carried out as part of the »Infrastructure–Design–
Society« research network—also documented in 
the Mobility Design Guide. The contents of the 
guide include concepts and design projects from 
the fields of design and architecture, scientific 
investigations of transportation planning and 

social science mobility research, and communica-
tion technology experiments, which also include 
research conducted on an interdisciplinary basis. 
In addition, there are existing precedents realized 
by external practitioners.

In this way, it was possible to meet the essential 
requirements for a Mobility Design Guide as they 
emerged from the interviews with potential future 
users:

– �A consistent narrative and strict user guidance 
facilitate access to the complex topic of future 
mobility design.

– �Different entry points are provided for various 
target groups and interests.

– �Strategic and design approaches are methodi-
cally combined in one process.

04	� The »Inter« font family has a high 
x-height to improve legibility of upper-
case and lowercase letters. Also included 
in the package are open font features such 
as contextual alternates, tabular numer-
als, etc. As an open-source product, this 
font is under constant development.

05	� The workshops were held as part of the 
design subproject within the research net-
work »Infrastructure—Design—Society« (see 
note 1). Andrea Krajewski, Sabine Reit-
maier, Anna-Lena Möckl, Julian Schwarze, 
Janina Albrecht, Peter Eckart, and Kai 
Vöckler participated.
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– �Low-threshold access and the networking of 
disciplinary perspectives enable interdisci-
plinary exchange. 

– �Furthermore, an expandable structure is 
flexible enough in itself to accommodate addi-
tional and new insights from mobility design.

– �Last but not least, a strategically forward- 
looking guide anticipates future developments 
and thus also supports decision-making pro-
cesses(↳Fig. 8).

Outlook and Further DevelopmentOutlook and Further Development
The Mobility Design Guide was implemented as a 
basic version for teaching mobility design. It in-
troduces the methodological approach of desired 
mobility visions and human-centered design of 
mobility systems based on scientific research. A 
subsequent, future version of the Mobility Design 
Guide could build on this by incorporating more 
detailed methodological principles of mobility 
design and additional illustrative design projects.

Furthermore, usage options could be expanded 
according to the requirements of the target group. 
In this context, it was suggested that the contents 
of the guide could be exported and made acces- 
sible to regular users in their profiles. In this way, 
they could collect content and, for example, use 
it as a discussion aid in meetings. It would also be 
conceivable to use the guide as the basis for strate-
gic cooperation among stakeholders in a mobility 

project, where guiding principles and design and 
scientific projects could be brought together in 
a joint process adapted to the respective urban 
region.

The Mobility Design Guide could also serve as 
a strategic platform for further interdisciplinary 
research and development in the field of mobility 
design. One research topic that has developed over 
the course of the project is an updating of the con-
cept of mobility with regard to the increasing use 
of digital technologies in all areas of life, as well as 
their influence on user expectations and mental 
models. For all those involved in mobility design, 
this means turning to the planning, design, and 
organization of multioptional action scenarios in a 
technologically supported, complex overall system 
(see Krajewski and Reitmaier in this volume).

Finally, the Mobility Design Guide can be ex-
panded into a digital, interactive real laboratory 
for the participatory development and design of 
visions of the future. In virtual workshops and 
digital discovery courses, desirable future scenar-
ios can be created that could be experienced and 
evaluated with the help of designed digital arti-
facts. The objective of such experiences is, on the 
one hand, the development of alternative mental 
models among transportation stakeholders, po-
litical decision-makers, and urban and transpor-
tation planners.06 This will help to facilitate the 
introduction of innovative sustainable mobility 
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concepts, since existing models will then no longer 
act as a kind of brake.07 On the other hand, the 
future images thus developed can be investigated 
by means of common user-experience research 
practices with potential users. The Mobility Design 
Guide here serves as an interactive platform and a 
location for knowledge transfer between mobility 
design and research on mobility and the future.

06	� The term mental model refers to conceptual 
ideas based on experience that are used 
to deal with an artifact or system and the 
resulting consequences and meanings (Dutke 
1994; Krippendorff 2013). Addressing spe-
cific mental models in a targeted manner 
is particularly important in the design of 
innovative systems.

07	� Of interest in this context is the re-
search of Corina Angheliou, who specifi-
cally examines how methods of futurology 
and design can contribute to sustainable, 
innovative transformations (Angheliou et 
al. 2020).
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Although the need for more sustainable transport 
has been discussed for decades, our transport sys-
tems are still far from sustainable. Greenhouse gas 
emissions from transport increased by 20 percent 
in the EU between 1990 and 2018 (EEA 2020). City 
dwellers still suffer from local air and noise pollu-
tion and private cars occupy space that is missing 
for recreation, walking, and cycling (Creutzig et 
al. 2020). Residents of rural areas often depend 
on a car to fulfil their mobility needs, leaving car-
less people behind (Ahern and Hine 2012; Mattioli 
2014). Road traffic dominated by motorized trans-
port additionally poses a safety threat, with road 
injuries being a leading cause of death globally 
(Chen et al. 2019). 

More sustainable transport requires a change 
in mobility behavior as technological advance-
ments alone are not sufficient (Schwanen et al. 
2011; Skippon et al. 2012) and may lead to rebound 
effects (Millonig and Haustein 2020). To identify 
effective behavior change measures, it is relevant 
to understand under what circumstances people 
change their mobility behavior and what mental 
mechanisms are involved in these behavior change 
processes. This chapter provides an overview on 
most relevant psychological theories of behavior 
change in transport and how change mechanisms 
are linked to the sociocultural and physical envi-
ronment. It raises questions of cause and effect 
and how they can be addressed in future studies 
combining advanced technologies of data collec-
tion and analysis with qualitative methods, utiliz-
ing the advances of interdisciplinary research.

Understanding the Process of Behavior Understanding the Process of Behavior 
ChangeChange
During recent decades, our understanding of mo-
bility behavior and the various related factors has 
increased substantially. However, the question 
of which environmental factors and societal pro-
cesses lead to a change in mobility behavior has 
still only been answered rudimentarily (Hau- 
stein 2021a). The mobility biographies approach 
(Lanzendorf 2003) offers a useful framework to 
explain changes in mobility behavior. Key events 
in the course of a life are considered to be the 
main drivers of behavior change. These events 

can interrupt people’s established travel habits, 
which are reconsidered and eventually changed. 
Müggenburg et al. (2015) distinguish between 
three types of key events that determine everyday 
mobility decisions: life events (e.g., childbirth, 
retirement), adaptations in long-term mobility de-
cisions (e.g., residential relocation, car purchase/
disposal), and exogenous interventions (e.g., new 
infrastructure, changes in urban design). Accord-
ing to the mobility biographies approach, these 
key events influence each other and are influenced 
by long-term processes (that is ageing and social-
ization, period and cohort effects). Long-term and 
everyday mobility decisions are assumed to mu- 
tually affect each other. Based on retrospective 
interviews, Janke and Handy (2019) explored how 
life events changed cycling attitudes and behavior 
and pointed to a bidirectional relationship be-
tween both variables. Initiating a deliberation pro-
cess was identified as one of several ways through 
which life events trigger behavior change.

Deliberate processes of behavior change are 
described in stage models of behavior change, 
perhaps in most detail in the stage model of self- 
regulated behavioral change (SSBC; Bamberg 
2013a, 2013b). The model specifies which psycho-
logical factors and processes trigger stage progres-
sion, starting with an unspecific goal to change be-
havior over more specific steps and actions, which 
can finally lead to the establishment of a new 
behavior, which may then form a new habit. SSBC 
integrates assumptions of static action models, in 
particular the theory of planned behavior (TPB; 
Ajzen 1991) and the norm-activation model (NAM; 
Schwartz 1977; Schwartz and Howard 1981) and 
previous stage models. 

TPB is probably the most frequently applied 
theoretical framework when explaining transport 
behavior. According to TPB, intention is the main 
predictor of behavior. Intention is influenced by 
attitude toward the behavior, which is the evalu-
ation of the positive and negative consequences 
of the behavior, and the subjective norm, which is 
the perception of social approval of the behavior. 
Subjective norm has later been supplemented by 
descriptive norm—the behavior that is observed 
in others and found to be a relevant addition to 
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explain transport behavior (Eriksson and Forward 
2011; Møller and Haustein 2014).

A third predictor of both intention and behav-
ior is perceived behavioral control (PBC), which 
describes how easy or difficult a person perceives 
the conduction of a target behavior (such as cy-
cling to work). While it may be completely deter-
mined by actual behavioral control, PBC typically 
differs from actual behavioral control because 
different people perceive the same situations or 
environments as more or less supportive for a be-
havior (such as cycling). In the context of mode 
choice, PBC mostly relates to the perception of the 
transport infrastructure. To explicitly account for 
perceived requirements and constraints result-
ing from the personal living situation, TPB was 
extended by the construct of perceived mobility 
necessities (PMN), capturing demands from family 
and work that require a high level of mobility, ham-
pering car use reduction (Haustein and Hunecke 
2007). A recent study in Copenhagen indicates that 
the effect of PMN on cycling is context-specific: 
in a supportive cycling environment, PMN do not 
only encourage car use but also cycling (Thor-
hauge et al. 2020). PMN have also been identified 
as a relevant determinant of car sharing adoption 
(Jain et al. 2021) and are related to an increase in 
car ownership over time (Jain et al. 2020; Haustein 
2021b). 

While the standard attitude measure in TPB 
is often reduced to the positive versus negative 
evaluation of the behavior or to functional and 
instrumental aspects of the behavior, such as con-
venience, saved travel time and money, attitude 
has been exchanged or complemented by symbolic 
and affective motives (Hunecke et al. 2007). 

In case of mode choice, this includes to what 
extent the use of a specific transport mode is re-
lated to fun and passion (enjoyment), status and 
prestige, or freedom and autonomy (Haustein et al. 
2009; Steg 2005; Zhao and Zhao 2020). Indeed, it 
has been demonstrated that more than half of the 
value of car-ownership comprises non-use value 
(Moody et al. 2021).

While TPB assumes that people aim to max-
imize their own benefits, the norm-activation 
model focuses on the moral obligation to engage in 

a behavior (Schwartz and Howard 1981). The model 
views proenvironmental behavior as the conse-
quence of the activation of personal norm—the 
perceived obligation to act according to own moral 
values. Many proenvironmental actions are associ-
ated with behavioral costs, which may prohibit the 
activation of personal norm. Indeed, several con-
ditions need to be fulfilled before it is activated. 
First, people must be aware that a given behavior 
(e.g., car use) has negative consequences for the 
environment (awareness of need). Second, people 
need to be aware that their own behavior contrib-
utes to the problem and thus feel responsible for 
the consequences of their behavior (ascription of 
responsibility). Third, people need to believe that 
their behavior will help solving the problem (out-
come efficacy). Here it is important that people 
expect others to act in an environmentally friendly 
way as well; otherwise, others’ behaviors can be 
used to justify one’s own unsustainable behav-
ior, similar to the denial of consequences and the 
denial of responsibility. Finally, people must per-
ceive the ability to act according to their personal 
norm (e.g., they must be able to avoid car trips). 

While the norm-activation model focuses on 
acting in accordance with one’s own moral stan-
dards and the TPB focuses on optimizing one’s 
own benefits, Lindenberg and Steg (2007) inte-
grated both approaches in the goal-framing theory. 
Apart from the normative goal (e.g., protecting the 
environment) and the gain goal (e.g., saving time 
and money), the goal-framing theory additionally 
considers hedonic goals (e.g., enjoying the trip) to 
determine a behavioral choice. All three goals are 
assumed to frame the way people process informa-
tion and how they act in a given situation. What 
goals are predominant depends both on people’s 
underlying values and situational factors and may 
thus vary for the same person in different contexts. 

More specific action models that combine assump- 
tions of the TPB and the norm-activation model 
have been suggested by Klöckner and Blöbaum 
(2010) and Zavareh et al. (2020), adding habits and 
self-identity, respectively.
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Sociocultural and Spatial Context: Mobility Sociocultural and Spatial Context: Mobility 
CulturesCultures
Besides the natural and built environment (Chris-
tiansen et al. 2016; Hillnhütter 2021; Nielsen et al. 
2018; Susilo and Maat 2007), a supportive environ-
ment for the use of alternative transport modes 
also includes nonmaterial aspects. How the use 
of specific transport modes is perceived in a city 
or in a broader cultural context, and what sym-
bolic meanings are connected with its use, has 
been found to play a relevant role for mode choice 
(Ashmore et al. 2020; Sovacool and Axsen 2018). 
Objective and subjective elements as well as the 
interaction of actors, stakeholders, and infrastruc-
tures are considered jointly when describing the 
mobility culture of a city or region (Deffner et al. 
2006; Haustein, Koglin et al. 2020). A city may be 
described as a »transit metropolis« (Klinger et al. 
2013), while several cycling (sub)cultures can be 
differentiated within the same city (Hoor 2020a). 
This also illustrates how differently the concept 
of mobility culture is understood, operational-
ized, and examined. On the one hand, it is argued 
that only a joint consideration of all elements of 
mobility cultures based on qualitative methods 
is adequate and meaningful since a quantitative 
assessment and comparison of mobility cultures 
may neglect the negotiation processes through 
which mobility cultures are in the first place cre-
ated, consolidated, and changed (Hoor 2020b). On 
the other hand, it is argued that a definition that 
includes nearly all aspects of urban mobility may 
become a »superficial fashion term« and along this 
line of argumentation an empirical operational- 
ization of mobility culture as injunctive norma-
tive beliefs is suggested (Bamberg et al. 2020). 
Similarly, Basaran et al. (2021) suggested a cycling 
norm index that measures how cycling is per-
ceived in a region as a proxy for the predominant 
cycling culture. An alternative way of measuring 
mobility culture could be an application of a stated 
preference approach as used in Moody et al. (2021), 
where a low value of car ownership, in particular 
a low non-use value, would indicate a more sus-
tainable mobility culture that has decoupled car 
ownership from well-being and social inclusion 
(Haustein 2021c). 

Another way of studying the effect of different 
mobility cultures is to examine people’s travel 
behavior adaption when moving to a different city. 
Examining people who recently moved, Klinger 
and Lanzendorf (2016) found that cycling—as com-
pared to other modes—is more affected by citywide 
sociocultural attributes, such as the perceived 
acceptance of cyclists, than by specific local/neigh-
borhood characteristics. However, the specific 
process of how and under which circumstances the 
experience of a new mobility culture changes atti-
tudes, norms, and travel behavior is far from being 
understood and needs further investigation. 

Causality in Behavior Change Causality in Behavior Change 
Causality patterns in long-term mobility decisions 
are complex and do not necessarily follow a simple 
cause-and-effect logic. Challenges arise particu-
larly from endogeneity, which occurs when a rele-
vant variable is omitted in a causal model or when 
the dependent variable is (also) a predictor or the 
independent variable, in case of multidirectional  
causality (Avramovska 2020). The latter has for  
example been examined in the context of resi-
dential self-selection (Kroesen 2019). Residential 
relocation is among the most examined long-term 
mobility decisions. Moving to suburban locations 
is typically followed by an increase in car use, 
while the opposite is the case for moving into 
the city (Scheiner and Holz-Rau 2013). Research 
around residential self-selection indicates that 
residential choice is influenced by travel attitudes, 
which need to be accounted for to avoid an over- 
estimation of environmental effects on mode 
choice (Cao et al. 2009). However, increasing evi-
dence is found for the »reversed causal relation,« 
meaning that the new location changes travel 
attitudes (De Vos et al. 2018; van de Coevering et al. 
2021). Additionally, multidirectional causality is at 
play in the relationship between car use and car at-
titudes (Moody and Zhao 2020), meaning that car 
use is not only influenced by attitudes but also that 
there is a strong path back, which also applies for 
other travel modes (Kroesen et al. 2017). Although 
the reciprocal relationship between attitude and 
behavior in mode choice was demonstrated four 
decades ago (Dobson et al. 1978), it has rarely been 
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considered in the empirical application of psycho-
logical models, especially not in the frequently ap-
plied TPB, with few exceptions (Thøgersen 2006). 

Yet, TPB also assumes that feedback from one’s 
own behavior is likely to affect one’s own beliefs 
and thereby also future intentions and actions 
(Fishbein and Ajzen 2010). Recently, empirical ev-
idence that intention affects subjective norms and 
attitudes in a reverse-causal direction has also been 
provided (Sussman and Gifford 2019), demonstrat-
ing a need to consider the reciprocal relationships 
between all TPB-components, not only the attitude- 
behavior relationship, in future research. 

Several transport studies (De Vos and Singleton 
2020) use Festinger’s theory of cognitive disso-
nance (1957) to explain the alignment of attitudes 
and behavior over time. According to Festinger, 
incongruence in attitude and behavior leads to 
mental discomfort, which causes an adaption of 
behavior and/or attitudes. Similarly, the norm- 
activation model suggests that not acting accord-
ing to personal or social norms leads to unpleasant 
feelings of guilt or shame, respectively. To avoid 
this mental discomfort, people practice different 
strategies, such as denying the need for action or 
their own responsibility (Møller et al. 2018;  
Kroesen 2013; Lamb et al. 2020). While there is em-
pirical evidence for the relationship between the 
involved sociopsychological factors, the involved 
mental processes, and, in particular, the context 
in which a given attitude or norm does or does not 
lead to action, has rarely been examined in longi-
tudinal studies, and thus the basis for causal con-
clusions is generally limited. 

Context-conditionality is indeed another cau-
sality challenge. There are several examples of 
transport choices where a cause-effect relation-
ship depends on the sociocultural and/or spatial 
context. Immigrant background, for example, 
increases the likelihood of cycling in low-cycling 
countries (Smart 2010) but decreases it in high- 
cycling countries (Haustein, Kroesen et al. 2020). 
Similarly, age and gender play a role for the uptake 
of cycling in low- but not in high-cycling countries, 
suggesting that the provision of safe infrastruc-
ture and travel socialization plays a relevant role 
(Aldred et al. 2016; Haustein, Koglin et al. 2020). 

Future PerspectivesFuture Perspectives
Advancements in data collection and analysis can 
be named as factors that are expected to expand 
our understanding of behavior and behavior 
change in transport. Biosensor data can more and 
more easily be collected with wearable sensors, 
such as advanced wristbands (Jimenez-Molina et 
al. 2018). The incorporation of psychophysiologi-
cal data measured while traveling has the potential 
to improve survey-based modeling of transport 
choices (Castro et al. 2020). Besides showing in-
dividual differences in the perception of travel 
options, it may especially help to identify critical 
aspects in the journey leading to stress and mental 
discomfort or environmental aspects leading to 
enjoyment and relaxation and thereby provide 
concrete hints for improvements in design, par-
ticularly when combined with surveys, qualitative 
interviews, or focus groups. 

A better understanding of the long-term pro-
cesses of behavior change and connecting it to 
changes in the environment and personal living 
circumstances requires more and better (quanti-
tative and qualitative) longitudinal data and ade-
quate methods to identify causal relationships in 
such large, complex datasets. The detection and 
inference of causality is a relatively new and grow-
ing research area in machine learning (Peters et al. 
2017), which offers great potential for the verifica-
tion of theoretical assumptions and the detection 
of causal relationships in the context of transport 
behavior and may lead to great theoretical and 
methodological advancements in transport re-
search. 

While this chapter has emphasized the psy-
chological perspective to behavior change, it also 
highlights that understanding behavior change 
in transport profits from an interdisciplinary 
approach, combining expertise in advanced mod-
eling, psychology, physiology, sociology, urban 
design, transport planning and geography.
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As a result of the mobility revolution, urban spaces 
and transportation infrastructure need to be 
adapted in the coming decades. Changes in drive-
train technology, vehicles, transport modes, user 
behavior, and road traffic regulations have conse-
quences for urban environments. These necessary 
conversions will be costly and fundamentally alter 
the character of cities in the long term. It is not 
yet entirely clear which transportation modes and 
types of mobility will predominate in the future, 
but it is highly likely that our cities will become 
more differentiated and more distinct from one 
another in this respect than they are today (Klinger 
et al. 2013). Factors from very different fields will 
influence the development of our cities in the 
process. The question of affordable housing, the 
transformation of inner cities, and strategies for 
adapting to changing climatic conditions are all 
important factors driving the discourse on livable 
cities. The European mission statement of the New 
Leipzig Charter (BMI 2020), based on the three 
pillars of sustainability, strongly emphasizes the 
topics of a city oriented toward the common good, 
a green city, and a productive city as target param-
eters. Mobility design is a central theme in this 
context. However, sociopolitical considerations 
will determine the concrete factors that will shape 
urban planning measures and affect the role that 
environmentally friendly mobility will assume in 
the competing demands for space.

Dystopias associated with the climate crisis, 
such as traffic collapse and inhospitable urban 
wastelands, are of little help in the search for new 
solutions. But what are the desired models and 
visions of a livable city that has safe, inclusive, and 
sustainable spaces? Images that anticipate desired 
scenarios (Rittel 2013: 123ff.), as well as high-quality 
design projects already implemented that serve as 
model solutions, can inspire and provide a basis for 
discussion, thus shaping the future course of urban 
redevelopment. However, determining which solu-
tions can be successfully implemented in which 
places depends on a multitude of reciprocal influ-
ences. In this respect, the question of »What to do?« 
initially takes a back seat to the question of »How to 
proceed?« Which methods and processes must be 
established in order to transform the car-friendly 

city into a livable one? Who are the key players and 
how do they work together? What are the first steps 
toward mobility concepts for the livable city?

The Example of CopenhagenThe Example of Copenhagen
In the discussion below, we will consider the trans-
formation of urban spaces in the city of Copenha-
gen, which as the »Green Capital of Europe« stands 
for ambitious sustainability goals and high-quality 
living standards (Bolik 2019: 139). The method-
ology used here is based on literature and media 
analyses, site visits, and photographic documenta-
tion, as well as interviews with experts involved in 
the transformation process in different capacities; 
these interviews were conducted in May 2019.

At a very early stage, Copenhagen set itself the 
goal of becoming the world’s first climate-neutral 
city by 2025 (Climate Plan 2009; Copenhagen City 
2009: 3) and is considered a pioneer in innovative 
projects, most of which have been implemented 
within the existing urban fabric. Environmentally 
friendly mobility is a focal point (Copenhagen City 
2009: 5). Cycling conditions have already been im-
proved across the city through a convenient, con-
tinuous network of paths. Copenhagen is therefore 
often cited as a model for the bicycle-friendly city 
(Kords 2020). Although numerous Dutch cities are 
just as far along as Copenhagen in terms of bicycle 
use in relation to the modal split and associated 
infrastructure (Copenhagenize Index 2019; Statista 
2021; BMVI 2021), the origins and the leading fig-
ures behind the Danish capital’s development into 
a bicycle metropolis are unique.

At the beginning of the 1970s, Copenhagen was 
as much of a car-oriented city as most other Euro-
pean cities. Public spaces were occupied by parked 
cars, the streets were reserved for motorized indi-
vidual transport, and a large highway through the 
city center was planned from 1958 as part of the 
»City Plan Vest,« which was not implemented. In 
1972, even the streetcar network was abolished. 
Then came the oil crises and with these, by neces-
sity, a new way of thinking. The transformation of 
the city into a bicycle metropolis, however, did not 
pick up speed until the 1980s. Today’s situation is 
arguably the result of various factors that ensured 
success, as outlined below.
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Back in the early 1980s, the city already had a pro-
gressive head of the municipal transportation de-
partment in the person of Jens Kramer Mikkelsen. 
He was subsequently elected mayor of the city in 
1989 and remained in office until 2004. The city’s 
vision of making Copenhagen more family- 
friendly and strengthening public transport was 
reflected in the construction of the new subway. 
This focus was continued under the former minis-
ter and European Commissioner Ritt Bjerregaard, 
who was elected mayor in 2006 (Bondam 2018). 
Together with her director of technology and envi-
ronment, Klaus Bondam, she implemented plans 
to make Copenhagen the most bicycle-friendly city 
in the world. In order to gain acceptance among 
city policymakers as well as the citizenry for this 
project, which aimed to significantly reduce air 
and noise pollution, two documents were given a 
central role: »The Environmental Metropolis« and 
»The Metropolis for People.« Both publications 
were strongly influenced by the thinking of the 
Copenhagen architect and urban planner Jan Gehl 
(Bondam 2018:154). 

According to the urban planner Oliver Schulze, 
who supported the City of Copenhagen in embed-
ding sustainability goals within municipal urban 
land use plans, the continuity of personnel and 

expertise in transportation planning at the highest 
level was certainly beneficial for the long-term ob-
jective of realizing bicycle-friendly urban redevel-
opment (Schulze 2019). The political-administra-
tive sphere was enriched by inputs from academia, 
primarily Jan Gehl, who made a substantial contri-
bution through his empirical research and design 
proposals (Gehl 2010, 2012). His central tenet that 
urban space should be experienced at the speed 
of pedestrians as a »city at eye level« has informed 
urban redevelopment as a guiding design princi-
ple; this included many practical planning cues 
calling for a human scale for streets, squares, and 
neighborhoods. The resulting redevelopment 
strategy focuses neither on neighborhoods nor on 
traffic types, but rather takes a holistic view of the 
city as a totality. Open space design, parking man-
agement, and expansion of bicycle infrastructure, 
for example, were synchronized across the entire 
urban area in Copenhagen. This was done in such 
a way that there was never a parking shortage, and 
every parking space eliminated made an immedi-
ate contribution to the realization of high-quality  
bicycle infrastructure design (Schulze 2019; 
↳Fig. 1).

As far as possible, the planning culture was 
designed to be fault-tolerant. Not every interven-
tion endured; there were missteps and misplan-
ning, learning processes and corrections. This 
fault-tolerance not only helped to optimize the 
infrastructure, but also gave the urban community 
a knowledge edge (Schulze 2019). This is reflected, 

Fig. 1 Planning toolboxes: implementation 
of sustainability targets for Copenhagen 
(Source: Schulze + Grassov, Copenhagen)
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among other things, in the global consulting activ-
ities of the Copenhagenize Design Company and 
the media presence of its founder and CEO Mikael 
Colville-Andersen, as well as in Jan Gehl’s interna-
tional visibility.

The City of Copenhagen closely monitors and 
documents traffic conditions; since 1996, bicycle- 
specific data has been collected and published in 
the biennial »Bicycle Account« (Cycling Embassy 
of Denmark 2020). On the one hand, these and 
other statistical sources help the city to make the 
right decisions and to identify and correct undesir-
able consequences at an early stage. On the other, 
a good data base helps objectify public debate and 
even generates acceptance for supposedly unpop-
ular measures (State of Green 2020).

But in addition to the protagonists and pro-
cesses involved in redevelopment, another factor 
has played an essential role: good design that 

can be experienced in everyday life. The built 
transportation infrastructure in Copenhagen is 
functional, a pleasure to use, and of high design 
quality. The inhabitants identify with it, are proud 
of it, and have developed their own specific mobil-
ity culture (Schulze 2019). Function, performance, 
and appearance are not mutually exclusive, be-
cause good design does not favor one of these as-
pects over the others.

One example of this kind of design is the Lille 
Langebro bicycle bridge by Dissing+Weitling 
Architekten (2014), also known colloquially as 
Cykelslangen (↳Fig. 2). This steel bridge, mea-
suring 190 meters in length and only 4 meters in 
width, has lighting integrated into the railing and 
an orange road surface. It bridges a secondary 
harbor basin adjacent to the Fisketorvet shopping 
center and connects to another bicycle bridge that 
crosses over the water to the Vesterbro district. 
It has an S-shaped curve; this extension of the 
path, which might seem unnecessary, allowed for 
a slight gradient reduction. It is great fun to roll 
down this snake; the challenge posed by the curve 
requires some concentration and thus may also 
enhance safety for oncoming traffic on this narrow 
structure. In addition, the shape of the bridge 
serves another function that is not apparent from 
the cyclist’s perspective: it increases the amenity 
quality of the bankside along the basin through its 
shape and the materiality of its underside. A dead-
straight structure at this point would certainly 
have come under the final construction costs of 
around 5.1 million euros (Dissing+Weitling 2021); 
however, this presumably would only have fulfilled 
the function of closing the gap, without contribut-
ing to the other aspects noted above. Notably, the 
design of this piece of technical infrastructure was 
the result of a competition (Eckart and Vöckler 
2022: 206), where the quality of different solutions 
for this planning problem was discussed via the 
visual design presentation. These not only illus-
trated the requirements of the competition pro-
gram, but also represented the urban development 
vision. The process of selecting the best solution 
is both an appropriate means of ensuring quality 
planning and of promoting architectural culture. 
The high number of awards won by this project 

Fig. 2 Cykelslangen  
(Source: Björn Hekmati)
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over a five-year period (2013–2018) speaks for itself 
(Dissing+Weitling 2021). With Cykelslangen, an 
integrated solution was realized that enriches the 
urban space in multiple ways.

Equally noteworthy is the approach taken by the 
city’s driverless metro network (operations began 
in 2002) (↳Fig. 3+4). The stations were designed 
to function smoothly and to have as timeless an 
appearance as possible (Colville-Andersen 2018). 
As a result, their designs are very similar to one an-
other. Advertising or even commercial uses within 
the stations were avoided entirely. Underground 
stations are lit with daylight down to the platform 
(as far as technically feasible). The Copenhagen 
Metro can be used very efficiently, since there are 
no orientation problems in the stations, the digital 
ticketing system works in a straightforward way, 
and the very high frequency facilitates rapid travel 
without a fixed timetable (Copenhagen Metro 
2017). It is fascinating to sit at the very front of the 
driverless trains and look in the direction of travel 
into the tunnels or down onto the tracks. The 
functional minimalism of the high-quality sta-
tion architecture and furnishings, which scarcely 
allows individual stations to be distinguished, 
represents a radical statement for public transport 

Fig. 4 M1 metro station  
(Source: Björn Hekmati)
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and »A-to-B-ism« (Colville-Andersen 2018). Users 
have in fact criticized the rigorous design concept 
of Line M1, which subsequently led to differen-
tiations being made within the system as part of 
a comprehensive color scheme for Lines M2, M3, 
and M4, in keeping with the minimalist concept. 
This strategy does not focus on the individuality 
or recognizability of stations in the urban context, 
but rather interprets the station as part of the 
rail network and the transport system, making it 
recognizable as a coherent infrastructure system.

The M1 line of this system also connects the dis-
trict of Ørestad south of the city center. This area, 
which has been in planning and construction 
stages since 1992, extends as a fixed rectangle mea-
suring roughly 600 meters wide and 5 kilometers  
long along the straight elevated railway tracks 
and an accompanying road flanked on both sides 
by wide bicycle highways (↳Fig. 5). A first for 
Denmark, the M1 line was the initial construction 
project within the the urban development plan for 
this district. Workers on the major construction 
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sites that followed were soon able to travel to work 
via public transport. Ørestad is a radical strip city 
design for about 20,000 inhabitants whose scale 
was oriented to transportation infrastructure 
capacities. Accordingly, on its southern edge, 
Ørestad borders directly on the Pinseskoven 
nature reserve, where there is a metro terminus 
and buildings of up to eight stories forming a 
dense urban fabric. In this way it makes a clear 
statement against urban sprawl (Jordan 2002: 398; 
↳Fig. 6).

Several buildings in the district were designed 
by renowned national and international archi-
tects, including Bjarke Ingels, or BIG, (8 Tallet, 
MTN the Mountain, VM Houses), Jean Nouvel (DR 
Koncerthuset), Adept (Cubic Houses), and Cobe 
(Karen Blixens Plads). The design program, which 

includes master plans from 2014 and 2017 (by 
Daniel Libeskind and Cobe, among others), infra-
structure planning, and multistage competitions 
for major buildings as well as square and land-
scape designs (see competitionline), ranges from 
integrated access and mobility concepts to details 
such as bicycle parking facilities. Bjarke Ingels’s 
(or BIG’s) residential project MTN the Mountain, 
a kind of terraced housing complex built on top 
of a parking garage, makes a statement about the 
use of motorized individual vehicles by means of 
a wall relief: a bellowing stag stands atop a stack 
of high-performance cars, ironically holding up a 
mirror to parking garage users(↳Fig. 7). Ørestad 
is not yet finished nor fully occupied, so it remains 
to be seen whether this planning approach may be 
considered sustainable. As a model for courageous 
planning and consistent integration, however, the 
Ørestad district already serves as an exemplar.

In respect to climate change adaptation, the 
City of Copenhagen has taken a bold step forward. 
After the heavy rainfall of July 2011, the City of 

Fig. 6 Ørestad: built transition in the 
landscape (Source: Björn Hekmati)
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Copenhagen decided to implement an initial 
demonstration project for city-wide climate adap-
tation based on the Climate Adaptation Plan (City 
of Copenhagen 2011) and the strategic Cloudburst 
Management Plan (City of Copenhagen 2012).  
The landscape architecture firm Tredje Natur of 
Copenhagen won the Europan 11 competition with 
its vision for a diverse neighborhood in the Sankt 
Kjelds quarter. They were commissioned to trans-
late the competition entry into a comprehensive 
vision for Denmark’s first climate-friendly neigh-
borhood (Rafn 2015). This resulted in a workable 
concept that could serve as a guide for further 
development of the neighborhood. In parallel, the 
Sankt-Kjelds quarter was approved as a neighbor-
hood renewal project (2012–2016). This facilitated 
development synergies and allowed for a generous 
project budget consisting of financial support for 
urban renewal, climate adaptation, and waste- 
water management. According to the planner and 
project manager in charge at the City of Copen-
hagen, René Sommer Lindsay, in 2014 Tåsinge 
Square was realized as the first high-visibility pilot 
project, thanks to significant political pressure 
and a willingness to clarify legal obstacles in the 
development process (such as the water company’s 
investment in public space, street surface drain-
age, and the fee schedule—see Lindsay 2017; Co-
penhagen City 2016: 10). The example of this plaza 
makes it clear that it is not primarily a matter of 
universal applicability, but of setting an example at 
the citywide level (Lindsay 2017). At the same time, 
a competition was held for Saint Kjelds Square 
and Bryggervangen Street, which was won by the 
landscape architecture firm SLA in cooperation 
with ALECTIA (City of Copenhagen 2015: 15). Their 
design greatly reduces the size of the existing traf-
fic circle and edges it with four large green zones 
(↳Figs. 8+9).

This has resulted in a model neighborhood for 
a climate-resilient residential quarter in Østerbro, 
which will be used to develop methods and exper-
tise to advance climate protection and flood pre-
vention in Copenhagen over the next twenty years. 
The first climate-change-resilient neighborhood is 
set to become Copenhagen’s greenest city center 
neighborhood—which can also withstand intense 

rainfall. Green streets, blooming courtyards, diverse 
fauna, and landscaped drainage areas and ditches 
will provide the new building blocks for the neigh-
borhood. The City of Copenhagen is working closely 
with the Copenhagen utility HOFOR, as well as the 
Østerbro Environmental Center and neighborhood 
residents, who are leading their own initiatives 
through community gardens and urban farming 
(e.g., the ØsterGro rooftop farm, the Pavement 
Garden on Bryggervangen Street, and the Green 
Entrance). According to political scientist Torkil 
Lauesen, who is responsible for community involve-
ment within the municipality, special attention 
has been paid to participation from the beginning 
since much of the land is privately owned. Infor-
mation workshops and events were held in public 
spaces as a means of reaching as many residents as 
possible (Lauesen 2015). A specially established and 
funded committee not only assisted in planning 

Fig. 7 Ørestad: wall relief in the parking 
garage of the MTN housing project, BIG. 
(Source: Björn Hekmati)



90

Annette Rudolph-Cleff and Björn Hekmati 

and realization, but also initiated social campaigns 
following completion. Financial support was also 
granted to civic engagement for the realization of 
neighborhood gardens in public spaces (City of 
Copenhagen 2015: 23, 30, City of Copenhagen 2014b: 
8). The initial design by landscape architects Tredje 
Natur was modified during the process in response 
to user perspectives; this diminished its striking 
design concept as a flowing space with soft forms 
(Bolik 2019: 197). However, according to the princi-
ple »the community is the expert« (PPS 2000, 2017), 
the desires and ideas of users are given a high level 

of priority in Copenhagen to ensure that the every-
day spaces created are widely accepted (↳Fig. 10).

In the Sankt Kjelds neighborhood, scalable cli-
mate adaptation solutions have been created for the 
urban spaces of the future, right down to the careful 
detailing of the Copenhagen-style water-permeable 
paving and retention filters. Areas for water-sensi-
tive urban design and biodiversity enhancement 
naturally come at the expense of transportation 
space. The previously oversized streets (City of  
Copenhagen 2015: 9) have been reduced to one lane,  
which is now shared by cyclists and motorized 
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traffic at reduced speeds. The few remaining park-
ing spaces are unpaved. Of course, this is only possi-
ble by reducing traffic space as well as through rad-
ical traffic calming. With the climate-friendly city 
in mind, clear priorities were set for the blue-green 
infrastructure. The process of removing paving to 
unseal the soil was underpinned by citizen engage-
ment and active communication; this was realized 
in a playful way using umbrellas that collect rain-
water as well as creating a water playground where 
water can be pumped by hopping. The bicycle city 
of Copenhagen is facing up to the requirements of 
the climate-friendly city concept and is once again 
reorienting itself. Its plan to become the best bi-
cycle city in the world was extended in 2009 by a 
City Council resolution; now Copenhagen wants to 
become the best city for people (Gehl 2017: 174). The 
»Climate Quarter« in Copenhagen is a radical state-
ment along these lines, which has deliberately been 
allowed time to prove itself (↳Fig. 11).

Learning from CopenhagenLearning from Copenhagen
The example of Copenhagen along with the com-
plexity of the planning processes and projects 
provides an answer to the question of strategies for 
transforming the car-oriented city into a livable 
one. Whether it is a bicycle bridge, a metro station, 
a planned city, or a »climate quarter«—Copen- 
hagen’s transformation into a livable city is being 
conceived and implemented holistically at all 

scales. Sustainable forms of mobility are not just 
enabled and encouraged: they are positively im-
printed in cultural consciousness via architecture 
as a »heavy social medium« (Delitz 2009). Through 
the involvement of its inhabitants, urban space is 
transformed and enhanced, upgraded, or re- 
interpreted. Solutions are not conceived in purely 
technical terms nor optimized for only one aspect, 
but rather are realized to a high design standard in 
respect to the urban context.

Copenhagen’s transformation shows that this 
requires a long period of time and multilayered 
processes involving multiple phases and diverse 
scales. These are long-term developments, com-
bined with extensive investments and clear polit-
ical objectives. They have not triggered a sudden 
turnaround, but rather a decades-long transfor-
mation and with it, sustainable changes in urban 
spaces and transport modes.

The case of Copenhagen clearly demonstrates 
the importance of committed actors who play a 
critical role in the development of objectives for 
the entire city and for dealing with land usages. 
These actors have a strategic vision of the scope for 
future action that must be safeguarded and exe-
cuted. They are also able to initiate processes and 
move projects forward with determination. This 
is where the importance of the interface between 
science and politics becomes clear, as the collabo-
ration with Jan Gehl attests. His image of the »city 
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at eye level« has informed urban decisions in Co-
penhagen and many other cities.

The first steps in implementation differ greatly 
but are always based on holistic planning ap-
proaches, an integrated administrative approach, 
and a deep understanding of the unique character-
istics of the city and its inhabitants. From tempo-
rary individual measures intended to have a stabi-
lizing effect, to hierarchical master planning and 
model projects, these activities all involved actors 
at various political levels (Wulfhorst et al. 2013: 
257). Copenhagen’s experience clearly shows that 
the recipe for success is not the mere accumulation 
of isolated measures; rather, what is needed are 
integrated concepts that define quality standards 
for the entire city and generate solutions geared to 
the location and users (Hoor 2020). The multistage 
competition and planning procedures that start 
with a concept competition, such as Europan, and 

end with a design competition, open up opportu-
nities for testing the efficacy of proposed solutions 
through visual aids. Qualities cannot be conveyed 
abstractly, but only through the depiction of the 
actual project. It is therefore less individual solu-
tions and more the special planning culture that 
distinguishes Copenhagen.

When looking at other cities and municipalities 
whose transportation and mobility design are 
considered exemplary, such as Barcelona, Amster-
dam, Paris, or Karlsruhe, it becomes evident that 
design solutions offering high urban spatial qual-
ity respond in specific ways to urban contexts and 
their residents (Hofmann 2019; Eckart and Vöckler 
2022). This contextual integration is a key to suc-
cessful urban planning concepts, both in terms of 
urban design and in the organization of the plan-
ning and implementation processes.

Clearly, even highly differentiated transpor-
tation planning models that address the various 
modes of mobility have their limits when it comes 
to meeting the demands of a climate-friendly city. 
Driving on paved surfaces stands in the way of the 
necessary unsealing of the soil, which is where 

Fig. 11 Climate adaptive design (Source: 
Climate Tile by Third Nature, https://www.
tredjenatur.dk/en/portfolio/climatetile/) 
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the competition for space in the European city 
becomes particularly obvious. The search for new 
concepts, however, also leads to great opportuni-
ties for urban development, as evident in model 
projects. For example, the reassessment of climate 
adaptation requirements and green space provi-
sion was initially the starting point for the Super-
illes (superblocks) in Barcelona (Eckart and Vöck-
ler 2022: 156). Today, these superblocks are also 
celebrated as a sustainable transportation concept 
offering a new kind of urban environment, be-
cause they foster greater acceptance of a reduction 
in motorized individual vehicle usage (Ajuntament 
de Barcelona 2020).

The exciting developments in Barcelona, Amster-
dam, Paris, and Karlsruhe are specifically designed 
for these cities and their inhabitants. The objectives 
and concepts of these individual initiatives aimed 
at promoting environmentally friendly mobility 
differ just as much from each other as do the proce-
dural steps involved in their implementation. What 
these best-practice examples have in common is 
that they generate added value in terms of urban 
spatial quality that goes far beyond the issues of 
modal split or traffic flow optimization. Successful 
urban planning concepts are measured by their 
demonstrable contribution to the reduction of  
motorized individual vehicles, the high share of 
pedestrian and bicycle traffic, the contribution to 
climate protection and climate adaptation, and,  
last but not least, the living and amenity qualities 
in inclusive urban spaces. The interplay between 
science and politics determines their respective 
quality, as can be seen in the example of Copen- 
hagen and more recently in that of Paris. The vision 
of the fifteen-minute city became the guiding prin-
ciple for urban transformations in Paris and is cur-
rently being taken up by many other cities, such as 
Hamburg, where they are being further developed 
according to local urban needs (Moreno 2020, 2021). 
If future developments can only be determined 
through hypothetical scenarios, then scientific ex-
pertise in dealing with complex issues is crucial for 
the evaluation of options for action in the political 
decision-making process (Mitchell 2008).

