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ABSTRACT

Aim of this research was to better understand the impact of urban infrastructure design
on people’s perceived environmental quality, perceived safety and the motivation for
active mobility within the city. The requirements for walking and cycling infrastru-
cture were first generated in face-to-face interviews (N = 82). Then, in a within-subject
design, N = 74 participants rated six pairs of photos of urban spaces before (low
infrastructure quality) and after an appropriate infrastructure redesign (high infrastru-
cture quality). 85.1% of the participants were women. The sample had a mean age of
M = 22.6 years (SD = 6.46 years, Min = 18 years, Max = 58 years). Results show that
urban spaces with high-quality walking and cycling infrastructure were rated with a
significantly higher perceived environmental quality (t(73) = 11.62, p <.001, d = 1.34),
perceived safety (t(73) = 11.68, p < .001, d = 1.35) and motivation to walk and/or cycle
(t(73) = 23.47, p< .001, d = 2.71). Although the study samples were not representative,
the results suggest that human factors should be a fundamental part of transport and
urban planning.

Keywords: Environmental quality, Perceived safety, Active mobility, Sustainable urban plan-
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INTRODUCTION

About half of the world’s population now lives in cities, and in Europe, the
number is as high as 74% (United Nations, 2019). Although so many people
live and move in urban areas, many places are designed in a way that is unfri-
endly to people (Gehl, 2013). Since the Second World War, urban planning
has been primarily focused on the car, to which more and more space in cities
is devoted: Wide streets, narrow pavements, the priority of motorised traffic
over other road users, and space for parking displacing pedestrians, cyclists
and life in public space. In contrast, infrastructure for pedestrians and cycli-
sts, for instance the presence of footpaths and cycle paths, is often considered
as an important factor in ensuring perceived safety (Moudon et al., 2005;
Southworth, 2005) and encouraging active mobility (i.e. walking, cycling), a
widespread goal of our time.
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However, public space design affects the liveability and people’s lives in
significant ways: Environmental stressors such as noise, air pollution, high
temperatures or crowding can have negative physical and psychological con-
sequences, such as health problems, feelings of stress, social withdrawal, or
the reduction of cognitive abilities (Bonnes et al., 2013). Positive impacts
of urban spaces are associated with well-maintained green spaces, which can
strengthen the health and well-being of residents (Bonnes et al., 2013). Accor-
ding to Gehl (2013), there are twelve characteristics related to a liveable city:
The most elementary conditions are the protection of people from (1) traffic
and accidents, (2) crime, and (3) unpleasant sensory perceptions such as rain
or sunlight. In addition, the spaces should invite people to use them, which is
expressed in an offer for pedestrians, (5) places to stay, and (6) places to sit,
(7) places to see, (8) a place for communication, and (9) a place for games
and sports. Further, a place needs something pleasing, which is created by
(10) human scale, (11) pleasant climatic conditions and (12) positive sensory
impressions. According to Gehl (2013) and Ruth and Franklin (2014), in this
paper we understand liveability as the cities’ environmental quality, defined
by its biological and physical characteristics.

The overall aim of this research is to better understand the impact of
urban infrastructure design on perceived environmental quality, perceived
safety and the motivation for active mobility. A further aim is to generate
requirements for a people-friendly urban infrastructure design and to develop
and evaluate a measurement tool for assessing the perceived environmental
quality and the motivation for active mobility in urban spaces.

METHODOLOGY

The studies reported in this paper were part of a research project to evo-
lve a sustainable mobility awareness in urban areas (“NUMIC — new urban
mobility awareness in Chemnitz”; https://numic.city) conducted from 2019
to 2022 in Chemnitz, Germany.

In the first study, user requirements for a user-friendly urban walking
and cycling infrastructure were assessed based on face-to-face-interviews
(N = 82). The interviews were conducted in February and March in 2020 in
the inner city of Chemnitz. The resulting requirements were used to identify
potential urban areas with low and high infrastructure quality for walking
and cycling. Within the project, several urban areas as well as walking and
cycling routes were redesigned. For study two, photos of the identified urban
areas were taken before and after an appropriate infrastructure redesign (low
vs. high walking and cycling infrastructure quality). They were used to evalu-
ate the effectiveness of the urban infrastructure design on participants’ rating
of environmental quality, perceived walking and cycling safety as well as par-
ticipants’ motivation for active mobility (i.e., walking and/or cycling). For
this propose, in a within-subject design, N = 74 participants rated six pairs of
photos of urban spaces before (low infrastructure quality, for an example see
Figure 1) and after an appropriate infrastructure redesign (high infrastructure
quality, see Figure 2 for an example) in an online study in March 2021.
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Figure 2: Example of a photo of the high infrastructure quality category.

Participants

Interested study participants were recruited via press releases by the project
partners, related newsletters and by the project homepage. The studies were
carried out in accordance with the American Psychological Association Code
of Ethics, as well as recommendations, regulations and consent templates of
the Chemnitz University of Technology ethics commission. All subjects gave
written informed consent.

Study 1 — Requirements for Urban Infrastructure Design

The sample of study one (face-to-face-interviews) consisted of 44 women and
38 men ranging from 17 to 87 years (M = 47 years, SD = 21.2). 53.7% of the
study participants were university educated. 32.9% were retired, 31.7% were
students and 30.4% of the study participants were employed. The majority of
the study participants reported a multimodal mobility behaviour; the modal
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split of all reported trips consisted of 27.7% trips by public transport, 26.5%
by bicycle, 24.7% trips made on foot, and 21.1% car trips.

Study 2 — Evaluation of Urban Infrastructure Design

85.1% of the study two participants were women, 14.9% were men. The
sample had a mean age of M = 23 years (SD = 6.5, Min = 18 years, Max = 58
years). The majority of the study participants were students (93.2%), 2.7%
were employed. 63.5% of the participants reported that, due to the Corona
pandemic, they feel strongly restricted in their ability to be present in a public
space, as well as in their walking and cycling mobility. Study participants
reported having made at least one trip per week by public transport (52.7%),
by bicycle (32.5%), on foot (93.3%) and by car (39.2%).

Measurements

Study 1 — Requirements for Urban Infrastructure Design

Five trained interviewers used a structured interview with open-ended que-
stions. The questions analysed in the following study were (1) What does
the ideal cycle path look like to you?, (2) What does the ideal footpath look
like to you?, and (3) What are your requirements for urban walking and
cycling infrastructure?. All answers were recoded and transcribed. The inte-
rview data was analysed according to Mayring (2000) using the inductive
category development methodology. Participants’ statements were coded by
two independent coders and thus, a system of requirement categories was
developed.

Study 2 - Evaluation of Urban Infrastructure Design

Perceived urban environmental quality. To assess the perceived environ-
mental quality a scale according to Gehls’ (2013) criteria of urban quality
was developed. The scale consist of 12 items which were rated on a seven-
point Likert scale from 1 = ”strongly disagree” to 7 = “strongly agree”. Item
examples were “In this environment, people are protected from traffic.” and
“People like to stay in this environment”. Cronbach’s alpha can be classified
as excellent (0o, quality = 915 %pigh quality = -87). The scale was normally
distributed according to Field (2013).

Perceived safety. Perceived safety was assess with two items according to
Noland (1995). The first item asked about the perceived likelihood of having
an accident at a given location while walking or cycling. The answer was
given on a seven-point rating scale from 1 = “quite certain not to have an
accident” to 7 = “quite certain to have an accident”. The second item asked
about the expected severity of an accident at this location while walking or
cycling. The answer was also given on a seven-point rating scale from 1 = “no
injuries at all” to 7 = “accident resulting in death”. For a final score the values
of both items were multiplied and root-drawn, which again resulted in the
range from 1 to 7. Cronbach’s alpha can be classified as poor to acceptable
(@low quality = 675 Chigh qualiry = -35)- According to Field (2013) the scale was
normal distributed.
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Motivation for active mobility. The motivation for active mobility was
assessed with a five item scale, answered on a seven-point Likert scale
from 1 = “strongly disagree” to 7 = “strongly agree”. An item example
was “This environment motivates me to walk or cycle distances in the city
more often.”. Cronbach’s alpha can be classified as good (1o, guatity = -87,
% high quality = -85). The scale shows a normal distribution according to Field
(2013).

RESULTS

Study 1 - Requirements for Urban Infrastructure Design

Table 1 contains the developed requirement categories with examples of user
friendly active mobility infrastructure.

In general, requirements regarding texture, such as a barrier-free access and
a flat and clear footpath and cycling path, were the most reported infrastru-
cture characteristics, followed by safety and accessory related requirements.
Requirements for the connection of the footpath and cycle path network were
reported less frequently. As can be seen, the importance of the reported requi-
rements differs between walking and cycling infrastructure and should be
taken into account in urban planning in order to meet the requirements of
the different road user groups.