The process of reassessing the spatial demands 
of road users within available areas seeks a balance 

between different usage demands and traffic 
speeds, with the goal of designing safe, inclusive, 
and healthy streets and squares. The issue at stake 
here is the establishment of spatial equity in the 
process of negotiating socially oriented objectives 
in urban space.

Ways toward the Livable CityWays toward the Livable City
The reassessment of traffic and mobility in the 
social process of the transportation revolution 
creates opportunities for rethinking public space. 
In this context, the discourse on equitable land use 
in the sense of a livable city can have integrating 
effects and avoid the excess ideological baggage 
accompanying the narrative of abstaining from 
and banning automobile use. This can be achieved 
by incorporating goals that can be consensually 
agreed upon such as amenity quality, climate 
adaptation, and environmental protection. For 
example, climate-adaptive urban planning, which 
aims at reducing local heat islands and closing 
hydrological loops, offers tangible added value to 
quality of life through climate adaptation mea-
sures and expanded blue-green infrastructure 
(Bolik 2019; Winker et al. 2018).

Professional urban planning is faced with the 
challenge of preserving and further enhancing the 
respective existing qualities in cities. The trans-
formation of our cities and communities involves, 
by definition, spatial parameters that pose design 
challenges. These are highly complex fields of 
activity that can no longer be mastered using nar-
rowly focused, linear, or sectoral solutions. For 
example, the need to achieve intermodal efficiency 
in the design of transfer hubs and to adopt a sys-
temic perspective on intermodal mobility systems 
(Eckart and Vöckler 2022: 25) increases the com-
plexity of the urban design challenge. A sensible 
site development concept is just as important as 
the amenity qualities of the public spaces that ben-
efit the entire neighborhood.

Design concepts aim to address these complex 
challenges by reinforcing existing qualities and 
intrinsic potential, mitigating risks, and securing 
future room for action. Examples of integrated 
strategies of high design quality can already be 
found worldwide in projects for climate change 
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adaptation, flood protection, or participatory 
planning. The diversification of transport infra-
structure and mobility cultures is determined by 
technological possibilities but requires design 
integration into the urban space and site-specific 
adaptation if these are to be implemented suc-
cessfully. This represents a great opportunity for 
our cities to articulate their own concepts and use 
these to develop local identities.

As the example of Copenhagen clearly illus-
trates, the promotion of inclusive and healthy 
urban development is not only a question of the 
quality of the architecture but is also an expression 
of holistic planning that involves all urban stake-
holders. It is important to take advantage of the 
opportunities offered by expert urban planning: 
in the further development of mobility concepts, 
in the design of public spaces, and in the develop-
ment of new typologies and site qualities that will 
be achievable in the future as a result of new tech-
nologies and changing social demands. In addition 
to the close cooperation between disciplines at 
different urban scales, it will also be necessary to 
moderate ongoing social negotiations among dif-
ferent objectives. Only in this way will innovative 
paths based on research and science develop, as 
well as have a chance of being accepted and suc-
cessful in their implementation. Integrative pro-
cesses, holistic approaches and, last but not least, 
good design are the keys to a livable city.
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quartier and the Tåsinge Square project. Inter-
viewer: I. Bolik. Interview notes, Bolik 2019. 
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As part of an interdisciplinary research project, 
a primary objective was to identify the imagery 
that is characteristic of specific regions in terms of 
mobility and transport.01 In order to utilize quali-
tative methods together with existing quantitative 
data, a focus group was recruited and deployed for 
various surveys and workshops. Group consulta-
tions provided a means of testing concepts, devel-
oping new ideas, overviewing public acceptance of 
a service, and studying the impact of an initiative, 
for example. Of particular significance here is the 
fact that the focus group was assembled at the 
beginning of the project so that it was possible to 
work with the same people throughout the entire 
project. Since the focus group existed for more 
than three years, this method is referred to in the 
following text as the long-term focus group.

Prototypical applications and scenarios were 
to be tested with people of different age groups 
and from different physical environments to gain 
insights into the effect of designs on individual 
mobility behavior. In this context, methods were 
chosen and developed in order to discuss specific 
questions from the fields of design, traffic, tech-
nology, and urban planning. User-specific data 
was collected and made available to the other 
project partners, while taking data protection into 
account. In the end, this new method of mobility 
research was evaluated.

This essay presents both the participatory work 
with the focus group and the content-related activ-
ities. In conclusion, an evaluation of the long-term 
focus group method is provided.

Current Status of Research and Research Current Status of Research and Research 
QuestionsQuestions
In addition to social or market research, the focus 
group method has also been more commonly 
used in recent years within mobility research as a 
qualitative or explorative method, as the following 
selection of projects illustrates.

One application of such a focus group, for exam-
ple, is to find out about (potential) user views. For 
this purpose, three different focus groups (»new 
customers,« »combiners,« and »opt-outs«) were 
used to evaluate two bicycle rental systems as part 
of the research supporting the laboratory phase 

of the pilot project »Integration of public bicycle 
transport,« conducted by the city of Berlin (WVI 
2010). A bicycle rental system was also investi-
gated in the study of the city of Mainz’s MVGmein-
Rad. There, focus groups were deployed to analyze 
the intermodal use of the bicycle rental system 
»in combination with bus and train« (Czowalla et 
al. 2018). In another project titled »Social Science 
Research on the Rhine-Main E-Mobility Regional 
Model—User Acceptance and Optimization,« 
participants in pilot projects discussed their ex-
periences (Blättel-Mink et al. 2011). Interactive 
focus groups were also utilized as a means of in-
vestigating »user demands for individual mobility 
solutions, how users assess various micro-vehicles 
and how these can be employed in their everyday 
mobility« (Pollmann et al. 2018).

Focus groups are also utilized to formulate 
hypotheses or evaluate scenarios. For example, 
focus group interviews were conducted to »obtain 
a basis for formulating hypotheses« (Pecharda 
2008). As part of the research project »AVENUE21–
Automated and Connected Transport: Evolution 
of Urban Europe,« focus groups were deployed to 
evaluate possible scenarios (Mitteregger 2020).

This methodology is also used when social 
research institutes are engaged to carry out mo-
bility research. For example, the infas Institute 
for Applied Social Science, commissioned by the 
automotive supplier Continental, conducted inter-
national mobility studies between 2011 and 2018 
using focus groups. These studies had alternating 
focal points and dealt with »the structure of every-
day mobility« (infas n.d.).

01	� The research project »Infrastruktur—
Design—Gesellschaft« (2018 to 2021) was 
funded by the Landes-Offensive zur Ent-
wicklung wissenschaftlich-ökonomischer 
Exzellenz (LOEWE) in the German Federal 
State of Hesse with the following lead 
project partners: the University of Art 
and Design in Offenbach (design, overall 
management), the Frankfurt University of 
Applied Sciences (transportation plan-
ning), Goethe University Frankfurt (mobil- 
ity research), and the Technical Univer-
sity of Darmstadt (media and communication 
technology/architecture).
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In the project discussed below, the utilization of 
the focus group took place under similar back-
ground circumstances as in the aforementioned 
projects. In contrast to those, however, this focus 
group was used not only to answer one but several 
questions over the course of the entire project. 
Since this method had not been previously applied 
in such a way within mobility research, the follow-
ing research questions were investigated:

– �What are the advantages of the long-term 
focus group method for the project?

– �What are the advantages of the long-term 
focus group method for the participants?

– �In what ways can participants be motivated to 
continue their involvement?

ProcedureProcedure
This essay describes the procedures for assembling 
the focus group for collaboration, conducting 
surveys and workshops, and project closeout. The 
individual steps and activities are represented in 
↳Fig. 1.

In the first half of 2018, the boundary conditions 
for the characteristics of focus group participants 
were defined (mobile persons living in the Rhine-
Main region). The actual recruitment of the focus 
group began in August with an online survey. The 
announcement was made via e-mail distribution 
lists, personal contacts, the press, various news-
letters, social media, and other universities in the 

Rhine-Main area. In December 2018 the selection 
process was concluded. For the focus group, 232 
people were recruited who met the boundary con-
ditions.

The group was comprised of 40 percent women 
and 60 percent men. The 46 to 55-year-old age 
group was the most heavily represented, followed 
by 56 to 65-year olds and 26 to 35-year-olds, each 
with about 20 to 25 percent. The remaining 30 per-
cent was split between the 36 to 45-year-old,  
18 to 25-year-old, and 66 to 74-year-old age groups. 
Only two people were over seventy-five years of 
age. Most individuals (97 percent) held a driver’s 
license. Only 0.4 percent of participants said they 
could not ride a bicycle.

Data protection played an essential role in proj-
ect implementation. For example, it had to be  
possible to correlate one person’s responses to 
different surveys. In addition, the plan was only 
to write to certain people in some cases; for exam-
ple, just those who had previously taken part in a 
survey. Nonetheless, the data collected was to be 
anonymized. For this reason, three-digit personal 
identification numbers were assigned in the first 
online survey on mobility behavior. Starting with 
the number 101, all participants were respectively 
assigned a consecutive number. To minimize the 
risk of incorrectly entered numbers, rep-digits, as 
they are called, were omitted. In the surveys, par-
ticipants then only had to enter this code and not 
their name or e-mail address.

In the first workshops held in March 2019, each 
with between ten and twenty-five participants, not 
only mobility behavior but also participation ex-
pectations for the focus group played an important 

Fig. 1 Timeline of focus group activities 
(authors’ illustration)
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role. In this way, expectations that could not be 
met could be eliminated at the beginning and 
information about the working methods and op-
portunities in the LOEWE research project could 
be provided. The expectations of workshop partic-
ipants can be grouped into the following four cate-
gories: personal development, influence on mobil-
ity, transformation of transport, concrete positive 
results. Feedback from participants during the 
focus group activities was recorded and taken into 
account when planning further activities.

To strengthen cooperation with the focus group 
members, regular e-mails were sent to the entire 
group, including invitations to surveys or work-
shops as well as reports on the current status of the 
project—and even Christmas greetings. Incentives 
were also sent out as a token of appreciation for 
participation. By being included in newsletters 
and invitations to events, participants were able 
to obtain more detailed insights into the research 
and to become better acquainted with the project 
consortium.

In the final year of the project, the focus group 
was invited to participate in a survey and a subse-
quent workshop. Both served to evaluate the long-
term focus group methodology from the partici-
pants’ point of view.

Summary of Thematic Work and Related Summary of Thematic Work and Related 
FindingsFindings
In August 2019, the focus group was invited to an 
inspection of the Marktplatz S-Bahn station in 
Offenbach, in cooperation with the Design Insti-
tute of Mobility and Logistics at the HfG Offen-
bach. The inspection tour with nine participants 
focused primarily on the design of the station. In 
addition to a previously conducted online survey, 
the participants were asked on-site which waiting 
areas on the platform they preferred. Through this 
it became apparent which factors influenced the 
choice of waiting areas. Findings from the survey 
were incorporated into research work at HfG Of-
fenbach (project-mo.de 2021).

In collaboration with computer scientists, a 
preliminary concept for an app to promote en-
vironmentally friendly mobility behavior was 
tested (Gilbert et al. 2020). This app uses activity 

recognition via smartphone to record the mobility 
of users in order to improve mobility analysis by 
means of concrete mobility data, while at the same 
time illustrating for individual users their own per-
sonal mobility. During the test phase, additional 
functions were automatically activated. A survey 
on smartphone use took place in March 2020. Due 
to the pandemic, subsequent workshops on the 
further development of the app concept had to be 
cancelled, but these were replaced by individual 
interviews via video calls in May 2020. Based on 
the survey and interviews, a detailed concept for 
the app was developed (see Reitmaier et al. in this 
volume).

In road tests of cycling infrastructure such as 
the cycle streets in Offenbach am Main in Sep-
tember 2020 and the bicycle expressway between 
Darmstadt and Frankfurt in August 2021, weak 
points and obstacles, as well as the advantages and 
attractiveness of these kinds of projects, could be 
directly evaluated during use. It became apparent 
that many road users are not familiar with the 
concept of cycle streets. Therefore, the small sec-
tion from the focus group that participated also 
suggested that the rules should be better publi-
cized. In addition, they felt that uniform rules for 
the design of such lanes would be beneficial. In the 
case of the bicycle express lane, participants criti-
cized a sign in the middle of the pavement as well 
as a steep drop at the pavement edge but they espe-
cially highlighted the overall ride experience and 
the lane width as being positive. These results were 
passed on directly to the FrankfurtRhineMain Re-
gional Association and could thus be incorporated 
into the further development of regional high-
speed cycle lanes.

Focus group workshops were also held to test 
the Carré Mobility app for interconnecting neigh-
borhoods as part of the »Environmental Mobility 
Hub« research project. Prior to this, a potential 
analysis for the mobility platform Carré Mobility 
had been conducted in the research project of the 
same name (Schäfer et al. 2021). Workshop partic-
ipants had the chance to test the app and its func-
tions before its release and to provide feedback. 
Tests of the app provided information about its 
user-friendliness and comprehensibility. These 
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findings are being incorporated into the further 
development of the app in order to adapt it to the 
needs of future users.

When evaluating and interpreting the results, 
the fact that the focus group was not representa-
tive and that some participants’ mobility behavior 
was very similar was always accounted for.

Evaluation of the Participation ProcessEvaluation of the Participation Process
A final survey was conducted in June 2021, with 
all focus group members invited to participate, 
regardless of whether or not they had contributed. 
The aim was to find out what people thought 
about participating in the focus group and in this 
way evaluate the work done with it. At the outset, 
respondents indicated whether they had partici-
pated in activities such as surveys, workshops, or 
site visits.

Subsequently, fifty-five people who had not 
participated were asked about the reasons for their 
lack of participation. The main reasons given were 
lack of time, lack of information, distance from 
home, and other commitments. Twenty-five re-
spondents who had participated in actions during 
the focus group were able to indicate which ac-
tivities they had participated in and rate these on 
a six-point scale (very good to very bad). The as-
sessment of activities was predominantly positive 
(↳Fig. 2).

With regard to the online surveys, in the open- 
response box, focus group members praised the 
design and comprehensibility of the questions, 
the »interesting and relevant« questions, and the 

preparation for subsequent workshops and inspec-
tion tours. Two respondents criticized the answer 
choices as being »not always appropriate.«

In respect to the workshops, respondents partic-
ularly emphasized the exchange with other partic-
ipants and the »positive and open« working atmo-
sphere. Respondents approved of the on-site visits 
as a way of »getting a picture of the situation.« 
They praised the way these were conducted. One 
suggestion for improvement was that there should 
be more intermediate stops.

The assessment of communication, on the other 
hand, was more mixed (↳Fig. 3). In this respect, 
available communication channels were used to 
varying degrees. While (almost) all focus group 
members were aware of the newsletter and the 
communication in e-mails, ten people could not 
remember the Christmas card from the first year 
of the focus group. About two-thirds of the respon-
dents did not make use of social media.

In the open-comment boxes, respondents 
praised the e-mails as being »appreciative,« »per-
sonal,« and »friendly,« as well as the layout of the 
newsletter and the opportunity to ask questions. 
As a point of criticism, one respondent wanted to 
publish more on the »common social media plat-
forms« and complained that in one instance »com-
munication had broken down.«

Subsequently, the long-term focus group was 
evaluated as a method of involving interested lay-
persons in the research. In the process, nineteen 
respondents rated the method as »very good« and 
five respondents as »good.« Subsequently, they 
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provided the reasons for their assessment in the 
open-response box:

– �Change of perspective through the involve-
ment of outsiders, 

– �Increasing acceptance through the involve-
ment of users,

– �Sharing knowledge among focus group partic-
ipants.

Respondents were then asked to indicate whether 
their expectations from the start of the focus group 
project had been met. Ten respondents indicated 
that their expectations had been met and thirteen 
people that their expectations had been partially 
met. The latter were then given the opportunity to 
highlight which expectations had not (yet) been 
met. In this context, two respondents mentioned 
that the COVID pandemic had not had a »commu-
nication-enhancing« effect, and two other respon-
dents said that they knew too little about the proj-
ect results.

Following on from this, suggestions for im-
provement were made. Respondents mentioned 
an increase in communication, a shorter project 
duration, an increase in the number of group par-
ticipants, the choice of topics, and the desire for 
more in-person events. At the end of the survey, 
forty-four people agreed to remain in the focus 
group to continue supporting the research.

ConclusionConclusion
The focus of the project was to recruit and monitor 
a focus group of residents of the Rhine-Main area 
for the research network. By means of this group, 
scientific findings derived from the user perspec-
tive were to be obtained by involving interested 
laypersons. The project concentrated particularly 
on the long duration as well as the participative 
work. As a result, the question arose as to the ad-
vantages of the long-term focus group method 
for the project. It was an advantage that the focus 
group was assembled at the beginning of the re-
search project and as such could be available for 
the entire project duration. The group could be 
used as a whole or in different constellations with-
out having to recruit a new group each time. In 
addition, the participants knew about the project 
and its goals from the very beginning. That made it 
easier to deploy the group, since they did not have 
to be informed about the entire project during the 
activities, but only about the current status or the 
respective goal of the activity.

Furthermore, the benefits of this method for 
participants were explored. By having the oppor-
tunity to express their opinions on current topics 
in mobility design and to test applications, par-
ticipants were able to influence and help shape 
research in the field of transportation, to bring the 
perspective of »outsiders« into the research, and 
to report from the perspective of users. However, it 
must always be kept in mind that the focus group 
tended to be somewhat homogeneous in their 
behavior and attitude toward mobility. This point 
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was always factored into the analysis. For exam-
ple, during the tours of the cycling infrastructure, 
for the most part it was the assessments of those 
who are bicycle-savvy that were collected. When 
recruiting the next time, this should be considered 
more closely, so that the participants differ more in 
their mobility behavior. People who participated 
in the final survey also mentioned the transfer of 
knowledge to lay people as one of the advantages 
offered by this method. In addition, workshops and 
on-site visits provided opportunities to get to know 
the other group members and to exchange ideas in 
discussions. More in-person events and further op-
portunities for exchange were mentioned as ideas 
for improving future collaborations.

Owing to the duration of the project, it was nec-
essary to motivate the focus group over a period of 
several years. Therefore, ways in which this could 
be done were investigated. Traffic and mobility 
are topics that affect almost everybody, and a 
large proportion of the population consider these 
almost every day. When the focus is on mobility 
design, such as the design of infrastructure or ap-
plications, user opinion is an essential factor. It is 
important to involve the focus group in such a way 
that participants feel they can freely express their 
judgments and exchange views with other group 
members. In the final survey, these two points in 
particular were given a positive assessment.

Due to the significant amount of effort involved 
in participation, maintaining participant motiva-
tion proved to be one of the more difficult issues. 
Despite constant communication and invitations 
to surveys, workshops, etc., there was no way to 
prevent some people from dropping out of the 
focus group during the course of the project.

In addition, not all participants were equally 
interested in all activities and research projects. 
However, the topic of mobility concerns almost 
all people, which is why in theory all persons from 
the focus group were potential participants in the 
activities. Since they could decide whether to par-
ticipate, however, it was often their particular in-
terest, for example cycling, public transportation, 
or apps, that played a decisive role. This degree of 
flexibility and the ability to form small groups for 
the various activities were only possible because 

over 200 people were recruited at the outset.
On the whole, it can be stated that the long-term 
focus group method provides an opportunity to 
obtain the user point of view over the entire du-
ration of a project, or over several projects, and 
to test new ideas. This type of focus group can be 
used in particular for questions that relate to the 
user’s perspective on transport modes or services. 
This has also motivated some participants from 
the focus group to continue supporting the re-
search.
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Disciplinary research focused on design pursues 
different ways of generating and communicating 
new knowledge. This includes practical design 
work, which produces knowledge that can be 
useful not only for the discipline itself but also 
for other fields; this knowledge is consequently 
embodied in the design projects. It is also made 
accessible through explanatory texts and visual-
izations, as explained in this essay. What is crucial 
to understanding and assessing the quality of a 
design project is the elaboration of the conceptual, 
systemically oriented approach that underlies the 
design. This design-oriented research perspective 
will be introduced and further illustrated through 
design concepts from the field of mobility design.

Practice-Led, Project-Based Research (Re-Practice-Led, Project-Based Research (Re-
search through Design)search through Design)
Design research distinguishes between three dif-
ferent research approaches: firstly, research on 
design, in which design practice and its results are 
the object of study (in design theory and history, 
but also, for example, in art history, sociology, 
and psychology); secondly, research for design, 
as research in support of design practice, where 
research and the evaluation of design decisions 
incorporate research approaches from, for exam-
ple, the fields of technology, ergonomics, econom-
ics, psychology, and sociology, or are conducted 
through corresponding research collaborations 
(see the chapters by Schwarze et al.; Albrecht et 
al. in this volume); and finally, research through 
design as practice-led, project-based research, 
culminating in a product or system innovation 
(Frayling 1993; Findeli 2004). The latter process 
is closely tied to design practice; its research con-
tribution is the design output, which literally em-
bodies this new knowledge. Designing, insofar as it 
proceeds in a systematic and structured manner, is 
exploratory, but it differs from scientific research 
in its focus on the constructive design output, 
which synthetically brings together the knowledge 
that has been generated, as will be explained in 
more detail below.

In principle, the goal of design is to enable 
new possibilities for perception and action in the 
application by means of the designed product 

(object, information, space), as well as to convey 
meaning beyond concrete usage in relation to 
the sociocultural context. Design always refers to 
something that is already there: something given, 
a circumstance, a problem. A fundamental aspect 
of any design is that something new is created—an 
existing state of affairs is transformed into a more 
desirable one. Accordingly, design is anticipatory, 
and above all generative (Jonas 2004). Design is 
enabling. However, the new is not only legible in 
the degree of product or system innovation (which 
applies equally to engineering innovations, for 
example), but also in terms of the extent to which 
it enables or improves user access to the object, or 
even creates new systemic access via the product 
design. In addition, there is the question of how it 
leads to a new aesthetic experience and to a new 
semantics (which in turn pertains to the artistic 
dimension of design). This is in keeping with the 
dual character of designed products; on the one 
hand, they are practical products that need to 
be designed to be functional in their use, and on 
the other, they are aesthetically and semantically 
charged products that have to be designed for their 
effect (Steffen 2011). This constitutes the special 
nature of the design process; it is highly context- 
sensitive and situationally oriented, grounded in 
technical expertise and aesthetic judgment, and at 
the same time it has to accept uncertainties. After 
all, the new cannot simply be derived from an 
empirical analysis.

How can something new be designed? The 
unique characteristic of design methodology is 
that a process of reflection on one’s own practice 
takes place during the design work. This is a pro-
cess that occurs in iterative loops, which resembles 
a »conversation« between the designer and the 
object being designed. From an initial assessment 
and formulation, unexpected resistances and  
perspectives emerge from the thing being de-
signed, which in turn are incorporated into sub- 
sequent design work (on the iterative approach, 
see Bürdek 1975; on the sociological perspective on 
a reflexive design practice, see Schön 1983). This 
iterative procedure also allows for the prototype 
to be put to the test, so that user feedback can be 
integrated into the design process. Therefore, 



Anna-Lena Moeckl et al.

110

this is not knowledge generation in the scientific 
sense (knowledge that can be deductively derived, 
explicated, and correspondingly verbalized, objec-
tified, and formalized), but rather it is embedded, 
tacit knowledge that is rendered visible through 
the design output (on tacit knowledge, see Polanyi 
1966). In contrast to analysis, which breaks down 
complexity into more manageable parts, design 
is always propositional and focused on a totality 
(Redström and Wiltse 2019). Here, the designed 
entities and circumstances do not become objects 
and facts but are part of a shared context: design 
as the conception of a new, enabling context that 
is mediated through the designed artifact and 
creates new access opportunities (in this case to 
environmentally friendly, intermodal mobility) by 
means of a systemically oriented design approach.

Whether the design process can be reconciled 
with the concept of scientific research remains 
controversial (Maldonado and Bonsiepe 1964; 
Mareis 2011; Steffen 2011; Bonsiepe 2021). The 
contribution of practice-led design research to the 
broader definition of research lies in its indepen-
dent methodology (the advantages and disadvan-
tages of which will not be discussed further here) 
and its specific research approach, which operates 
at the interface of artifact and human being and 
consequently the (social) context of usage (situ-
ational, systemic, and contextual orientation). 
A contextual and systemic design orientation 
involves the consideration of the initial situation 
in its entirety, in terms of its relationships and 
interactions relative to the underlying question 
and problem (as identified in the initial assess-
ment). The problem then acts as an orienting and 
structuring principle and marks the boundaries of 
the design area to be worked on. Based on actual 
mobility design projects, the section below will 
demonstrate how systemic orientation leads to a 
relevant approach to conceptual solutions and to 
the design proposal.

Design of Transit Settings within Public Design of Transit Settings within Public 
TransportationTransportation
A central challenge for the design of transit set-
tings within public transportation is the barrier 
and stress-free routing of users through the 

transportation infrastructure. On the one hand, 
this concerns the functional requirements of ac-
cessibility, comprehensibility, and usability of the 
transportation system, such as information on 
routing in conjunction with spatial elements to 
ensure trouble-free, seamless movement. On the 
other, this also involves socioemotional require-
ments that influence, for example, the feeling 
of safety or the need for privacy while in transit. 
From a design perspective, the question therefore 
arises as to how spaces and paths that connect 
modes of mobility can convey not only functional 
but also socioemotional qualities. The aim of this 
design approach is the avoidance of physical and 
cognitive obstacles to create a »flow« in the move-
ment (as well as in waiting), to create a connective 
space that is clearly recognizable to users as a 
coherent whole and that simultaneously facilitates 
a positive mobility experience (see Vöckler and 
Eckart in this volume).

The study »Station of the Future–Offenbach 
Marktplatz S-Bahn Station« is based on a com-
prehensive analysis of the current situation from 
the user perspective.01 Offenbach Marktplatz is a 
mobility hub that links an underground S-Bahn 
(suburban train) station via an intermediate level 
(B-level) with the aboveground city center, the city 
bus lines, as well as additional sharing services. 
The analysis was systemically focused on the user 
experience along the spatial configuration. It 
became apparent that the connection between un-
derground and aboveground mobility services was 
inadequate from the user perspective: necessary 
information was missing at crucial points along 
the route. The spatial configuration consisting of 
an underground S-Bahn station and the above- 
ground urban space makes orientation difficult 
and involves high stress potential: underground 
due to the lack of awareness of the upper level and 
aboveground due to the lack of real-time informa-
tion. For wayfinding, it is essential that the neces-
sary information for choosing the desired direc-
tion can be found at nodes/decision points. Among 
other measures, the new concept led to the design 
of an »information cube« that provides mobility 
information on all four sides. It stands available 
to travelers on their way from the city center and 
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bus to the S-Bahn and vice versa thus facilitating 
orientation. Information is arranged according 
to need for arriving and departing passengers. On 
the intermediate level between the aboveground 
urban space and the underground platform, the 
cube provides a transition between two different 
information systems: that of the regional S-Bahn 
and that of the urban bus lines. The amount and 
form of the information is adapted to the respec-
tive positioning in the mobility chain and reacts 
dynamically to changes, such as cancellations 
or delays. The »information cube« was designed 
to create a systemic link between two mobility 
services, that of the municipal transport services 
(buses) and that of Deutsche Bahn (S-Bahn), by 
communicating a sense of cohesion across the 
physical distance. Information that is positioned 
and aligned in the proper place can significantly 
improve transitions between different mobility 
services (↳Figs. 1+2).

The investigation showed that the waiting situ-
ation on the underground platform was perceived 
as being unsatisfactory in terms of amenity qual-
ity and orientation. Therefore, the platform was 

reorganized with uniformly distributed benches 
and information pillars, which previously didn’t 
correlate with what was needed for waiting or 
dispersing along the platform. The conceptual 
approach taken here considers movement itself, or 
being mobile, as an overarching experience even 
when waiting. Another important insight was that 
waiting should also be understood as part of move-
ment—that is, of being mobile—and thus becomes 
part of the design problem. This was achieved by 

01	� The study was commissioned by Deutsche 
Bahn (DB Station and Service) in 2019. 
A team of designers (Mervyn Bienek, Kai 
Dreyer, Anna-Lena Moeckl, Julian Schwarze, 
and Luke Handon) developed the concept 
study. Peter Eckart, Kai Vöckler, and 
Julian Schwarze were responsible for the 
project. The complete study can be ac-
cessed at http://wwwproject-mo.de/ 
zukunftsbahnhof-s-bahn-station-offenbach. 

Figs. 1+2 Design and implementation: 
the »information cube« at the S-Bahn 
station Marktplatz in Offenbach creates 
a bridge between two mobility systems 
(local bus and regional S-Bahn systems) 
by means of an information element that 
links them in terms of location and 
design. (Source: Julian Schwarze/DML – 
Design Institute for Mobility and  
Logistics, HfG Offenbach am Main)
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zoning the platform so that passengers are intu-
itively guided to transit, information, or waiting 
areas based on their needs via appropriately posi-
tioned and grouped elements such as information 
pillars, seating, and leaning areas. Stays in these 
transit, information, and waiting areas are thus 
spatially separated, which should make the mo-
bility experience more pleasant and less stressful 
for users (↳Fig. 3). In addition, zoning can result 
in improved and smoother traffic flow manage-
ment, which was seen as a further advantage from 
the point of view of the operator, Deutsche Bahn. 
These two concepts have been partially imple-
mented and evaluated by Deutsche Bahn. Further 
conceptual approaches and designs, as developed 
in the study, can also be included in future projects 
commissioned by Deutsche Bahn.

How a transfer situation at a mobility inter-
change can be optimized through design and at 
the same time allow for a positive mobility expe-
rience was the topic of a semester project at HfG 
Offenbach University of Art and Design in col-
laboration with Deutsche Bahn. It focused on the 
underground platforms at the Hauptwache S-Bahn 
station in central Frankfurt, with the aim of 

improving access and egress situations at S-Bahn 
stations in general.02 Here, too, the question was 
how to create mobility flows at the Hauptwache 
station that would be characterized by trouble-free 
orientation and accessibility for all users. The 
starting point was the systemic approach, which 
does not exclusively consider the spatial config-
uration in isolation, but rather understands the 
process of changing trains as part of an overall, 
interconnected mobility that can be experienced 
by users as unimpeded »flow.« Rather than isolat-
ing single factors associated with the study site, 
the holistic design incorporates and links the in-
terrelationships among product design, informa-
tion, spaces, processes, and actions. In our view, 
the positive mobility experience thus created by 
the design is crucial for the acceptance of mobility 
systems. Two examples will be used to show how 
intuitive orientation can be linked to wayfinding 

Fig. 3 Zoning of the platform based on 
user behavior patterns at the Marktplatz 
S-Bahn station. Fast boarding and de-
boarding at the beginning of the platform 
is facilitated, departure information is 
clustered, waiting zones are created, and 
better distribution of travelers along the 
platform is achieved. (Source: Kai Dreyer/
DML, HfG Offenbach am Main)



Practice-Led Design Research (I)

113

Practice-Led Design Research (I)

information through appropriate spatial configu-
rations and lighting so that the process of chang-
ing trains can be perceived without any problem or 
very much cognitive effort on the part of users. The 
orientation system »Circulate« (design: Andreas 
Hildebrand) combines information that is usually 
separated into grouped elements. The chosen 
ring shape serves as a spatial orientation point 
(landmark) and information bearer at the same 
time (↳Fig. 4). Such an intuitively experienced 
design, whose information can be read even from a 
distance, gives travelers a sense of orientation and 
inspires confidence in their own mobility.

Just as intuitively, the »V.U.I.I.« design (Julia 
Huisken and Annika Storch) deals with the clear, 
immediately graspable design of the guidance 
system, which can be easily comprehended by 
users even when passing by quickly (»out of the 
corner of the eye«). This wayfinding system was 
not conceived separately from the spatial context, 
but in conjunction with the architectural elements 
that structure the space. Entrances leading down 
to the subway symbolically point the way below 
with the arrow-like design of the architectural 
elements and their lighting (↳Fig. 5+6).

These design projects are excellent examples 
demonstrating that design elements can only be 

grasped in a systemic context. In addition to the 
consideration of the system that facilitates mo-
bility, however, it is also a question of a coherent 
user mobility experience. Good design takes into 
account the functional and socioemotional needs 
of users and places them at the center. Through 
design decisions, the configuration influences 
interaction with the mobility system by allowing 
users to recognize and comprehend its coherence, 
while significantly contributing to a positive expe-
rience. Thus, new mobility structures are not only 
more likely to be accepted by people in their every-
day lives, but also to be appreciated.

02	� The semester project »crossflow_experi-
ence« was carried out with design students 
at the HfG Offenbach University of Art 
and Design under the supervision of Peter 
Eckart with Anna-Lena Moeckl and Julian 
Schwarze in winter semester 2018/2019. Co-
operation partners were DB Regio, DB Sta-
tion and Service, S-Bahn Rhein-Main, and 
Rhein-Main-Verkehrsverbund.
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Figs. 5+6 »V.U.I.I.« incorporates spa-
tial features into the guidance system and 
provides orientation information that is 
architectural, graphic, and illuminated. 
(Source: Julia Huisken, Annika Storch/DML, 
HfG Offenbach am Main)
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Dynamic Signage: The Communication of Dynamic Signage: The Communication of 
Distancing Rules in Transit Areas within Public Distancing Rules in Transit Areas within Public 
TransportationTransportation
During the COVID-19 pandemic (beginning in 
2020), informing people about the situation in 
their own country and around the world became 
regularly necessary. Given its unprecedented 
status, the novel virus needed to be understood 
in new ways and the information conveyed using 
a wide variety of media and forms. Far-reaching 
and unprecedented consequences for everyday 
life followed: behavioral recommendations and 
rules, mandatory wearing of masks indoors, rapid 
testing. Above all, the distances to be maintained 
from other people was, along with the wearing of 
masks, the most tangible sign of how everyday life 
was affected by the pandemic. Although distanc-
ing of one-and-a-half to two meters was easy to 
understand, its implementation in everyday life 
was a challenge. This new knowledge, which was 
often not yet part of self-evident behavior owing 
to the lack of an established routine, had first to be 
integrated into everyday life. How could this im-
portant information be communicated in public 
transit areas so that it was immediately and intui-
tively understandable for users?

Information is communicated and made 
recognizable via signs. Signs can be perceived, 
interpreted, and understood visually, haptically, 
or acoustically in a wide variety of ways. To com-
municate distancing rules, for example, signs use 
figurative language to indicate that distancing 
must be observed. In addition, there are spatial 
markings. In supermarkets, for example, floor 
markings were placed every one-and-a half- 
meters in the checkout area, or seating areas were 
cordoned off in public spaces. In a sense, we have 
become »trained« to maintain a certain distance, 
and our behavior in public spaces has changed 
noticeably. Furthermore, the responsibility for 
communicating distancing rules varied depending 
on whether the locations were public spaces (for 
which the public sector is responsible) or privately 
owned semi-public spaces, such as shopping malls 
and cafés, or train stations, which in Germany 
are governed by private law. As a result, there 
were a variety of generally improvised, frequently 

incomprehensible, and on top of that, unattractive 
markings for distance control, which tended to 
have the negative connotations of hazard mark-
ings (↳Figs. 7–11).

During the COVID-19 pandemic, it became clear 
how new, individual behaviors were continuously 
becoming more normalized in society, leading 
to newly learned routines. In this context, signs 
function as a means of communicating scientific 
findings to combat a pandemic, here illustrated 
by the example of changes in everyday routines. 
The signs that are used often correspond to visual 
languages that are familiar and can therefore be 
easily integrated into everyday routines; others 
are new, and their meanings must first be learned. 
Local public transportation systems, in particu-
lar, have been and continue to be determined by 
the issue of how much »closeness and distance« 
users find pleasant or unpleasant—and not only 
beginning with the pandemic.03 This is considered 
a decisive factor for the acceptance or rejection of 
shared transportation systems. Against this back-
ground, the question arose as to how the necessary 
distancing rules could be integrated into local 
public transportation, specifically into waiting 
and transit situations, such that they are not only 
intuitively understandable but also generate posi-
tive experiences. In this way, they are symbolically 
associated less with danger prevention and more 
with an aspect of mobility that is taken for granted.

In her student design project »LINE 39«, Annika 
Storch addressed the problem of communicating 
information on maintaining distance in public and 
semi-public spaces, especially at train stations.04 
Based on her own uncertainty regarding the re-
quired distancing regulations, she monitored 
the behavior of passengers at train stations in the 

03	� Deutsche Bahn’s Idea Trains can be cited 
as an example. These are walk-in design 
studies that address individualization and 
privacy on regional trains. Screened or 
open seating areas allow for privacy or 
conviviality. A variety of services and 
differentiated design can serve individual 
needs (see Deutsche Bahn’s Idea Trains: 
https://inside.bahn.de/ideenzug-db-regio-
module/).
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Frankfurt area and discovered that it was virtually 
impossible to maintain the required distance to 
other people (↳Figs. 12–14).

The fundamental concept driving this design 
project is the use of visual reactive information 
that responds to the constantly changing dis-
tances between passengers waiting and changing 
trains on platforms, which at the same time com-
municates to them the required distances to be 
maintained. An interactive projection of a grid of 
lines on the floor reacts in real time to travelers 
and makes the minimum distance of one and a 
half meters immediately perceptible. This not 
only warns other users which areas they should 
avoid entering, but also allows individuals to easily 

protect themselves. In contrast to current ap-
proaches, which use physical objects such as par-
titions to separate people, »LINE 39« takes a differ-
ent track and attempts to make people aware of the 
distances by means of intuitively understandable 
signs, namely the reactive lines. This enables them 
to protect themselves and thus determine them-
selves how to move around.

If a person walks across the platform, the line 
grid bulges out in a radius of one and a half meters. 
If two people walking in alignment with the grid 
come too close to each other, then the line encloses 
the respective person and signals that the safe 
distance will soon become too small. If two people 
walking against the alignment of the line move 

Figs. 7–11 During the 
COVID-19 pandemic, there 
was a barrage of impro- 
vised information on dis-
tances to be maintained, 
which was often not un-
derstandable or even fit 
for purpose. (Source: 
Fig. 7 Julian Schwarze; 
Figs. 8–11 Philipp Kohl/
DML, HfG Offenbach am 
Main)
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toward each other, then the lines between the 
people become denser. This also signals that the 
distance must be increased. If a person is getting 
off a train, then he or she is gradually enclosed by 
the lines and thus incorporated within the system. 
»LINE 39« makes an otherwise invisible space vis-
ible. Technically, this is feasible: a sensor (camera) 
observes passengers on the platform. A process-
ing code (an object-oriented and strongly typed 
programming language in the field of graphics, 
simulation, and animation) interprets this camera 
data as follows: the pixels closest to the camera 
are filtered using a threshold filter (a thresholding 
technique that detects contrasts). A midpoint cal-
culation can then be used to anonymously convert 
the obtained data into coordinate data. JavaScript 
(a written code) determines the configuration of 
the line grid, which is projected onto the platform. 
Within milliseconds, »LINE 39« shows passengers 
the correct and currently valid minimum safe dis-
tancing between themselves and other passengers 
(↳Figs. 15–17).

Signs designed to convey information, in this case 
the pandemic distancing rules, must meet a wide 
variety of requirements in order to optimally com-
municate their content. First of all, this is a matter 
of practical requirements. Travelers moving at 
varying speeds and high volumes of people at peak 
times pose particular challenges. By making signs 
dynamic and reactive in terms of the information 
they convey, communication can be adapted to 
the ever-changing use of space, even on an individ-
ual basis. An important factor to consider is that 
cultural diversity in public transportation spaces 
requires communication that is as intuitive as 
possible and not hindered by language barriers, 
for instance. Another important question is how 

Figs. 12–14 Projected lines react to the 
passenger volume on the platform and com-
municate distances between travelers. 
(Source: Annika Storch/DML, HfG Offenbach 
am Main)

04	� The design project was created as part 
of the seminar »and now …?« in the summer 
semester 2020 in the Integrative Design 
department at HfG Offenbach University of 
Art and Design (supervisors: Peter Eckart 
and Julian Schwarze).
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to impart the credibility of scientifically based 
distance rules—certainly not through improvised, 
crudely made distance markers. Information that 
can be intuitively grasped, which also gives the 
individual passenger a feeling of being able to au-
tonomously determine the distance maintained, 
is central to the acceptance of the system. Then 
there is the aesthetic dimension. The technically 
advanced, dynamically reactive lighting artic-
ulates the space in a way that creates a pleasant 
experience at the level of perception, while inspir-
ing confidence. Last but not least, the chosen tech-
nical design language also has a highly symbolic 
effect. It stands for progressiveness and fosters 
acceptance of the scientifically based pandemic 
distancing rules. But most importantly, a systemic 
approach has been pursued here. By making the 
information on maintaining distances dynamic, 
the transit environment can be experienced in 
both the transit and waiting areas as part of a 
comprehensive, intermodal, progressive mobility, 
which can also be adapted on an individual basis.

Here, as in the design projects discussed above, the 
specific contributions of practice-led design re-
search become apparent. Starting from a concrete 
initial situation with a defined question and prob-
lem, a systemically oriented design approach leads 
to product innovations. These are structurally 
transferable and make the mobility system acces-
sible and more usable, exert a positive influence 
on the mobility experience, and convey the over-
all importance of intermodal, environmentally 
friendly mobility to society.

Figs. 15–17 1. A Kinect camera (a sensor) 
observes passengers; 2. a processing code 
interprets the human(s); 3. JavaScript 
determines the configuration of the line 
grid. (Source: Annika Storch/DML,  
HfG Offenbach am Main)
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Mobility in urban areas is shaped by structures 
and parameters that have evolved historically; the 
built environment determines what kind of trans-
portation is possible. Due to car-friendly city plan-
ning, which has been reinforced by relevant or-
ganizational and regulatory systems, automobile 
mobility has been consistently prioritized since 
the middle of the previous century. The current 
situation is marked by this prioritization. In exist-
ing transportation systems, new mobility services 
hardly seem to fit in—both in a physical sense and 
in the minds of users. Therefore, conceptual ap-
proaches are needed: how can new and innovative 
services be integrated into the existing system and 
how could these services sustainably transform 
it at the same time? Design research can employ 
»speculative design« methods through experimen-
tal products that explore ideas for the future while 
critically reacting to the present, thus encouraging 
new ways of engaging with it (Dunne and Raby 
2013). In this way, design research can show how 
new intelligent, intermodally conceived mobility 
services (based on current technological capaci-
ties) can be contextualized in relation to existing 
mobility systems. It also addresses the question of 
how user needs can be taken into account and how 
the demands of the built environment can be met. 
The goal is to reduce urban traffic and to create 
sensible, personalized services for people—ser-
vices that close the gaps and weaknesses within 
existing mobility systems while contributing to 
sustainable mobility. 

The design projects presented here articulate 
different conceptual approaches, showing how 
product innovations can systemically complement 
as well as transform existing transportation sys-
tems (here with a focus on Germany). The starting 
point is micromobility, a term used to describe mo-
bility with electrically powered, as well as nonpow-
ered, micro and light vehicles (Built Environment 
2022). From e-scooters to electrified and nonelec-
trified skateboards, micromobility includes many 
light or microvehicles that are characterized by low 
weight and low spatial requirements. The focus 
here is on small e-vehicles, which are used indi-
vidually, but are primarily shared, making their 
use more efficient and environmentally friendly. 

In urban environments, they represent a practical 
link between public transport and individual mo-
bility, which is also referred to as individual public 
transport (IPT) (Barillère-Scholz et al. 2020). A 
characteristic feature of small e-vehicles is that 
they fill mobility-related gaps, especially in the 
first or last mile. An already established role model 
exists: the rickshaw principle, which can be found 
primarily in Asian countries, can (when equipped 
with electric power) be a viable addition to local 
public transport in Western countries. This small 
tricycle with the capacity to transport people and 
goods, also known as a tuk tuk in the motorized 
version, could serve in the future as a model for au-
tonomously driven microvehicles integrated into 
existing mobility systems as transport modes.01

Rethinking Individual TransportRethinking Individual Transport
In Germany, as in almost all countries of the world, 
transportation is dominated by private motorized 
transport, resulting in considerable burdens on 
people and the environment (Vöckler and Eckart 
2022). The volume of passenger traffic (the dis-
tance traveled multiplied by the number of people 
transported, calculated in passenger-kilometers) 
increased by almost 34 percent in Germany from 
1991 to 2019. Motorized individual transport 
makes up about 75 percent of the overall passen-
ger transport volume (UBA 2021). This form of 
transport occurs almost exclusively in passenger 
cars, which are occupied on average by 1.46 people 
and are in motion for only forty-six minutes a day 
(Deutscher Bundestag 2018; Nobis and Kuhnim-
hof 2017). In the context of society as a whole, the 
automobile is an inefficient means of transporta-
tion. At the same time, from the perspective of the 
individual, it promises individual mobility that is 
virtually unlimited in terms of time and space—
unless the car and its occupants are stuck in traf-
fic jams, which is often the case due to masses 

01	� The term tuk tuk originates in the Thai 
language; it describes the sound of a 
two-stroke engine, which was (or is) the 
original equipment of motorized rick-
shaws (https://www.dictionary.com/browse/
tuk-tuk).
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of cars overcrowding streets in urban areas (see 
also Vöckler et al. in this volume). What would it 
be like, however, if individual transport occurred 
via shared microvehicles in almost constant use, 
which could adapt flexibly to the needs of the 
users, rather than via private vehicles, which are 
often parked in urban areas and left empty? What 
if they were available on demand, just like on- 
demand shuttles, but were in fact designed from 
the user’s point of view as part of a comprehen-
sively conceived, intermodal mobility system?

One example of this is the rickshaw mobility 
system described above, a privately operated 
three-wheeled microvehicle that is characteristic 
of Indian mobility culture(↳Fig. 1). In urban 
areas in India, the rickshaw is an indispensable 
means of getting around on your own. Unlike 
taxis, the vehicles are also used for the logistical 
transport of goods, thus allowing their usage to be 
more flexible. This type of passenger and goods 
transport with rickshaws, which is widespread in 
India, is not only distinguished by its great flexi-
bility and agility in road traffic due to the vehicle’s 
compact design, but also by spontaneous hop-on/
hop-off usage in combination with the high avail-
ability of these vehicles. From a systemic point 
of view, rickshaws in road traffic in India are said 
to function as congestion relievers since they are 
understood as a self-organizing mobility system, 
which allows them to penetrate congested areas to 

a certain extent.02 In this way, they are comparable 
to future traffic management systems that will use 
autonomous transport modes. In such systems, 
digital communication between the vehicles and 
their AI-controlled coordination will function as 
a single unit in order to identify and meet current 
demand at any given time.

In a future scenario where the rickshaw prin-
ciple is translated into new mobility services and 
integrated within existing European transporta-
tion systems, urban dwellers and mobility users 
will benefit equally. Microvehicles, with their high 
degree of agility and lower environmental impact, 
will become a self-organizing fleet of vehicles that 
will be autonomous in the future. They will re-
spond to the requirements of potential passenger 
mobility and goods transport for individual use 
and will be designed to this end as a service provi-
sion (mobility as a service). As an electric-powered 
model of the future, the rickshaw principle offers 
a number of advantages over conventional indi-
vidual transport vehicles. For example, compact, 
low-emission vehicles save public (parking) space 
while also reducing noise and air pollution. More-
over, micromobility opportunities based on the 
rickshaw principle can be combined with the vari-
ous levels of autonomous driving: from riding with 
a driver to fully autonomous, driverless operation, 
it is possible to integrate these into existing mobil-
ity systems (VDA 2015).03 In addition, autonomous 
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vehicle management and maintenance can be 
facilitated through artificial intelligence and ma-
chine communication between vehicles, in a sim-
ilar manner to swarm intelligence. Furthermore, 
the rickshaw principle can be used to flexibly re-
spond to user demand. It optimizes mobility over 
the first and last mile (the route to and from the 
respective front door to a public transport mobility 
service), while further supporting door-to-door 
logistics. In this way, effectively bundled public 
transport can be supplemented with (service) 
options, thus promoting intermodal, environmen-
tally friendly mobility (↳Fig. 2). This positively 
enhances the convenience of the entire mobility 
system. Three design projects based on this future 
scenario are presented below.04

How can a transport mode serve spontaneous 
usage in the first and last mile? Designed as a 
closed system, the »Pitchē« prototype (design: 
Amelie Ikas) offers a complementary, continu-
ously available mobility solution. As an autono-
mous public transport mode, it travels along fixed 
routes through the urban space (↳Figs. 3+4). It 
looks like a small cabin that can be boarded or 
deboarded as needed (according to the hop-on/
hop-off principle). However, unlike streetcars, 
for example, this system has no stops and indeed 
does not stop. The vehicle remains in continu-
ous motion and merely changes its speed when 

approaching deceleration zones, thus offering pas-
sengers the opportunity to hop on or off in the rear 
area. During short-distance rides through the city, 
often used for the first or last mile and done on the 
fly, the passenger is standing, with the handle- 
bar providing support. The »Pitchē« concept sup-
plements existing (public) mobility services and, 
in contrast to bicycles, provides enhanced access 
to individual transportation for persons with 

02	� These findings are based on a workshop 
held on March 1 and 2, 2019, at the Indian 
Institute of Technology (IIT) in Roorkee 
with Indian colleague Gaurav Raheja (Head 
of the Department of Architecture and 
Planning), where the benefits of tuk tuks 
were discussed.

03	� Levels 0 to 5 of automated driving: Level 
0: driver only; Level 1: assisted; Level 
2: partially automated; Level 3: highly 
automated; Level 4: fully automated; Level 
5: driverless (VDA 2015, p. 14ff.).

04	� The semester project »Tuk Tuk_Now« was 
conducted with design students at the HfG 
Offenbach University of Art and Design 
under the supervision of Peter Eckart, 
Anna-Lena Moeckl, and Julian Schwarze in 
summer semester 2019. Cooperation partners 
were Andreas Grzesiek, Steffen Reichert 
(Mercedes-Benz Advanced Digital Design, 
Sindelfingen), Markus Mau, and Aeneas 
Stankowski (Studio Same, Berlin).
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physical limitations. The special feature of this 
concept lies in its symbolic effect as well: a contin-
ually circulating, open mobility mode that can be 
intuitively utilized.

»Motus« (design: Oleg Babitsch), another driver- 
less transport system, adapts to the respective 
mobility situation and the people using it, inde-
pendent of the route and according to their needs. 
The design integrates the chassis below the trans-
port surface with seating and roof elements, which 
together look like a bus stop. This system is distin-
guished by its open design and ease of use: after 
you take a seat, the stop becomes a vehicle and 
drives off (↳Figs. 5+6). So instead of making trav-
elers wait at a stop for the next bus, the platform 
itself becomes a transport mode that takes pas-
sengers to the destination already specified in the 
smartphone app. Individual transport modules 
can also be linked together to form larger transport 
units.

Another way of integrating microvehicles is 
to think of the transport of goods and people 
together. The »Cituk« concept (design: Anita 
Bhuiyan) achieves this synergy: the respective 
usages of the vehicle are derived from movement 

and demand. This concept represents a mobility 
solution that situates the vehicle in two different 
contexts depending on need and use. »Cituk« is 
a miniature electric vehicle that can function as 
a taxi that can be ordered for up to three people 
along with their luggage, or it can act as a logisti-
cal transport vehicle (↳Figs. 7+8). The thinness 
of the design offers greater maneuverability in 
crowded streets, efficiently utilized interior space, 
and the ability to park in less space. In addition, 
an exchangeable battery at the rear of the vehicle 
eliminates the need for charging and the resulting 
vehicle downtimes that disrupt operations.

Understood as forms of speculative design, the 
three design concepts presented here embody 
ideas for the future through experimental prod-
ucts that expand the horizons of the imagination. 
They illustrate how systemic design, in contrast to 
purely object-focused design studies, encourages 
integrative thinking about new mobility services. 
The rickshaw principle can serve as a template 
for future mobility concepts and be transferred to 
European conditions. New forms of mobility are 
imaginable by means of these new approaches, 
which enable diverse and, above all, individual 
modes of use. As a complement to existing public 
transport and cycling services, these concepts ad-
dress different user needs, for example, by offering 
greater autonomy due to their constant availabil-
ity. They represent a kind of platform that enables 
autonomous movement: independent of ties to a 
personal vehicle and without its purchasing costs, 

Figs. 3+4 The hop-on/hop-off concept taken 
to the extreme: open and accessible vehi-
cle design is enabled by self-driving sys-
tems. (Source: Amélie Ikas/DML, HfG Offen-
bach am Main)
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it is also free from the need to register and order 
an on-demand or ride-sharing service. Further, 
the COVID-19 pandemic also shows that mobility 
needs can suddenly take on a different set of prior-
ities, for example, a move toward smaller driving 
units with fewer or no passengers (Heineke et al. 
2020). This desire can be met using the concepts 
described above and still be sustainable. When 
developing these ideas for the future, economic 
concerns were initially excluded, which would 
naturally have to be considered in further develop-
ment.

Systemic design approaches address existing 
transport systems and connect the »new« with the 
seemingly »familiar.« The design of microvehicles 
at the interface between system and users, allows 
not only for (new) applications, but also com-
municates their significance as a mode of jointly 
shared, sustainable mobility. The focus is not only 
on optimizing the mobility system in the sense of 
increasing efficiency, but even more on the ques-
tion of how acceptance can be won for this form 
of micromobility—thus resulting in a gain for the 
future of (urban) sustainable mobility.

Figs. 5+6 A station composed of vehicles:  
mobility is seen as a process in this 
design. Public space, waiting, and moving 
on the road all merge. Will waiting 
become totally unnecessary in the future? 
(Source: Oleg Babitsch/DML, HfG Offenbach 
am Main)
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Figs. 7+8 Logistics and mobility conceived 
together: how can both sets of requirements 
be based on one system, thus avoiding empty 
runs and waiting times for transport vehi-
cles? (Source: Anita Bhuiyan/DML, HfG  
Offenbach am Main)
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In cities, rivers can contribute significantly to 
quality of life. The transformation of riverfront 
areas in Germany from transit zones of the car-
friendly city to spaces of movement and encounter 
for pedestrians and cyclists is a complex and pro-
tracted process. In many cities, main traffic arter-
ies interfere with integrated urban development, 
creating barriers for nonmotorized, physically 
active mobility. Frequently, the rivers themselves 
are federal waterways, meaning that responsibility 
for them lies not with a municipality, but with a 
federal agency, which complicates planned mod-
ifications of riverfront zones. Involved as well are 
growing demands for flood protection and climate 
adaptation. Finally, transformations in commerce 
and remote working represent a fundamental 
shift in the utilization of downtown areas, and 
this includes open spaces and public ground-floor 
zones along downtown riverfront areas. Why, then, 
address the promotion of health and mobility as 
an additional aspect when designing downtown 
riverfront zones?

In cities, large, interconnected surfaces of 
water, our so-called blue infrastructure, contribute 
substantially to the promotion of health and to 
climate adaptation. A »blue space« is defined as an 
outdoor space whose identity is shaped by bodies 
of water, because it is either physically accessible 
or perceptible in audiovisual terms. Examples in-
clude coastlines, riverbanks, lakes and canals, and 
squares with pools or fountains. These offer nu-
merous possibilities for coming into contact with 
water on a daily basis: people may enjoy the sight, 
sound, smell, or feel of being near water; they may 
be active on or near water, by cycling, jogging, 
swimming, rowing, sailing, or traveling via water 
taxi. Blue spaces therefore feature a multitude 
of health-promoting amenities that enhance the 
quality of life; they can even be quantified in re-
lation to the increased life expectancies of local 
residents (Roe et al. 2021). 

The term walkability refers to the potential of a 
built environment to promote active bodily every-
day mobility in the general population (Bucksch 
et al. 2014). In general, we distinguish between 
five different dimensions: there is the density 
and diversity of utilizations, the accessibility of 

destinations, the distance to the public transport 
infrastructure, and the design of urban space 
(Ewing and Cervero 2010). From the perspective of 
urban planning in Germany, walkability is being 
discussed to an increasing degree against the 
background of climate protection, as well as of the 
enhancement of the urban fabric (Tran 2018). At 
this point, however, there are very few up-to-date 
studies on the reconfiguration of downtown river-
front zones in major German cities. The aim of this 
essay is to elaborate relevant structural aspects as 
well as planning strategies designed to optimize 
the positive public health impacts of blue spaces. 
Investigated for this purpose, with reference to the 
case study of the Mainkai in Frankfurt, Germany, 
are the value and the role of walkability in munici-
pal planning instruments, as well as structural and 
programmatic developments over the past thirty 
years. 

Background Background 
Frankfurt has 765,000 inhabitants and is an in-
ternational financial center, trade fair venue, and 
mobility and internet hub. Approximately 380,000 
people commute daily into the center of the Rhine-
Main Metropolitan Region, which has 5.8 million 
inhabitants. The modal split is 33 percent via mo-
torized individual transport, 21 percent via public 
transport, 26 percent via pedestrian travel, and 
20 percent via bicycle (Stadt Frankfurt am Main 
2020). This positions Frankfurt in the middle 
range for German cities with regard to the share of 
active mobility (see Buehler et al. in this publica-
tion). Frankfurt has seen a steadily rising number 
of overnight stays, around 11 million involving 
6.2 million guests in the year 2019, with the high-
est share of international guests in Germany, and 
a large number of additional day visitors (Stadt 
Frankfurt am Main 2021). Many of these visit 
Frankfurt’s recently reconstructed and unveiled 
old town, the historic Römer market square, the 
museums of the downtown area, and the adjacent 
northern riverbank area of the Main River, known 
as the Mainkai (↳Fig. 1). 

Alongside streets, walkways, squares, green 
spaces, parks, sports facilities, and cemeteries 
(19.5 percent), as well as forests and groves of 
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trees (15.9 percent), approximately 2.2 percent of 
Frankfurt’s publicly accessible spaces (amounting 
altogether to 36.7 percent of the developed land) 
consists of bodies of water such as harbor basins, 
watercourses, and standing bodies of water. This is 
a far lower proportion than cities such as Hamburg 
(7.6 percent), Berlin (6.6 percent), and Cologne 
(4.8 percent), and is comparable with Dresden 
(2.1 percent), but somewhat higher than Munich 
(1.4 percent) (Bundesstiftung Baukultur 2021). In 
urban Frankfurt, the Main River has a width of 
120 meters. By comparison, the river has a breadth 
of 350 meters in Cologne’s city center.

The BeginningsThe Beginnings
Located near the former ramparts of the city 
center, which is referred to as Nice for its mild 
inland climate, was Mainlust, an island with 
tourist cafes originally separated from the main-
land by a tributary (↳Fig. 2). Arriving later were 
bathing boats, and around 1900, riverside bathing 

areas, where generations of Frankfurters frolicked 
(Blecken 1993). Only the last third of the twentieth 
century saw a renewed interest in reshaping the 
riverfront zones for the sake of greater cultural, lei-
sure, and recreational use. In Frankfurt, however, 
this process has been slow. While the downtown 
shopping mile was transformed into a pedestrian 
zone during the 1970s, parts of the southern river- 
bank continued to be used for parking cars well 
into the 1980s (Wekel 2016).

The rediscovery of the Main River began in 1978 
with the origins of the Museumsufer (Museum 
Embankment) under the motto »Culture for 
All,« and continued in the 1980s with the project 
known as Stadtraum Main (Main River Urban 
Area), which included plans for residences, shops, 
and promenades in connection with the planned 
Olympics bid for the year 1992. To begin with, res-
idential buildings with direct waterside locations 
were created on Westhafen, in the vicinity of the 
European Central Bank on Osthafen, and on the 
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Sachsenhausen side. Pursued with the Museums- 
ufer was a concept that propelled the rediscovery 
of open space along the water through the net-
working of cultural facilities on both sides of the 
Main (Wekel 2016). On the Sachsenhausen side, the 
green areas at the level of the Museumsufer along 
Tiefkai, redesigned during the early 2000s, have 
become popular spaces for movement and ame-
nities. Located close to the riverside between the 
Eiserner Steg (Iron Bridge) and Friedensbrücke are 
thirteen museums, with an equal number accessi-
ble by foot from both sides of the river. Beginning 
in 2007, all of these institutions have presented 
themselves collectively as the Frankfurt Museums- 
ufer and attract more than 2.5 million visitors an-
nually (Kulturamt Frankfurt am Main 2021). 

Some of the freestanding museum buildings are 
former upper-class villas; others were designed be-
ginning in the 1980s by internationally renowned 
architects (Burgard 2020). Discussed in the begin-
ning were two divergent concepts. The Speer Plan 
of 1976 envisioned a »museum park,« with mo-
torized traffic diverted in an east–west direction 
along Berliner Straße at a considerable distance 

from the Mainkai. This concept envisioned an in-
tegrated landscape, protected from traffic, on both 
sides of the Main River. Going beyond the river- 
front zone itself, it was to have encompassed the 
publicly accessible open spaces of the museums 
as well (↳Fig. 3). Instead, in addition to Berliner 
Straße (four lanes) and the Mainkai (three lanes, 
20,000 autos daily), two main traffic arteries along 
an east-west axis were built. Both of these palpably 
segregate the riverfront, reserved for pedestrians 
and cyclists, from the city center.

Advent of TransformationAdvent of Transformation
The city center development concept of 2010 at-
tests to the disintegration of portions of the down-
town and the riverfront area as a consequence of 
the heavy burden of motorized traffic. Emphasized 
here was the diversity of urbanistic forms (high-
rises, row houses from the 1950s and 1960s, timber 
construction), as well as programmatically (com-
mercial, consumer-oriented, culture), which gave 
rise to divergent identities such as the banking dis-
trict and the old town. These were to be strength-
ened further by future development. It also became 
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clear that there existed few route connections along 
the north–south axis. Proposed then was an exten-
sive network of routes for pedestrians that would 
span the downtown area in combination with a net-
work of cycling paths that would feed at selected 
points into cycle streets (along Berliner Straße, for 
example). This network for active, everyday mobil-
ity was to have been supplemented by a uniformly 
shaped, integrated circular route through the green 
spaces of the former city ramparts. The relocation 
of streetcar stops, the partial limitation of access 
for private vehicles, and the creation of additional 
bus lines were intended to improve the traffic infra-
structure along the north–south axis. The redesign 
of the Mainkai was presented as a recommenda-
tion for action that would fulfill two aims: first, it 
would reinforce the identity of the lower old town, 
oriented toward the river, and secondly, it would 
strengthen green mobility (Stadtplanungsamt 
Frankfurt am Main 2010). This meant that the city 
center concept of 2010, which intended to provide 
a solid point of departure for a movement-friendly 
riverside, was firmly anchored in the five dimen-
sions of walkability.

The Current SituationThe Current Situation
In the late 2010s, the redesign of the Mainkai was 
taken up again against the background of discus-
sions concerning climate adaptation and quality 
of life in Frankfurt. This is evident, for example, 
in the vision of the downtown open areas as sur-
faces for movement and encounter, with the Main 
River as a central linchpin (↳Fig. 4). In contrast, 
the current situation is sobering. At the level of 
the central pedestrian crossing Eiserner Steg (Iron 
Bridge) and the Alte Brücke, the Main River is char-
acterized by residential buildings with dispersed 
cultural and gastronomic amenities. In open areas, 
these are supplemented by additional gastronomy 
and kiosks, as well as boat moorings. Together 
with the offerings of the old town, this leads to 
notable density and a variety of destinations 
that are reachable from the Eiserner Steg on foot. 
Alongside the main arteries that arrive through 
the Alte Brücke and the Untermainbrücke, the 
network of routes toward the north and the city 
center is shaped by the connection across the 
historic market square (Römer). The numerous 
pedestrian routes in between are ancillary, and 
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are used far less frequently (Pandit et al. 2020). 
Accessibility via public transport is provided via 
streetcar stops and a subway stop in the old town, 
as well as a bus stop on the opposite side of the 
river. Depending upon the specific location, these 
lie up to 500 meters from the Mainkai, which can 
already confront mobility-restricted individuals 
with challenges. The Mainkai itself has no public 
transport stops. With regard to the promotion of 
movement and accessibility, the design of urban 
space here has obvious gaps. With its marked gra-
dients leading from the Mainkai to both bridges, 
the topography presents an impediment for those 
with restricted mobility. Only the Eiserner Steg is 
barrier-free (it can be reached via elevator). The 
play and green areas at the bridge heads are used 
heavily, but dominant along the Mainkai are areas 
paved with material such as asphalt. In some areas, 
orientation is a challenge as well, given the ab-
sence of continuous guidance or lighting systems 
(Knöll et al, 2020). 

A much-heralded transport and urban planning 
experiment was conducted in Frankfurt between 
July 2019 and October of 2020: the three-lane 
roadway of the Mainkai was temporarily closed to 
motorized traffic. Recorded during this stoppage—
which coincided to a large extent with restrictions 
related to the COVID-19 pandemic—was an up to 

40 percent increase in bicycle use, a 20 percent 
increase in wheelchair users, and 1150 percent 
more children cycling independently. Registered 
as well was heavier use by pedestrians along 
north–south connections, which was distributed 
uniformly throughout all routes. In green areas 
along the Main River there were a greater number 
and diversity of leisure activities, engaged in for 
more extended periods of time, including sports, 
picnicking, and recreation (Pandit et al 2020). In 
November of 2020, the street was reopened to car 
traffic, with the result that by July 2021, the use 
by cyclists of the Mainkai had fallen again to the 
levels recorded prior to the experiment of 2019 (see 
Pandit in this publication). These figures however 
do not take into account that in late July 2021, one 
lane formerly used by motorized traffic was con-
verted into a cycle street. 

One objective of the Integrated Urban Devel-
opment Concept (ISEK) Frankfurt 2030+, which 
appeared in June 2019, was to increase the share 
of cyclists, pedestrians, and public transport use, 
within the modal split for Frankfurt. Among other 
things, this is to be achieved through a reconfig-
uration of the street space, as well as through the 
development of public transport options and bicy-
cle routes. An additional aim is the promotion of 
affordable living space (to include existing housing 
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stocks), and the qualification of open areas in the 
city center. The »continuing redesign of the Main 
riverbank,« which includes a lighting concept, is 
part of the plans of Frankfurt 2030+ (Stadtplanungs- 
amt Frankfurt 2019). This points up the recognized 
need for further action to improve mobility and 
amenity qualities along the Mainkai. 

Conclusion Conclusion 
It appears unlikely that many of the positive ef-
fects that accompanied the temporary closure 
of the Mainkai in 2019 and 2020—including an 
increase in active mobility, improved connections 
to the city center for pedestrians and cyclists, and 
heightened use of green areas—will be achieved 
with cars retruning to Mainkai street and given 
the current allocation of space. Improvements 
for bicyclists can be expected from the cycling 
lane, but this will need to be evaluated scientifi-
cally over some time. Future solutions need to go 
further. Common use by cyclists and motorized 
vehicles of the street as a shared space could make 
a substantial contribution to further reducing 
traffic speed along the Mainkai as a whole. The 
paving material should be redesigned as a visu-
ally unified movement and encounter zone, with 

zones for pedestrians clearly recognizable for 
people with visual impairments and according to 
the two senses principle. A decisive renaturation 
of the asphalt roadway that is freed up in this way, 
with far-reaching desealing and dispersed shady 
areas with trees, would make the Mainkai more 
responsive to the needs of pedestrians. Necessary 
as well is due consideration to the reprogramming 
of selected ground floor zones for the sake of in-
creased public use. In coordination with the agen-
cies responsible for historic preservation, it should 
be possible to open up buildings toward the Main-
kai; outdoor gastronomy and informal cultural 
uses should also be strengthened, with the aim of 
establishing and invigorating additional amenity 
qualities along Mainkai. Inherent in the concept of 
the Museumsufer (Museum Embankment) is still 
unused potential—here, it is a question of taking 
advantage of additional spaces in the downtown 
area, including underutilized office space and 
open spaces. In this regard, Burghard (2020) men-
tions, among other things, the requirements of 
the Museum of World Cultures, which is currently 
attempting to procure its own premises.

Worth considering for the sake of improved 
accessibility to the Mainkai is an additional public 
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transport connection to the riverside. One inter-
esting option could be the use of self-driving mini-
buses, but they would need to be integrated into 
the above-described spatial reconfiguration and 
into an overarching mobility concept for the city 
center based on limited car traffic, especially they 
are to enhance accessibility for individuals with 
mobility limitations. Conceivable as well might be 
water taxis as an integrated component of Frank-
furt’s public transport system, of the kind already 
in use in Hamburg and in London, where it is used 
to link together the museums that are set along the 
Thames.

It would also be useful to adapt the design of riv-
erway areas directly along the banks of the Main to 
the altered and decelerated velocity of pedestrians, 
including those with restricted mobility and par-
ents with small children. The new requirements 
described here highlight the need for a supple-
ment to the guiding design principle of a paved, 
urban Hochkai (high quay). Increased interaction 
with the waterway along Mainkai would promote 
enhanced mobility and public health. This could 
be achieved through a far-reaching desealing of 
open spaces, as well as through hybrid concepts 
that are analogous to plans implemented in Rotter- 
dam and Copenhagen. Specifically, this means  
that during dry periods, sport activities or social 
encounters could take place in the empty retention 
basins with seating areas along the edges, as well 
as in shady zones created by trees; during periods 
of heavy rainfall, in contrast, they serve as storage 
facilities for rain water, ready to interact with for 
pedestrians (↳Fig. 5).01 

Although the planning instruments of the city 
center development concept and in the Frank- 
furt 2030+ masterplan have been structurally 
anchored in values of walkability since the 2010s, 
actual implementation continues to fall short of 
objectives. With the traffic experiments along the 
Mainkai, the difficulties and potential of city- 
center blue mobility zones came strongly into 
focus. Urgently required now is genuine follow-up 
on the positive dynamic for active mobility, along 
with an experimental testing approach and scien-
tific verification of interdependencies. The accom-
panying controversy and passionate discussion, 

as well as the decision to reopen and, from August 
2022, close Mainkai to cars during school holidays, 
evening hours, and weekends, highlight the neces-
sity for supplementing traffic experiments with 
formats such as the »real-life laboratory.« In ad-
dition to supplying information and encouraging 
participation they investigate the potential added 
value for the citizens and render it concretely 
tangible in optimal ways. This is shown elsewhere 
by temporary interventions, even with more min-
imal investments, which clearly demonstrate an 
immediate effect on the bodies and well-being of 
residents (Roe et al. 2019). Expedient in this sit-
uation would be strengthened transdisciplinary 
exchanges between citizens and experts from the 
realms of politics and science, including planners 
and architects. The shared goal should be to better 
integrate the long-term planning aims and visions 
with incremental and yet powerful temporary 
interventions and scientific evaluations.

01	� Further selected results of the urban 
planning concept »City Center of the 
Future« can be viewed at https://www.
architektur.tu-darmstadt.de/urbandesign/
lehre_udp/sose_2020_udp/innenstadt_der_
zukunft_ergebnisse.de.jsp (accessed on 
March 8, 2022).



Martin Knöll

138

LiteratureLiterature
Blecken, Frank: Historische Parks in Frankfurt am 

Main, in Stadt-Parks—urbane Natur in Frank-
furt, Tom Koenigs (ed.). Frankfurt am Main 1993.

Bucksch, Jens and Schneider, Sven: Walkability. 
Das Handbuch zur Bewegungsförderung in der 
Kommune. Bern 2014.

Buehler, Ralph; Teoman, Denis; and Shelton, 
Brian: »Cycling and Bicycle Planning in Frank-
furt am Main and Washington DC.« In: Vöckler, 
Kai; Eckart, Peter; Knöll, Martin; Lanzendorf, 
Martin (eds.): Mobility Design: Shaping Future 
Mobility, vol. 2, Research, Berlin 2023 (Offen-
bach Publication Series on Mobility Design 2), 
pp. 140–148. 

Bundesstiftung Baukultur (BSBK), Baukultur-
Bericht 2020/2021: »Öffentliche Räume. 
September 2020.« https://www.bundesstiftung-
baukultur.de/fileadmin/files/medien/8349/
downloads/bsbk_bkb-20-21.pdf.

Burgard, Roland: Das Museumsufer Frankfurt—Ar-
chitekten und Bauten. Basel 2020. https://www.
degruyter.com/view/title/547363?tab_body=toc 

Dezernat Planen, Bauen, Wohnen und Grundbe-
sitz—Stadtplanungsamt Frankfurt am Main: IM 
DIALOG, Broschüre »Offener Planungsprozess—
Innenstadtkonzept Frankfurt am Main 2010.« 
Frankfurt am Main 2010.

Ewing, Reid and Cervero, Robert: »Travel and the 
Built Environment: A Meta-Analysis.« Nn: Jour-
nal of the American Planning Association, 76, 3, 
2010, pp. 265–294.

Knöll, Martin; Hopp, Sabine; and Eiermann, Britta: 
»Innenstadt der Zukunft. Ein städtebauliches 
inklusives Konzept für das nördliche Mainufer 
Frankfurt.« unpublished urban development 
assignment in summer semester of 2020, TU 
Darmstadt.

Kulturamt Frankfurt am Main: »Museumsufer 
Frankfurt—38 Museums, Endless Discoveries.« 
https://www.museumsufer.de/en/about-muse-
umsufer-frankfurt/about-museumsufer-frank-
furt-history/ (accessed on November 2, 2021).

Pandit, Lakshya: »Road Closure as an Experimen-
tal Urban Design Tool Fostering Active Mobil-
ity: A Case of Frankfurt Mainkai Riverfront.« 
In: Vöckler, Kai; Eckart, Peter; Knöll, Martin; 

Lanzendorf, Martin (eds.): Mobility Design: 
Shaping Future Mobility, vol. 2, Research, Berlin 
2023 (Offenbach Publication Series on Mobility 
Design 2), pp. 178–184.

Pandit, Lakshya; Vasquez Fauggier, Gladys; Gu, 
Lanqing; and Knöll, Martin: »How Do People 
Use Frankfurt Mainkai Riverfront During a 
Road Closure Experiment? A Snapshot of Public 
Space Usage During the Coronavirus Lockdown 
in May 2020.« In: Cities & Health, 2020 https://
doi.org/10.1080/23748834.2020.1843127.

Roe, Jenny; Barnes, Laura; Napoli, Nicholas J.; and 
Thibodeaux, Jarrett: »The Restorative Health 
Benefits of a Tactical Urban Intervention: 
An Urban Waterfront Study.« In: Frontiers in 
Built Environment, 2019, 5, online, https://doi.
org/10.3389/fbuil.2019.00071.

Roe, Jenny and McCay, Layla: Restorative Cities—
Urban Design for Mental Health and Wellbeing. 
Bloomsbury 2021.

Stadt Frankfurt am Main: Gäste- und Übernach-
tungszahlen 2020—Offizielle statische Auswer-
tung für die Stadt Frankfurt am Main, https://
www.frankfurt-tourismus.de/Presse/ 
Publikationen/Statistiken/Gaeste-und- 
Uebernachtungszahlen (accessed on March 8, 
2022). 

Stadt Frankfurt am Main: »Nachhaltigkeitsbericht 
2020.« https://www.frankfurt-greencity.de/ 
fileadmin/Redakteur_Dateien/Berichte/
NHB_2020/Nachhaltigkeitsbericht_Frankfurt-
am-Main_2020_Einzelseiten_barrierefrei.pdf 
(accessed on March 8, 2022). 

Tran, Minh-Chau: »Walkability als ein Baustein 
gesundheitsförderlicher Stadtentwicklung und 
-gestaltung.« In: Baumgart, Sabine; Köckler, 
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The bicycle is a healthy and sustainable mode 
of transport. Cycling produces no noise or air 
pollution, and utilizes far fewer nonrenewable 
resources than motorized transport. In compari-
son to the automobile, the bicycle requires only a 
fraction of the space required for driving and park-
ing. Virtually anyone can afford to own a bicycle, 
which costs private households and public funders 
far less than either private vehicles or public trans-
port. The energy required for bicycling comes 
directly from the cyclist. Daily cycling means en-
gaging in regular physical activity and contributes 
to aerobic fitness and cardiovascular health while 
protecting from obesity, diabetes, and a variety of 
illnesses.

Over the past two decades, Frankfurt am Main 
and Washington, DC, have successfully promoted 
cycling, and have redesigned their transport sys-
tems to make the bicycle an attractive component 
of mobility offerings. In both cities, this meant a 
break with the car-oriented planning of personal 
transport that had prevailed since the end of World 
War II. In contrast to well-known cycling cities in 
the Netherlands, neither Frankfurt nor Washing-
ton could have recourse to a tradition of cycling 
or of bicycle planning. This essay discusses the 
transformation of the transport system, as well as 
of mobility behavior and transport policies in both 
cities. The information contained in this text was 
drawn from interviews with bicycle planners, as 
well as from analyses of plans, transport concepts, 
and other publications. To begin with, there is a 
brief comparison of the two cities, as well as of 
cycling and mobility behavior overall. We focus on 
the key considerations that led to the successful 
promotion of cycling. We conclude by considering 
prospects for the coming years.

Background, Mobility Behavior, and HistoryBackground, Mobility Behavior, and History
Frankfurt and Washington, DC, have comparable 
population sizes (765,000 and 705,000, respec-
tively). The municipal area of Frankfurt is how-
ever around 40 percent larger, so that population 
density in Washington is approximately one-third 
higher (4,000 versus 3,000 people per square kilo- 
meter). Both cities have seen strong population 
growth in recent decades (up 14 percent) (MWCOG 

2021; Stadt Frankfurt 2020). Both Frankfurt and 
Washington are affluent cities, with high average 
household incomes, and a comparatively high 
turnover of residents. Both cities are the economic 
and employment centers of large metropolitan 
regions, with numerous commuters from the 
surrounding areas: around 550,000 people com-
mute daily to Washington, the capital of the US 
government, compared with around 400,000 in 
Frankfurt, one of Europe’s key financial centers 
(MWCOG 2021; Stadt Frankfurt 2020). Given the 
absence of high-rises and a cityscape designed by 
Pierre L’Enfant, Washington, makes a more »Eu-
ropean« impression than many North American 
cities. Conversely, given its skyscrapers, Frankfurt 
is often referred to as the most »American« city in 
Germany.

Frankfurt has a lower rate of car ownership per 
1,000 residents than Washington (470 versus 510). 
The average travel distance (6 km) and travel time 
(21 to 24 minutes) are comparable for both cities 
(MWCOG 2021; Stadt Frankfurt 2020). In Frank-
furt, a smaller number of trips involve private vehi-
cles (33 percent of all trips in the year 2018, com-
pared with 45 percent in Washington for the same 
time period), and a larger share involve public 
transport (21 percent versus 16 percent in Wash- 
ington). Roughly the same proportion of residents 
in both cities travel regularly by foot (26 percent  
in Frankfurt versus 29 percent in Washington), but 
bicycle use is more frequent in Frankfurt (20 per-
cent versus 5 percent in Washington) (MWCOG 
2021; Stadt Frankfurt 2020).

In comparison with other German cities, Frank-
furt’s modal split for bicycles lies in the middle 
range: it is comparable to Leipzig (21 percent), 
Dresden (20 percent), Mannheim (20 percent), and 
Berlin (18 percent). Frankfurt’s proportion of daily 
trips by bicycle is higher than in Dortmund (6 per-
cent) and Stuttgart (7 percent), but notably smaller 
than in cycle-friendly cities like Münster (39 per-
cent) and Karlsruhe (35 percent). Washington’s bi-
cycling modal split for travel to work is higher than 
in other large US cities such as Miami (1 percent), 
New York City (1 percent), and Denver (2 percent), 
and is comparable to Minneapolis (4 percent) and 
Portland, OR (7 percent), but markedly lower than 
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small cycle-friendly cities like Davis, CA (19 per-
cent) and Boulder, CO (12 percent).

The number of trips covered by bicycle has in-
creased since the late 1990s in both Frankfurt and 
Washington: from around 1 percent to 5 percent 
in 2018 in Washington, and from around 6 percent 
to 20 percent in 2018 in Frankfurt. The increase 
in cycle traffic between 2000 and 2018 is also re-
flected in bicycle counts for both cities: an increase 
of 320 percent of cyclists crossing bridges crossing 
the Potomac and Anacostia Rivers in Washington, 
and an increase of 250 percent along the Innere 
Kordon in Frankfurt (Alleenring/Mainbrücken) 
(DDOT 2021; Stadt Frankfurt 2018).

Like other German cities that were partially 
destroyed during World War II, Frankfurt was re-
built in a car-friendly style, with broad streets and 
ample car parking. Moreover, streetcar lines were 
decommissioned to generate space for automo-
biles (Müller-Rämisch 1996). In Washington, too, 
planning measures prioritized the private auto-
mobile during the postwar era. This included the 
broadening of streets, the construction of urban 
freeways, the creation of adequate parking spaces, 
and the complete elimination of the streetcar 
system in 1962 (Schrag 2015).

During the 1970s, the energy crisis and grow-
ing environmental awareness had a major influ-
ence on transportation planning in both cities 
(Müller-Rämisch 1996; Schrag 2015). Frankfurt 
had inaugurated its first car-free pedestrian zones, 
where bicycles were forbidden as well, and had 
installed narrow (from today’s perspective) cycling 
lanes along sidewalks (generally intended to allow 
children to cycle to school). Often, these bike lanes 
had no downward slopes at curbs, and drivers 
often had difficulty seeing cyclists at intersections 
(Bloecher 2021). In Washington, the first cycling 
plan was published in 1976 (Buehler and Stowe 
2015; DDOT 2005). During the 1980s and 1990s, 
however, its objectives were for the most part not 
implemented. Most of the progress was achieved 
through the construction of mixed cycling and 
pedestrian trails in parks.

The BeginningsThe Beginnings
During the 1990s, Washington, had no cycling 
planner, and cycling played no role in transport 
planning. Constructed on a regional level were 
further mixed cycling and pedestrian shared-use 
trails, mostly in government parks, or along new 
motorways and federal highways in the surround-
ing area (Hanson and Young 2008). In Frankfurt, 
the position of a bicycle planner was created in 
1991 (a novelty for a large city), along with the in-
troduction of additional bicycle-friendly measures 
(GSA 1995). Pedestrian zones were opened to cy-
clists. During the 1990s, Frankfurt participated in 
a successful nationwide pilot project that allowed 
cyclists to ride against the direction of motorized 
traffic on one-way streets located in traffic- 
restricted areas. The city inaugurated its first cycle 
street, with cyclists having priority over motor-
ized traffic. Cycling routes were also opened up 
in green belt areas. Within the city, cycling routes 
were identified for future development; these were 
planned for road spaces rather than sidewalks. Bi-
cycle parking facilities were created at local public 
transport stops (Bloecher 2021). Following the 
arrival of a new municipal government in the mid-
1990s, most cycling projects were suspended or 
pursued at a reduced pace (Bolle 2021). By the late 
1990s, Frankfurt—like Washington, DC—no longer 
had an independent cycling planner.

New Departures toward Promoting CyclingNew Departures toward Promoting Cycling
With the new millennium, the situation for cy-
cling changed in both cities. In Frankfurt, cycling 
became a component of the new overall transport 
plan for the first time. The plan, published in 2005, 
included a cycle-friendly scenario that envisioned 
seeing 15 percent of all trips covered by bicycle by 
the year 2015 (Stadt Frankfurt 2005). In 2006, the 
governing coalition, composed of the CDU and the 
Greens, adopted this as a political objective (Hoch-
stein 2021; Lanzendorf and Busch-Geertsema 
2014). 

Given that the planning of a comprehensive 
cycling network had failed during the 1990s due to 
budgetary and time constraints, it was now re-
solved that in the future, cycle travel would be inte-
grated into the daily decision-making mechanisms 
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related to transport planning and transport engi-
neering (Bolle 2021). Cycling was to be given due 
consideration as often as possible when it came 
to everyday street renovations and other relevant 
projects. Step-by-step, as an ordinary mobility 
resource, the bicycle became an accepted compo-
nent of transportation planning in Frankfurt—and 
cycling became more attractive as a result. More-
over, additional one-way streets were opened up 
to cycle traffic in both directions, bicycle parking 
was expanded, and the bicycle was promoted as 
a convenient and efficient transport resource for 
all user groups (Lanzendorf and Busch-Geertsema 
2014; Bautz 2011). Not just substantively, but orga-
nizationally as well, cycle traffic was reorganized 
throughout the city. Created in 2009 in place of a 
single bicycle planner was a Cycling Office, which 
was located in the Transport Department, and was 
positioned as an interface between transport plan-
ning, transportation construction, and the imple-
mentation of transport-related measures (Bolle 
2021; Bautz 2011). 

In 2001, a cycling planner was again appointed 
in Washington, DC, as part of an initiative designed 
to enhance quality of life in the city. The first mile-
stone was the publication of a Bicycle Master Plan 
in 2005 (DDOT 2005). The aim of the plan was to 
construct more and better cycling infrastructure, 
to implement bicycle-friendly measures, to expand 
bicycle training and education in schools, and 
to increase the promotion of cycling and bicycle 
safety. By 2010, 3 percent of commuters would 
hopefully travel by bicycle, and by 2015, 5 percent. 
In Washington as well, the cycling planner was 
positioned as an interface between transport plan-
ning, transport, construction, and overall urban 
development. As in Frankfurt, the master plan 
served as a guideline for integrating cycling into as 
many transport and urban planning decisions as 
possible. Up to the year 2010, Washington was able 
to implement a number of elements of the master 
plan. In 2010, for example, sixty miles of cycling 
lanes were constructed—a twenty-fold increase in 
comparison with 2001 (DDOT 2014). There was also 
a highly successful advertising campaign (goDCgo), 
which was addressed primarily to commuters and 
major employers (Sebastian 2021).

The Steady Growth of Bicycling The Steady Growth of Bicycling 
During the subsequent ten years, from 2010 until 
2020, both cities were able to implement further 
cycle-friendly measures, and bicycle use con-
tinued to increase. Between 2010 and 2019, the 
network of cycling lanes in Washington DC was 
expanded by more than fifty miles. In contrast to 
cycling lanes of the 2000s, a portion of these new 
installations consisted of protected cycling routes 
that separated cyclists from motorized traffic  
(seventeen miles). These facilities are safer and 
more attractive for a larger proportion of the popu- 
lation, but they also require more space, and are 
hence more politically difficult to achieve (DDOT 
2014). In addition, the city installed nineteen cy-
clist traffic lights at intersections, which compares 
well with the single cyclist traffic light found there 
in the early 2000s. Like Frankfurt, Washington 
began opening up one-way streets to cycle traffic 
in both directions (five miles). Inaugurated in 2010 
was the bicycle rental system Capital Bikeshare. 
The system grew from 100 docking stations in 2011 
to 500 in 2018, with more than 3.5 million bicycle 
trips annually (CaBi 2012).

In 2014, cycling was integrated into the new, 
comprehensive transport plan MoveDC (DDOT 
2014). The cycling component of the plan is a 
further development of the master plan of 2005, 
which envisions a network of cycling routes that is 
denser, better interlinked, more comfortable, and 
safer. In 2015, Washington resolved to introduce 
a »Vision Zero« policy, with the ambitious goal of 
reducing the number of cycling and pedestrian 
deaths to zero by the year 2024 (DDOT 2015). In 
2020, as part of the »Vision Zero« program, the 
general speed limit for the city was reduced to 
twenty miles per hour (ca. 30 km/h)—unless other-
wise indicated by signage. Like Germany, Washing-
ton, DC, also introduced bicycle education into the 
elementary school curriculum. In the 2010s, bicy-
cle parking was reorganized, and the integration of 
cycling with public transport resources improved. 
In 2018, 7.6 percent of all commuters traveled to 
work on bicycles, and 5 percent of all trips in Wash-
ington were covered on bicycles (MWCOG 2021).

By the year 2012, Frankfurt, had already 
achieved its goal of a bicycle modal split of 15 
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percent—three years earlier than originally 
planned (Stadt Frankfurt 2012). As in Washington, 
the years 2010 to 2019 saw a continuation and in-
tensification of the promotion of cycling pursued 
during the 2000s. As ever, the goal was to make 
cycling a progressively more attractive aspect of 
everyday life. Introduced in 2010 was a reporting 
platform that has allowed Frankfurt cyclists to 
register more than 1,300 problems or suggestions 
for improvement. More than one hundred bicycle 
repair stations—with tire pumps and tools for use 
by all cyclists—were installed between 2012 and 
2020. Opened in 2016 was a weatherproof parking 
garage at the main train station. Bicycle parking 
was reorganized and qualitatively improved at 
many other local transit stops and at other major 
points throughout the city—often with roofed 
bicycle parking spaces (Stadt Frankfurt 2016). The 
offering of simple bicycle parking lockups has 
been successfully expanded. Often, parking lock-
ups were installed close to intersections on former 
auto parking places, enhancing traffic safety 
through improved visibility between cyclists, pe-
destrians, and car drivers. 

After 2010, compared to the first decade of the 
new millennium, the bicycle has progressively 
come to be regarded by the majority of political 
parties as a crucial and useful transport resource. 
To be sure, the network of cycling routes in Frank-
furt still displays numerous gaps, and bicycle 
users on designated routes must come to terms 
with infrastructure of uneven quality, and at times 
with missing connections. Overall, however, the 
encouragement of cycling has been highly success-
ful. In 2018, 20 percent of all trips were covered 
using bicycles, and the city featured 1,400 km of 
cycling routes, while more than 90 percent of one-
way streets have been opened to cyclists moving in 
both travel directions.

The year 2019 was a major turning point for 
bicycle users in Frankfurt. The city’s three govern-
ing parties adopted a packet of measures known 
as »Fahrradstadt Frankfurt« (Bicycle City Frank-
furt) (Stadt Frankfurt 2019). This was a response 
to the public petition »Radentscheid Frankfurt« 
(Frankfurt cycling referendum) which was signed 
by more than 40,000 people to pressure the 

municipal government to do more to promote 
cycling. The central component of the plan is the 
construction of forty-five kilometers of new, sepa-
rate cycling routes by the year 2023. The protected 
cycling routes should be at least 2.3 meters wide, 
and be spatially separated from motorized traffic. 
In 2022, moreover, fifteen major intersections 
are to be redesigned in ways that take cyclists 
into greater consideration through infrastruc-
tural measures and traffic light signal times. The 
city also plans to connect express cycling routes 
from the outskirts directly into the city, provid-
ing direct, fast, safe cycling options. Beyond this, 
Frankfurt is reconfiguring up to ten kilometers of 
neighborhood streets annually in order to priori-
tize cycling traffic through bicycle priority streets 
and restricted access for motor vehicles. Car- 
restrictive measures are given explicit consid-
eration with regard to all redesigns of roadways 
and intersections. At the same time, the city has 
appointed a working group consisting of eighteen 
new full-time positions in the municipal admin-
istration, charged with promoting a »Bicycle 
Friendly City.« In the years 2020 and 2021, an ad-
ditional twenty million euros has been devoted to 
bicycle projects (Stadt Frankfurt 2019).

Conclusion Conclusion 
Despite their histories as car-friendly cities, both 
Frankfurt am Main and Washington, DC, have 
succeeded in promoting cycling, and in adapting 
traffic systems and traffic planning for this pur-
pose. In both cities, the current success of cycling 
promotion has its roots in the early 2000s, and 
with similar planning approaches: both pursued 
objectives in a stepwise fashion. One aspect of this 
approach was a focus on integrating the bicycle 
into daily decisions concerning transportation, 
transport technology, and urban development. 
This allowed cycling planners to recognize options 
for implementing bicycle-friendly measures early 
on, and to improve conditions for cyclists step-by-
step over time.

Both cities used a combination of infrastruc-
tural and other incentive measures. Regarding 
infrastructure, both cities introduced and qualita-
tively enhanced bicycle parking, installed cycling 
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routes, including (more recently) protected ones, 
as well as reduced-traffic neighborhood streets 
where cyclists could share the roadway with small 
numbers of motorized vehicles traveling at re-
duced speeds. These measures were supported by 
the corresponding marketing tools, public rela-
tions efforts, and cycling training. Found among 
these were cycling maps, bike-to-work programs, 
coordination with employers, options for public 
participation, and bicycle training in schools. Both 
cities improved integration of cycling into public 
transport through bicycle parking places at transit 
stops and public transport stations; Washington 
also integrated bike racks in buses.

The promotion of cycle traffic mirrors the pro-
cess of a change of consciousness concerning the 
utilization of public space and the image of the city 
that calls into question the absolute priority of the 
automobile—often with positive effects that go far 
beyond cycling itself. For example, bicycle parking 
spaces are positioned at intersections on former 
automobile parking spaces, thereby improving 

visibility axes between all roadway users and im-
proving traffic safety. Reduced speed limits and 
lower levels of traffic on many streets improve 
traffic safety for cyclists and pedestrians alike. At 
the same time, noise pollution is reduced for resi-
dents. Now, urban design measures are no longer 
oriented primarily toward accommodating private 
motorized vehicles, while other aspects—includ-
ing quality of life, environmental protection, and 
sustainability—acquire greater importance. 

In contrast to Washington, Frankfurt has a 
longer history of implementing measures de-
signed to make the use of private cars more expen-
sive, slower, and less attractive. In the 1990s, for 
example, Frankfurt had already begun reducing 
car parking spaces in city center areas and intro-
ducing traffic-calmed residential districts. Wash-
ington has also begun reducing car parking spaces 
but started at a later point in time. Moreover, it was 
only in 2020 that Washington reduced its general 
speed limit on side streets to twenty miles per 
hour.

In coming years, both cities will be pursuing 
similar goals when it comes to expanding their 
network of cycling routes, in particular with pro-
tected cycling and an improvement of bicycle 
traffic safety, especially at intersections. Cycling 
has received a big boost through municipal poli-
cies designed to transform Frankfurt into a bicycle 
city. Additional financial resources, increased 

Fig. 1 Cyclists on a cycle street on 
Neue Mainzer Straße in Frankfurt’s city 
center (Source: Andreas Blitz)

Fig. 2 Cyclists on a cycle street on 
Pennsylvania Avenue between the Capitol 
and the White House in Washington, DC 
(Source: Ralph Buehler)
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Chart 1. Milestones in the development  
of bicycle traffic in Washington, DC,  
and Frankfurt am Main, 1990–2020 

Washington, DC Frankfurt am Main

1990: During the 1990s, there is no cycling 
planner.

1991: Establishes the position of cycling 
planner (the first ever in a major German 
city). Pedestrian zones are opened up to bi-
cycle traffic for the first time.

1998: The regional planning organization pub-
lishes its envisioned future for cycling. 

1993–1996: Part of a successful nation-
wide pilot project that allows cyclists in 
traffic-calmed residential areas to travel 
against the direction of motorized traffic on 
one-way streets.

2001: Appoints its first full-time cycling 
planner. 

2003: Bicycle Traffic Scenario (15 percent). 
The plan, published in 2005, contains a bicy-
cle-friendly scenario that envisions seeing 
15 percent of all trips covered using bicy-
cles by the year 2015. 

2005: Publishes a bicycle master plan. 2009: Establishes the Cycling Office; located 
in the traffic department, it functions as an 
interface between transportation planning, 
transportation construction, and the imple-
mentation of transport-related measures

2014: Bicycling integrated into a new overall 
transport scheme “MoveDC.”

2015: Installs of electronic signs promoting 
cycling. 

2015: Adopts a “Vision Zero” policy with the 
ambitious goal of reducing cycling and pedes-
trian deaths to zero by the year 2024.

2018: 20 percent of all trips are covered 
using bicycles; Frankfurt now has 1,400 km of 
cycling routes, and more than 90 percent of 
all one-way streets have been opened to bicy-
clists in both travel directions.

2018: The bicycle rental system Capital Bike-
share registers more than 3.5 million bicycle 
trips annually.

2019: The city’s trio of governing parties 
passes a packet of measures called “Fahrrad-
stadt Frankfurt” (Bicycle City Frankfurt) in 
response to the public petition “Radentscheid 
Frankfurt” (Frankfurt cycling referendum), 
which was signed by more than 40,000 people 
in order to pressure the municipal government 
into doing more to promote cycling.

2020: Reduces its general speed limit on side 
streets to just 20 m/h.

2020–2021: An additional €20 million is de-
voted to bicycling projects in the years 2020 
and 2021.
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personnel, and the political will to prioritize cy-
cling over other means of transport have the po-
tential to make the bicycle the preferred mode of 
transport to an increasing degree.

In both cities, the COVID-19 pandemic gener-
ated new opportunities for more sustainable trans-
port and for cycling. In Frankfurt, for example, 
the Mainkai was close to motorized traffic. During 
the lockdowns of 2020, bicycle use increased by 30 
percent in Frankfurt, with 1150 percent more chil-
dren using bicycles (Pandit et al. 2020). The expe-
rience with closing the Mainkai to car traffic con-
tributed to strengthening plans for a shared space, 
and for temporary evening closures of the Mainkai 
to cars. During the COVID-19 crisis, neighborhood 
streets were closed to through traffic in Washing-
ton, DC, and many restaurants use parking spaces 
as outdoor seating for guests. It seems highly prob-
able that such measures showed residents how a 
city with less traffic and less parked cars might 
look, encouraging intensive discussions of these 
topics in the future.
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Jane Jacobs likened the sidewalk and street to an 
»intricate ballet« which »eddies back and forth 
with intricate vigor« (1961, 50–54) with a cast of 
actors and protagonists, emphasizing the street as 
a social experience and source of social networks. 
William Whyte’s Street Life project (1980) contin-
ued to explore the social dynamics of cities from 
an anthropological perspective, documenting 
social behaviors in the context of urban plazas and 
street corners. Kevin Lynch’s The Image of the City 
(1960) explored the street from the perspective of 
spatial cognition and »imageability,« showing how 
city streets and the urban fabric leave a mental 
image that allows users to orientate themselves in 
space, navigate it, and assign it meaning. Subse-
quently these ideas have been advanced by urban 
planners and designers, psychologists, sociolo-
gists, and neuroscientists, establishing streets as 
more than just traffic conduits; rather, they are 
sites for human experiences. These concepts are 
well-established and empirically tested but have 
yet to be integrated with a broader focus on active 
travel and walkability by transportation planners 
and public health specialists. Active travel, which 
emphasizes walking, bicycling, and other modes 
that engage travelers in physical activity, has re-
mained primarily focused on physical health out-
comes. Smart city initiatives, too, have sought to 
capture urban behavioral data but have struggled 
to model or diagnose mental health outcomes. 

Overall, the theories of Jacobs, Whyte, and 
Lynch—while compelling—have not yet been 
brought together in a coherent framework to 
study how the spatial dynamics of streets affects 
our mental health and well-being. Particularly 
in a moment when health restoration is seen as 
integral to the planning and design of cities, we 
observe an opportunity to connect these long-
standing theories to a multidimensional restor-
ative urbanism framework. We therefore explore 
the interrelationships between urban theories in 
terms of what they reveal about psychological- 
environmental interactions, that is, how the street 
impacts stress, and emotional, cognitive (includ-
ing neurocircuitries and brain health), and social 
well-being. Street life and mental well-being are 
interdependent in so many ways, but this web of 

interdependencies is far from well understood. 
Our approach is interdisciplinary, fusing ideas 
from environmental psychology, urban planning 
and transportation, sociology, anthropology, and 
neuroscience. Broadly, we contribute to a new 
emerging urban street science that understands 
streets are more than conduits for traffic, that 
they have significant effects on health and social 
processes. Given the breadth of this topic and the 
centrality of walking to models of psychological- 
environment interaction, we focus on the pedes-
trian experience.

In this chapter, we first review relevant theoret-
ical models and their interrelationships through 
the lens of human well-being; next we synthesize 
the ideas within a new framework (↳Fig. 1), and 
then we offer a suite of methods to advance scien-
tific enquiry and describe how a new urban street 
science can be put into practice (↳Fig. 2).

Existing Knowledge and Science: How Does a Existing Knowledge and Science: How Does a 
Streetscape Impact Mental Health and Well- Streetscape Impact Mental Health and Well- 
Being?Being? To date, the study of urban design and 
mental health has largely utilized the rubric of re-
storative environments from within the discipline of 
environmental psychology. Restoration is defined as 
»the process of recovering physiological, psycholog-
ical and social resources that have been diminished 
in efforts to meet the demands of everyday life« 
(Hartig 2007, p.164). Researchers have examined 
the restorative capacity of cities from a number of 
perspectives, including housing and transporta-
tion, with the context of urban green space (urban 
parks) receiving the most attention. The bulk of 
the research shows busy, »grey« streets to be less 
restorative than »green« streets, but the evidence is 
not conclusive (Aspinall et al. 2015; Neale et al. 2017, 
2020). Some research has shown the potential of 
»intriguing« street façades (and fine-grained shop 
fronts) for psychological restoration (Ellard 2015). 
Lively commercial streets may also function as re-
storative destinations; Barros et al. (2021) suggest 
that restorative attributes of streets include the 
social context (number of people, friends), meaning-
ful aspects (positive memories), urban design qual-
ities (permeability, scale), land use (variety of uses 
and services, coffee shops), managerial strategies 
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(upkeep), built (benches) and natural features (trees, 
planting). But how each of these attributes contrib-
ute to restorative health outcomes has not been fully 
explored in a holistic framework accounting for a 
multiplicity of psychological-environmental effects, 
as well as their interactions. 

The Rationale for a New FrameworkThe Rationale for a New Framework Recent 
decades have seen remarkable progress in the way 
that planners, local officials, and advocates for 
sustainable, equitable mobility characterize the 
value of transportation systems. Planners have 
transitioned from a mobility framework empha-
sizing vehicular throughput to an accessibility 
framework that privileges transportation’s role in 
linking people to myriad destinations, from jobs 
to open space (Levinson and Krizek 2005). In par-
allel, the role of active travel, particularly on foot 
or by bicycle, has been elevated in public health 
and planning as a means of increasing physical 
well-being (Lee and Moudon 2006; Pucher et al., 
2011). Walkability on local streets, therefore, has 
become a significant concern for planners and 
designers. While research has shown that the built 
and natural environments play a significant role 
in the choice to walk (Ewing and Cervero 2010; 
Handy et al. 2002), this research remains largely 
focused on the quantity of active travel (that is, the 
distance travelled or frequency of walking) as the 
critical outcome. The experiential dimensions of 
walking—including exposures to environmental  
stressors and restorative attributes, cognitive 
processes, and integration into social practices—
remain underconceptualized and underexam-
ined (Mondschein 2018). As a result, active travel 
research lacks a framework that accounts for the 
full spread of well-being effects of walking on the 
street, and walkability remains unconnected to 
human »whole health,« which integrates mental, 
social, and physical health (World Health Organi-
zation 1948). We define the positive impact of the 
urban streetscape on mental health and well-being 
as restorative streets. 

The Potential for Restorative (or Mindful) The Potential for Restorative (or Mindful) 
StreetsStreets Just as transportation planners now recog-
nize that transportation is not just throughput but 

a means to access a diversity of destinations, active 
travel research can acknowledge that the benefits 
of urban walking are not simply a matter of »more 
is better« but include a multiplicity of psycho-
logical and social dimensions with impacts on 
well-being. This framing resituates the street as the 
environment where we get our daily dose of envi-
ronmental exposures and experiences that activate 
a range of physiological, cognitive, and affective 
systems. It argues that walkability is not simply a 
matter of ease of walking, but a qualitatively rich 
concept encompassing a multiplicity of effects. For 
the active travel community, this framework would 
also demonstrate the potential value of walking 
and quality street environments beyond simply 
serving as a venue for cardiovascular exercise.

An Integrated Conceptual FrameworkAn Integrated Conceptual Framework
Theories of how street environments affect 
well-being are generally established and vali-
dated with experimental research (Mondschein 
and Moga 2018). Building on the work of pioneer-
ing urban design and planning scholars such as 
Jacobs, Lynch, and Whyte, biological and psycho-
logical scientists have identified multiple opera-
tive pathways for the effect of streets on people. 
What has yet to be developed is an integrated 
framework of human-environment relations 
on the street that both sets an agenda for future 
research and guides planners, designers, public 
health practitioners, and the community as they 
seek to improve well-being in their cities. ↳Fig. 1 
sets out the constituent parts of a new framework 
we propose for capturing urban street science. 
As the figure illustrates, each theory or model 
addresses a portion of a broad set of human-envi-
ronment interactions which take place on urban 
streets. Below we briefly set out each of the five 
constituent parts of the model and their overlaps. 

Neurourbanism is a new interdisciplinary field 
of research focusing on the relationships between 
city life and mental well-being, and ultimately on 
the brain (Adli et al. 2017). It builds from a body 
of science exploring pathogenic urban stress, 
that is, how city living aggravates stress and 
serious mental health disorders such as schizo-
phrenia (Lederbogen et al. 2011). Developments 
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in neurourbanism are also revealing new oppor-
tunities for improved experiences in the city; for 
example, how the brain constructs a cognitive map 
and representation of the environment to support 
memory and help navigation. Neurourbanism also 
shows the advantage of experiencing nature in the 
city (such as street trees) in supporting alpha wave 
activity in the brain, linked with psychological 
restoration (Neale et al. 2017). 

Imageability is a quality of places characterizing 
how inhabitants perceive their surroundings. In 
The Image of the City (1960), Kevin Lynch suggested 
that people form integrated mental images of their 
environs, encompassing urban form, routes, and 
opportunities. While urban designers focused on 
the typology of mental elements that Lynch in-
troduced—landmarks, routes, nodes, edges, and 
districts—research among environmental psychol-
ogists and human geographers emphasized the 

idea that environments must be learned through 
a set of cognitive processes often called »cognitive 
mapping« (Golledge 1999). Subsequent research 
has shown that specific cells and regions within 
the brain are devoted specifically to cognitive map-
ping, with wayfinding and navigation behaviors 
activating those structures (Maguire et al., 2006). 
Further, wayfinding behavior is associated with 
positive mental health outcomes including the 
mitigation of Alzheimer’s risk (Konishi and Bohbot 
2013). Imageability and spatial learning are also 
associated with an individual’s ability to func-
tion effectively in the city, including the means to 
access destinations including jobs, services, and 
open spaces (Mondschein et al. 2010).

Urban activity encompasses social relations and 
human copresence in urban environments. Wil-
liam Whyte’s The Social Life of Small Urban Spaces 
(1980) catalyzed a sociological understanding of 
urban places, revealing that the arrangement of 
public spaces have a significant impact on per-
sonal comfort, behavior, and interactions with 
other users of shared spaces. Whyte’s findings 

Fig. 1 An integrated framework for 
exploring the impact of urban streets  
on mental health (Source: Jenny Roe, 
Andrew Mondschein)
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reinforced Jane Jacobs’s arguments on the spec-
ificity of human-centered urban environments. 
Whyte and others have reinforced the idea that 
public places, including streets, are used by 
humans for a multiplicity of purposes, and that 
the best streets and squares enable a wide range of 
activities and configurations (Gehl 2013). Subse-
quent researchers have emphasized the social and 
political dimensions of streets, identifying streets 
and sidewalks as critical venues for encounter and 
confrontation (Loukaitou-Sideris et al. 2005). As 
social movements combating structural racism 
and political repression have manifested, the im-
portance of streets both as sites of oppression and 
of political expression and protest has only been 
reinforced (Sheller 2018).

Smart cities embraces the idea that urban pro-
cesses can be made more efficient, sustainable, 
and even equitable with the application of tech-
nology and optimization (Yates 2017). In smart 
cities, sensors, analytics, and automation can all 
be applied to monitor conditions and adjust in-
frastructure and behavior. With their reliance on 
digital systems, smart cities depend on a »quan-
tified urban science« based on systems thinking 
and copious amounts of data (Bettencourt 2014). 
As such, smart cities popularize a quantified-city/
quantified-self ethos that includes tracking of 
human behavior, measurement of environmental 
conditions, and integration of previously sepa-
rate data streams in ways that could provide new 
insight toward well-being in cities. However, the 
actual science of smart cities remains significantly 
underdeveloped, particularly with regards to 
human well-being. Smart mobility systems remain 
focused on traffic optimization with little atten-
tion given to the multidimensional health effects 
of street behaviors.

Restorative urbanism is a new approach that 
puts mental health, wellness, and quality of life 
at the forefront of city planning and urban design 
(Roe and McCay 2021). It builds from the princi-
ples of restorative environments research and 
thousands of scientific studies showing how urban 
design can support mental health. It also has the 
capacity to integrate a theoretical framework con-
necting/overlaying some of the theories above. For 

example, the signatures of restorative urbanism 
include well-connected cities and legible way- 
finding systems (resonating with the ideas of 
Kevin Lynch); high-quality aesthetics in urban 
form; dynamic, multifunctioning neighborhoods 
that support people’s everyday activities; and 
the existence of nature right into the city core 
(biophilic urbanism). The model also assigns im-
portance to the smaller signatures of city life—the 
psychological experience of episodic street inter-
actions (interactions with market street sellers and 
food stalls, for example)—building off the urban 
heritage of Jane Jacobs and William Whyte. 

Toward an Integrated FrameworkToward an Integrated Framework Many of the 
theories in our framework overlap but have not 
been integrated in a holistic urban street science 
framework. How they overlap in relation to well- 
being and to the physical streetscape is captured in 
↳Fig. 1. The imageability and social dimensions 
of streets, for example, are inherently connected, 
with positive (or negative) social experiences 
becoming significant features of an individual’s 
mental map. Conversely, a socially determined 
sense of belonging on the street is critical for posi-
tive affective outcomes while walking. Restorative 
urbanism and neurourbanism are both driven by 
human-centric interests and an understanding of 
what qualities of the urban fabric city can improve 
the experience of the city and well-being. Lynch’s 
theory of imageability and the idea of coherent and 
legible navigation in the city reduces confusion 
and supports mental well-being. Smart cities open 
up the possibility of integrated modeling of street 
environments and behaviors, but the integrated 
conceptual framework has not yet been developed. 
Broadly, each of these theories interacts with the 
other, and we hypothesize that the most positively 
restorative street environments must account for 
all dimensions of the walking experience.

Operationalizing the Framework Operationalizing the Framework 
A holistic framework for capturing restorative 
streets as proposed above requires a robust 
methodological framework that can allow it to 
be tested and operationalized. ↳Fig. 2 sets out a 
mixed-methods framework designed to capture 
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the complexity of the self: (1) the »quantified 
self«—the self in data and numbers—using science-
informed technologies to capture, for example, 
metrics of body physiology; and (2) the »uncon-
scious self,« our perceptions and feelings that 
remain largely unseen and which are more dif-
ficult to capture. For many psychologists (and 
philosophers) our human understanding of the 
environment is based entirely on our internal 
interpretations rather than on any concrete, real 
world attributes. In ↳Fig. 2 and below, we suggest 
methods that can capture the inner representa-
tions of our world (using qualitative methods) 
and the physiological, objective world of body and 
brain mechanics using hard science. 

Mapping BehaviorMapping Behavior The health outcomes of street 
behaviors are often dependent on spatial dimen-
sions such as proximity (to a tree or to pollution), 
distance, or speed traveled. Mapping behavior, as 
well as perceptions of the environment, are essen-
tial to understanding the effects of street environ-
ments. Behavioral mapping has made significant 
strides in recent decades, in large part due to the 
advent of GPS-based tracking. Numerous wear-
able devices, including smartphones, have GPS 
tracking capability that can precisely and con-
tinuously measure walking and other behaviors. 
Additional sensors, such as accelerometers built 
into phones, can more accurately measure speeds, 
stumbles, and other features of human mobility. 
These tracks can readily be included in Geographic 
Information Systems (GIS) that allow the overlay 
of other measures, described below, which can 
be tied to location and behaviors in space and 
time. Emergent techniques for mapping behavior 
include crowdsourcing data from social and geo-
social media platforms, including Twitter, Face-
book, and Yelp, which is being used, for example, 
to understand visitation patterns to urban parks 
and streets. The proliferation of mobile phones has 
enabled widespread collection of high spatial and 
temporal resolution data for use in urban mobility 
research (Lenormand and Ramasco 2016).

Mapping PerceptionsMapping Perceptions Subjective perceptions of the 
experience of place can now be combined with GPS 

via smartphone apps that help capture our inner 
interpretations and experiences of our world on the 
move using techniques such as experience sampling 
methodology (ESM). Social media data (such as 
from Twitter) is a potential new research method 
to capture experiential narratives that are also 
geolocated. Other tools include behavioral map-
ping that uses observational methods to map how 
people use and interact with city spaces, drawing 
also on the idea of affordances (that is, »what’s in a 
place for me«) that can capture the physical, social, 
and emotional affordances offered by the physi-
cal world. Information extracted from cognitive 
maps can also be integrated into the same system. 
While open-ended sketch maps—like those used by 
Lynch—that prompt individuals to draw their per-
ceptions of routes, landmarks, and other features of 
the built environment still have value, digital map-
ping allows individuals to share their perceptions 
of positive and negative experiences, critical loca-
tions, and local features directly into GIS (Miller and 
Goodchild 2015). Geographers and planners have 
developed software and hardware tools to facilitate 
the contribution of cognitive map elements. 

Neuroscience TechniquesNeuroscience Techniques Wireless technology is 
advancing a new paradigm in neuroscience re-
search, including mobile neural head sensors free 
of wires and cables that can capture brain wave 
activity as people move freely through their envi-
ronment. Smart watches can capture stress bio-
metrics (such as heart rate, heart rate variability, 
and galvanic skin conductance) in real time, and 
eye-trackers inform understanding of our visual 
engagement with urban streets as well as captur-
ing affective and cognitive responses to the built 
environment through eye blink and pupil diame-
ter (Hollander et al. 2019; Simpson et al. 2019).

Mapping the EnvironmentMapping the Environment Paralleling advances 
in the measurement of human factors are new 
approaches to measuring ambient environmental 
conditions in streets and public spaces. In the past, 
urban researchers had to rely on spotty, station-
ary measures of environmental conditions often 
extrapolated to whole sections of cities. Mobile 
and wearable sensing technologies have enabled 
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researchers and communities to assemble more 
spatially and temporally precise data on local 
environmental conditions at significantly lower 
costs than what was possible previously (Gabrys 
2014). Key environmental features including noise, 
air quality, temperature, and light levels can be 
measured using sensors carried by pedestrians 
and often integrated with technology already on 
smartphones (Roe et al. 2020). These environ-
mental factors are associated with traffic levels, 
built and natural features, and other planning 
and design choices that constitute street environ-
ments. Mobile and wearable sensing data, tied to 
GPS, can then be integrated with the other human-
centered measures already described. 

Space syntax is a tool that can quantify and char-
acterize the spatial properties of buildings and 
streets (Hillier 1998; Hillier and Hanson 1984), al-
lowing the street to be considered at a human scale 
as opposed to at area-level units (such as census 
block in the US) or as an activity space captured 
by GPS (global positioning systems). Space syntax 
captures four characteristics of the built environ-
ment: (1) building density (the percentage of land 
cover), (2) street integration (that is, how easily one 
can access a given street from any other in a street 
network), (3) visibility (using isovists to capture 
the volume of space visible from any single point 
in space), and (4) open space typology (for exam-
ple, a park, courtyard, street). These spatial and 
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visual aspects of urban form can then be correlated 
to well-being outcomes. Knöll et al. (2018) used 
space syntax to understand the psychological 
experience of a city, showing that certain open 
space typologies (park, square, courtyard, streets) 
are the best predictors of perceived urban stress. 
Survey tools that capture architectural scale and 
complexity together with the dynamics of street 
life (Bloomberg et al. 2013; Gehl and Svarre 2013) 
can also provide a rich source of data to correlate 
with well-being metrics. 

Summary: The Potential of the Methods to Ad-Summary: The Potential of the Methods to Ad-
vance Science and Understandingvance Science and Understanding By integrat-
ing these methods, new conceptualizations and 
measures of walkability become possible. Rather 
than focusing singly on behavior, physiology, 
affect, or cognition and knowledge, these methods 
contribute to a layered understanding of human 
experience of walking on the street. By integrat-
ing human factors with environmental data from 
sensors and high-resolution mapping, new rela-
tionships between (a) design and planning, (b) 
environmental conditions, and (c) human health 
can become apparent. For example, differences in 
the restorative effects of urban nature that are due 
to cognitive or social variations across populations 
can only be identified, understood, and addressed 
when the concepts and tools we describe here are 
brought together. Similarly, the intersecting ef-
fects of physiological stressors such as pollution 
and sociocultural effects of unjust traffic enforce-
ment require conceptual breadth and methodolog-
ical integration to adequately address well-being. 
Challenges remain in synchronizing complex 
geodata sets, mind-body data, and environmental 
data in real time. These data require new statistical 
approaches capable of handling integrated time-
space modeling, working across geographic scales, 
and errors arising from user behavior, sensor lim-
itations, and sampling methods. 

Discussion Discussion 
Above we offer a comprehensive framework for 
conceptualizing (and measuring) how mental 
health outcomes are associated with daily mobil-
ity in urban streets. We have drawn on a wealth of 

conceptual frames and disciplinary perspectives, 
each of which characterizes something about the 
psychosocioculture of the street and its effects on 
well-being. To date, conceptualizations of well- 
being have been mostly latent (certainly in Whyte, 
Lynch and Jacobs) and limited in urban planning 
and design. Restorative urbanism and neuro- 
urbanism do place well-being at the forefront, but 
they have not been thought of as a multilayered 
model (↳Fig. 1).

This is an opportune time to capitalize on a 
comprehensive model of street mobility and 
well-being. First, the advent of new methods and 
rise of smart cities offer a key venue for capturing 
the metricated city (and quantified self) but cur-
rently this is driven by utilitarian agendas (to make 
cities more efficient) and lacks a human focus. The 
smart cities paradigm has been criticized for fail-
ing to engage communities in metrification; inte-
grating a focus on resident well-being can provide 
a new template for generating both more efficient 
and stronger local communities. 

Second, COVID-19 has increased the importance 
of urban streets for well-being and changed how 
we live, work, and socialize. During the pandemic, 
we spent more time on our local streets; they 
were where we shopped, communicated with one 
another, and exercised under social distancing 
restrictions. COVID-19 has also kick-started a new 
trend toward localization and increased demand 
for safe, comfortable streets where we can enjoy a 
range of activities other than retail. Paris, for exam-
ple, is prioritizing the beautification of its streets 
and integrating new functions (play streets, for 
example). Having a comprehensive framework by 
which to capture and measure such change is im-
portant in scaling up such efforts to other contexts.

Finally, mobility justice has become a priority 
for cities and transportation practitioners, and a 
full accounting of the ways in which daily travel 
impacts well-being is essential (The Untokening 
2017). Intersecting experiences of environmental 
pollution, social segregation and oppression, and 
barriers to accessibility may come together to 
create significant psychological and health effects. 
A holistic model of health impacts of walking and 
other modes of travel will be critical if we are to 
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effectively identify and address the layers of plan-
ning, engineering, design, and enforcement that 
have historically resulted in unjust and inequita-
ble outcomes for many communities.

ConclusionConclusion
We seek to empower planners, designers, public 
health specialists, and communities themselves 
to create streets that don’t simply facilitate access 
to a destination but facilitate human health across 
multiple dimensions. Recognizing the breadth of 
the human experience of daily mobility is an op-
portunity for designers and planners to realize Ja-
cobs’s intricate ballet of the street. In so doing, we 
have an opportunity to move beyond connectivity 
as the sole purpose of transport infrastructure and 
instead acknowledge the role of walking and other 
forms of mobility as moments of potential resto-
ration during our daily activities. This project re-
quires interdisciplinary thinking that incorporates 
neuroscience, environmental psychology, trans-
portation, urban planning, sociology, and other 
disciplines that observe interactions between 
travel, environments, and well-being. Further in-
vestigation of these relationships is paramount for 
a new urban science of the street.
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The installation of cycle streets—streets where 
cycle traffic takes precedence over motorized traf-
fic—can be understood as cycling marketing trans-
lated into infrastructure: 01 bicycle traffic from the 
surrounding streets is bundled in such a way that 
the increased ratio on a cycle street results in a 
sense of heightened security, while also increasing 
real security through enhanced visibility. The re-
purposing of cycle streets also generates increased 
attention to the topic of cycling within a given 
municipality. But the concept of the cycle street 
also makes it possible to completely reconceive 
the street space from one façade to the other, with 
the aim of creating an inclusive infrastructure that 
gives due consideration to everyone who moves 
along the street, spends time there, or lives there. 
The dominance of the automobile is opposed by a 
concept that integrates all users and reanimates 
the street as a public space. In practice, however, 
this potential impact is often weakened by the fact 
that many cycle streets are open to automobiles, 
which might result in high levels of motorized 
traffic traveling at excessive velocities. Oftentimes, 
unfamiliar or ambiguous markings and signage 
represents a challenge as well. Can mobility design 
make a fundamental difference by using design 
decisions to mediate between users and the mobil-
ity system while positively influencing user expe-
rience and user decision-making? 

For a number of years now, Offenbach am Main 
has been working to expand its network of cycling 
routes, and in 2018, the city launched the project 
»Bike Offenbach« with the aim of creating six 
cycle streets for a total length of nine kilometers 
(see Stadt Offenbach am Main 2018). In city-center 
zones with higher structural density in particular, 
the reconfiguration of the street space is designed 
to reduce car traffic, leading to an enhanced amen-
ity quality. On these cycle streets, comprehensive 
design measures with high recognition value are 
intended to ensure adequate visibility. Certainly, 
the »Guidelines for Bicycle Traffic Infrastructure« 
issued by the German Road and Transportation 
Research Association recommend such a struc-
tural clarification of the function of cycle streets 
but contain no precise Germany-wide design 
requirements (see Becker 2019; FGSV 2010). This 

increases the usual leeway when it comes to mu-
nicipal traffic planning, a circumstance illustrated 
by the diversity of designs for cycle streets in 
various German cities and communities (see Graf 
2018).02 At the same time, the absence of clear 
guidelines can lead to the use of ambiguous mark-
ings. This became clear when a 500-meter-long 
test route was laid out on Senefelderstraße in 
Offenbach. In response to persistent public discus-
sions and misunderstandings with regard to utili-
zation, the »Bike Offenbach« project management 
decided to call on the specialist competency of de-
signers at the University of Art and Design Offen-
bach (HfG). This approach meant an opportunity 
to analyze the test route from a design perspective, 
while developing new concepts and deploying 
these findings directly in practice. Central con-
cerns were the creation of intuitively comprehen-
sible markings and factors designed to enhance 
the amenity quality. At the same time, social scien-
tists from the Goethe University in Frankfurt con-
ducted a comprehensive written household survey 
around Senefelderstraße (n=701) and interviews 
with residents to investigate empirically levels of 
acceptance of the cycle street and its public per-
ception as well as to discover which role mobility 
design could play in promoting nonmotorized 
mobility. Designers and social scientists engaged 
in an intensive exchange of ideas,03 as well as  
with the relevant protagonists of Bike Offenbach,  
which included the project management (»Offen- 
bacher Projektentwicklungsgesellschaft«), the 
office for city planning, the transportation 
authority, and the bicycle planning agency 

01	� This text is based in large part on the 
extensive documentation compiled under the 
title »Design- und Forschungsprojekt Fahr-
radstraßen: Mobilitätsdesign im Kontext 
von Verkehrswende, Aufenthaltsqualität 
und Intermodalität am Beispiel Offenbach 
am Main,« authored by Janina Albrecht and 
Peter Eckart, 2020 (https://project-mo.de/
de/portfolio-item/fahrradstrasse- 
offenbach/).

02	� As with other municipal roads, the respec-
tive municipality is responsible for in-
stalling cycle streets (Kregel 1983).
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»Radverkehr-Konzept.« Foregrounded in the fol-
lowing account are design aspects in particular 
(for detailed information about the social scientific 
research, see Baumgartner et al. 2020; Blitz 2020; 
Blitz et al. 2020; Blitz et al. in this volume).

The Baseline Situation: Analysis of the Test The Baseline Situation: Analysis of the Test 
RouteRoute
The local characteristics of the test route were first 
analyzed: the allocation of traffic space, traffic 
volumes, parking zones, intersections, visibility at 
crossings, green spaces and roadside trees, access 
to shops and residences, as well as routes and the 
requirements of the various user groups (see Al-
brecht and Eckart 2020: 13–27). Central here were 
the perspectives and the safety of cyclists. The 
following aspects were given special preeminence: 
the marking of safety dividers, markings at cross-
ing zones, unobstructed view axes as well as sur-
face allocation and traffic volume. 

The double broken lines on both sides of the 
roadway are meant to serve as safety demarcation 
lines and lane markers on the cycle street. They 
indicate the minimum distance between cycle 
lanes and parked cars and are intended to prevent 
accidents caused by car doors that open suddenly 

and by inadequate distances between bicycles and 
stationary vehicles (»door zone«). In the begin-
ning, these lines were frequently misinterpreted as 
designating bicycle lanes, and cyclists rode in the 
door zone rather than in the actual cycling lane—
the reverse of the intended effect (see Kuhn 2018; 
Baumgartner et al. 2020: 19–20; ↳Fig. 1). 

At crossings, the traffic lane of the cycle street 
was colored red, with a white dotted line along-
side the red surface to additionally highlight the 
crossing roadway. A lack of stop lines on the in-
tersecting streets, however, meant that road users 
at crossings drove right up to the dotted cross-
ing line. This made it difficult for cyclists to tell 
whether their right-of-way was being respected, 
diminishing a sense of safety. The numerous stag-
gered and variegated markings seemed unsettled 
and were not intuitively legible (see Albrecht and 
Eckart 2020: 18; ↳Fig. 2).

The start of the cycle street was also marked by 
a red area. This occupied the entire breadth of the 
roadway. Given its extension, cyclists were often 
forced over toward the side of the road (↳Fig. 3).

This conversion to a cycle street entailed only 
minimal alterations to the roadway and to the 
allocation of surface areas for the respective modes 
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of transport, although from that point onward, 
only neighborhood residents were permitted to 
drive cars on that street. Speed measurements 
showed that the majority of automobile drivers 
exceeded the thirty-kilometers-per-hour limit by a 
considerable degree (see Büttner 2019). Excessive 
speed, the large share of other traffic, and the car 
parking areas all underscored the disequilibrium 
that prevailed on the cycle street. Bicycle use was 
also discouraged by the perceived and actual risk 
of being hit by opening car doors, the failure of 

cars to observe right-of-way, and the experience of 
close calls when cars passed cyclists (on percep-
tions of the test route, see also Baumgartner et al. 
2020: 15–19).

The Development of Intuitively Intelligible The Development of Intuitively Intelligible 
Roadway Markings Roadway Markings 
How, then, can the roadway be configured in such 
a way that the various user groups intuitively 
understand street markings, particularly when 
there exists no tried-and-tested, unified standards 
for cycle streets? In order to develop concepts for 
the Offenbach cycle streets, international best 
practice examples and scientific studies were ex-
amined alongside the analysis of the test route. 
These demonstrated how markings can be used 
in order to support traffic infrastructure and the 
observance of traffic regulations. Straight lane 
markings and median strips have an accelerating 
effect, while wavy or zigzag longitudinal markings 
can draw attention to hazards, encouraging decel-
eration. Lane lines can also aid orientation or serve 
other functions. An important role is played as 
well by pictograms: they permit intuitive recogniz-
ability, quickly conveying traffic signs and haz-
ards. Site-specific designs can add to the graphic 
enhancement of cycling infrastructure.

Along the Offenbach test route, the errone-
ous interpretation of the marked door zones as 
designated bicycle lanes made it clear that no 
learned semantics were available to indicate their 

03	� This collaboration between designers and 
social scientists took place under the 
context of the research project »Infra- 
struktur—Design—Gesellschaft,« which was 
funded between 2018 and 2021 by the  
Landes-Offensive zur Entwicklung Wissen-
schaftlich-ökonomischer Exzellenz (LOEWE) 
in the German Federal State of Hesse. The 
project partners were the HfG Offenbach 
University of Art and Design (design, con-
sortium management), the Frankfurt Univer-
sity of Applied Sciences (transportation 
planning), the Goethe-University Frank-
furt (social sciences mobility research), 
and the Technical University of Darmstadt 
(multimedia communications; architecture/
urban design).

Fig. 2 Markings at a crossing area along 
the test route (Source: Janina Albrecht) 
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function as a passive surface that needed to be 
free of travelers. On the contrary, cyclists are all 
too habituated to being pushed toward the edge 
of the roadway, and hence toward parked cars, by 
excessively narrow safety dividers. For this reason, 

the marking should convey the function of a de-
marcated door zone intuitively while pointing to 
the area that should be used. A number of design 
variants were developed and discussed with the in-
volved parties of Bike Offenbach, among them di-
agonal hatching lines and fanned lines (↳Fig. 4). 
The hatching lines run diagonally and follow the 
semantics of a keep out area, reinforced by their 
orientation in opposition to the travel direction 
(always on the right-hand side of the roadway). 
With the fanned-out variant, the markings, which 
visually refer to the arc of an opened car door, 
begin from the parked car and are oriented against 
the cyclist’s direction of travel. With both variants, 
the haptic and acoustic effect of the markings also 
called attention to their function as safety lines 
when they are ridden on in error (unlike markings 
involving lines running parallel to the roadway). 
Both variants were included in the household 
survey, along with the existing design of the de-
marcated door zone on the test route.

The survey results showed that the majority 
of people favored the hatched lines, which were 
deemed the most appealing markings, as well as 
the most intelligible. Moreover, they appeared to 
be the most feasible solution for Bike Offenbach. 

With the new concept (concept NOW), just as 
along the original test route, surface markings at 
all intersections along the cycle street were in-
tended to call attention to the altered traffic envi-
ronment. The household survey presented a selec-
tion of the colors red, green, and blue. The results 
showed that a large majority of participants per-
ceived the red markings as being far more recog-
nizable than the other options, so this color was 
deemed advisable for subsequent implementation. 
Unlike the original test route, the new concept 
envisioned red markings only for areas where bicy-
cles were actually meant to be ridden. An interval 
of separation from the curb having the width of a 
door zone produces a buffer zone (protected space) 
along the roadside. Additionally, the red surfaces 
at the start of the cycle street are extended further 
into the roadway, creating a tapered shape that 
is designed to contribute to the deceleration of 
traffic. Because an even ending of the red marking 
acts as the end of a stretch several designs were 

Fig. 3 Markings at the beginning and end 
of the test route (Source: Janina Alb-
recht)
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considered (including hatchings, waves, zigzags) 
to convey its meaning to the unmarked surface. 
Finally, a diagonal transitional shape was selected, 
as it was seen to embody dynamism while calling 
attention to the right-hand side of the roadway, 
hence having a decelerating effect. The slanting 
lines are highly conspicuous, yet their straight-
forward formal arrangement avoids creating a 
distraction from what is happening on the road 
(see Albrecht and Eckart 2020: 44; ↳Fig. 5).

Furthermore, in the course of the road a bicycle 
symbol is painted within a white rectangle and the 
text stating »cycle street« to indicate the street’s 
special status (Zeichen 244 (StVO)). 

Improvement of Usability and Amenity Improvement of Usability and Amenity 
Quality through the Design of the Streetscape Quality through the Design of the Streetscape 
as a Whole as a Whole 
Research into examples of best practices along 
with numerous studies have identified the fac-
tors that make a transportation infrastructure for 
bicycles more appealing: a reallocation of road 
space, use of materials, forms of traffic calming, 
bodies of water and green areas, markings, infor-
mative guidance systems and recognizable icons, 
attractive illumination, and routes with sound 
effects while cycling along can all give rise to a safe 
infrastructure with high experiential quality. In-
dispensable, moreover, is the spatial integration of 
cycle streets into the surroundings, ensuring intui-
tive utilization.

With a point of departure in these research results 
and the test route in its above-described form, 
designers at the HfG developed three concepts for 
cycle streets. They focus on the routes and needs 
of nonmotorized road users, and take into account 
aspects like safety, acceptance, amenity quality, 
convenience, and consistency as well as social 
value and integration into the urban fabric (see Al-
brecht and Eckart 2020: 42f.; Vöckler and Eckart in 
this publication). While concept NOW, presented 
in the preceding section, uses a variety of roadway 
markings that intervene only minimally in the 
prior street structure and can be implemented in 
the short term, the FLOW and SHARED concepts 
(↳Fig. 6) go somewhat further.

FLOW is based on a familiar subdivision—ded-
icated zones for pedestrian traffic, parking, and 
moving traffic—but it alters the street layout, 
using curved lane markings, islands and crossing 
aides, green areas, and special offers for cyclists 
such as repair stations. Functional densification 
decelerates traffic and encourages an intuitive and 
diversified utilization of the street that respects 
the needs of pedestrians and residents. SHARED, 
in turn, pursues the idea of a fundamental recon-
figuration, and abandons the concept of an ex-
press cycling lane. The focus is on amenity quality 
and inclusion and is based on research into the 
routes of various traffic participants that was per-
formed at the start of the analysis. SHARED dis-
solves the boundaries between sidewalk and road-
way, emphasizing the breadth of the street from 
one façade to the other (rather than the customary 
division of the surface area parallel to the direction 
of traffic flow). This promotes relaxed, comfort-
able cycling, offers more space for pedestrians, 
and invites people to relax and linger on benches 

Fig. 4 Design variants for the demarcated 
door zone: the double dotted lines of the 
test route, diagonal hatching lines, and 
fanned-out lines (Source: Janina Albrecht; 
see Albrecht and Eckart 2020: p. 47)
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and green areas. A precondition for the success of 
this concept is deceleration and a substantial re-
duction of car traffic (for a detailed presentation of 
this concept, see Albrecht and Eckart 2020: 52–73). 

Together with the original design of the test 
route, FLOW and SHARED were included in the 
household survey and interviews with residents 
that were conducted by social scientists at the 
Goethe University in Frankfurt. The visualiza-
tions made the various conceptual approaches 
comprehensible, facilitating user anticipations 
of new forms of mobility. In the interviews, the 
FLOW concept, with its structural modifications, 
together with the retention for the most part of 
the existing space allocation, met with the highest 
approval from the perspective of bicycle users, 
since this model ensures the maintenance of rapid 
cycling (see Baumgartner et al: 24–26). The results 
of the household survey indicated that—indepen-
dent of the prioritized mode of transport—both 
FLOW and SHARED were seen to more likely con-
tribute to the beautification of the cityscape and to 
safety and a sense of well-being than the test route. 

ConclusionConclusion
Cycle streets are an effective means for promoting 
bicycle use and cycling safety but require a design 
that clearly displays the existing regulations while 
reducing potential danger to the greatest possible 
degree. The versions of elements such as the mark-
ings of door zones and crossing areas, and bicycle 
symbols developed in the research project took 
account of both intuitive associations and efficient 
implementation in appropriation to the material. 
Together, they represent a model solution that is to 
be used for all cycle streets planned in Offenbach 
(↳Figs. 7+8).04 It has become evident, for example, 
that the modified markings for the door zone have 
actually enhanced an intuitive understanding of 
its function. At the same time, a ride taken with a 
focus group revealed that the color blue preferred 
by the city of Offenbach for the strips was to some 
extent perceived as lacking in contrast, and hence 
more difficult to see in lower light conditions (on 
this group ride and the use of focus groups, see 
Schäfer et al. in this volume). In accordance with 
international guidelines, moreover, blue markings 
are earmarked for parking spaces with certain 
restrictions (see UNECE 2006).
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On cycle streets in German cities and municipali-
ties, meanwhile, the absence of uniform standards 
represents an impediment to the unambiguous 
identification of markings. The approaches de-
scribed here, however, suggest the potential for 
shaping and improving the usability and amenity 
quality of streets through intuitive markings, and 
beyond this, of the overall design of the street- 
scape. In order to transfer this accumulated knowl-
edge and experience to other contexts, thereby 
contributing to the implementation of readily 
identifiable, well-functioning, appealing cycle 
streets in other communities, it would seem useful 
to formulate a set of universal design guidelines for 

cycle streets on the basis of the above approaches, 
while conducting additional research into the ef-
fects of various models. The expertise of specialists 
in mobility design should be integrated into this 
process. Required, ultimately, is the political will 
to oppose purely car-oriented planning and to in-
stead devote greater surface area to cycling and pe-
destrians, even if this necessitates unpopular deci-
sions such as the reduction of car parking spaces. 
In the absence of an equitable allocation of space, 
an implemented cycle street may be perceived by 
cyclists as a superficial public relations maneuver 
and may be regarded—as a result of heightened 
attention in the press and social media—far more 
critically than other streets. Close collaboration 
between planners, designers, and politicians with 
regard to implementation, as well as the inclusion 
of the citizenry, may nonetheless lead to positive 
results and a greater degree of acceptance.

Fig. 6 The FLOW and SHARED concepts for 
cycle streets (Source: Janina Albrecht; 
see Albrecht and Eckart 2020: pp. 58 and 
72, figs. 102 and 130)

04	� Because parking places were not elimi-
nated during the installation of the cycle 
streets, the roadway in some places was so 
narrow that the blue diagonal lines mark-
ing out the door zone have been applied 
only on one side of the street, substan-
tially reducing safety.
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Figs. 7+8 The new markings are in-
stalled, Taunusstraße Offenbach, May 
2020 (Source: Julian Schwarze, Kai 
Vöckler) 
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From the perspective of sustainability, environ-
mental protection, and health, cycling is a form of 
active mobility that outranks motorized personal 
transport (BMVI 2021: 11). In urban areas in par-
ticular, the advantages of cycling are immediately 
evident: space requirements, for example, are far 
lower, while cycling produces virtually no noise 
and has practically no environmental impact 
(regarding the space requirements of the various 
modes of transport in moving traffic per person, 
see Randelhoff 2014). But how can bicycle mobility 
be promoted using new design concepts? How are 
new incentives encouraging bicycle mobility to 
be generated? A systematic approach that regards 
the bicycle not merely as a product, but instead as 
an element within a larger intermodal (and envi-
ronmentally friendly) mobility system is essential. 
From the user’s perspective, moreover, the bicycle 
should be considered as a mode of mobility in 
conjunction with transport infrastructure that is 
operated by other mobility providers. 

Promoting Bicycle Mobility Promoting Bicycle Mobility 
Bicycle design addresses all variants of this mode 
of transport, including cargo bikes, recumbent 
bicycles, and children’s bicycles, but also accesso-
ries, including trailers for children or cargo, trans-
port baskets or bags, locking devices, along with 
ergonomic attachments. Here, the selection and 
combination of elements is determined primarily 
by the requirements of the individual user as they 
relate to the specific (mobility) situation. The bi-
cycle infrastructure, in turn, facilitates movement 
and orientation for cyclists while guiding traffic 
flows. A systemically designed bicycle infrastruc-
ture incorporates aspects of road safety, for ex-
ample, specially installed cycle lanes that provide 
separation from both car traffic and pedestrians. 
But it also integrates aspects of comfort and ser-
viceability, such as footrests at stopping places 
and service stations with bicycle pumps, which 
provide infrastructural support to bicycle mobility 
in ways that resemble service stations for auto-
mobiles. Similarly, the creation of access points 
and transitions to and within the overall transport 
system via bridges or elevated bike lanes may form 
parts of a (new) bicycle infrastructure in ways that 

facilitate new forms of use of the mobility system. 
Safe parking facilities for cyclists, in bicycle park-
ing garages, on cycle racks, or at specially secured 
locking stations make demands on the planning, 
design, and implementation of a well-equipped 
infrastructure that is oriented toward the user’s 
needs. With the bicycle infrastructure, differently 
than with the bicycle itself, it is less the individ-
ual’s needs that stand in the foreground; given 
primary consideration instead are the collective 
needs of all bicycle users. The interests of society 
as a whole too must be taken into account if the 
relevance of structural changes to the respective 
mobility element is to be evaluated and shaped 
accordingly.

But how can people be motivated to regard bicy-
cle mobility not solely as a leisure activity, instead 
integrating cycling into everyday mobility as a 
self-evident element? How can design contribute to 
enhancing acceptance of bicycle transport as a sus-
tainable, cost-effective, environmentally friendly, 
and efficient form of mobility that is used on a 
regular basis? Design and design research strive to 
develop new, innovative mobility concepts or op-
timize existing ones and conveying their findings 
to current or future users of the mobility system. 
Design measures make it possible not only to arrive 
at solutions to existing problems, but also to gener-
ate possibilities for reconceiving bicycle transport, 
in terms of both the bicycle as a product and the cy-
cling system as a whole. In order to raise awareness 
of the functionality and attractiveness of cycling, 
design incorporates these factors into product 
development, linking individual and social needs 
conceptually. Design therefore takes into account 
individual needs as they relate to the bicycle as an 
object, but also conceive of these needs as an aspect 
of an overarching, intermodal mobility system. The 
questions raised above will now be explored and 
illustrated through three projects.

The Reconfiguration of the Bicycle The Reconfiguration of the Bicycle 
as a Productas a Product
How can loads be transported conveniently and 
comfortably using bicycles? In cities, combining 
travel via bicycle with the transport of loads or 
large purchases is generally achieved only with 
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a special cargo bike, and hence confronts many 
cyclists with difficulties. Also, a cargo bike is not 
particularly practicable when no loads are to be 
transported. They are unwieldy, require consider-
able parking space, and cannot simply be carried 
onto suburban trains, for example. The »Convercy-
cle« (design: David Maurer-Laube) addresses this 
problem head on.01 It combines comfort, experien-
tial quality, and function, and encourages people 
to use the bicycle more frequently, even when 

transporting loads. By reconfiguring the bicycle 
based on user needs, it generates a new mobility 
option: the two-wheeler is an ordinary bicycle and 
a cargo bike at the same time. Depending upon 
which type of bike is required, it is adaptable to ev-
eryday needs through a clever folding mechanism 
that is operated by means of a handle on the rear 
wheel (↳Figs. 1+2). The bike unites the advan-
tages of a short, easily storable, lightweight, ma-
neuverable city bike with the transport options of 
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a cargo bike that accommodates purchases, sports 
bags, beverage crates, or baby seats. The success of 
this reconfigured bicycle is clearly evident: David 
Maurer-Laube has been pursuing development, 
marketing, production, and sales through his own 
extracurricular startup, and has already sold more 
than a thousand units since 2019, with sales now 
averaging around fifty monthly.02

How can active mobility become a sustainable 
and individual experience? Another possibility 
for reconceiving the bicycle and better adapting 
it to individual needs is through ergonomic opti-
mization, so that each bicycle becomes distinctive 
and personal while at the same time optimizing 
the mobility experience. This becomes possible 
through the digitally supported data capturing of 
the bodily dimensions of the individual user and 
the corresponding adaptation of the bicycle frame 
through the insertion of individually manufac-
tured frame parts through 3D printing. Through 
this concept, »Frame One« offers a customized 
bicycle (design: Felix Pape and Mervyn Bienek).03 
To begin with, the dimensions of the projected 
customized bicycle are determined by measuring 
the user and taking into account his or her per-
sonal riding habits. An individualized frame that 
conforms to the individual’s physical needs is 
created on the basis of a frame algorithm. Finally, 
the frame is manufactured locally on-site using 3-D 
printed sleeves and readily available, cost-effec-
tive, semi-finished products, and outfitted with the 
appropriate accessories. The personalization of the 
bicycle not only allows functional and aesthetic ad-
aptations, but also reduces health problems by sig-
nificantly improving cycling posture (↳Figs. 3+4). 
The bicycle’s design and the manufacturing pro-
cess facilitate a local, intelligent, cost-effective pro-
duction approach that counters the pull of mass 
production. Felix Pape and Mervyn Bienek are 
developing and marketing »Frame One« through 
an independent, extracurricular startup, and have 
already realized a functional prototype.

The Adaptation of Bicycle Infrastructure to The Adaptation of Bicycle Infrastructure to 
the Experience of Mobility the Experience of Mobility 
As a rule, transport infrastructures are planned 
from a purely functional perspective: how can 

people or goods be transported from point A to 
point B with maximum efficiency? This seems rea-
sonable enough, but that approach often neglects 
the user’s needs, resulting in a less satisfactory 
mobility experience. In the end, the experiential 
quality and comfort of the mobility experience call 
for something more than a seamless, functionally 
conceived process. It is at this point that design 
comes into play: how can a networked transport 
infrastructure—in this case for bicycle traffic—be 
adapted to individual needs? How can the larger 
social significance of an environmentally friendly 
mode of mobility be communicated, with the aim 
of promoting identification with and acceptance 
of it? 

One example is the design project »Green Line« 
(design: Andreas Grzesiek), which emerged from  
a student ideas competition organized by the  
Regionalverband Rhein-Main and the Fraport AG, 
and which expands the existing transport infra-
structure at Frankfurt Airport’s Terminal 2 to in-
clude a bicycle bridge.04 As the region’s largest  
employer, the airport represents considerable 
potential for influencing the mobility habits of 
its employees in a positive way through special 
options. Moreover, the adjacent municipal forest, 
with its bike routes in green surroundings, encour-
ages active mobility as a link between the airport 
and downtown Frankfurt or with neighboring 
residential areas. Up to now, the transport infra-
structure at the airport itself, however, was almost 

01	� The »Convercycle« originated in the winter 
semester 2017–2018 at HfG Offenbach Uni-
versity of Art and Design, which was de-
voted to the topic »The Bicycle in the 
City,« in the course »wheel2wheel« (super-
visors: Peter Eckart with Anna-Lena Moeckl 
and Julian Schwarze).

02	� According to Convercycle Bikes GmbH, these 
numbers reflect sales as of January 2022 
since market launch in June 2021 and from 
an earlier Indiegogo campaign. 

03	� »Frame One« emerged in the University of 
Art and Design (HfG) Offenbach summer se-
mester of 2016, which addressed the topic 
»The Bicycle and Urban Production,« in the 
course »bike.0« (supervisors: Peter Eckart 
with Julian Schwarze). 
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hostile to bicycles, especially at an intersection 
and feeder road that were to be integrated into the 
network of cycle routes around the airport by the 
ideas competition. The design was developed from 
the perspective of bicyclists: to a great extent, the 
cycling route leads through the municipal forest, 
and is confronted with a challenging traffic situ-
ation only in the area of the crossing. The design, 
which takes the form of a forest aisle, cites the air-
port’s wooded surroundings, continuing the posi-
tive experience of nature through the intertwining 
of landscape and bridge elements. The resultant 
wave form offers cyclists view and noise protec-
tion while serving as an icon of environmentally 

friendly mobility (↳Fig. 5). The design offers a 
positive mobility experience, generates visibility 
for this mode of transport, while at the same time 
achieving a powerful symbolic impact.

The projects presented here demonstrate how 
design can promote active mobility and encour-
age people to switch from other forms of mobil-
ity. First, there is the design of products that are 
oriented toward the needs of users, reconfiguring 
them by regarding them as systemic elements 
and conceiving them from the perspective of the 
mobility experience. Secondly, design is used 
consequentially to adapt elements of the trans-
portation infrastructure that support cycling in 
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ways that improve the mobility experience. Not 
only can design be used to optimize the mobility 
system through product innovations, but it can be 
used to convey the importance of innovative and 
environmentally friendly mobility along the inter-
face between the mobility system and users. This 
means using design in order to arouse curiosity 
while promoting acceptance of different or new 
modes of mobility and their use in everyday life. In 
this way, design can contribute to the emergence 
of new habits and routines, hence advancing the 
larger aim of promoting sustainable mobility.
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Road Closure

Globally, the car as a mode of travel has played a 
dominant role in the urban mobility scenario, but 
in recent years many European cities and agglom-
erations have taken measures to encourage a para-
digm shift away from the car by supporting green 
and active mobility (that is, involving walking and 
cycling in travel, which also promotes health- 
related benefits). According to previous urban stud-
ies in Germany, the majority of citizens have priori-
tized a car-less existence for a better way of life and 
favor alternative urban practices over car-centric 
approaches for their city or neighborhood (BMUB 
2017). This perspective enables planning bodies to 
take measures, with the support of public opinion, 
toward active mobility in the future. 

In 2019, one such measure was undertaken by 
the city of Frankfurt on the Mainkai riverfront. 
The northern stretch of 800 meters between the 
two bridges Untermainbrücke and Alte Brücke 
was closed to car traffic for a year, inviting diverse 
usage of space for the intermediate timeline. The 
closed street section was in proximity to the city 
center of Frankfurt, the Hauptwache plaza, and has 

elements of open green spaces near the riverfront. 
While the street was open to public use, no per-
manent design changes were permitted due to the 
temporary nature of the road-closure experiment. 

Prior to the road closure, Mainkai street, which 
had no cycle lanes, was mainly dominated by cars. 
Movement via active means of mobility mostly 
occurred along the riverside boulevard, used by cy-
clists, kids, wheelchair users, pedestrians, etc. The 
riverside was seen as a space of conflict where fast-
paced user groups (cyclists and e-scooters) would 
share the same space with slow-paced user groups 
(baby strollers, users with reduced mobility, such 
as wheelchair users, etc.). In addition, the uneven 
ground surface and the rail track in the middle of 
Mainkai led to some bicycle accidents (↳Fig. 1). 

With the road closure in place, an impact study 
was undertaken after a year of its implementa-
tion, allowing for people to get familiar with the 
nature of the new open space. To initiate the 
impact study of the road closure, certain points 
were identified on the Mainkai and nearby streets 
(including the three bridges) to study pedestrian 

Fig. 1 Mainkai street before, during, and after road clo-
sure in 2019, 2020, and 2021, respectively. Note: The 
cycle lanes in 2021 were painted permanently after data 
supported the initial recommendations presented to the 
Traffic Planning Department of Frankfurt am Main. (Source: 
Urban Design and Planning Unit, Technical University of 
Darmstadt)
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movement, the active travel patterns of children, 
and stationary activities (↳Fig. 2). The data 
collection was undertaken during the morning, 
afternoon, and evening peak hours on weekdays 
and weekends over a similar timeline over the 
course of three years, from 2019 to 2021. In 2020, 
with the onset of the COVID-19 pandemic, the 
closed stretch of Mainkai riverfront was seen as 
an opportunity for people to use the open space 
while maintaining social distancing. Overall, the 
open Mainkai street saw a 46 percent increase in 
cyclists and a 20 percent increase in pedestrians 
during the peak hours of the day after the road 
was closed. With respect to the vulnerable user 
groups children cycling independently increased 
by 1150 percent(!) and there were 25 percent more 
users with reduced mobility (URM) (Pandit et al. 
2020). The results also showed a decrease among 
cyclists and e-scooters in the riverside area (gate-
way points 8 and 17 in ↳Fig. 2), suggesting they 
moved away from the space of conflict because 
they had had to slow down to accommodate other 
user groups. This showed the difference in utility 

of spaces among user groups based on differences 
in their speed of movement. It was clear that 
Mainkai street favored cyclists with a more direct 
path of movement, but it didn’t have a dedicated 
bicycle pathway for them.

The road closure showed an increase of active 
modes of mobility on Mainkai street, supporting 
walking and cycling activities among children and 
adults. This in turn influenced the stationary ac-
tivities, sitting and standing, which became more 
frequent around open spaces. More recreational 
activities on the street by local associations led to 
stationary activities, especially alongside the road-
side edges, which were mostly unused open spaces 
prior to the road closure. The temporary benches 
installed on Mainkai street, which also became 
intermediate relaxation spots for cyclists on the 
street, propelled more activities. While the influx 
of tourists was reduced due to the lockdown mea-
sures in 2020, more local participation and avail-
ability of the street as a new open space enabled 
more utilization among pedestrians and other user 
groups (↳Fig. 3). 
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With the timeline of the road-closure experiment 
being temporary in nature, the Mainkai street was 
opened again to the car traffic later in 2020. This 
phase, the non-road closure scenario, was taken 
into consideration for data collection in 2021. After 
a year of opening Mainkai street back to cars, the 
situation led to decrease in cyclists’ peak-hour 
density (down 8.2 percent compared to 2019) in the 
Mainkai area. While the number of cyclists reduced 
by around 5 percent on Mainkai street, the riverside 
area showed a greater drop of 25 percent. This shows 
the acquired movement of cyclists still favoring the 

Mainkai street through the behavior learned during 
the road-closure experiment. On Mainkai street, 
there were more pedestrians (up 21 percent) along 
with e-scooter users, which showed the maximum 
growth in peak-hour density (a jump of 175 percent) 
in comparison to pre-road closure scenario. The vul-
nerable groups including users with reduced mobil-
ity showed an increase of 31 percent (in comparison 
to 2019) on Mainkai street. With cars being back on 
the road, the impact on cyclists using the street was 
clear and it showed the discomfort with a reduced 
peak-hour frequency of cyclists (↳Fig. 4). 
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While the slow-moving user groups (pedestrians, 
users with reduced mobility, people with strol- 
lers, kids, etc.) increased to a certain extent on 
the Mainkai street in 2021, the fast-moving user 
group—cyclists—decreased. The road closure 
might have been responsible for attained user 
behavior of using spaces in close proximity to the 
Mainkai street; though with car traffic back on the 
road, the reduced freedom of movement among 
cyclists without a dedicated bicycle pathway could 
account for reduced numbers. During the summer 
of 2021, a permanent change on the Mainkai street 
was observed; a car lane was replaced with a two-
way red cycle lane on the sides of the Mainkai 
street. The move would influence the stationary 
activities taking place along the edges of Mainkai 
street, making them safer, as they were more dis-
tanced from the high-speed car traffic. The new 
bike lanes would also support the growing trend 
for bicycle users, which was observed in 2020 
during the road-closure experiment, and propel 
movement toward achieving higher modal split 
for cycle as a mode of travel. While the dedicated 
bicycle pathways are not as wide as those seen in 
cycle-friendly cities like Copenhagen (2.5 meters) 
(Gehl 2010), the move would propagate the drive 
for having for more cycle-friendly streets around 
the city. 

The practice of street closures has been prom-
inent in cities with a focus on population health, 
active modes of travel, and related subject areas. In 
the USA and other countries, many cities have un-
dertaken large-scale road closure measures (also 
known as ciclovías) as a medium to promote phys-
ical activities within its population. A road-closure 
initiative via summer streets in New York engaged 
many people into walking, running, cycling, and 
other physical activities (Wolf et al. 2015). With 
cities trying to provide more space for children, 
the implementation of play streets, which pro-
vides a safe environment for children and their 
caretakers, has been another type of temporary 
road closure. Such measures have shown increased 
amounts of physical activities and a greater sense 
of community (Umstattd et al. 2019), which has a 
positive impact on an individual’s health. The ex-
amples of ciclovías and play streets showcase the 

practice of street closures in urban spaces becom-
ing more frequent, especially with a focus on fos-
tering more physical activities through different 
user groups involving children as well (↳Fig. 5). 

Mainkai as a shared space has seen continuous 
changes over the years, with the experimental 
nature of the road closure showing its potential for 
different user groups favoring active mobility. Sim-
ilar short-term experiments have been observed 
during the pandemic in neighboring cities forming 
the Rhein-Main agglomeration, offering an oppor-
tunity to check a street’s potential toward active 
mobility modes and to find ways to improve its 
present modal share, ultimately supporting alter-
native urban practices over car-centric planning 
approach in cities and neighborhoods.
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From Driving to Being Driven From Driving to Being Driven 
The transformation of transportation appears 
irreversible. An important step along the way 
toward the electrification of drive technology is 
a vastly more efficient organization of transport 
resources, with fewer private automobiles, a signif-
icant transition toward resource-conserving public 
transport, and more cycling and walking. Although 
the transformation of transportation is a global 
topic, we place our focus on examining the case of 
Germany, as this country can be seen as one of the 
biggest automobile strongholds. This article asks 
whether this supremacy of the automobile indus-
try in Germany can be diminished. We argue that, 
while we will witness the transition to autonomous 
driving in the foreseeable future, the German au-
tomobile industry as well as the public transport 
sector are currently failing to recognize the con-
comitant opportunities. With the question raised 
of whether autonomous driving is part of the solu-
tion or the problem, it becomes evident that polit-
ical guidance is needed. Required are not just con-
ducive regulations, but also ambitious providers in 
the public transportation sector and a fundamental 
reconceptualization of the automobile industry. It 
is a question not only of radical technical innova-
tion, but also of a paradigm shift in transport poli-
cies: a transition from driving to being driven.

The aim is comprehensive mobility with a 
smaller number of vehicles and a radical reduction 
in resource use. When it comes to autonomous 
driving, the current focus of both experts and the 
media is on the conventional automobile. Since 
the 1960s images of driverless cars, whose occu-
pants no longer need to steer and can while away 
the time with board games have dominated the 
media. But autonomous driving need not neces-
sarily be conceived as a continuation of private 
automobility. A completely new perspective opens 
up provided we imagine the development of au-
tonomous vehicles as representing a shift toward 
a radically modernized, multi-optional, public 
transport service. Passengers could be driven from 
door to door in vehicles having a variety of sizes 
and amenities. This specific way of using the ve-
hicles is generally denoted by the futuristic term 
robotaxi. The word conveys an extreme degree of 

automation: there would no longer be any human 
drivers, and passengers would have no influence 
on the driving process. Vehicles would operate au-
tonomously, their assignments preprogrammed, 
and would be surveilled remotely within a defined 
territory. In this case, it is therefore useful to dis-
tinguish autonomous driving, which implies a 
driverless, independent vehicle, distinguished 
from automated driving, meaning technology that 
provides a support function for private automo-
biles that are controlled by human drivers.

In recent years, discussions about automated 
and autonomous driving have been conditioned by 
internationally agreed-upon levels of automation; 
the currently prevailing Level 2 is expected to tran-
sition all the way to fully autonomous driving, re-
ferred to as Level 5. Implicitly, the dominant model 
of the private automobile is to be perpetuated, 
with the successive introduction of additional 
assistive functions. Foregrounded are concerns 
about greater comfort, convenience, and safety for 
private automobiles as we know them today. The 
race to claim the prerogative to identify the poten-
tials of autonomous driving, beyond safety and 
function, has only just begun (Canzler et al. 2019).

When it comes to automated driving, announce-
ments about which kinds of vehicles will be trav-
eling our roads and when and how they will revo-
lutionize street traffic are reaching us almost on 
a daily basis. There is a tendency to use the terms 
automated and autonomous interchangeably. As a 
rule, these terms are used to refer to partially auto-
mated vehicles, since we have no actual experience 
to date with fully autonomous vehicle fleets. In 
the United States and China, however, test vehicles 
produced by various digital companies are being 
operated in real conditions, and are gathering 
many test kilometers of experience, or stated more 
precisely: they are collecting data in order to learn. 
In particular, the Google subsidiary Waymo has 
accumulated a substantial wealth of experience, 
establishing a considerable lead over competitors.

In examining these developments and test proj-
ects, a fundamental difference between European 
and US cultures of innovation becomes conspic-
uous. In Europe, pilot trials are being undertaken 
in protected laboratory situations, for the most 
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part on hermetically sealed test tracks preceded 
by strict premonitoring, and only after elaborate 
approval procedures. In the United States, in con-
trast, testing is conducted in real street traffic with 
one or two occupants who can intervene in emer-
gency situations, and of course in compliance with 
current regulations. Here, in contrast to Germany, 
the vehicles do travel in real-life conditions and are 
exposed to erratic street traffic. With the digital en-
terprises in California, the preparedness to engage 
with risk and to undertake technical adaptations 
through trial-and-error procedures is far higher 
than with European auto manufacturers (Canzler 
and Knie 2016; Daum 2019).

Alongside technical and legal challenges, how-
ever, it still remains an open question which model 
of use for automated—and later autonomous—ve-
hicles will ultimately prevail. The visions of the 
traditional automobile manufacturers diverge es-
sentially from the aims of the US tech enterprises.

The large auto manufacturers are working on 
the stepwise construction of driver assistance sys-
tems such as the »Traffic Jam Chauffeur« and the 
»Highway Chauffeur.« These make it possible for 
drivers who find themselves stuck in traffic or trav-
eling on freeways to relinquish the steering wheel, 
at least intermittently, and turn their attention to 
other activities. These technologies, as expected, 
are being introduced together with expensive and 
elaborate technical add-on systems via the luxury 
segment. In engineering language, this step can be 
described as the transition from Level 3 to Level 4 
of automation logistics.

A major theme throughout this development 
is »takeover time,« the period of transition from 
automated steering back to human driving. At this 
point, no accepted standards exist in this regard. 
The central problem yet to be resolved is to dis-
tinguish at which exact point the responsibility of 
the human driver stops and that of the machine 
begins. Clarity about this process is required for 
accidents to be avoided. User acceptance will only 
occur if this transition can be achieved in a stress-
free manner (Stilgoe 2017). The question is: Which 
activities, apart from driving, will the person in the 
vehicle be allowed to do, and how quickly should 
that person have to change from a passenger—who 

is likely in a relaxed state, or even a state of semi-
sleep—to an active driver (Wolf 2015)?

In general, it is important to ensure that during 
disturbances or in emergency situations, the pas-
senger in a partially automated vehicle can inter-
vene. Paradoxically, this becomes more difficult 
the more rare emergencies are. There is a consid-
erable danger that passengers will »unlearn« driv-
ing skills and require too much time to find their 
way back to the unaccustomed role of the driver. 
Difficulties involving this so-called handover to 
a human driver have plagued pilot projects with 
partially automated vehicles for years now, and the 
problem remains unresolved (Morgan et al. 2017). 

A series of research projects has tested rules 
and technical warning signals designed to facili-
tate takeover by passengers. Looking at the focus 
of the current research projects and questions 
involved makes clear that vehicle manufactureres 
still adhere to the classical model of the private 
automobile. Automobility is becoming simpler 
and more comfortable, while the actual busi-
ness model is to change as little as possible. As of 
summer 2021, German manufacturers, for exam-
ple, had not yet succeeded in offering a technically 
reliable solution that could actually enter produc-
tion. In this regard, the design decision to continue 
to center the human as the driver of the car even 
when it comes to automated driving has resulted 
in a technological dead end.

An entirely different vision is being pursued by 
US digital enterprises. With every test mile driven, 
Google (Alphabet), with its subsidiary Waymo, 
optimizes its algorithms for genuinely auton-
omous driving with the assistance of artificial 
intelligence. In selected areas, the test vehicles, 
as robotaxis, offer comprehensive point-to-point 
services without any driver intervention, relying 
on a combination of radar, camera, and lidar (light 
detection and ranging).

Before a Waymo vehicle rolls onto the street, it 
is equipped with a detailed data map of the driv-
ing environment, with information about streets, 
crossings, and fixed objects lining the roadway. 
Such prior knowledge concerning permanent fea-
tures of the operational terrain allows the sensors 
to focus on moving objects and other road users.



Reinventing Public Transport

191

Reinventing Public Transport

When it comes to weighing their technical options, 
Waymo and other digital companies such as Cruise 
and Uber remain »open.« They are confident that 
products and services that have demonstrated 
their large-scale practical value will find a suitable 
commercial model, even where current operations 
have failed to show positive quarterly results. This 
means that neither strictly commercial key figures 
nor ecological indicators count as benchmarks 
for the strategic success of these companies; what 
counts instead is a larger vision. Nonetheless, 
they do rely—and it is here that the European 
enterprises regularly underestimate the American 
competition—on functional blueprints. After all, 
the imagination of capital providers is only gen-
uinely inspired when evidence of success can be 
demonstrated, at least in principle, in well-defined 
subareas.

Neither the consistent automation of private 
automobiles nor the vision of truly autonomous 
robotaxis is being pursued in earnest by the tradi-
tional automobile manufacturers. In particular, 
the idea of autonomous fleets seems to be seen 
more as a variety of public transport. And neither 
vehicle manufacturers nor platform operators have 
sufficient experience with managing vehicle fleets 
in public space. It is also questionable whether 
they bring the necessary empathy to the task. After 
all, transport is necessarily public in character, as 
it serves collective transport objectives and always 
involves a mixture of political and entrepreneurial 
interests. For this reason, a municipality or region 
that commissions public transport services may 
compel operators to provide service in areas and 
on routes where demand is weak, even far below 
the threshold of financial viability. In order to 
resolve this contradiction, German cities and mu-
nicipalities often operate transport services them-
selves, covering deficits with their own budgetary 
resources, or advertising bids for such services and 
paying private operators with public funds. It is 
not uncommon for a certain type of service to be 
considered in the public interest, even though it 
would not be regarded as viable from the perspec-
tive of a for-profit enterprise.

Neither in Europe nor in North America would 
the established operators of public transport 

services—largely rail or bus companies—be able 
to generate the requisite investment or to marshal 
the required competencies to embark upon the de-
velopment of robotaxis. When it comes to the tech-
nological development of automated driving, the 
real impulse comes from the digital enterprises. In 
contrast, public transport companies—including 
Deutsche Bahn—have not played a major role to 
date in the race to develop this technology. Re-
peatedly, these enterprises are instead relegated to 
their core priority, namely rail transport, a sector 
that has fallen behind when it comes to the neces-
sary modernization measures.

The current intermediate stage of semi-auto-
mated vehicles—whether in the form of partially 
automated private automobiles from the major 
manufacturers or robotaxi prototypes by Waymo 
and others—raises the question of which techno-
logical developments are deemed beneficial when 
it comes to climate-protection goals, an envisaged 
redistribution of public transportation areas, and 
the general improvement of quality of life, and 
which ones conflict with these political objectives 
(Dangschat 2017; Fleischer and Schippl 2018).

Up to this point, we lack suitable protagonists 
when it comes to developing autonomous vehi-
cles as integrated elements of an attractive public 
transport system. Neither platform operators nor 
automobile manufacturers have sustainable or 
socially equitable public transport in mind—their 
aim is simply to market their services or vehicles 
profitably. The development of autonomous ve-
hicle systems for the sake of modernizing public 
transport is therefore ultimately a political ques-
tion as well. The design task consists of using  
autonomous driving as a component of a multi- 
optional and environmentally friendly mobility, 
or, in other words, part of a transformation of the 
transport system. It is a question of shaping the 
framing conditions of transport, or of modifying 
existing regulations in such a way, that auto-
mated vehicles are integrated into a multioptional 
transport structure (Knie and Ruhrort 2019). This 
means exploring the potential for the development 
of automated vehicles to play a key role in a trans-
port system that is both ecologically efficient and 
compatible with urban life, and that could improve 



Weert Canzler and Andreas Knie 

192

transport connections in rural regions. Possible 
are hitherto unconventional forms of cooperation, 
such as that between the South Korean automobile 
manufacturer Hyundai and the US ride-hailing 
business Lyft, which could provide public trans-
port services.01 

In addition to cost savings, one advantage of 
(partially) automated shuttles over conventional 
buses is that they can be deployed far more flexi-
bly and are far more adaptable to changing topo-
graphical and infrastructural conditions. The 
range of application includes connections to stops 
and stations (»hubs«), serving residential areas, 
and also operating in industrial parks, hospitals, 
schools and institutions of higher learning, in an 
on-demand mode in the form of shuttle services 
(»spokes«). While transport volumes are reduced 
due to limited capacity, flexibility is increased 
when it comes to types of service and schedules is 
substantially larger than with conventional buses. 
Even conventional bus route operations can be 
covered using shuttle systems during off-peak 
hours (Hunsicker et al. 2017).

At the moment, (partially) automated shuttles 
are still far from ordinary operational capacity. 
Regarding both technical and legal standards, 
many technical and operational questions have yet 
to be resolved. Currently, there exists a substantial 
gap between the technical standard attained and 
robust serial operation, while economies of scale 
cannot be achieved as yet.

When attempts are made to introduce such a 
system, a basic problem in the public transport 
sector becomes clearly evident. In comparison to 
other industries, it is not just financial clout that 
is absent; it is the lack of a culture of innovation 
that prevents the operators of regional and local 
transport systems from catching up. In their legal 
constitutions, public transport operators, as well 
as networked municipal transport authorities 
and special purpose associations, are not geared 
toward addressing open, future-oriented topics. 
The transport operators are operative providers, 
while the commissioning organizations were set 
up for the purpose of the legally tendering of stan-
dardized transport services. Competitive bidding 
proceeds exclusively at the level of costs. The logic 

of the public transport system hinders innovation 
because it is not represented in the system, much 
less rewarded (Canzler and Knie 2016: 39ff.).

Reinventing Transportation in Germany, the Reinventing Transportation in Germany, the 
Land of the Automobile Land of the Automobile 
A genuine alternative to the private automobile 
will emerge only if new forms of modernized 
public transport are convenient, reliable, and 
flexible. Under the conditions of the Personenbe-
förderungsgesetz (German Passenger Transpor-
tation Act; PBefG), which was modified in August 
2021, on-demand transportation on the basis of 
digital platforms can contribute to achieving the 
target vision of sustainable, efficient mobility. 
Interlinked with classical bus lines to form an 
overarching service, on-demand offerings could 
provide an alternative to the private automobile. 
The larger question is: How can a reorientation of 
transport policies avoid having flexible mobility 
offerings—and potentially fleets of automated 
vehicles—simply generate a rising flood of barely 
used private automobiles in cities? How can it lead 
instead toward reducing the number of vehicles by 
providing highly efficient public fleets and door-
to-door services?

In essence, the use of (partially) automated 
vehicles opens up additional public transport op-
tions, and can therefore enhance its attractiveness. 
Rural regions already have great potential when 
it comes to implementing (partially) automated 
shuttles. Gaps in a hub-and-spoke concept can be 
filled in, and the preconditions for such transport 
models are easier to establish in rural areas. From 
a fiscal point of view, shuttle systems not only offer 
greater flexibility, but also promise distinct advan-
tages in comparison to buses in the mid- to long-
term by virtue, for instance, of their substantially 
lower operating costs.

To summarize, if the necessary political frame-
work were in place, automated vehicles in the form 
of autonomous fleets would make a considerable 
reduction of vehicle numbers possible. Whether 
autonomous fleets actually arrive, and whether 
they turn out to be a blessing or curse is less depen-
dent upon technological developments than on the 
political will of the regulators. If climate targets 
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are to be taken seriously, and if the transformation 
of the transportation system and the objective set 
of targets outlined here are to be pursued in ear-
nest, then automated vehicle systems will have to 
play a strategic role.

An additional requirement for achieving this 
target vision, and for making possible on-demand 
offerings in public transport with potentially 
autonomous vehicle fleets, is to ensure that the 
collective use of vehicles is not only authorized, 
but that adequate space is also provided for their 
use. The objective must be to ensure that a steadily 
growing share of public space is reserved for the 
most efficient modes of transport. Exclusive—
which is to say private—vehicles must be charged a 
substantially higher fee for the use of public space, 
and public parking spaces for private vehicles 
should be strictly limited. The car-sharing law ad-
opted by the Bundestag in 2017 made it possible in 
principle for the municipalities to privilege shared 
autos in this way. It is left to the local authorities to 
actually exploit this legal basis by reserving public 
space for car-sharing vehicles.

Currently, the parking of all types of motor vehi-
cles is allowed by German road laws as an aspect of 
»general use« vis-à-vis traffic. This is understood 
to mean that the parking of private vehicles has 
become established as a quasi-natural and unal-
terable »transport need.« Transportation planning 
has had to take this into account. In view of the 
goals of climate protection, this logic now appears 
obsolete, especially in light of the current poten-
tial of new intelligent mobility offerings. Reformed 
traffic regulations could exclude private vehicles 
from using public space in accordance with the 
Swiss model (Notz 2017; Agora Verkehrswende 
2018; Ruhrort 2019). This would mean that non-
transient parking in public space would only be 
possible where explicitly permitted. On this basis, 
communities could decide at which locations and 
to what extent, if at all, valuable public space could 
be made available for the parking of private auto-
mobiles.

An altered legal framework, however, is only 
one aspect of the needed reforms. What is also 
missing is a culture of experimentation. In Ger-
many, providers of public transport are fixated on 

managing the operation of buses and rail vehicles, 
and are disinclined to test out new ideas (Canzler 
and Knie 2016). In order to enhance the prepared-
ness of public transport operators to seize upon 
innovative approaches, the Federal Ministry of 
Digital and Transport, together with the Federal 
Ministry of Education and Research, could orga-
nize a number of real-life tests. Such a framework 
would make it possible for manufacturers of rail 
vehicles and buses, in collaboration with opera-
tors, subcontractors, and research institutes, to 
develop and test such systems outside of normal 
operations.

It will be important that there is a low threshold 
access for operators, and in particular that appli-
cation scenarios are tested in public space in col-
laboration with municipalities and other regional 
authorities. Beyond this, the central question is 
whether and to what extent the largely municipal 
public transport companies succeed in developing 
the necessary trial-and-error culture.

New Options in Germany: An Invitation to New Options in Germany: An Invitation to 
Autonomous DrivingAutonomous Driving
Concerning the question of whether autonomous 
vehicles are a blessing or curse, far more is at stake 
than simply a new means of transport. Ultimately, 
it is a question of the modernization capacity 
of the mobility sector. At the center stands the 
German automobile sector, which has long prof-
ited from the continuing fixation on private vehi-
cles. However, generally changing attitudes toward 
the automobile, the pressure to electrify the pow-
ertrain, and of course the diverse, widely circulat-
ing visions, are having an impact on the industry.

On-demand transport operations, automated 
shuttles, and the prospect of autonomous vehicle 
fleets could become a game changer: they have the 
potential to fundamentally change the transport 
landscape. But such fleets are not going to simply 

01	� Ioniq 5 Robotaxi: »Elektro-Hyundai zum 
Mitfahren,« in: Autohaus (August 31, 
2021), https://www.autohaus.de/ 
nachrichten/autohersteller/ioniq-5- 
robotaxi-elektro-hyundai-zum-mitfahren- 
2929687.
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drop from the (Californian) sky to become accessi-
ble on German roads overnight. Instead, they need 
to be made possible on a political level, and we will 
need to shape their interface with existing public 
transport resources. Surprisingly, creative freedom 
has already been created through the Gesetz zum 
autonomen Fahren (German Act on Autonomous 
Driving), which was adopted by the German Bun- 
destag and the Bundesrat in spring 2021. More pre-
cisely, it is an »Act that changes regulations govern-
ing road traffic … to allow it autonomous driving, 
as well as on an ordinance on the approval and op-
erations of motor vehicles with autonomous driv-
ing functions within delimited areas of operation« 
(Autonome-Fahrzeuge-Genehmigungs-und-Be-
triebs-Verordnung; Autonomous Vehicle Approval 
and Operation Ordinance—AFGBV).

Regarding their purpose and application, these 
regulations are unique worldwide because they 
expressly permit autonomous fleets to operate on 
public roads. Accordingly, it now becomes pos-
sible—within a specified area of operations—for 
a vehicle to be controlled not by a human driver, 
but instead by a »technical supervisor« that is not 
stationed in the vehicle. This establishes the legal 
preconditions for the envisioned paradigm change 
in the direction of partially automated driving. 
Through proactive regulations, and in light of the 
progress currently being made by digital enter-
prises, a practical opportunity exists for making 
autonomous fleets of vehicles a component of an 
up-to-date, flexible public transport system.02 

A much-noted simulation study carried out by 
the International Transport Forum outlines a sce-
nario within which autonomous shuttles serve the 
general public, and could already be implemented 
today if used in order to supplement a functioning 
public transport infrastructure, and provided that 
efforts are made to radically reduce the number of 
private automobiles (ITF 2017).

Driverless vehicles would then emerge as a 
new public transport option and would achieve a 
high degree of individual serviceability in com-
bination with larger high-performance vehicles. 
Based on empirical studies, it becomes possible 
to estimate that a system of fully automated shut-
tles—one that is embedded in a hub-and-spoke 

system—would make it possible to reduce the 
number of vehicles in cities to around fifty vehicles 
per 1,000 inhabitants. This would mean an inven-
tory of automobiles that would be just one-tenth 
of the present number (ITF 2015, 2017, 2018). Of 
course, these calculations are context-dependent, 
and are valid for European cities only. Studies 
from other parts of the world, such as the United 
States, cannot be extrapolated elsewhere given the 
utterly different settlement and transport struc-
tures present there (Canzler et al. 2019).

Concerning the implementation of (partially) 
automated shuttles as a component of the public 
transport infrastructure, further action is needed. 
The current design of vehicles, along with the 
media needed to employ them, and especially the 
intermodal connection points of a hub-and-spoke 
system still require considerable adaptation when 
it comes to interface layout. People can only be 
persuaded to use an intermodal option provided 
they are able to negotiate the system and have 
trust in it. This is not at all the case for currently 
available options, which were developed and op-
timized in complete isolation from one another. 
In the automobile industry, an awareness of the 
relevance of design and professional symbolic 
user elements is nothing new. But for the public 
transport sector and the authorities responsible 
for commissioning it, these aspects have played 
almost no role up to now.

Emerging—although much remains to be done, 
and a number of questions still need to be resolved 
through real operations—is a situation that is 
atypical for Germany, one in which the legal pre-
conditions for the reconfiguration of the transport 
system are present, but the entrepreneurial capac-
ity that would allow these options to be exploited 
is lacking: the automobile manufacturers do not 
want to do it; the public transport authorities 
cannot.
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For the design of public mobility, the perspective 
of users is fundamental: how can their needs and 
expectations be integrated into the design process? 
By virtue of their spatiotemporal experiential 
quality, virtual reality simulations have the po-
tential to convey the actual impact of designs and 
planning measures on users more effectively than 
traditional forms of representation such as ren-
derings or plans. Through collaborations between 
experts from the areas of cognitive psychology and 
design research, the research project »Cognition 
Design« (CogDes) explored the questions: to what 
degree are virtual reality simulations adapted 
to investigating the impact of design decisions 
on users? And: how realistic do such simulations 
need to be if they are to lead to well-founded con-
clusions concerning the impact of the simulated 
situations on users? The research project is a joint 
project of the Scene Grammar Lab of the Depart-
ment of Psychology at the Goethe University in 
Frankfurt and the Design Institute for Mobility 
and Logistics at the University of Arts and Design 
Offenbach.01

Virtual Reality Simulations as Test Environ-Virtual Reality Simulations as Test Environ-
mentsments
When it comes to determining the impact of 
design decisions on user perceptions, new tech-
nologies in virtual reality (VR) appear quite 
promising. These make it possible for users and 
researchers to encounter one another in a sim-
ulated space featuring a high degree of realism. 
VR simulations have features that make them 
especially well-suited to investigating complex 
perceptual processes. First, so goes this argument, 
they are immersive in a way that is impossible 
for either laboratory environments or renderings 
and plans to achieve. This makes it possible to 
compare actions and experiences in real space. In 
VR, secondly, it becomes possible to compile com-
prehensive scientific data in a controlled way: the 
simulation of various mobility environments with 
a range of variants facilitates a systematic inves-
tigation, based on cognitive psychology, of the 
impact of design decisions (for example, lighting 
and lighting control, object positioning and object 
design, surface design, the arrangement, density 

and design of information in the form of images 
and texts, spatial structuring, etc.) on users. 

If it is indeed true (to return to our initial ques-
tion) that the virtual environment, with its spatio-
temporal experiential quality, is genuinely com-
parable to experiences in real space, this would 
make it possible to develop a valid foundation for 
design decisions on the basis of tested spatiotem-
poral multiuser experiences. From the perspective 
of design research, then, VR simulations make it 
possible—at a relatively low cost—to test planning 
and design variants for mobility spaces and hubs 
systematically with the assistance of methods 
from cognitive psychology (↳Fig. 1).

Virtual reality is an ideal environment for stud-
ies in cognitive psychology. VR models are used 
in psychology to an increasing degree, since they 
ensure a high degree of experimental control 
while offering the ecological validity of a realistic, 
non-laboratory-technical environment. The latest 
eye-tracking technologies, which are integrated 
into VR headsets, permit the precise registration of 
processes of attention in space and time. Through 
the systematic analysis, both in the real reference 

01	� The project was sponsored by the German 
Federal State of Hesse (Ministry of Econ-
omy, Energy, Transport, and Housing) and 
the HOLM Innovation Funding in the frame-
work of the measure »Innovations in the 
Area of Logistics and Mobility« (HA Pro-
jekt-Nr. 817/19–137). In terms of content, 
it arose from the research conducted as 
part of the LOEWE research cluster »Infra-
structure—Design—Society« (sponsored by 
the Hessian Ministry of Higher Education, 
Research, Science and the Arts through the 
Excellence Program of Hesse). The team 
consisted of research staff and students 
from the Goethe University in Frankfurt 
(cognition psychology): Leah Kumle, Leila 
Zacharias, Teresa Schnorbach, Julia Beit-
ner, Stephen Hinde, Erwan David, and Me-
lissa Le-Hoa Võ (project leader); and the 
HfG Offenbach University of Art and Design 
(design): Annika Storch, Luke Handon, Ken 
Rodenwaldt, Robin Schmid, Julian Schwarze, 
Kai Vöckler, and Peter Eckart (project 
leader). Project documentation is avail-
able at https://immersitylab.org.
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situation as well as in the simulation, psycholo-
gists acquire knowledge concerning the ways in 
which real and simulated situations are compara-
ble, thereby potentially laying the groundwork for 
subsequent research.

Delimiting the Area of InvestigationDelimiting the Area of Investigation
Developed and tested in the project, based on a 
typical mobility situation (the subterranean level 
of a commuter rail station), are simulations having 
varying degrees of realism—from a relatively ab-
stract test environment (laboratory situation), all 
the way to the integration of richly detailed opera-
tional, movement-based, and experiential options. 
The latter might include the greatest possible free-
dom of movement and extend to the formulation 
of realistic tasks that are to be fulfilled by the test 
subject. In order to arrive at reliable conclusions, 
the focus of the project was on the visual experi-
ence of a subterranean, multileveled commuter 
rail station. The target of investigation was the 
wayfinding from the entrances to the station via a 
B level to the train platform, set lower down, sub-
divided into a sequence of spatial interactions. An 
analysis of processes of attention, both in the real 
reference situation as well as in the simulated situ-
ation, led to conclusions concerning the degree to 
which real and simulated commuter rail stations 
are comparable, taking into account the fact that 
social interaction could not be simulated in the 

VR experience. Correspondingly, the investigation 
focused on individual and psychological experi-
ence during utilization. Socioemotional factors of 
influence and symbolic meanings of the kind that 
emerge from the individual’s social milieu were 
not investigated. Previous experience on the part 
of the test subjects, where applicable, was taken 
into account, but all olfactory, auditory, and haptic 
perceptions (and the thermic influences associ-
ated with them) were not considered since these 
could not be simulated, at least not adequately. 
Therefore, the principal focuses were functional 
aspects of spatial orientation and the subject’s 
understanding of visual information (textual and 
graphic symbols) while navigating the mobility 
space, which is essentially dependent upon visual 
understanding (↳Figs. 2a+b). 

Interdisciplinary Methodological ApproachInterdisciplinary Methodological Approach
Methodologically, nomothetic and ideographic 
approaches in the study were interconnected. 
This encompassed qualitative and quantitative 
surveys, the tracking of attentiveness, the analysis 
of behavioral patterns, and physiological and psy-
chological methods of measurement. Quantitative 
measurements were data from the act of use, while 
the act of measurement avoided influencing or 
altering user behavior. The recording of eye and 
head movements (eye- and gaze-tracking) in the 
VR environment made it possible to investigate the 
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Figs. 2a+b Comparison of a real space 
and its digital twin through the appli-
cation of virtual reality technology and 
eye-tracking (Source: Julie Gaston) 
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influence of various design approaches on atten-
tiveness. Beyond this, eye-tracking technologies 
were used to classify, categorize, and analyze the 
simulation and its prominent visual features (sa-
lience). The measurement of attentiveness formed 
an important basis from which conclusions con-
cerning the effectiveness of design decisions could 
be derived. Interpretative phenomenological inter-
views (interpretative phenomenological analysis, 
IPA; Smith 2009) allowed the phenomenological 
experiences of users to be taken into account. 
These were correlated with the results of quanti-
tative measurements. The research project linked 
together analytical approaches from design theory 
(theory of product language) with the experimen-
tal analytical methods of cognitive psychology 
(scene grammar), and transferred these onto a 
three-dimensional, experiential test situation; 
findings concerning wayfinding from architectural 
and design theory were integrated as well. The 
objective was to produce a scientifically valid basis 
for the evaluation of design measures and their 
impact on users. The project should therefore be 
regarded as experimental basic research. 

Theoretical BackgroundTheoretical Background
In a first step, the project partners merged their 
various theoretical approaches and derived the 
structure of the investigation from the results. In 
cognitive psychology, the term scene grammar (Võ 
2021) refers to an approach that defines hierar-
chically structured rules that are associated with 
a visual scene (the space), which then facilitate 
object perception as well as visual search. These 
rules are extracted from specific episodes of spa-
tial interaction and allow us to make predictions 
about the location of objects, while facilitating 
our perception of objects and directing visual 
attention efficiently within the space. The term 
grammar refers to the analogy between the way 
in which we learn scene grammar and the way we 
learn a mother tongue. In both cases, no explicit 
training is required; instead, expertise is acquired 
through continuous interaction with the envi-
ronment. Like a language, this type of grammar 
can be applied to completely new situations (with 
language, unknown sentences; here, unknown 
spaces), thereby facilitating our understanding 
and interpretation of and interaction with them. 
A number of valid studies of scene grammar 
demonstrate that this functions effectively in rel-
atively well-ordered artificial environments such 
as living rooms and kitchens (Võ et al. 2019; Võ, 
2021). Lacking, however, are studies that show how 

Figs. 3a–g Illustration of the seven simu-
lated commuter rail stations, accessible 
with VR glasses (Source: Design Institute 
for Mobility and Logistics, HfG Offenbach)
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scene grammar functions in public environments 
such as train stations, airports, and shopping cen-
ters, and in the corresponding VR simulations. 
The focus on a test environment in the context 
of public local mobility raises the question of 
whether this approach is genuinely suitable. 

The theory of product language, developed in 
the late 1970s at the HfG Offenbach University of 
Art and Design, defines the functions of products 
as resulting from an interaction between human 
and object, and distinguishes between practical 
and »product language functions« (Gros 1976, 
1983). Belonging to product language functions are 
formal-aesthetic functions on the one hand and 
indicating and symbolic functions on the other. 
The formal-aesthetic functions pertain to syntax, 
which is to say to the product’s formal structure, 
and hence to the product’s sensual-perceptible 
characteristics, independent of its substantive 
meaning (Steffen 2000). But it is not a question 
here of a set of rules, as with the grammar of a 
spoken or written language where linguistic units 
are combined according to conventions (through 
fixed linkages: syntax). Instead, the formal- 
aesthetic functions pertain to structural and 
formal features of products and the ways in which 
these are interpreted as forms in acts of percep-
tion. Inherent in the perception of products is 
the mostly unconscious, cognitive processing 
and evaluation. Attention to the theoretical back-
ground of scene grammar and to the empirical 
results it yielded resulted in an expectation of 
heightened validity for the method of investiga-
tion, based on product language.

Experimental Set-Up and ProcedureExperimental Set-Up and Procedure
Perceptual and cognitive processes were investi-
gated through VR simulations. This proceeded in 
two steps, each with a specific research focus:

1. �A comparison between the real situation and 
the virtual reality simulation (current situa-
tion) sought to evaluate the validity of the in-
vestigation itself; the focus was on the impact 
of the simulated space and the VR technology 
(immersion character and sense of reality). 

2. �Various design measures and their impacts on 
users (with respect to orientation in space and 
of information acquisition) were investigated 
using VR test environment. Then a further six 
spatial variants were developed on this basis 
of the digital twin of the real situation.02

The point of departure was a digital twin of the 
Offenbach Marktplatz Station, which made it 
possible to carry out tests and cross-comparisons 
between a real situation and its virtual double. In 
order to record and measure immersive experience 
in the simulation, it became possible to develop 
virtual-reality variants for quantitative eye-track-
ing tests and follow-up qualitative surveys. The 
developed VR model (»testbed«) consists of seven 
stations, each with three levels: an entrance level 
beginning at street level (Level A), an intermedi-
ate level with service offerings and waiting areas 
(Level B), and a platform level for arriving trains, 
waiting areas, and service offerings (Level C) 
(↳Figs. 3a–g).

Eye-tracking technologies were used in both the 
simulated situation as well as in the real reference 
situation, making it possible to analyze the cog-
nitive influences of design decisions as mediated 
by degrees of attentiveness. It was also a question 
of evaluating the ecological validity of the VR test 
situation in comparison with its real twin. This 

02	� The COVID-19 pandemic required adapta-
tion of the virtual-reality testing and 
eye tracking. In response to the necessary 
hygiene measures, the number of subjects 
for virtual reality testing was reduced 
to sixteen, and for testing in the real 
situation, to just three. In terms of age 
and social status, moreover, the group 
of test subjects was fairly homogenous: 
the participants were primarily students 
(eighteen to thirty-five years of age) and 
would need to be more strongly differen-
tiated in subsequent studies. Individu-
als with physical limitations should be a 
priority of investigation. In our view, 
the selection and number of test subjects 
for investigating the functionality of 
the virtual reality simulation in the test 
situation was adequate, and made it possi-
ble to arrive at a basic assessment.
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then formed the basis for a continuing investiga-
tion of design measures and resources in the corre-
spondingly varied test situations. Eye movements 
measured visual attentiveness and individual 
»task performance,« that is, success in achieving 
certain set tasks. Data on eye movements with 
respect to their spatiotemporal distribution in real 
and virtual space were then studied by comparing 
scan paths or fixation distributions. This made 
it possible to infer that the respective patterns of 
attention corresponded structurally (although the 
validity of these conclusions were limited given 
the reduced number of available test subjects due 
to the COVID-19 pandemic). Each station was allo-
cated a specific navigation question, which the test 
subject was expected to fulfill. The data generated 
by the test subjects in the seven commuter rail 
stations, which was recorded and used for evalu-
ation purposes, resulted from positional data, the 
various velocities of forward movement, as well as 
head and eye movements (↳Figs. 4a–c). 

Juxtaposition of Real Space and Digital Twin Juxtaposition of Real Space and Digital Twin 
(VR Simulation) (VR Simulation) 
Investigated through a comparative analysis 
was the real space (the subterranean Offenbach 
Marktplatz Station of the commuter rail) and 
its virtual twin. It proved possible to evaluate 
three eye-tracking tests in real space and twelve 
eye-tracking tests in virtual space. A practical 
problem was the fact that the virtual spaces were 
multiple times larger than the space of the labora-
tory within which the test subjects moved. Piloted 
and tested therefore were various possibilities of 
forward movement by means of teleportation. 
Despite this limitation, it proved possible to gather 
and evaluate valid eye-tracking and positioning 
data.03 Conducted and evaluated as well were qual-
itative surveys with the assistance of interpretive 
phenomenological analysis (IPA). The purpose of 
the survey was to determine whether the VR expe-
rience seemed authentic to participants.04 During 
testing, all the test subjects became accustomed 
to the new »reality,« albeit with varying degrees 
of speed. On the whole, submersion in the virtual 
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station (the immersion quality of the simulation) 
functioned quite well, although a period of time 
for acclimatization to the VR world—and finally to 
transition back to the real world—did prove neces-
sary (↳Figs. 5a–f). 

Since most of the everyday tasks and activities 
performed in a real commuter rail station involve 
navigation behavior, study participants were 
assigned corresponding tasks. Typically, the se-
quence of navigation processes encompasses two 
activities: wayfinding and path integration. These 
are based on various human cognitive processes 
(Coutrot et al. 2018; Wiener et al. 2009). Wayfind- 
ing is achieved through the information that is 
available at key decision-making points within the 
station, where a choice is made between multiple 
routes. Path integration is an activity of movement 
between decision-making points (Mittelstaedt 
and Mittelstaedt 1980). The investigations focused 

on wayfinding, since it is of greater relevance to 
the visual relationships between the objects in 
the station, and hence for the investigation of 
the role played by scene grammar in public space 
(↳Fig. 6). 

If scene grammar plays an important role in 
wayfinding within a station, then the placement 
of and relationship between the elements of the 
information and wayfinding system, as well as the 
spatial objects that are designed to aid orientation, 
should have a significant influence on wayfinding.  
Analyses of eye-tracking data support the con-
clusion that navigational tasks display similar 
patterns of attention regardless of whether they 

03	� A virtual reality testbed allows research-
ers to carry out tests using the cognitive 
psychology method, involving both software 
and hardware. The test set-up (observing  
COVID-19 hygiene requirements) was a  
virtual reality laboratory measuring 
30 square meters, within a larger space  
(the auditorium of the HfG Offenbach), and 
included a VIVE Pro eye headset, a high- 
performance computer, and a server for the 
Unity database to guide the virtual  
reality simulation. 

04	� For the Goethe University in Frankfurt, 
the IP analysis was conducted by Teresa 
Schnorbach in the context of a Master’s 
thesis.

Figs. 5a–f Sequence excerpt: visualiza-
tion of eye-tracking data in the real 
Marktplatz Station in Offenbach by means 
of a film. With the help of eye-tracking 
glasses, it becomes possible to trace the 
sequences of use of the test subjects and 
compare these to the data gathered from 
the VR simulation. (Source: Design Insti-
tute for Mobility and Logistics, HfG Of-
fenbach; Scene Grammar Lab, Goethe Univer-
sity Frankfurt am Main)
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are performed in virtual or real stations. Using 
measurements based on cognitive psychology and 
carried out with the help of eye-tracking, patterns 
of behavior exhibited by the study participants in 
VR can be juxtaposed with those observed in real 
spaces. On the basis of a subdivision into way-
finding activities and path integration, certain 
processes can be precisely defined and compared. 
The sequencing of search processes is structurally 
similar in virtual and real space, and correspond-
ing sequences of gazes were observable during 
attempts at achieving orientation. Clearly, ori-
entation processes proceed similarly in real and 
simulated spaces. Despite the sequence-altering 
teleportation processes that take place in digital 
spaces, both wayfinding processes display similar 

visual processes of searching and behavior. The 
comparison highlights the enormous potential of 
collected eye-tracking data in a spatial situation in 
the context of mobility and juxtaposes orientation 
and behavioral processes in both test scenarios 
(real and simulated) (↳Figs. 7+8).

1. �During orientation processes, information 
elements of the wayfinding systems such as 
signage are perceived according to the same 
pattern whether in VR or in real space. 

2. �During the phase of path integration, which is 
to say the interval of time after the acquisition 
of the necessary information and the over-
coming of a certain spatial distance, leading 
to start of the next orientation process, the 
viewing and movement patterns of test sub-
jects are similar in both VR and real space. 

According to the tests conducted, forward move-
ment in VR by means of teleportation—which is 
to say the overcoming of a large distance through 
a »leap,« with a corresponding interruption in the 
flow of movement—had no fundamental influence 

Fig. 6 Eye movements and walking routes 
can be recorded and evaluated by means 
of a VR headset. The commuter rail sta-
tions are accessible on multiple levels (B 
levels, subterranean platforms, and stair-
case crossings). (Source: Ken Rodenwaldt, 
Design Institute for Mobility and Logis-
tics, HfG Offenbach)
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Figs. 7a+b The visualization of walking routes can 
provide information about movement velocity and 
spatial localization (red = rapid forward movement 
by means of teleport function = a more limited 
awareness of the environment). The superimposition 
of walking routes can also be compared quantita-
tively. (Source: Ken Rodenwaldt, Design Institute 
for Mobility and Logistics, HfG Offenbach)
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on the comparability of the two worlds. In the path 
integration phase, which is to say in the time that 
follows the acquisition of the necessary informa-
tion and the overcoming of a certain spatial dis-
tance, leading to the start of the next orientation 
process, the eye and movement patterns of test 
subjects were similar, whether in virtual and real 
space. This can be concluded as well from the in-
depth qualitative interviews. One individual who 
was quite familiar with the Offenbach Marktplatz 
Station stated emphatically that when navigating 
in the digital VR twin, she fully imagined herself 
to be in the real station. While moving from one 
space to the next, she found herself scanning her 
surroundings, searching out all of the features that 
were familiar to her from the real station.

Based on qualitative interviews, it was con-
cluded that the degree of reality of a VR simulation 
needed to be different depending upon the ques-
tion under investigation: while during the process 
of orientation, the primary attention was directed 
toward the continuity and recognizability of the 
key elements of the information and wayfinding 
systems (the focus of attention was on signage 
with information in the form of images or text, 
while the surroundings receded into the back-
ground), objects in space that were not of primary 
relevance for orientation seemed to play a more 
important role with path integration. The focus 
of perception was no longer on the orientation 
system, and perception was directed toward ob-
jects in the surroundings (with the gaze sweeping 
widely). Important here is a heightened degree 
of reality of the VR simulation since the aesthetic 
qualities of the space shape experience now in 
essential ways. 

Spatial Orientation and the Influence of Spatial Orientation and the Influence of 
Design on Navigation BehaviorDesign on Navigation Behavior
The IPA interviews showed that the study partici-
pants used the information and wayfinding system 
primarily to perform navigation tasks. Meanwhile, 
additional spatial orientation elements, for exam-
ple, staircases and exits (spatial openings) had an 
influence on successful navigation in space. In this 
context, the formal-aesthetic analysis based on 
product language supplied important references 

with regard to the influence of the structure of 
the spatial environment, including the weighting 
of orienting elements (concision and distribu-
tion in space, the overall density of orientation 
information, and how that works in relationship 
to other forms of information not designed to aid 
orientation). It was not yet possible to fully cap-
ture the orienting function of spatial elements. 
For this reason, there was recourse to the concept 
of »mental maps,« developed in the field of archi-
tectural and planning theory, with their guiding 
elements designed to structure spatial orienta-
tion (Lynch 1960). This refers to the quality of the 
formal structure of urban space, but also examines 
interactions between moving users and the built 
environment in order to identify elements (cogni-
tive map) that are relevant and cognitively effec-
tive for orientation (Vöckler 2021). The two com-
ponents »landmark« and »path« are empirically 
significant for mental representations and current 
navigation as they have a high degree of functional 
meaning and allow little leeway for individual 
interpretations (Guski and Blöbaum 2008). Par-
ticularly relevant to the project’s investigative 
approach was the element »landmark,« which was 
operationalized here mainly in its function as an 
incisive optical reference point, one that plays a 
central role in spatial orientation, and on which 
users recognizably rely to an increasing degree as 
soon as a spatial situation becomes more familiar. 
The identity-forming aspect of landmarks, which 
often have a symbolic significance in the urban 
context (historically significant buildings, for 
example), and their corresponding importance in 
the memory of spatial situations (mental maps), 
were factored out. The focus was on the process 
of wayfinding, which cannot be captured through 
the evaluation of a schematic or static mental 
map. Environments are complex entities and are 
registered and assessed through the goal-directed 
activities of sequentially structured interactions 
with the surroundings, as further differentiated 
in design research into the landmark concept 
(Arthur and Passini 1992; Vinson 1999; Farr et al. 
2012). As analyses of eye movements and fixation 
points have shown, elements of spatial orienta-
tion, including highly visible objects that structure 
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the space such as columns or freestanding ticket 
vending machines, serve as optical points of ref-
erence that supplement the information elements 
of the navigation guidance system. Then there are 
elements such as staircases and spatial openings 
(entrances, exits), which are of importance for a 
target-oriented wayfinding, and are not only op-
tically incisive, but also represent decisive spatial 
offerings for successful spatial navigation (in prod-
uct language: the indicating functions; reflected 
on as affordance in terms of design theory; see 
Norman 1988). The lighting elements, the posi-
tioning of other elements of spatial orientation 
and their visibility, the spatial structure, its visual 
fields, and the recognizability of elements all make 
a major contribution to successful wayfinding, and 
were taken into account in the formation of vari-
ants in VR. The importance of the formal-aesthetic 
spatial structure (ordered complexity) in the act 
of perception, as reflected to date in the theory of 
product language only with regard to objects, was 
also investigated spatially, with due consideration 
given to the relevant theoretical findings from the 
fields of architecture and design theory. The focus 
was on elements that were essential for orienta-
tion, as well as their visibility and conspicuous-
ness.

Objects that facilitated orientation—the in-
formation elements of the wayfinding system 
(maps, signage with graphic symbol such as 
arrows and lettering) and landmarks that serve 
as optically incisive spatial points of reference 
(ticket vending machines, columns, staircases, 
exits, and entrances)—were manipulated within 
the experiment. Through the formation of diverse 
variants of the spatial situation, the information 
and guidance system and the landmarks could be 
juxtaposed, and their relative importance for the 
orientation process tested for high contrast and 
low contrast variables. Factors that influenced 
attention (distraction, guidance), cognition (ori-
entation, understanding, memory), and emotion 
(sense of well-being) were investigated and as-
sessed. Navigation relied primarily on the infor-
mation and guidance systems but the landmarks 
were also very important in the VR simulations. 
According to statements by the test subjects, they 

appeared to define the spatial context in its ma-
teriality, which corresponds to the landmarks’ 
function as essential elements of a cognitively 
processed image of the surroundings, as con-
firmed by both design research and environmental 
psychology. They convey the sense to participants 
that they are dealing with real experience with 
and in a station. The function of the landmarks (as 
optically incisive points of reference or markers) 
resembles the function of anchor objects in the 
theory of scene grammar (Võ et al. 2019; Võ 2021). 
Anchor objects are for the most part large and 
static (i.e., washbasins), which predict the identity 
and location of other smaller objects (hand soap is 
generally found on a washbasin, a towel alongside 
it), and which constitute a spatial context. Anchor 
objects therefore play a decisive role in the effi-
cient search for objects in space (Boettcher et al. 
2018; Helbing et al. 2022). The spatial context that 
forms the commuter rail station, for example, is 
defined by the subjects, and elicits certain behav-
ioral and interaction processes in test subjects. 
The corresponding object constellations that form 
landmarks, the spatial-material elements of the 
architectural fabric; and the information elements 
that form the wayfinding system, with its images 
and texts on signage, columns, etc. make localiza-
tion possible in familiar situations. Their design, 
in particular through the interplay of the two, 
contributes in essential ways to successful naviga-
tion through spatially complex contexts such as a 
multileveled commuter rail station, and evidently, 
generates trust as it ensures an understanding of 
the spatial situation.

Summary and Outlook Summary and Outlook 
The comparative investigation of a real space 
together with its virtual twin has demonstrated 
that the simulation taking place in virtual real-
ity is a well-adapted instrument for researching 
and recording human experience and movement 
behavior in a mobility space. Virtual reality can 
convey alterations to the design of given space, 
together with its objects and information sources 
at a low threshold and with a high degree of au-
thenticity (immersive quality). The evaluated 
results supplied vital information concerning 
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Fig. 8 Comparison of the eye-tracking data 
collected in VR and in real space. The 
layout of the platform area of the Offen-
bach Marktplatz commuter rail station and 
the B level of the station (eastern en-
trance), visible at the center, display 
(as lines) eight of the walking routes 
covered by the test subjects during the 
VR experiment. The evaluation shows which 
objects were viewed by the test subjects 
during the wayfinding process, and in 
which area of the station. The data posi-
tioned above the layout (black lettering 
on a white background) shows the objects 
that were perceived in virtual reality. 
Depicted below the layout (white letter-
ing on a black background) are the objects 
that were viewed during the experiment, 
conducted in the real station. (Source: 
Julian Schwarze, Design Institute for  
Mobility and Logistics, HfG Offenbach)
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which characteristics of the simulated space can 
be measured during goal-directed movement 
behavior in the test situation and what degree of 
realism is advisable for a given simulation with 
respect to the given sequence of interactions. The 
results also demonstrate that design modifications 
can be tested effectively in virtual reality. This has 
meant the development of important groundwork 
for subsequent research. Moreover, the project has 
generated large-scale research data that has yet to 
be fully evaluated, while developing and success-
fully implementing an interdisciplinary research 
approach. 

It has been shown that eye-tracking in virtual 
reality allows us to measure with precision which 
objects are viewed, for how long, how often, and 
at which locations. The correlation of measure-
ment data with interpretive-phenomenological 
interviews yields reliable results concerning the 
impact of design measures. In virtual reality, 
design elements such as lighting, surface quality, 
color, object positioning, and object form, along 
with spatial structure, can be varied and tested in 
targeted ways. A limitation of such simulations, 
it must be conceded, is that they are able to re-
produce social interactions, imparted via avatars, 
only to a limited degree (they were not taken into 
account in the test set up). The limitations of the 
test capabilities are also evident when it comes to 
aesthetic effects: with the current state of technol-
ogy, atmospheric impressions caused by bodily 
sensations in spatial situations are not attainable.

The test area was restricted to the navigation  
of a public mobility space, and hence to goal- 
directed action (with intentionally oriented atten-
tion). Foregrounded here, correspondingly, were 
the functional demands on design, on the ways in 
which information, object positioning, and spatial 
structure can be used to facilitate and improve 
orientation, and hence wayfinding. Subsequent 
research will go beyond functional demands to 
incorporate the emotional impact of design (for 
example, a sense of well-being or a subjective sense 
of security) with greater emphasis.05 

The findings of the psychology of percep-
tion and cognition are of considerable interest 
for design research, allowing well-founded, 

quantitative evaluations of the influence of design 
decisions on perception and the assessment of 
spatial situations. At the same time, the formal- 
analytical model of product language represented 
a point of connection with the analytical approach 
of scene grammar. The rules of scene grammar, 
produced by abstracting from spatial interac-
tions, as well as the operationalization of anchor 
objects, constituted an important foundation 
for the research project. This approach was ex-
tended through the integration of findings from 
architectural and design theory with regard to the 
investigation of spatial processes but will need 
to be illuminated in greater detail in the future, 
in particular with regard to their referential and 
offer functions (indications/affordances) and 
their symbolic meaning (product semantics). The 
methods of scene grammar are well suited to the 
investigation of wayfinding in mobility spaces and 
can be quite productively linked with the research 
methodology of design studies. This makes pos-
sible valid statements concerning the impact of in-
dividual design parameters. This does not replace 
the design process, the concrete design, but does 
provide designers with important references con-
cerning the potential impact of a variety of design 
parameters, depending on the location’s frame-
work conditions and user intentions. Research 
carried out to date was able to determine that a 
systematic examination of design parameters is 
possible in virtual reality, even though the areas 
of investigation need to be differentiated further, 
and moreover examined with an eye toward their 
ecological validity.

Virtual reality simulations have a high appli-
cation potential, and not just in interdisciplinary 
basic research. In the context of transportation 
infrastructure measures, they allow planners and 
designers to gather feedback from users during 
the initial planning stages, thereby qualifying 
the design. Moreover, they can be highly effective 
in communication terms, since they are able to 
convey the quality of the design with a high degree 
of credibility to clients, decision-makers, or the 
users; conversely, they can also be useful in avoid-
ing planning mistakes. In this context, the degree 
of realism is of great significance, for it vouches for 
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the »credibility« of the design, for in the end, after 
all, the quality of the planning and design is essen-
tial. The results presented here represent a con-
tribution to making human-centered design and 
planning possible in planning processes through 
the application of virtual reality technology. 
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Motivation: Nowadays, climate, energy, security, 
mobility, health, and education represent publicly 
relevant topics, both for the wealth of individuals 
and society. The Fridays for Future activities (Wiki-
pedia 2022) address ongoing climate change and 
underline the strong need to change mobility be-
havior (Hunecke et al. 2010), especially the switch 
from private car usage toward more environmen-
tally friendly modalities (Nordlund and Garvill 
2003). Hereby, an ongoing trend is noticeable—
primarily in the younger generation [the Fridays 
for Future has been initiated by fifteen-year-old 
Greta Thunberg among others, (Crouch 2018)]—to 
prioritize using multimodal and intermodal mo-
bility options (a route from a point A to a point 
B might be achieved by walking to a bus station, 
using public transport, utilizing a park-and-ride, 
using pedelecs, etc.) rather than understanding 
the car as both status symbol and the one and only 
means of transportation, as in former times (Ritz 
et al. 2014).

Game-Based Approach: A serious game is a digital 
game that was created with the intention to enter-
tain and achieve at least one additional goal (for ex-
ample, advancement in education or health). These 
additional goals are called characterizing goals 
(Dörner et al. 2016). Application examples of serious 
games include, but are not limited to educational 

games for younger audiences; vocational-train-
ing and corporate-training games and simulation 
applications in the educational sector; cognitive 
training and exergames (for example, balance or 
cardio-training) for prevention and rehabilitation 
in the health(care) arena; and marketing games and 
awareness-and-social-impact games for socially rel-
evant topics such as security and climate (↳Fig. 1).

Similar to serious games, gamification (Deter-
ding et al. 2011, Walz and Deterding 2015) uses 
game-based concepts in nongame context. The dif-
ference is that gamification typically is used on top 
of existing applications (for example, e-learning 
applications or knowledge management systems) 
and do not represent complete games. Gamifica-
tion elements basically include points, badges, and 
leaderboards.

Idea: Considering the need for innovative 
concepts to support environmentally friendly 
mobility behavior on one side, and the potential 
of serious games and gamification on the other, 
the simple idea is to use gamification and serious 
games concepts as motivational instruments to 
support environmentally friendly mobility behav-
ior in a game-based, playful manner.

For that, the Serious Games group at TU Darm-
stadt analyzed existing approaches and has elabo-
rated the concept of sliced serious games.
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Related WorkRelated Work
Apart from the development of an inspiring mobil-
ity app with a fair scoring mechanism and appeal-
ing content, research aspects include the sensor- 
based activity recognition of transport means 
(modalities) and gesture recognition of physical 
exercises, both via (one) smartphone (only).

From an application-oriented perspective, the 
topic of game-based approaches to support en-
vironmentally friendly mobility approaches has 
been addressed for a couple of years, included in 
projects funded by the European Commission, 
such as SUPERHUB in 7th Framework Programme 
(FP7),01 2011–2014, which provides a solution 
through an app for people to plan and choose the 
best possible ecofriendly means of mobility to 
reach a destination. The showcase of ViaggiaRov-
ereto (Kazhamiakin et al. 2015) shows that taking 
a playful approach toward a mobility behavior 
change works. Within an experimental study over 
five weeks, users were invited to use a mobility app.
In the first week the users became familiar with 
the app while information about their mobility 
behavior was collected on the system side to have 
as a baseline. In the subsequent two weeks, inter-
modal mobility chains were suggested, including 
transport modalities via car, train, bike sharing, 
bicycling, and moving on foot. The suggested mo-
bility chains (routes) were ranked and presented 
to the user according to ecological guidelines 
(basically based on carbon dioxide emissions). In 
the final two weeks of the study, participants were 
introduced to the game Green Game con Viaggia-
Rovereto, which includes Green Points for envi-
ronmentally friendly intermodal mobility chains, 
Health Points for distances traversed by foot or by 
bicycle, and Park&Ride points when those services 
have been selected. Further, gamification elements 
such as awards in the form of badges, trophies, and 
leaderboards were integrated. At the end of the ex-
perimental study, all participants received a certif-
icate listing all received points and rewards. Addi-
tionally, as an incentive, the three most successful 
participants received a voucher for one-month’s 
free service awarded by a bike sharing provider. 

The experimental study showed two outcomes. 
First, the mobility app was used much more 

frequently during the gaming phase. Second, the 
experiment proved a positive mobility behavior 
change during the gaming phase: in the first week 
49 percent of participants used cars, while during 
the gaming phase during the last two weeks of the 
experiment, that fell to only 21 percent.

Technology-wise, mobile activity recognition is 
a well-researched topic that covers the differen-
tiation between activities such as standing still, 
walking, running, or being in a vehicle based on 
a mobile device’s sensor data. A generic version 
of activity recognition is already available as an 
official Android API.02 Other forms of activity 
recognition exist that cover context-specific activ-
ities such as military or fitness activities (Lara and 
Labrador 2013) rather than generic activities.

Sliced Serious GamesSliced Serious Games
The concept of sliced serious games has been intro-
duced by Göbel et al. (2017). ↳Fig. 2  illustrates the 
working principle and scenarios of sliced serious 
games. The overall aim of the approach is to sup-
port and motivate for environmentally friendly 
mobility behavior. From an analog perspective, 
this serious aspect is the characterizing goal of 
the sliced serious game and determines the func-
tionality of intermodal mobility assistants (which 
modalities should be considered, in which prior-
ity) and provides the basic conceptual information 
for the design of the game world. From a global, 
societal perspective, the game approach is success-
ful when it is proven that many individuals change 
their mobility behavior and switch away from car 
use, resulting in a reduction of carbon dioxide 
emissions.

In principle it is not necessary to play games. 
Users might use a mobility assistant to select en-
vironmentally friendly routes from a geographic 
location A (departure) to a destination B; the 
system recognizes the activities (as a basis to prove 
the effects) and provides good scores as rewards 
for choosing environmentally friendly modalities. 
This scenario might be interpreted as the »gam-
ification version,« as seen in the upper layer in 
↳Fig. 2.

In contrast, a second scenario focuses on the use 
of games and sliced mini games, resulting in a real 
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»game version.« Here, users optionally use a mo-
bility assistant, but the difference is that they start 
with a game and always come back to the game 
world during their intermodal mobility trips. As an 
incentive, they get an additional score for the game 
activities—in addition to the score for intermodal 
mobility activities—enabling new functionality or 
further content (that is, up-leveling) in the game 
world.

In both scenarios, further nongaming incen-
tives, such as reduced-price models for public 
transport, might be considered by mobility service 
providers; they are already under discussion in 
townships such as Darmstadt as a regulatory com-
ponent of public transport (systems) (↳Fig. 2).

Components of a Sliced Serious Games Components of a Sliced Serious Games 
FrameworkFramework
User profile and preferences. User profiles and pref-
erences serve as the administration and configu-
ration components for the framework. User profile 
information includes personal information such as 
age and gender, but also gaming information and 
preferences on mobility behavior. Gaming infor-
mation describes: (i) the experience in gaming, 
identified using categories such as »casual,« »reg-
ular,« and »hardcore« gamer; (ii) preferences on 
game genres, such as »strategy,« »adventure,« and 

»action« games; and (iii) player type information 
according to player models from Bartle (1996) or 
Houlette (2004). Referring to preferences on mo-
bility behavior, basic information includes the 
motivation and purpose/necessity for mobility re-
sulting in categories of user groups such as pupils 
(going to school), commuters (students or employ-
ees on their way to work); and seniors (visiting a 
doctor, shopping, or visiting a cultural event). User 
preferences are composed by using typical fac-
tors such costs and time, but also by considering 
psychological factors such as autonomy, arousal, 
status, and privacy as well sociodemographic fac-
tors such as income and household size (Hunecke 
et al. 2010). The user profile information and pref-
erences are used both for the configuration of the 
mobility assistant (modus and style, meaning its 
visual appearance and the extent of provided in-
formation/information load) and the game world 
(game genre, gameplay, content and, again, user 
interface design).

01	� https://ec.europa.eu/digital-single-
market/en/content/superhub-tailor-made-
mobility (accessed on February 4, 2022).

02	� https://developers.google.com/location-
context/activity-recognition/> (accessed 
on February 4, 2022).
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Mobility assistance. Recently, there are more and 
more mobility assistants, including both tradi-
tional portals about public transport routes and 
schedules and mobility apps (Digmayer et al. 2015) 
providing both individual mobility services such 
as car sharing or bicycle rental and integrated ser-
vices covering the provision of different mobility 
services, such as vielmobil.de (for the Rhein- 
Main region around Frankfurt in Germany) or the 
Intermodal Mobility Assistant (IMA) (Masuch et 
al. 2013). The goal of IMA is to provide an open 
platform where mobility service providers can 
integrate their offering/service in a standardized 
way. The working principle of integrated mobility 
services/platforms such as IMA is divided into 
three steps (↳Fig. 2): (1) the user (optional) pro-
vides individual mobility preferences and (man-
datory) defines a route with a starting point and 
destination plus date/time; (2) the system figures 
out possible connections in a route search phase 
and presents a list of possible routes/intermodal 
mobility chains, considering user preferences as 
basis for the ranking/listing of possible routes; 
and then (3) the user chooses a route from the list. 
During travel, adaptations might be necessary 
according to traffic, public transport delays, etc. 
These changes are automatically considered by 
the system (using real-time information from mo-
bility service providers) and presented to the user.

Activity recognition. This component aims to 
figure out which movement modalities are used 
by the users. For that, activity sensors are neces-
sary. The main challenge is to distinguish between 
modalities such as »in a bus,« »in a car,« or »in 
a tram.« Some libraries such as Google’s Fence 
API,03 as part of Google’s Awareness API devel-
oped for Android in 2016, offer an open interface 
for activity recognition. This API delivers informa-
tion about the geographic location of a user, head-
phone status, modality types, and the weather. 
Referring to the movement modalities, the states 
»IN_VEHICLE,« »ON_BIKE,« »ON_FOOT« (as an 
aggregation of walking and running), »WALK-
ING,« »RUNNING,« »STILL,« and »TILTING« (is 
set when the smartphone orientation changes 
significantly) are recognized. If it is not clear, the 
modality is set as »UNKNOWN.« The API works 

very well for modality changes, but the recogni-
tion accuracy rate of only about 70 percent could 
be improved.

Further technical information about activity 
recognition in game-based approaches to support 
environmentally friendly mobility behavior is 
presented in Reitmaier et al. 2022, in this book.

Scoring. When developing scoring mechanisms, 
the determination is which ones are appropriate 
to motivate users and to reasonably reflect their 
mobility behavior. They need to provide a »fair« 
rewards system for the use of (more or less) envi-
ronmentally friendly mobility behavior. Scores 
reflect both the choice of movement modality and 
the duration of an activity per »slice« of an inter-
modal mobility chain. Furthermore, while playing 
the games is also rewarded with points, activ-
ity points have more weight compared to game 
points. That means a user who prioritizes environ-
mentally friendly movement modalities but is not 
playing the games gets a higher score than a user 
who is playing but does not show environmentally 
friendly mobility behavior. A user doing both—
that is, environmentally friendly mobility behav-
ior and playing the game (when possible)—has 
the best chance to become top of a leaderboard for 
environmentally friendly mobility behavior. 

Effects. The ViaggiaRovereto application proto- 
type (Kazhamiakin et al. 2015) might serve as a 
best-practice example validating the concepts of a 
gamified framework for environmentally friendly 
mobility behavior. As described above, the effects 
of the experimental study have been impressive: 
car use decreased from 49 percent to 21 percent  
in the gaming phase of the study. Contrary to 
»soft« empirical evaluation studies based on ques-
tionnaires and interviews, the results have been 
extracted based on quantified, technology- 
supported recorded data. Certainly, further mid- 
and long-term studies measuring changes in mo-
bility behavior are required in application exam-
ples such as ViaggiaRovereto in order to derive 
sound scientific statements about the practical 
effects of game-based approaches for environ-
mentally friendly mobility behavior.



Serious Games and Gamification

221

Game Structure: »Sliced« ApproachGame Structure: »Sliced« Approach
An open question remains how to structure a 
(mobile) game world and particular »sliced« mini 
games considering the nature of intermodal mobil-
ity chains and short timeframes in which to play.

Most mobile games are used as casual games 
with a typical play time of five to ten minutes 
(Lee 2014). As such, a user should be able to have 
a complete mobile gaming experience, with the 
expectation of achieving a concrete task (goal of 
a game), in this timeframe. Scolastici and Nolte 
(2013) suggest that this time should be even 
shorter, that is, a maximum of three minutes. Due 
to the short time span, it is almost impossible to 
achieve an experience of immersion and »flow« 
(Csikszentmihalyi 2000). Instead, mobile games 
should be flexible and easy to access (utilizing the 
»dip-in-dip-out« principle with an easy start and 
finish), and easy to play (gameplay, game mechan-
ics). Referring to the narrative aspect, Flintham et 
al. (2007) suggest structuring the underlying story 
of mobile games into episodes. Popular games 
following that episodic structure include the 
Facebook game CastleVille by Zynga. The episodic 
structure means the game is not limited to a fixed 
story, but is extendible through additional epi-
sodes with new content, which not only lengthens 
the time of play, but also motivates a user to revisit 
the game (again and again) and to explore the new 
content. Lee also suggests subdividing stories for 
mobile games into small parts, or »thin slices.« In 
the same context, Buchanan (2014) introduced the 
concept of byte-sized storytelling, also following 
the »dip-in-dip-out« principle. Practically, story/
game episodes in the form of game slices might be 
interpreted as game modules that can be arranged 
in any order. For the orchestration of game slices 
(mini games) within intermodal mobility chains, 
the (external) time constraints of route sections 
(and movement modalities) as well as the appro-
priateness of mini games (and its gameplay and 
game control) for particular movement modali-
ties need to be considered. The question is which 
episode/mini game fits best for a modality in a 
specific moment and which next episode/game 
module should be selected? In that context, Göbel 
et al. provided an algorithm considering external 

and internal constraints in their paper about story 
pacing (Göbel et al. 2006) and elsewhere provided 
prototypical implementations of the sliced serious 
games concept (Göbel et al. 2019).

SummarySummary
Serious games and gamification represent prom-
ising approaches to support environmentally 
friendly mobility behavior in a playful manner. 
This article has provided a theoretical framework 
to better understand the concept of sliced seri-
ous games with its crucial elements and possible 
outcomes in supporting green mobility modes. 
Whereas the focus of initial prototypes was on 
gaming aspects, the focus shifted to awareness 
and learning aspects in the form of educational 
game environments with implicit learning about 
the effects of transport modalities in terms of 
energy, that is, carbon dioxide emissions. Hence, 
the characterizing goals (see understanding and 
main characteristics of serious games, Dörner et al. 
2016) of those approaches are two-fold: (1) aware-
ness and learning about mobility behavior and its 
energy effects is envisioned, and (2) users should 
be inspired to change their own mobility behav-
ior. The target user group addresses not just the 
younger audience, but all smartphone users.

03	� https://developers.google.com/awareness/
android-api/fence-api-overview> (accessed 
on February 4, 2022).



Stefan Göbel et al.

222

LiteratureLiterature
Bartle, Richard: »Hearts, Clubs, Diamonds, 

Spades: Players Who Suit MUDs.« In: MUD Re-
search, 1, 1, 1996, p. 19.

Buchanan, Levi: »Bite-Sized Storytelling: Creating 
Meaningful Mobile Game Narratives in Seconds, 
2014, https://www.gdcvault.com/play/1020401/
Bite-Sized-Storytelling-Creating-Meaningful.

Crouch, David: »The Swedish 15-Year-Old Who’s 
Cutting Class to Fight the Climate Crisis.« In: 
The Guardian, September 1, 2018, https://www.
theguardian.com/science/2018/sep/01/swedish-
15-year-old-cutting-class-to-fight-the-climate-
crisis.

Csikszentmihalyi, Mihaly: Beyond Boredom and 
Anxiety. Hoboken, NJ, 2000.

Deterding, Sebastian; Dixon, Dan; Khaled, Rilla; 
Nacke, Lennart: »From Game Design Elements 
to Gamefulness: Defining Gamification.« In: 
Proceedings of the 15th International Academic 
MindTrek Conference: Envisioning Future 
Media Environments, 2011, pp. 9–15, DOI: 
10.1145/2181037.2181040. 

Digmayer, Claas; Vogelsang, Sara; Jakobs, Eva-Ma-
ria: »Designing Mobility Apps to Support Inter-
modal Travel Chains.« In: Proceedings of the 
33rd Annual International Conference on the 
Design of Communication. New York, NY, 2015, 
p. 44, DOI: 10.1145/2775441.2775460

Dörner, Ralf; Göbel, Stefan; Effelsberg, Wolfgang; 
Wiemeyer, Josef (eds.): Serious Games: Founda-
tions, Concepts and Practice. Basel 2016.

Flintham, Martin; Smith, Keir; Benford, Steve; 
Capra, Mauricio et al.: »Day of the Figurines: A 
Slow Narrative-Driven Game for Mobile Phones 
Using Text Messaging.« In: PerGames 2007. Pro-
ceedings of the 4th International Symposium on 
Pervasive Gaming Applications. Salzburg 2007.

Göbel, Stefan; Malkewitz, Rainer; Becker, Felicitas: 
»Story Pacing in Interactive Storytelling.« In: 
Pan Zhigeng; Aylett, Ruth; Diener, Holger; Jin 
Xiaogang; Göbel, Stefan; Li, Li (eds.): Technolo-
gies for E-Learning and Digital Entertainment. 
Edutainment 2006. Berlin, Heidelberg 2006, 
pp. 419–428, DOI: 10.1007/11736639_53.

Göbel, Stefan; Maschik, Isabel; Schröder, Jan; 
Krcmar, Denis; Bauer, Fabian; Vogt, Nicolas; 

Weil, Jannis; Würz, Hendrik; Nöll, Maja; Dutz, 
Tim; Steinmetz, Ralf: »Sliced Serious Games: 
Conceptual Approach Towards Environ-
ment-Friendly Mobility Behavior.« In: Joint 
International Conference on Serious Games. 
Basel 2017, pp. 271–283.

Göbel, Stefan; Gámez-Zerban, Alvar; Müller, 
Philipp Niklas; Tregel, Thomas; Gilbert, An-
dreas; Christian, Jason; Schmoldt, David: 
»SG4Mobility: Educational Game for Environ-
ment-Friendly Mobility Behaviour.« In: Elbæk, 
Lars; Majgaard, Gunver; Valente, Andrea; 
Khalid, M. Saifuddin (Hg.): ECGBL 2019—The 
Proceedings of the 13th International Confer-
ence on Game Based Learning, Odense 2019. 
Reading 2019, DOI: 10.34190/GBL.19.092.

Houlette, Ryan: »Player Modeling for Adaptive 
Games.« In: Rabin, Steve (ed.): AI Game Pro-
gramming Wisdom II, 2004, pp. 557–566.

Hunecke, Marcel; Haustein, Sonja; Böhler,  
Susanne; Grischkat, Sylvie: »Attitude-Based 
Target Groups to Reduce the Ecological Impact 
of Daily Mobility Behavior.« In: Environ-
ment and Behavior, 42, 1, 2010, p. 3–43, DOI: 
10.1177/0013916508319587.

Kazhamiakin, Raman; Marconi, Annapaola; 
Perillo, Mirko; Pistore, Marco; Piras, Luca;  
Avesani, Francesco; Perri, Nicola; Valetto,  
Giuseppe: »Using Gamification to Incentivize 
Sustainable Urban Mobility.« In: 1st IEEE  
International Smart Cities Conference, 2015, 
DOI: 10.13140/RG.2.1.2622.2166.

Lara, Óscar D.; Labrador, M. A.: »A Survey on 
Human Activity Recognition Using Wearable 
Sensors.« In: IEEE Communications Surveys 
and Tutorials, 15, 3, 2013, pp. 1192–1209, DOI: 
10.1109/SURV.2012.110112.00192.

Lee, Matthew: »Sticky Ends: Employing Thinly- 
Sliced Narratives in Serious Games for  
Mobile Platforms.« In: International Journal  
of Multimedia and Ubiquitous Engineer-
ing, 9, 10, 2014, p. 349–362, DOI: 10.14257/
ijmue.2014.9.10.34.

Masuch, Nils; Lützenberger, Marco; Keiser, Jan: 
»An Open Extensible Platform for Intermodal 
Mobility Assistance.« In: Procedia Computer 
Science, 19, 2013, pp. 396–403.



Serious Games and Gamification

223

Nordlund, Annika M.; Garvill, Jörgen: »Effects 
of Values, Problem Awareness, and Personal 
Norm on Willingness to Reduce Personal Car 
Use.« In: Journal of Environmental Psychology, 
23, 4, 2003, p. 339–347, DOI: 10.1016/S0272-
4944(03)00037-9. 

Reitmaier, Sabine; Müller, Philipp; Reinfeld, 
Nicole; Tregel, Thomas; Krajewski, Andrea; 
Schäfer, Petra; Göbel, Stefan: »Playful Incen-
tives for Sustainable Intermodal Mobility in the 
Mobile, User-Centered Application FlowMo.« 
In: Vöckler, Kai; Eckart, Peter; Knöll, Martin; 
Lanzendorf, Martin (Hg.): Mobility Design: 
Shaping Future Mobility, vol. 2: Research. Berlin 
2023 (Offenbach Publication Series on Mobility 
Design 2), pp. 224–230.

Ritz, Thomas; Tello, Cesar I.; Damm, Sebastian: 
»Connecting a Pedelec to the Cloud as Basis 
for Gamification in Multi Modal Mobility Plan-
ning.« In: Mobile Cloud Computing, Services, 
and Engineering (MobileCloud), 2014 2nd IEEE 
International Conference, 2014, pp. 101–108. 

Scolastici, Claudio; Nolte, David: Mobile Game 
Design Essentials. Birmingham 2013.

Walz, Steffen P.; Deterding, Sebastian (eds.): The 
Gameful World: Approaches, Issues, Applica-
tions. Cambridge, MA, 2015.

Wikipedia, School Strike for Climate, January 25, 
2022, https://en.wikipedia.org/wiki/School_
strike_for_climate (accessed on February 4, 
2022).



Sabine Reitmaier et al.

224

Playful Incentives for 
Sustainable Intermo-
dal Mobility in the 
Mobile, User-Centered 
Application FlowMo 

Sabine Reitmaier, Philipp 
Müller, Nicole Reinfeld, 
Thomas Tregel, Andrea 
Krajewski, Petra Schäfer, 
and Stefan Göbel

A
U
G
M
E
N
TE

D
 M

O
BILITY






Sabine Reitmaier 
et al.

Playful Incen-
tives



Playful Incentives

225

Through the dissemination of mobile devices such 
as smart phones, tablets, and smart watches, as 
well as the further development of built-in sensor 
technology, mobile applications (apps) are taken 
for granted by many people as a part of everyday 
life. Alongside mobile games developed for enter-
tainment purposes, many apps use game-typical 
elements such as progress indicators, rankings, 
and challenges to heighten motivation for contin-
ued use. This concept, referred to as gamification, 
is being used with increasing frequency for apps 
that are designed to encourage a specific activity 
or behavior, such as learning a language or regular 
physical training. In addition, mobile applications 
include so-called serious games, where the ob-
jective includes both entertainment and at least 
one other goal, also called characterizing goal (see 
Göbel et al. in this volume).

In the context of interdisciplinary mobility 
design, personalized applications make it possi-
ble for mobility users to experience the potential 
impact of their own mobility behavior on the en-
vironment and the climate. They can also convey 
information with a greater sense of immediacy, 
thereby heightening an awareness of responsibil-
ity for the consequences of one’s own actions. In 
addition, mobile applications offer the possibility 
to directly inform users on the move about their 
current mobility behavior and thus encourage 
them to behave in an environmentally conscious 
manner.

Background, Challenges, and AimsBackground, Challenges, and Aims
When it comes to the overarching goal of moti-
vating users through playful incentives (gamifi-
cation and serious game elements) to engage in 
climate-neutral mobility behavior, one question 
necessarily arises: how should such an application 
be designed, both technologically and themati-
cally? To investigate this question, a user-centered 
development of such a mobile application was 
planned based on a preliminary concept.01 Here, 
the challenges can be subdivided into the catego-
ries of functionality and user acceptance.

Functional challenges include the technical 
implementation of mobility recognition, which 
should accurately register and represent the user’s 

mobility behavior, as some modes of transport 
are difficult to distinguish from one another. By 
means of the built-in sensor technology found in 
mobile devices, one area of current research, there-
fore, deals with the challenge of distinguishing 
between transport modes with similar road behav-
ior, i.e., automobiles and buses, something that is 
not possible with current applications. For a close 
connection between game content and mobility 
recognition, it is also important that this function 
works in real time, and that temporary errors such 
as the unstable recognition of two differing modes 
of transport be avoided, since this can be highly 
detrimental to the gaming experience. Given these 
challenges, the focus of research to date has been 
on linking game content to distinctive real-world 

01	� The preliminary concept for the applica-
tion FlowMo was formulated at the Multi- 
media Communications Lab of the TU Darm-
stadt. Designers from the HfG Offenbach 
took charge of extensions related to user- 
oriented requirements, generated rough and 
fine concepts, and planned out the design 
implementation. Together with transpor-
tation planners from the specialist group 
Neue Mobilität (ReLUT) at the Frankfurt 
University of Applied Sciences, they su-
pervised the development process, which 
involved ongoing user surveys and eval-
uations. Participating in the project 
were: Sabine Reitmaier, Philipp Müller, 
Nicole Reinfeld, Andrea Krajewski, An-
dreas Gilbert, Carola Klingbeil, Silvio 
Lepsy, Sarah Lerch, Felix Reinhold, Thomas 
Tregel, Stefan Göbel, Peter Eckart, and 
Petra Schäfer. The project is part of the 
research focus “Infrastructure—Design— 
Society,” which received support from 2018 
to 2021 from the Landes-Offensive zur Ent- 
wicklung wissenschaftlich-ökonomischer 
Exzellenz (Statewide Campaign for the De-
velopment of Scientific and Economic Ex-
cellence, LOEWE) of the German Federal 
State of Hesse. The project partners were 
the University of Art and Design Offen-
bach (design, management), the Frankfurt 
University of Applied Sciences (transpor-
tation planning), the Goethe University 
Frankfurt (mobility research), and the 
Technical University Darmstadt (media and 
communications technology/architecture).Playful Incen-
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locations (Göbel et al. 2019) so that it is exclusively 
the position of the player that is of relevance; these 
are referred to as »location-based games.« How-
ever, if the gaming content is adapted to specific 
active locations rather than the player’ mobility 
behavior, it could mean that no game content is 
available while they are using public transport.

In contrast, the concrete objective of the proto- 
type concept is that gaming content should be 
made available during the use of public transport 
and should be adapted to the player’s current mo-
bility behavior. This becomes possible through the 
continued development of mobility recognition, 
which permits a more accurate real-time identi-
fication of the current mode of transport through 
the application of machine learning methods and 
the integration of public transport maps (in detail, 
see Tregel 2020).

Among the challenges regarding acceptance by 
users are the following questions: Will potential 
users accept the tracking of their mobility behav-
ior that results from the use of mobility recogni-
tion? If so, under which circumstances? Which 
play elements and genres do users expect to find 
in such mobile applications? How closely should 
these be linked with the player’s individual mobil-
ity behavior? Do potential users expect additional 
options and features that are designed to encour-
age regular use of the app? 

Process and Methodological ApproachProcess and Methodological Approach
User-centered development proceeded along a 
step-by-step process, which included user re-
search, conception, interaction design, and visual 
design. The process was iteratively accompanied 
by methods. The methods used were

– �User surveys with online questionnaire and 
with interview guidelines

– �Prototyping with interactive click dummies in 
low- and high-fidelity

– �Prototyping with a drawn digital storyboard 
(Hanington and Martin 2019: 176–177)

– �Critiques in the form regular internal team 
reviews (Hanington and Martin 2019: 66–67)

The preliminary concept served as the basis for 
an online survey. It consisted of the requirements 
of technical functionality (self-measurement set-
tings; mobility behavior tracking), and a character-
ization of the game concept in two variants (mini 
games, eco app). The results of the online survey 
led to the visualization of a rough concept, which 
was formulated as a storyboard. The storyboard 
showed the use of a roughly sketched application 
in various scenarios from the users’ point of view 
and was used in a subsequent survey with an in-
terview guide. Both user surveys were conducted 
with the help of a long-term focus group (on the 
long-term focus group as a method in mobility 
research, see Schäfer et al. in this volume). The 
232 focus group participants were recruited in 2018 
through an online survey that was advertised and 
transmitted via various channels (↳Fig. 1).

Results Results 
The results of the first survey of the focus group 
were evaluated both textually and graphically and 
processed for further communication. The follow-
ing were striking: a fundamentally positive atti-
tude toward self-quantification, a general interest 
in a graphic, informative representation of one’s 
own mobility behavior, interest in already familiar 
minigames (such as Candy Crush) and the lack of a 
pronounced affinity for games among the group of 
participants.

The second survey was realized with the help 
of an online videoconferencing tool and was 
recorded in image and sound, transcribed, and 
formulated into design-specific derivations in the 
dimensions of tracking, game genres, game situ-
ations, self-measurement, conceivable statistics, 
challenges, and the design of the scoring system. 
This concerned, for example, the possibilities to 
visualize one’s own mobility behavior, to be able 
to compete with oneself and others through chal-
lenges, an expansion of the points award system to 
all areas of the application as well as the possibility 
to equip a game character with items.

The resulting detailed concept consisted of a 
self-measurement component that registers and 
depicts user behavior while rewarding environ-
mentally friendly behavior; and a game component 
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Fig. 1 Rough concept as storyboard with 
user scenarios (Source: Andrea Krajewski)
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in which players assist a main character to purify 
the air and to maintain its purity through environ-
mentally aware mobility behavior (↳Figs. 2+3).

The game character Florin the Molecule be-
comes the narrative accompaniment and primary 
figure of the application. He is emblematic of the 
narrative, according to which the mobility be-
havior of each individual has an influence on air 
pollution caused by harmful substances that are 
dispersed through motorized individual transport. 
The application begins with a greeting by Florin, 
a fictive molecule that is able to collect pollutants. 
Users create a profile that serves as a basis for eval-
uating and localizing individual application data 
and are able to register routes and evaluate them 
subsequently. The user’s location and mode of 
transport determine whether two different mini- 
games are active and whether environmental 
points can be generated; active mobility and the 
transport modes of the Umweltverbund are given 
preference by the point system. With Florin, pol-
luting molecules can be collected from the air 
while using or waiting for climate-neutral modes 
of transport, and then used to earn environmental 
points. The environmental points are conceived in 
such a way that users can spend them both in mini- 
games as well as in challenges. In the challenges, 
users can compete by measuring their scores 
against those of others, create their own chal-
lenges, and invite others to participate. They also 
have the option of earning fictive objects (items), 
which can be used to customize Florin. 

Generated over the course of the project were 
rough and fine concepts, as well as design docu-
mentations, which served as the basis for further 
program-side implementation of the minigames in 
the app. In a potential further development of the 
application, the interactive visualization of mobil-
ity behavior, the tracking, and the challenges can 
be implemented.

Summary Summary 
Technological challenges, along with those related 
to game concepts, were investigated based on two 
different research prototypes. The application 
FlowMo now allows researchers and users to ac-
quire a full picture of the thematic concept, while 

at the same time, a technical proof of concept can 
be integrated into the application in a real envi-
ronment. The user-centered development of the 
app can be regarded as positive for the process 
flow of thematic and technological research and 
should be continued in future projects. A survey 
on aspects of the app’s technical functionality as 
well as an evaluation of the app’s user-centricity 
in the sense of a usability test could not be carried 
out within the framework of the project (Haning-
ton and Martin 2019: 242–243). Such surveys are 
recommended to evaluate the behavior-changing 
potential of the application.

The goal of creating incentives for environmen-
tally friendly mobility behavior through playful 
rewards in a mobile application, which was al-
ready anchored in the preliminary concept, met 
with broad approval among the respondents of 
the user group. Respondents were also very inter-
ested in an individualized, visual representation 
of their mobility behavior and saw clear potential 
to change their behavior within occupational and 
infrastructural limits. 
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Fig. 2 Self-measurement component with tracking, 
challenges, and visualization of mobility behav-
ior (Source: Silvio Lepszy, Sarah Lerch)

Fig. 3 Game components with the character Florin 
collecting pollutants; in the shop, items can be 
acquired for Florins. (Source: Silvio Lepszy, 
Sarah Lerch)
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On December 24, 1900, the Boston Globe reported 
predictions for what life in the city of Boston might 
look like in the year 2000. The article’s specula-
tions speak to the concerns of city residents at the 
time and their fantasies for resolving them in the 
future: in 1900, downtown Boston suffered from 
the cacophonous gridlock of 400,000 people and 
14,000 horses navigating a city center that occu-
pied less than a square mile (McShane 2001: 277). 
It was said at the time that residents of Tremont 
Street could reach their destinations faster by 
walking along the roofs of stalled streetcars than 
by riding inside them (MBTA). Imagining idealized 
solutions to the crowding and congestion, the ar-
ticle predicted mobility innovations from a pro-
fusion of »auto-something-or-others« to moving 
sidewalks conveying pedestrians and airships 
flying over the city. However, it notes facetiously 
that »even airships would not solve the transit 
problem in a city like Boston« (Novak 2011).

Over the course of the twentieth century, cars 
and subways would take over from horses and 
streetcars; highways would widen the city’s arter-
ies; on-demand mobility would become accessible 
at the touch of a smartphone; the public transit 
network would expand to neighborhoods beyond 
downtown; and yet the problems of traffic, con-
gestion, and inaccessibility would remain. While 
the overall comfort and speed of transportation 
have certainly improved in the last hundred (and 
twenty) years, the fundamental issues that frus-
trated Bostonians in 1900 still frustrate them 
today and are exacerbated by unequal access to 
mobility based on neighborhood and income. 
In a way, the Globe’s tongue-in-cheek pessimism 
turned out to be correct: none of the »airships« 
that emerged were able to solve the transit prob-
lem, in Boston or anywhere.

However, a new paradigm of data-driven mo-
bility design is emerging that may smooth out the 
perennial transit issues that no single technology 
has been able to eradicate. Today’s vehicles op-
erate not only in a physical environment as they 
did in 1900, but also in a new and evolving data 
environment populated by information collected 
during every trip and controlled by the software of 
networked fleets, autonomous vehicles, and social 

media. The current and forthcoming waves of 
mobility innovations will operate on these forms 
of software, carrying out a transition from individ-
ualized, human-operated vehicles navigating un-
responsive infrastructure to networked, intelligent 
mobility integrated with the built environment. 

This chapter discusses four research projects 
conducted at MIT’s Senseable City Lab that both 
describe and inform key turning points along this 
trajectory. By reviewing research focused on data 
analysis and networked autonomous mobility, 
it outlines the makings of a new era for transit, 
whose implications for transportation technology 
and city building are significant and intertwined. 

Driving DNA: Individuals as Data PointsDriving DNA: Individuals as Data Points
The road toward data-driven transportation begins 
with data analysis on the information already 
available from vehicles on the road today. Every 
car records thousands of signals from its controller 
area network (CAN) bus in order to ensure the cor-
rect functioning of the vehicle, expressing almost 
real-time information about the car itself, the 
behavior of its driver, and the surrounding envi-
ronment. This stream of data—roughly a few giga-
bytes per hour—captures the actions of the car’s 
driver as well as the tangible outcome of those 
actions that the driver can sense as a response, 
filling out the feedback loop that characterizes a 
given individual’s driving style. The Driving DNA 
project01 (Fugiglando et al. 2017) focuses on distill-
ing the signals from the CAN bus that most mean-
ingfully represent driving behavior, so that the 
tendencies of different drivers can be identified 
and compared.

The CAN bus of a car transmits data from 2,418 
different signals, and this study evaluates 2,135 
hours of that data, produced by an experimental 
group of 53 drivers who conducted 1,987 driving 
sessions in Ingolstadt, Germany, over 55 days.02 

01	� Partners: Allianz, Volkswagen Electron-
ics Research Laboratory (ERL), Fraunhofer, 
Brose; Project Participants: Carlo Ratti, 
Paolo Santi (Project Lead), Emanuele Mas-
saro, Sebastiano Milardo, Umberto Fu-
giglando, Fábio Duarte, Hyemi Song, Sarah 
Campbell, Louis Charron.
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Since the drivers were given no instructions or 
limitations regarding where or how to drive during 
their driving sessions, the experimental environ-
ment of this study should be considered uncon-
trolled, making it a close approximation of normal, 
unmonitored driving behavior.

To capture a driver’s »DNA,« or behavioral 
profile, the study focuses on four particularly 
revelatory dimensions of the CAN bus data: 
frontal acceleration, lateral acceleration, speed 
in the context of the speed limit and presence of 
rain, and RPM (revolutions per minute of the en-
gine’s crankshaft) are interpreted as measures of 
cautious driving, attentive driving, safe driving, 
and energy efficiency, respectively. Each driver’s 

behavior according to these characteristics can 
be visualized as a fingerprint: a shape stretched 
or compressed in four directions according to 
the driver’s score for each metric. To encapsulate 
this information for purposes like driver rank-
ing, three approaches were presented to repre-
sent each driver’s behavior in a single synthetic 
score between 1 and 100: an arithmetic average, 
a weighted average, and a maximized variance 
based on principal component analysis (PCA). 
These three scores are shown beneath each driv-
er’s fingerprint in ↳Fig. 1. 

Using the profiles and scores produced by the 
Driving DNA project, individual drivers can be 
characterized, compared, ranked, or sorted accord-
ing to the unique behavior measured by their cars’ 
existing hardware. This project offers a key step 
toward integrated and responsive mobility systems 
by efficiently representing the specific behavior 
of individuals who share the road in a way that is 
clear and comparable. Driving DNA establishes a 
notion of drivers and vehicles as data points exist-
ing together in a space that can be analyzed and 

Fig. 1 Driving DNA »fingerprints« showing 
four-dimensional driver profiles as shapes 
corresponding to scores on four axes, with 
three different overall scores (arithme-
tic average, weighted average, maximized 
variance) below. (Fugiglando et al. 2017) 
Project URL: https://senseable.mit.edu/
driving_dna/
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manipulated, a concept that underlies the remain-
ing projects described in this chapter.

Minimum Fleet: Optimizing Mobility Minimum Fleet: Optimizing Mobility 
Networks Based on DataNetworks Based on Data
Expanding on the notion of individual vehicles as 
data points, the Minimum Fleet project03 (Vazifeh  
et al. 2018) envisions a fleet of taxis as a set of 
mathematical connectors working together to 
meet trip demand. Currently, taxis in the city of 
New York spend hours a day circling the streets in 
search of a passenger to pick up, during which time 
they are empty and therefore not actively working 
to complete a trip. While each taxi driver individ-
ually tries to reduce this unproductive time, the 
typical taxi still spends only about 60 percent of its 
workday actually carrying a passenger. By moving 
beyond a model of vehicles as independent indi-
viduals and toward a taxi network that operates as 
a connected and optimized system, the Minimum 
Fleet project shows that it is possible to substan-
tially increase the amount of time each taxi driver 
spends actively serving demand, and thereby sig-
nificantly reduce the number of taxis necessary to 
complete every trip in the city. 

The core of this project is a concept called the 
»vehicle-sharing network,« which translates the 
notion of a »shareability network« (Santi et al. 
2014) to a minimum path cover problem on di-
rected graphs, allowing the mathematical frame-
work of shareability to govern a fleet of shared 
vehicles without requiring the actual sharing of 
rides. This approach furnishes a solution to the 
minimum fleet problem, which asks: given a set 
of trips specified by origin, destination, and start 

time, what is the minimum number of vehicles 
that can serve every trip without any delay to the 
passengers? By rendering this question in the 
field of graph algorithms, the Minimum Fleet 
project is able to solve the minimum fleet prob-
lem and also connect it to the fields of computer 
science and applied mathematics, such that 
computationally efficient algorithms for optimal 
vehicle dispatching can be achieved. ↳Fig. 2 
illustrates this approach. 

Though the optimal solution to this problem re-
quires complete offline knowledge of daily mobil-
ity demand (possible only in a retrospective exper-
imental context), a near-optimal online version of 
the algorithm, executable in real time for real taxi 
operation, can achieve similar results. With full 
knowledge of daily trip demand in advance, the 
vehicle-sharing network can reduce the necessary 
fleet size for New York City by 40 percent, with no 
ride-sharing or passenger delay. The online ver-
sion of the algorithm follows closely behind it with 
a method that can be implemented in real time: 
it locally optimizes vehicle dispatching based on 

02	� The CAN bus data was collected through an 
experiment conducted by AUDI AG and Audi 
Electronics Venture in Ingolstadt,  
Germany, using a test fleet of ten Audi A3 
vehicles.

03	� Partners: Cornell University, Instituto di 
Informatica e Telematica (IIT), Consiglio 
Nazionale delle Ricerche (CNR); Project 
Participants: Carlo Ratti, Paolo Santi 
(Project Lead), Mohammad Vazifeh (Proj-
ect Lead), Giovanni Resta, Fábio Duarte, 
Snoweria Zhang, Irene de la Torre-Arenas.
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Fig. 3 Map depicting one minute of taxi rides 
with passengers in New York City, April 20, 
2011, starting at 10 a.m. The left side, with 
the lines colored in blue, represents the Min-
imum Fleet optimization model; the right side, 
with the lines colored in yellow, represents 
the current taxi system. The dots signify des-
tinations. (Vazifeh et al. 2018) Project URL: 
https://senseable.mit.edu/MinimumFleet/
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brief samples of demand, allowing it to still serve 
more than 90 percent of trip requests with a 30 
percent fleet reduction. ↳Fig. 3 shows a map of 
the taxi trips for one minute in New York City, with 
optimization based on the Minimum Fleet model 
(left) and without (right).

Importantly, this project’s approach assumes 
that trip requests and vehicle-dispatching deci-
sions are centralized, which is a model much more 
similar to app-based mobility operators than to 
the current management of taxi fleets. In this 
sense, the impressive reduction in taxi fleet size 
achievable with the vehicle-sharing network is 
also a reflection of the benefits of centralization 
for mobility dispatching. Of course, the reality of a 
monopolistic market or comprehensive state- 
controlled transportation operator is unattractive 
for reasons that may outweigh the attainment of 
a true minimum fleet. Luckily, the finding that 
the near-optimal online version of the algorithm 
delivers similar results to the optimal offline one 
indicates that most of the benefits of centralized 
vehicle dispatching are still possible in an oligopo-
listic market. 

The Minimum Fleet project represents a tri-
umph of the data-driven approach to mobility, 
framing a taxi fleet as a dataset that can be mod-
eled and manipulated. This approach could be 
considered a transitional strategy to apply the 
principles of data-driven dispatching to a fleet 
of human-operated vehicles, such that a respon-
sive and optimized system can be implemented 
while each taxi is driven independently. Also, this 
method can inform green policies in achieving 
carbon-dioxide-cap targets by reducing the fleet 
by 30 percent and still keeping the quality of ser-
vice. Naturally, the absolute minimum fleet will be 
achieved only when limits on driver availability, 
maximum operating hours, and schedule coor-
dination can be eliminated—by the adoption of 
autonomous vehicles.

Rebound: Predictive Personal MobilityRebound: Predictive Personal Mobility
Autonomous driving revolutionizes the data en-
vironment in which vehicles operate, such that 
each vehicle is no longer just a data point in a 
larger system of monitoring and management, but 

instead an agent with its own operating system 
whose contribution to the larger fleet or network 
is self-directed. In another scenario of fleet min-
imization, the Rebound project04 (Kondor et al. 
2021) investigates the benefits of self-repositioning 
capabilities for dockless, shared personal mobil-
ity devices, such as bike-share systems or electric 
scooters. 

Unlike taxis, which actively circulate around the 
city in search of new passengers, contemporary 
implementations of shared personal mobility de-
vices serve their trips and then remain stationary 
at their users’ destinations. This results in a distri-
bution problem, in which extremely popular drop-
off locations become oversaturated with shared 
mobility devices, while devices ridden to uncom-
mon destinations are left stranded and ill-situated 
to serve demand. The Rebound project proposes a 
solution to this problem in the form of »self-reposi-
tioning shared personal mobility devices« (SR-SP-
MDs), which are small electric scooters that must 
be driven by their user during trips but can move 
autonomously to reposition themselves at optimal 
pickup locations during downtime.

The project evaluates this concept according 
to the vehicle-shareability network established 
by the Minimum Fleet research, using data from 
short shared bicycle and public bus trips in Singa-
pore. It finds that self-repositioning functionality 
represents a significant improvement in terms of 
fleet minimization and vehicle utilization, but that 
relocation speed is a key determinant of the viabil-
ity of an SR-SPMD model, regardless of its demand 
knowledge. In order to enable SR-SPMDs to auton-
omously self-reposition fast enough to improve 
the fleet’s overall performance (15 km/h), signifi-
cant infrastructure improvement would have to be 
completed to smooth and separate the paths taken 
by self-repositioning devices. Further study of the 
Rebound model found that this could be achieved 
if separate paths specifically for personal mobility 

04	� Partners: Singapore-MIT Alliance for Re-
search and Technology (SMART); Project 
Participants: Carlo Ratti, Dániel Kondor 
(Project Lead), Xiaohu Zhang, Paolo Santi, 
Fábio Duarte, Dylan Halpern, Guangyu Du.
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devices and SR-SPMDs were constructed parallel 
to existing bicycle and PMD routes. 

This research explores the benefits of an in-
termediate form of limited autonomy, in which 
SR-SPMDs optimize their availability to serve 
mobility demand without subjecting passengers 
to the slow and defensive driving style associated 
with fully autonomous navigation of a pedestrian 
environment. In this project, as in the previous ex-
amples, an existing technology (here, the scooter; 
elsewhere, cars and taxis) is reimagined according 
to a new operational or management protocol that 
reframes its role in the broader transit system. 
Rebound advances this trajectory by suggesting a 
tandem evolution of mobility and infrastructure.

RoundAround: Autonomous Vehicles as  RoundAround: Autonomous Vehicles as  
InfrastructureInfrastructure
As autonomous vehicles (AVs) improve, they will 
influence the design of the built environment, 
creating a conversation by which mobility solu-
tions and infrastructure can coevolve. Today’s AVs 
are designed to navigate a physical environment 
of streets and traffic largely unchanged since 1900. 

But as their adoption increases and the data envi-
ronment of future mobility becomes primary, the 
city will have to respond: fewer cars on the road, 
liberated parking spaces, and faster travel with the 
elimination of traffic induced by human error will 
free up entire categories of public space tradition-
ally reserved for vehicles. As these infrastructures 
become obsolete, new approaches to city building 
will become necessary. 

The RoundAround project05 (Leoni et al. 2019) 
blurs the line between vehicle and infrastructure, 
envisioning a future of autonomous mobility solu-
tions that operate not only as independent agents 
of transit but also as infrastructure in motion, 
coordinated to accomplish flexibly and intelli-
gently what today’s infrastructure does with unre-
sponsive permanence. This research is part of the 
broader Roboat research initiative at the Senseable 
City Lab: a five-year partnership with the city of 
Amsterdam to design and test autonomous elec-
tric boats for the city’s canals as a creative solution 
to the problems of traffic and litter. The Round-
Around project presents one of many use cases for 
the Roboat vehicles: the design recasts a set of ten 

Fi
g.

 4
 R
ou

nd
Ar

ou
nd

 a
ut
on

om
ou

s 
br

id
ge

 r
en
-

de
ri

ng
, 
sh

ow
in

g 
tw

o 
ra
mp

 d
oc

ks
 a
nd

 R
ob

oa
ts

 
sh

ut
tl

in
g 
in

 a
 c
ir

cu
la
r 
pa

th
 b
et

we
en

 t
he

m.
 

(L
eo

ni
 e
t 
al

. 
20

19
) 
Pr
oj

ec
t 
UR

L:
 h
tt

ps
:/

/
se

ns
ea

bl
e.

mi
t.

ed
u/

ro
un
da

ro
un

d/



Designing the Data Environment

241

Roboats as a bridge, choreographing them to travel 
in a circular pattern between two docks in order to 
shuttle passengers from one side of a canal to the 
other, as shown in ↳Fig. 4. 

Connecting the neighborhood of Marineter-
rein directly to the city center of Amsterdam, the 
RoundAround bridge eliminates what is currently 
a ten-minute walk between the two areas. The 
design includes continuous ramps on each side of 
the canal that convey pedestrians from street level 
to water level, terminating in open-sided platforms 
with contact points for Roboats to momentarily 
dock as passengers board. The Roboats travel in 
a continuous circle that links the two sides of the 
canal and could be dispersed or reassembled with 
a simple change in programming, though they are 
always able to respond intelligently to obstacles 
or other vessels using cameras and laser scanning 
technology (LiDAR). RoundAround is a compelling 
use case for the Roboat vehicles, of which the first 
full-scale prototypes set sail in spring 2021.

The RoundAround design envisions a crossover 
between intelligent vehicles and responsive infra-
structure, offering a glimpse into a future of cities 
shaped by networked smart mobility. Framed as 
the furthest point on the trajectory that connects 
the data environment of individual vehicles and 
optimized connected fleets to that of autonomous 
vehicles and responsive environments, this project 
extends data-driven mobility into the sphere of 
urban infrastructure. 

ConclusionConclusion
This chapter has discussed four research proj-
ects conducted by MIT’s Senseable City Lab, all 
of which offer imaginative contributions to the 
future of connected, intelligent mobility. Driving 
DNA establishes a basic technique of vehicle-based 
data analysis, mobilizing the information already 
transmitted by today’s cars to create a quantitative 
representation of driver behavior. Minimum Fleet 
expands this notion of vehicles as agents in a data 
environment by solving for the optimal taxi fleet 
size for New York City, according to the innova-
tions of demand sensing, centralized dispatch, and 
the novel vehicle-sharing network. The Rebound 
project applies this mathematical approach and 

integrates limited autonomous driving, consider-
ing how fleet dynamics change when each device 
in a shared personal mobility system is able to 
anticipate demand. Finally, RoundAround imag-
ines the broader implications of AVs, interrogating 
their impact on the city by blurring the boundary 
between vehicle and infrastructure through auton-
omous boats choreographed to form a bridge. 

As the mobility innovations of the twenty-first 
century unfold, these studies support a predic-
tion similar to that published in the Boston Globe 
in 1900, that »even airships would not solve the 
transit problem.« None of these projects are air-
ships: while they operate on different types of 
vehicles, some of which are particularly innovative 
(Roboats, for example), their central contributions 
are not in the sphere of physically engineering new 
modes of transit. Instead, they operate on the data 
environment in which today’s vehicles exist, gath-
ering information from those vehicles and using it 
to drive new approaches to the management, de-
ployment, and choreography of mobility solutions. 

This data-driven mobility paradigm transcends 
the vehicles themselves and points toward a robust 
and flexible urban operating system, in which 
transit and infrastructure develop and improve 
together. It manifests as an »intelligence« that is 
equally transcendent of scale: these projects lay 
track for a future of mobility that is not only en-
dowed with predictive functionality at the level of 
the vehicle, but guided at the network level by an 
adaptive mode of development and governance 
shaped by consistent data collection, analysis, 
and response. In their examination of present 
mobility data, the projects discussed here expose 
the status quo and respond to it with innovations 
maximizing safety and efficiency. The future of 
this data environment will be shaped bilaterally by 
the sensing devices that generate its constituent 
information and the analytical procedures estab-
lished to parse and operationalize it. According to 

05	� Partners: Amsterdam Institute for Ad-
vanced Metropolitan Solutions (AMS); 
Project Participants: Carlo Ratti, Fábio 
Duarte (Project Lead), Pietro Leoni, Lenna 
Johnsen.
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this structure, the achievement of goals like equity 
of access and green urban systems will depend 
not only on the engineering of fair and sustainable 
mobility infrastructure but on the information 
produced by that infrastructure and the questions 
we ask of it. Thus, if the Senseable City Lab were to 
register a prediction for transit in the remainder of 
the twenty-first century, it would rest on the idea 
that any mobility solution is most powerful when 
it is connected, responsive, and driven by data.
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In the last decade, digital technologies have in-
creasingly found their way into mobility systems. 
As a result, the character of mobility has been 
altered so fundamentally that we can now speak 
of expanded mobility. However, this expansion of 
the potentialities of mobility behavior is far from 
concluded; instead, the progressing digital trans-
formation of the mobility sector can be expected to 
offer new perspectives and challenges for mobility 
design. This essay sketches out some of the emerg-
ing design dimensions of expanded mobility and 
offers instances of the way in which some of the 
changes and user expectations brought about by 
digitalization will have an impact on the potential 
design of mobility systems. 

The first part is devoted to the issue of the influ-
ence of digital technologies on mobility, and based 
on this, offers a definition of expanded mobility. 
The second part addresses some of the central user 
expectations in connection with already existing 
digital or digitally supported products that have 
resulted from the use of digital technologies. Ex-
trapolated from this discussion will be some pros-
pects for the design of expanded mobility. 

In this context, the central terms are future 
design, digital design, digital transformation, 
Internet of Things (IoT), IT and mobility, mental 
models, mobility design, mobility research, Mo-
bility as a Service (MaaS), smart city, smart home, 
transformation design, transport policy, user expe-
rience, future mobility, and future research. In-
dispensable for a closer look at these issues is dis-
ciplinary knowledge from the areas of interaction 
design and design methodology. We have selected 
scientific contributions and fundamental works 
from the field of design methodology (in particular 
digital design). 

Dimensions and Definition of Expanded Dimensions and Definition of Expanded 
MobilityMobility
We understand the term digital technologies to 
mean the interplay between hardware, software, 
and networks. These technologies influence 
business models, courses of action, and social 
interaction. Their application impacts not just 
the framework conditions of planning, design, 
and utilization, but also our understanding and 

definition of mobility. We are headed toward a 
living environment whose buildings, fixtures and 
furnishings, devices, transport resources (in short: 
whose »things«) are increasingly networked with 
one another in the Internet of Things (IoT). »It is 
estimated that more than 30 million IoT devices 
were installed in the course of the year 2020 world-
wide, and that this number will more than double 
by the year 2025« (BMBF 2021). Supported by ma-
chine learning, these things are able to act auton-
omously or in systems to offer situational services 
and to make decisions on behalf of human beings 
and the environment. Interfaces of diverse kinds, 
such as smart phones, terminals, watches, smart 
clothing, or even the environment itself, provide 
users with controlling access to the total mobility 
system and its various services. This results in a 
variety of expanding dimensions for the concept of 
mobility. 

The market dimension: the pool of providers on 
the mobility market is expanding, and reshaping 
mobility as such. From international IT concerns 
to housing associations, and all the way to regional 
networks, new protagonists are emerging and 
offering mobility services from their diverse per-
spectives. Even more, through the IT-supported 
components of the means of transportation, such 
as passenger automobiles (peer-to-peer sharing), 
participants in transport activity who were previ-
ously merely consumers are now spontaneously 
becoming mobility providers (Lanzendorf et al. 
2017: 142). In the future, mobility will not simply 
be made available to as many people as possible 
by a central authority in a maximally neutral way, 
but instead will consist of a spectrum of offerings 
that are freely available to individuals depending 
upon their requirements. This also means that the 
boundaries between individual and public passen-
ger transport are becoming blurred. 

The dimension of supply: the reconceptualiza-
tion of the concept of mobility as a flexible mobil-
ity service (Mobility as a Service, MaaS) with the 
assistance of coordinating software will only func-
tion in an economically and ecologically appro-
priate way if public transport and shared mobility 
are merged (for example, through the integration 
of digital interfaces, physical infrastructures, as 
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well as ticketing and timetables; see ITF 2021: 35). 
This has not yet occurred to an adequate degree. 
Canzler and Knie compare our currently confus-
ing world of mobility »with the condition of the 
Internet before the invention of browsers« and 
propose, as a real-world experiment, a »browser« 
for the transportation system. They referred here 
to a »change through a digital demonstration of 
the possible« (Canzler and Knie 2021: 298). In the 
future, mobility will be conceived as a multi- 
optional service which users will have access to  
at any given place, at any moment, individually, 
and centrally bundled.

The environmental dimension: in order to give 
form to an environmentally compatible mobility 
system, it seems advisable to consider concepts 
of greater complexity: namely, taking larger in-
terrelationships into account by coordinating 
them and conceiving of them as units that can be 
integrated into the total mobility system as we 
develop a strategy for the »transformation of trans-
port.« If cleaner energy is required for mobility, for 
example, then the process of its production and 
distribution could also become a consistent aspect 
of the mobility concept. An example of this is the 
participation of the citizenry in the production 
of clean energy for vehicles through their own 
homes (Honda 2021; Fast Company 2014). Batteries 
for public transport infrastructure also have the 
potential to serve as intermediate energy storage 
facilities in a connected energy grid concept. Ve-
hicles parked at specific locations could either 
become charged or feed power back into the grid 
via a system of wireless energy exchange (Witric-
ity 2018). In the future, environmentally friendly 
mobility will not merely solve the problem of 
transport between point A and point B; it will also 
use digital technologies to achieve this as cleanly 
as possible within the framework of a larger infra-
structural solution.

Based on the dimensions discussed above, we 
define expanded mobility as a digitally sup-
ported system consisting of hardware and 
software that is interlinked in networks. By 
hardware, we mean all of the material objects 
of the mobility system (means of transport, 
infrastructure, and interactive devices such 
as smart phones, computers, wearables, etc.); 
by software, we mean their digital expansions. 
Mobility options will be made available by 
various protagonists (including participants 
in transfer activities themselves) as a system 
as multioptional services. 

What Kind of Perspectives for the Design of  What Kind of Perspectives for the Design of  
Expanded Mobility Emerge from User  Expanded Mobility Emerge from User  
Experiences with Digital Products? Experiences with Digital Products? 
The utilization of products or systems presupposes 
that users possess an experience-based, partial, 
conceptual notion of how they are to be handled, 
and what consequences or meanings result from 
their use. This is also known as the concept of the 
»mental model« (Dutke 1994; Krippendorff 2013). 
Interaction designers in particular address the 
preexisting models of users, with the aim of giving 
such interfaces and interactions a »natural« feel. 
In searching for the appropriate model, software 
ergonomics speaks of »expectation conformity« as 
one of seven criteria for the dialogue design of in-
teractive systems (DIN EN ISO 9241-110). In coping 
successfully with a new situation and its associated 
artifacts and systems, users are also quite capable 
of applying concepts familiar from other empirical 
areas (Krippendorff 2013). To do so, they simply 
require points of reference that are supplied to the 
design or behavior of the relevant artifact. This 
fundamental cognitive flexibility in humans can be 
strategically exploited in mobility design in order 
to give rise to new mental models that foster the 
transition to the expanded mobility system. This 
is vital if users are to acquire the kind of cognitive 
access that renders the potential of innovations 
comprehensible and practicable. Regarding design, 
adherence to now defunct models can retard the 
success of progressive mobility strategies and lead 
to user frustration due to the anticipated diver-
gence between model and reality. During the early 
history of the automobile, for example, the mental 
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model of the »horseless carriage« prevailed for a 
considerable period of time. Motorized vehicles, 
therefore, were steered using reins, which entailed 
various problems (safety, turning radius) that were 
in turn eliminated through the adoption of the 
mental model of the steering wheel of a ship. Here, 
access to new perspectives becomes a strategic aim 
of mobility design. 

Mental models emerge through the stabilization 
and perpetuation of lived experience. They cannot 
simply be »invented« by a third party and applied 
in a particular instance unless the corresponding 
experiences have been internalized by the user 
and stored as a model (Dutke 1994). Since digital 
technologies form the basis for expanded mobility 
and will strongly influence mobility behavior in 
the future, the question arises from a design per-
spective: how can the preexisting mental models 
that developed through the application of digital 
technologies in other areas of life be transferred 
successfully to the design of expanded mobility? 
This will be exemplified with reference to four 
mental models.

Model 1: Customized Options Are Immediately Model 1: Customized Options Are Immediately 
AvailableAvailable Digital networking, in conjunction 
with data collection and analysis, makes possible 
options for personalized information, communi-
cation, and services that are available at any times. 
Moreover, »the qualities of durability, stability, 
and reliability are given less precedence than 
being optional, flexible, and revisable« (Canzler 
et al. 2011: 293). This means a growing demand on 
the part of consumers and citizens for the imme-
diate accessibility of personalized products and 
services in parallel optional offerings (multi- 
optionality). Through human-centered design, 
moreover, the users of interactive systems have 
become accustomed to enjoying a central status. 
It is a question here of a design process aimed at 
developing and configuring interactive products, 
namely by analyzing the needs of users and imple-
menting their participation through an iterative 
process (also referred to as participative design) 
(ISO 9241-210:2019). This differs radically from 
the public transport services offered by cities 
and municipalities, which cover only fixed routes 

using uniform vehicles and carry as many people 
as possible while following strictly fixed schedules.

Perspectives for mobility design: users are accus-
tomed to being the focus. A selection of both func-
tionally and emotionally customized services and 
experiential options are accessible to them situa-
tionally and without delay. This means a rethink-
ing of the provision and design of accessibility to 
mobility options. These cannot be available only at 
certain places where travelers are obliged to pres-
ent themselves; instead, transport services must 
come to them—and in all conceivable ways. This 
pertains not only to the availability of and access 
to mobility services via software, but also forms 
the basis for fundamental systemic offerings and 
for the design of mobility as the interplay between 
services and product experience. 

Model 2: Data is Used for the Common GoodModel 2: Data is Used for the Common Good 
Data is required by service providers in order 
to learn about user behavior, allowing them to 
optimize products and services economically 
and orient them so that they become situatively 
relevant. Available today are a multiplicity of 
combinable methods. In the area of mobility, data 
is generated at many stations within the value 
creation chain with the help of various devices 
(smartphone, smartwatch, ticket vending ma-
chine) and vehicles (from loan scooters to intercity 
express trains), and can be combined into a single 
profile. The question of who uses data, and for 
what purpose, has been taken up by the growing 
open data culture, and a model concept developed 
(bpb 2011). The objective is to evaluate data in an 
open, transparent way for the sake of the common 
good. To this end, data is »donated« by data- 
generating users. 

One example is the Open Data Portal for the city 
of Berlin (Berlin Open Data 2021). The aim is to 
make data available for evaluation by humans or 
machines. Both citizens as well as the providers of 
mobility services can benefit from the available 
data. A broader context for the mobility sector is 
allowed for by the project Mobility Data Space, 
sponsored by the German Ministry for Digital 
and Transport (BVMI). This can be described as a 
»data marketplace where equal partners from the 
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mobility sector exchange data in a self-determined 
way for the sake of facilitating and further develop-
ing innovative, environmentally and user-friendly 
mobility concepts.« Moreover, it allows users to 
»participate in the value creation-potential of their 
data« (acatech 2021). 

Perspectives for mobility design: data is not a 
technical waste product of mobility over which 
data collectors can freely dispose; instead, it be-
longs to the extended identity of the user. Mobility 
design should therefore ensure that data and its 
secure handling are perceptible and achievable. 
On the other hand, data is necessary if products 
and services are to be offered in an environmen-
tally friendly and customized way. The collection, 
transfer, analysis, and storage of data requires 
well-defined, mandatory guidelines and processes. 
Users of mobility services should have the freedom 
to share or withhold their data, and compliance by 
data users should be verifiable simply and without 
the need for special requests. These regulations 
should be valid for an entire region and should 
not be dependent upon individual service provid-
ers. Mobility design regards data as a component 
of user identity that is worthy of protection, and 
must consciously shape the process of negotiation 
that allows for the use of data. 

Model 3: Consumers Become ProducersModel 3: Consumers Become Producers Be-
ginning in the year 2005, the makers of the early 
Internet of Things set a formative do-it-your-
self movement into motion, one that soon went 
beyond electronics and was no longer confined 
to a small community. Ever since, normal people 
have hacked nature and the environment and 
conducted research in the framework of civic sci-
ence projects to repurpose everyday objects and 
create their own digital-analog world. In Germany, 
for example, the magazine Make offers tips on the 
allocation and utilization of everyday technical 
equipment. One segment shows how to connect 
the subsidized wall box of your domestic photo-
voltaic system for the free use of solar power, to 
be achieved with ease over two weekends (Rohne 
2021). The new »prosumer,« a hybrid of consumer 
and producer, strives to shape the development 
and design of the environment, and is no longer 

satisfied with market offerings. The expectation 
of an environment that is adaptable single-hand-
edly at any moment to personal needs is trans-
ferred now to the analog environment. Experts 
in cultural studies refer to this phenomenon as 
»post-digitality« (Stadler 2017: 18). The cultural 
theorist Florian Cramer maintains that »new 
ethical and cultural conventions, which became 
mainstream with internet communities and open-
source culture, are being applied retroactively 
to the production of non-digital and post-digital 
products« (Cramer 2014: 18). The digital transfor-
mation is not just relevant to digital products, such 
as mobility apps, autonomous vehicles, and navi-
gational systems. It also characterizes the culture 
and way of thinking of citizens and is therefore 
something planners and designers must take into 
account. In short, converging in the design of 
mobility systems are logistics, planning, and ex-
perience, which are now placed in the hands of the 
co-designing passenger. This participation can be 
positioned either upstream or downstream. An es-
sential criticism of cities with digitally supported 
processes is that the dominance of entrepreneurial 
competence and interest in the area of digitali-
zation means that citizens are for the most part 
regarded mainly as consumers. They mutate now 
into subjects who can be guided and controlled 
(Cardullo et al. 2019). Rather than encouraging 
citizens to become active, engaged participants, 
civic involvement is reduced now to the testing of 
predetermined solutions (Sochor et al. 2017). Criti-
cized in the research on the topic of the Smart City 
was the discrepancy between the promise and the 
actual implementation of participative processes 
(Follmann et al. 2021). 

Perspectives for mobility design: beginning 
with the emancipation of users in developmental 
and repurposing processes, mobility solutions 
should be designed in such a way that they can 
be adapted, or hacked, by users as needed. This 
means a break with the classical strategy of pro-
viding predetermined solutions. Instead, building 
on a universal design approach, additional target 
group options should be designed and made 
available. At the same time, the new generation of 
hackers should be integrated as representative of 
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interest groups into the joint planning and design 
processes of mobility design. An example of this 
is the Verschwörhaus in Ulm, which launched 
an independent initiative for the construction of 
OpenBike-Sensors, which allow cyclists to find 
out on which streets and at which times of day 
conditions are particularly crowded for riders 
(Kaufmann 2021). Given increasing demand for 
legitimation on the part of civil society with regard 
to large-scale transportation planning projects, it 
is »advisable to reflect upon tools for participation 
and design that offer those affected with opportu-
nities to articulate their needs, and in some cases 
to become co-designers« (Kollosche 2016: 931). 
Meanwhile, participatory models are being pro-
moted politically, as illustrated by the numerous 
programs supported by the various German minis-
tries (Ibert et al. 2018).

Model 4: The Environment Reacts to UsersModel 4: The Environment Reacts to Users The 
possibilities inherent in the increasing fusion 
of digital and physical products, their supple-
mentation through sensor technology, and their 
networked data exchange through the Internet 
of Things (IoT) has prompted designers in this 
field to design not individual products, but in-
stead interrelated, adaptive artifacts in networked 
ecosystems that have the capacity to respond 
to users independently. Through its digital and 
sensor equipment and networking options, the 
Nest Thermostat could quickly become the hub 
of a complex services ecosystem that revolves 
around »comfortable living« (finanzen.net 2014). 
Lighting, temperature, air quality, and the oper-
ations of household appliances such as washing 
machines and robot vacuums are able to function 
autonomously through data exchanges concern-
ing weather, whereabouts, and user preferences, 
depending upon the context and in mutual de-
pendence. If a user should arrive home late, the 
smart home »realizes« this (via networking with a 
smartphone or automobile) and reacts accordingly 
without the need for active intervention. From the 
user perspective, the individual product within 
the network and its isolated operation retreats 
into the background in favor of services that are 
coordinated with his or her behavior. With design 

concerned now with shaping the available options 
of a participant within a network, this task area 
tends to blur the boundaries between the design of 
services, interactions, products, and architecture 
(Rowland et al. 2015: 4–27).

Perspectives for mobility design: since users now 
expect the environment to adapt itself to them au-
tonomously, the focus of design today is no longer 
exclusively on the human individual, and instead 
to an increasing degree on his or her interplay with 
a dynamically changing network (Redström and 
Wiltse 2019) that consists of diverse protagonists 
that must be orchestrated with the aim of socially 
acceptable and sustainable transport. Through an 
expanded concept of design, this would allow mo-
bility design teams to tackle complex challenges. 
For example, the Dutch design studio Incredible 
Machine, together with the research and inno-
vation center elaadNL and the network manager 
alliander, developed and designed a transparent, 
intelligent charging algorithm, with correspond-
ing charging stations, for the city of Eindhoven 
(The Incredible Machine, 2017). The aim here was 
to provide the equitable and transparent charging 
of electric vehicles, even during peak demand for 
energy supplies, by algorithmically establishing 
charging speeds and quantities and adjusting 
these to the user’s demand profile. 

Summary and Prospects Summary and Prospects 
Expanded mobility refers to the perspectives that 
are opened up by the use of digital technologies. 
However, the transformation of mobility that is 
associated with this term is fundamental. It affects 
services, providers, users, and intermodal mobil-
ity processes in a networked mobility space. Those 
active in the field of mobility design must con-
sider the significance of this change for the design 
of future mobility systems and conceptualize a 
commensurate extension of the concept of design 
itself. Increasingly, the merging of network hard-
ware and software tends to blur the boundaries 
between products and services. 

The mental models that arise through the use of 
digital media shape the expectations of a future ex-
panded mobility and define points of orientation 
for design objectives: accessible, multioptional, 
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continuously available services that are simply 
and independently adaptable to the functional 
and emotional needs of users, and that are seam-
lessly interlocked in a readily comprehensible way 
in a smart, environmentally friendly environment 
consisting of hardware and software. As we have 
demonstrated, design can adopt existing mental 
models and link these to a conception of expanded 
mobility, thereby contributing to the formation of 
a new mental map of mobility. The common basis 
for the development and design of mobility ser-
vices consists of the personal, process, and usage 
data belonging to the users. As a result, providers 
and users become negotiation partners and co- 
designers. This also means an extension of the po-
sition of the designer, who now mediates between 
desirable possibilities. 
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We live in a transformative time, a fact that has 
achieved wide recognition. The phrase great trans-
formation was originally coined by Karl Polanyi 
(1973), referring to the profound change that led 
to the evolution of capitalist market societies and 
nation states. Today, in discussions of sustainabil-
ity, the term great transformation refers to  
the directed, systemic, and collaborative socio- 
ecological reshaping of our society at a time when 
the synergy of megatrends such as population 
growth, urbanization, climate change, digitali-
zation, and multiple geopolitical upheavals, all 
taking place within inherently limited planetary 
boundaries, have up to now taken the shape of a 
chaotic transformation by disaster (Rammler 2016; 
Beer and Rammler 2021). 

With a focus on mobility, and with the above- 
described background in mind, this essay asks: 
what kinds of challenges are likely to confront the 
design field in relation to such a socioecological 
transformation of mobility by design (Rammler 
2015, Bormann et al. 2018)?

One focus is on the influence of urbanization 
and the associated densification and scarcity of 
space on the mobility of the future and the resul-
tant challenges for the design of transportation 
systems, especially given the urgent necessity for 
climate-neutrality and post-fossil-fuel approaches.

Given this situation, an additional focus is on 
the likely future tasks and working approaches 
of mobility design, which can for the moment 
be regarded, firstly, as an intermediary interface 
discipline between the most diverse urban, spatial, 
and transport-related disciplines; and, secondly, 
between design and planning practices and the 
user experience. 

Thesis 1: Cities Are the Modernization Lab-Thesis 1: Cities Are the Modernization Lab-
oratories of Solar Culture: The Urban Mobility oratories of Solar Culture: The Urban Mobility 
of the Future Must Be Space-Saving, Postfossil, of the Future Must Be Space-Saving, Postfossil, 
and Climate Neutraland Climate Neutral

Given the multiple negative externalities associ-
ated with the burning of fossil fuels, the fossil-run 
battery of spaceship Earth—to cite the neat formu-
lation of Buckminster Fuller (1973)—has reached 
the end of its lifetime. In the coming years, the 
resultant vulnerabilities, distribution conflicts, 

and demands for resilience and adaptation can be 
expected to dramatically escalate (Rammler et al. 
2022). The only alternative to the present situation 
is to quickly start up the main engine of the space-
ship, which is to say to affect a conversion of our 
primary energy source to a regenerative, and ulti-
mately a solar, one. This has massive implications 
for the tasks facing the redesign of our transporta-
tion system, currently bound up with fossil fuels. 

Another key factor for future mobility is urban-
ization, or the densification of a steadily growing 
world population in a restricted geographical 
space. Today, a large proportion of the world’s 
population already lives in urban regions. This 
proportion is expected to grow. This means that 
the future of mobility will be determined pri-
marily in the city of the future. Alongside energy 
provision, habitation, and the resource or circular 
economy, urban mobility is one of the core themes 
that require new approaches to problem-solving 
if we are to advance toward a viable total concept 
for sustainable urban development (Schwedes and 
Rammler 2012; Rammler 2017: 59f. WGBU 2016). 
The increasing scarcity of space and the resultant 
distribution conflicts concerning urban life oppor-
tunities also means that the prospects of mobility 
for an increasing number of people, together with 
growing demands for prosperity, can only be satis- 
fied by increasing efficiency in the utilization of 
infrastructures and vehicles. 

The conversion of energy culture, and our ap-
proach to dealing with increasing space scarcity 
are the two most important transitory elements of 
urban development in the twenty-first century. On 
this basis, we can distinguish at least three design 
guidelines (Schwedes and Rammler 2012) that are 
vital for a sustainable future mobility:

– �SunCity is an urban model for the post-fossil-
fuel recultivation of the planet and the de- 
carbonization of the energy flows of the urban 
organism, in particular its traffic and trans-
port flows. 

– �ElectriCity marks a paradigm shift toward 
the electrification of all urban subsystems, in 
particular, that of mobility. In the future, it is 
regeneratively produced electricity that will 
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make it possible for us to renounce fossil fuel 
energy sources and their combustion emis-
sions.

– �NetCity refers to an information-based, decen-
tralized network culture of complementary 
energy and data flows, and the resultant new 
possibilities for the management of collab-
orative and usage-efficient product, or the 
sharing economy. Manifest is the particular 
importance of digitalization for the facili-
tation or optimization of new interfaces for 
overall systemic innovation between hitherto 
separately operated urban functional systems, 
such as mobility and the energy system.

Up to this point, modern, Western-style cities 
have been thoroughly fossil-fuel-based; their 
origins, formation, and development have been 
conditioned by the use of fossil fuel energy 
sources. Logically, and given the political priority 
of attaining climate neutrality in the transport 
sector as quickly as possible, Western societies—
which remain strongly wedded to the automo-
bile—should begin where the principal problem 
emerged under the conditions of spatially dis-
persed, strongly suburbanized settlement and 
commercial structures: with the oil dependency of 
a gigantic fleet of vehicles, and with a rapid at-
tempt to reduce consumption and transform drive 
forms. 

At the same time, and in the urban context in 
particular, public transport, with its capacity for 
bundling, will remain »the backbone of the trans-
formation of transport« (Rammler 2011), if only 
because escalating space problems render imprac-
ticable the wasteful space economy of stationary 
and moving private and individual car traffic that 
has prevailed up to this point (Rammler 2017: 59f.). 
Then there is the new mobility—concepts such as 
ridesharing, the renaissance of cycling, micromo-
bility, the logistics of delivery—and new concepts 
for local mobility, components which together 
form a set of instruments for a functionally inte-
grated urban transformation of transportation. 

Against this background, three strategies can 
now be distinguished which, when interlinked, 
point toward the future by providing innovative 

concepts for the design of mobility systems, mobil-
ity utilization, and mobility products. 

Thesis 2: Efficiency Strategies Quickly Thesis 2: Efficiency Strategies Quickly 
Reduce Resource UseReduce Resource Use
Here, it is mainly a question of increasing resource 
productivity through the accelerated reduction of 
the use of vehicles based on the internal combus-
tion engine, and the optimization of the cycles of 
the materials employed, which can be referred to 
as »efficiency strategies« in connection with the 
usual discussions of environmental policy. But the 
enhancement of efficiency is and remains a tran-
sitional strategy, which must diminish in impor-
tance over time. Potential for savings can be found 
in the area of weight reduction, the minimization 
of aerodynamic driving resistance and tires, and in 
the optimization of engine performance. 

The technological potential that lies dormant 
in these areas continues to be enormous. In the 
past, under unvarying regulatory conditions, im-
provements in the efficiency of automotive engi-
neering have been lost to the rebound effects or 
been canceled out by changes in behavior brought 
about by the reduced user costs of more efficient 
vehicles (i.e., drivers use cars more frequently or 
accept greater distances) (Rammler and Sauter 
2016). Indispensable against this background is 
that technical regulation on the production side be 
complemented by fiscal policy recommendations 
that have an impact on behavior, such as carbon- 
dioxide taxation or a toll system. 

Thesis 3: The Conversion Strategy Requires Thesis 3: The Conversion Strategy Requires 
a Revolution in the Construction, Design, and a Revolution in the Construction, Design, and 
Propulsion System of Individual VehiclesPropulsion System of Individual Vehicles
Efficiency strategies must be supplemented by a 
change in propulsion systems based on a techno-
logical paradigm shift in automobile construction 
worldwide. The guiding principle of this conver-
sion strategy must be a vehicle design that is com-
pletely restructured technologically in relation to 
the internal combustion engine. The automobile 
of the future will be extremely lightweight, safe, 
and powered by electricity. Modular and flexible 
construction concepts and innovative interfaces 
and concepts in the interior based on new digital 
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technologies will mean transport options with 
higher functionality, individualization, and net-
working within the larger transport system. The 
automobile of the future will be characterized by 
superior design values and aesthetic appeal, and 
its components will be reusable in the framework 
of an automobile economy that is, in turn, inte-
grated into a total circular economy. Arguing in 
favor of this, unequivocally, are the large resource 
backpacks that are required by the new propulsion 
concepts. 

It remains an open question how the electronic 
motor will be powered. It could be a fuel cell or the 
still prevalent battery electricity, with the battery 
being charged by a power grid that is technolog-
ically modernized and restructured for flexible 
sector coupling. In the coming years, a compe-
tition may emerge between the electric battery 
and hydrogen (H2) fuel cells. It seems extremely 
likely that both sectors will soon see considerable 
advances. Appropriate in the current situation, 
however, would be cooperation between the two 
contexts of use rather than a competition between 
the two technologies, which could lead to a prema-
ture closing off of options.

Nevertheless, there is no »savior vehicle« in the 
offing. No new vehicle technology—not even the 
electric automobile—will be able to replace fossil- 
fueled automobility in its current form through a 
single, fully functional equivalent without vio- 
lating sustainability requirements in essential 
ways or giving rise to new resource bottlenecks. 
Individual mass motorization can never become 
a global mobility model, regardless of the techno-
logical basis involved (Rammler and Weider 2011; 
Rammler et al. 2021; Brunnengräber 2020). All the 
same, it is vital that the technology of electrical 
automobility be developed in all of its variants at 
an accelerated tempo. 

Thesis 4: The Integration Strategy Has the Thesis 4: The Integration Strategy Has the 
Task of Ensuring that the Transport and Energy Task of Ensuring that the Transport and Energy 
Systems Are Embedded in the Conversion Systems Are Embedded in the Conversion 
StrategyStrategy
Cities are networks of infrastructures. With regard 
to transport and energy systems, the aim of the in-
tegration strategy is a radically altered linking and 

integration of (individual) vehicles into the total 
organism of urban energy and material flows. This 
system-innovative technological and infrastruc-
tural approach should therefore be referred to as an 
integration strategy. Conversion and integration 
strategies belong together; they are two sides of 
the same coin. They are the decisive and the most 
effective point of departure for the post-fossil- 
fuel restructuring of transport, but at the same 
time the most difficult. 

Above all, the electrification of urban mobility 
requires a comprehensive reconceptualization 
of energy-systemic integration and must clarify 
the following questions: How and where will the 
required energy be provided in a regenerative 
way? What role will be played by wind power, solar 
thermal energy, hydropower, and biomass power 
generation in various regions? How will regener-
ative energy be stored, thereby compensating for 
natural production fluctuations? What role could 
be played by sector coupling between energy pro-
vision and decentralized automobility? Will new 
supply infrastructures be required, or can the 
conventional power network, albeit modernized, 
be used as a distribution infrastructure? 

Clearly, the realization of the conversion strat-
egy for both technology lines—hydrogen fuel cells 
and battery electricity—have far-reaching impli-
cations for the reorganization of energy provision 
overall. It is also clear that in the future, mobility, 
energy provision, and household energy use will 
need to be conceived as a total system. This could 
allow new players to become active in the arena of 
automotive policy. From this perspective, the pe-
troleum and electricity industries clearly become 
competitors. Conceivably, precisely the parallel 
development of the technology lines of hydrogen 
fuel cells and battery electricity could lead to a co-
operative perspective. In this model, the electricity 
sector would be responsible for passenger trans-
port based predominantly on battery electricity. 
The petroleum industry would assume responsi-
bility for the hydrogen infrastructure. 

The integration of the transportation system 
must clarify the following questions: Which inter-
modal service and utilization innovations would 
be in a position to address the range problem, 
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which cannot be fully eliminated, in relation to 
new vehicle concepts based on electrical drive 
systems (rail-street cooperation)? What role could 
be played by new driving assistance and traffic 
guidance technologies for the optimization and 
bundling of the traffic flows of both private and 
collective modes of transport? How can interac-
tion—meaning intramodal cooperation—between 
the subsystems of public transport be improved, 
and how might collective-public and individual- 
private mobility concepts such as the automobile 
and the bicycle cooperate better in the future? 
What role is played by the first and last miles, and 
which transport services, beyond the private au-
tomobile, provide users with adequate functional-
ities from a user perspective? 

In the mid- and long-term, the integration of the 
transport system will be of enormous significance 
for the sustainable and post-fossil-fuel reinvention 
of urban mobility. In the metropolitan regions of 
southern Asia, in particular, as well as in Germany, 
sustainable economic and social development will 
be impossible without the reliable backbone of a 
highly efficient and high-performance mass public 
transit. Given the massive competition for space, 
the establishment of a Western-style monoculture 
based purely on the automobile—even on a zero 
emissions basis—in densely populated Asian met-
ropolitan regions would be counterproductive; 
in contrast, the accommodation of individual 
and collective transport seems highly promising. 
In regions that are still playing catch-up vis à vis 
modernization, density problems are decisive. 
This becomes striking when we compare the den-
sity levels of the Chinese province of Guangdong 
with those of the German Federal State of North 
Rhine-Westphalia. In the foreseeable future, ap-
proximately 100,000,000 people—roughly the 
same population as Germany and the Netherlands 
combined—will be living in the mega-urban 
region of the Chinese Pearl River Delta, which is 
roughly the same size as North Rhine-Westphalia 
(Schwedes and Rammler 2012).

Thesis 5: The Future of Urban Mobility Lies in Thesis 5: The Future of Urban Mobility Lies in 
the Development of Integrated Mobility Systemsthe Development of Integrated Mobility Systems
Integrated, versatile, and regionally adapted 

mobility concepts are the urban mobility solution 
of the future. An investment and modernization of-
fensive for collective transport modes (local public 
transport, long-distance and regional trains, rail 
freight transport) is the linchpin of a politics of 
sustainable mobility. Given the central importance 
of mobility for modern societies, such an invest-
ment is defensible in all regards. The linking of so-
called micromobility (bicycles, e-bikes, light elec-
tric vehicles, light electric transporters, Segways, 
etc.) and collective transport will be a mainstay of 
the urban mobility of the future. To summarize, it 
is shaped by just a few seemingly simple develop-
mental requirements: 

– �the realization of a high degree of mobility 
with maximally economical transport ex-
penditures in the context of density-oriented 
spatial and settlement planning; 

– �the facilitation of local mobility by giving 
planning preference to pedestrian and two-
wheel traffic; 

– �the construction of a correspondingly 
high-performance infrastructure of pedestrian 
and cycling routes;

– �a planning, design, and political focus on col-
lective transport as a digitally systemic inter- 
and multimodal mass transport; 

– �the continued use of autonomous, flexible 
individual transport resources, such as the au-
tomobile, bicycle, or scooter, in the framework 
of digitally mediated, platform-based usage 
innovations; and 

– �the electrification of all transport links and 
vehicles based on an ultimately regenerative 
energy production.

With the above as a basis, we must now ask: What 
does mobility design look like? What tasks and 
design challenges result from the image of a future 
mobility that was sketched above?

Thesis 6: Mobility Design Means the Design Thesis 6: Mobility Design Means the Design 
of Systemic Innovations in Mobilityof Systemic Innovations in Mobility
Since the dawn of civilization, the artifacts, 
systems, and constructive context of mobility 
have been key focuses of design intelligence and 
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creativity. According to the social anthropologist 
Arnold Gehlen, man »would have been unable, 
with his given biological constitution, to maintain 
himself in raw nature. His activities, therefore, 
are aimed primarily at the transformation of the 
external environment as a consequence of simple 
organic necessity« (Gehlen 1961: 93). According to 
this theory concerning the emergence of technol-
ogy, the development of individual technologies 
and of entire systems for mastering space can be 
conceived as attempts to substitute for, disburden, 
or surpass human organs: »The carriage, the riding 
animal, relieve us of the burden of walking, and 
vastly out-do its capacities. With the pack animal, 
this disburdening principle becomes tangible. 
The airplane, in turn, compensates for the organic 
wings we cannot grow ourselves, at the same time 
far surpassing all organic flight« (Gehlen 1961: 93). 

The residence of the human being in the limit-
lessness of space and the limitations of time pro-
vided ample motivation to invent the wheel and—
speaking metaphorically—to reinvent it repeatedly, 
creating an entire arsenal of artificial organs de-
signed to overcome space, with whose assistance 
the limitations of the human body could be sur-
mounted. This has been especially the case since 
the inception of modernity, with its particularly 
emphatic affinity for mobility (Rammler 2001). The 
methods for overcoming space, the pheno- 
types of their technologies and infrastructures, 
represent the most impressive testimony of this 
radical transformation in the transition to mo-
dernity. Mobility was a central field of innovation 
and design during the first great transformation 
that led toward the capitalist market economy, as 
well as during the emergence of the modern nation 
state, and it is also of fundamental importance for 
the currently emerging sustainability transforma-
tion in what is now a globalized world. 

Design can and must continue to play a central 
role in this process. Against this backdrop of a 
diverse, sociotechnically networked world, design 
will need to be conceived to a greater extent than 
before as the design of systems and of transfor-
mation for the shaping of complex processes of 
change. The mobility design of the future will have 
nothing in common with earlier transportation 

design, with its orientation toward the private 
automobile. Whereas now it is solely a question 
of products, in the future it will be a question of 
giving form to usage concepts and entire mobility 
systems; where today everything revolves around 
styling, it will be a question of function and of an 
unpretentious straightforward aesthetic of qual-
ity; and where currently it is a question of maxi-
mum variety and the formation of variants for a 
growth-fixated market logic, it will be a question 
tomorrow of nondesign, of de-design, of sustain-
ability, radical resource traceability, and superior 
material value. In relation to these requirements, 
mobility design can be conceived as an integra-
tive discipline on the basis of analytical-holistic 
and conceptual-interdisciplinary collaboration 
between the engineering, social, and design disci-
plines. Its task is to develop ideas and to contrib-
ute to the design of innovative mobility systems, 
forms of use, and products. 

Exemplifying this paradigm is the Institute for 
Transportation Design (ITD) at the Hochschule für 
Bildende Künste (HBK) Braunschweig.01 In both 
research and teaching, the ITD went far beyond the 
pure product design of modes of transport to focus 
on the design of mobility service provision and 
research into new mobility systems. The precondi-
tion for this was the interdisciplinary structure of 
the ITD, with research, training, and project work 
drawing not just on design research, but also to an 
equal degree on the discoveries of the transport 
and engineering sciences, economic and futurolog-
ical research, sociology, and psychology. The focus 
of work at the ITD was on user experience, which is 
to say on the human being as an individual, on his 
or her activities, routines, and needs, which must 
be taken into account in design work. Design work 
was centered on function alone, but also on usage 
and usability. The primary focus was not on the 
design of products, but instead on sociotechnical 
courses of action. 

01	� The Institute for Transportation Design 
(ITD) was organized and led by the author 
of this essay as its founding director and 
manager of the degree program bearing the 
same name.
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Alongside the design fields devoted to products, 
services, and systems, the ITD was subdivided into 
five scientific working focuses, in which research 
and design projects, contract work, and consulting 
work were bundled together. Each work area was 
structured in a fundamentally interdisciplinary 
way, remaining open in relation to other focuses 
while maintaining a methodological orientation 
toward a core discipline. 

The focus on »design, construction, and inno-
vative material usage,« with its subareas design 
research, design conception, product construction, 
materials science, and production processes, con-
stituted the center point of the institute’s activities, 
and was concentrated on the construction and 
design of future-oriented vehicles, components, in-
frastructures, and systemic interfaces. In the focus 
on »Mobility and Society,« the ITD used the meth-
ods of the social sciences to analyze user behavior 
and transportation users, as well as social and psy-
chological factors of influence, but also the cultural 
trends that influence human mobility as framework 
conditions. The colleagues working on the focus 
»Future Research« identified possible scenarios for 
mobility development, for which they also deployed 
creative methods from design research. The use of 
non-fossil-fuel energy sources in transportation was 
a central topic for the department of »Innovation 
and Transformation.« The focus here was on ques-
tions of technical feasibility and technology accep-
tance, but also on the social practicability of new 
technologies and services. Building on an identifi-
cation of cultural, social, and political barriers and 
path dependencies, the aim was to identify innova-
tion pathways for a post-fossil-fuel energy and mo-
bility culture. The profile of the ITD was rounded 
out by a focus on »Human-Machine Interaction.« 
Developed here were approaches and concepts for 
the design of human-machine interfaces (driver- 
vehicle interaction, user-infrastructure interaction). 
Altogether, the model of a symbiosis between theo-
retical-scientific analysis and the practical design of 
future-oriented mobility concepts has proven itself 
over a period of many years as a fruitful research 
and design approach. These research activities have 
resulted in numerous publications, which form the 
basis for the discussion presented here.

Mobility Design for the Future Mobility Design for the Future 
Essentially, the question of the mobility of the 
future is a question of our lifestyles and levels of 
need, but it is ultimately a question of a different 
conception of prosperity and happiness, one that 
will be reflected, finally, in altered patterns of mo-
bility, transport technologies, and settlement and 
temporal structures. Today’s economy of waste 
and acceleration is a phenomenon of the super-
abundance of the fossil fuel epoch, and it has made 
us lazy and extravagant. However, mobility begins 
in the mind. Ironically, we will only be able to 
achieve the transition to a post-fossil-fuel culture 
provided we behave as though it has long since 
become a reality: as a temporary phase of scarcity 
which bundles our creative potential and compels 
us to begin without delay with the sustainable 
design of our society. 

Mobility design is essentially the politics of 
transformation. If the necessary conversion suc-
ceeds with this centerpiece of the modern world, 
then it will succeed in all other areas of need. Even 
more important today than research into mobility 
is its courageous and radical design. We already 
know enough to act with confidence. In Germany, 
current levels of technology, competency, and 
prosperity afford us the necessary leeway. Rather 
than lamenting the lack of alternatives, it is high 
time that we use the available leeway to engage 
in experimentation. We can begin immediately, 
doing things differently piece by piece, rebuilding 
Germany into a radical blueprint and model for a 
sustainable culture.
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