Table 1. Participants’ requirements for urban walking and cycling infrastructure.

Requirements Examples NwWalking Ncyding Nrotal
(%) (%) (%)
Texture barrier-free (without steps, 77 (94%) 67 (82%) 72 (88%)
crossing drains, steep ramps),
clean
Safety absence of accidents, 62 (76%) 67 (82%) 65 (79%)

separation between
cycle/footpaths and the road

Equipment illumination, plantation, 44 (54%) 76 (93%) 60 (73%)
bicycle racks, bench, urban
furniture

Connectivity ~ continuous walking/cycling 9 (11%) 53(65%) 31 (38%)
network, destination
accessibility

Comment. N = 82. Multiple answers possible.

Study 2 - Evaluation of Urban Infrastructure Design

Table 2 shows the descriptive statistics of the dependent variables perceived
environmental quality, perceived safety and motivation for active mobility
between low and high quality infrastructures.

The results show that urban spaces with a high-quality infrastructure for
pedestrians and cyclists were rated with a significantly higher perceived envi-
ronmental quality (¢(73) = 11.62, p < .001, d = 1.34), perceived safety
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(#(73) = 11.68, p < .001, d = 1.35) and a significantly higher motivation to
walk and/or cycle (¢(73) = 23.47, p < .001, d = 2.71). According to Cohen
(1992), the effects can be interpreted as large.

None of the effects found were confounded by participants’ demographic
characteristics or their reported perceived influence of the Corona pandemic
(all p’s > .120).

Table 2. Descriptive statistics of the variables perceived environmental quality, percei-
ved safety and motivation for active mobility between low and high quality

infrastructures.
M (SD) low quality M (SD) high quality
infrastructure infrastructure
Perceived environmental quality 3.38 (.57) 4.21 (.42)
Perceived safety 2.72 (.52) 3.61 (.70)
Motivation for active mobility 3.28 (.57) 5.00 (.48)

Comment. N = 74. Scales ranged from 1 to 7.

DISCUSSION

In the present research user requirements for the design of user-friendly
walking and cycling infrastructures were assessed. The most important infra-
structure characteristics were identified as being texture of the surface, safety
criticality, equipment of the footpaths and cycling paths, as well as a conti-
nuous connection within the path networks. Results revealed differences in
the importance of the infrastructure characteristics between pedestrians and
cyclists, and underlie the necessity to respect the requirements of different
types of road users in urban planning.

Within study two reliable measurements to assess the perceived environ-
mental quality and motivation for active mobility were developed. Urban
spaces with high quality infrastructures according to Gehl (2013) were rated
with a higher perceived environmental quality, perceived safety and with an
increased motivation for active mobility, compared to urban spaces with a
low quality infrastructure. As already assumed by Gehl (2013), spaces with
a high infrastructure quality increased their attractiveness and are associated
with an enhanced perceived environmental quality. This is also in line with
the characteristics of high-quality urban spaces identified by Smith, Nelischer
and Perkins (1997). The assumptions regarding the criteria for successful
pedestrian networks (Southworth, 2005) could also be extended to safety,
path quality and path environment. Thus, the results on safety perception can
also support the findings of Gotschi et al. (2018) and McNeil et al. (2015),
showing that the use of cycling-specific infrastructure increases the perceived
safety while cycling. Furthermore, high quality environments make walking
and cycling more attractive. This shows that active mobility also benefits
from features of the environment that are actually designed to promote the
users’ presence.

However, some methodological limitations should be taken into account
when extrapolating from the results to make broader claims. First, the
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samples of both studies were not representative for the general population.
In particular, individuals from study two were drawn from similar professi-
onal and social backgrounds. Second, study two participants only evaluated
visual material and did not directly experience the presented environments.
There are also possible confounding variables associated with conducting an
online study, such as not being able to control the survey situation. Third,
it was unfortunately not possible to ensure that the photos contained the
identical environmental conditions (i.e. vegetation, light incidence). Thus,
for instance, the proportion of vegetation may also have had an influence
on the participants’ assessment. Finally, no statement can be made about the
importance of single infrastructure characteristics (e.g. physical barriers com-
pared to vegetation) or quality characteristics (e.g. protection from traffic vs.
pleasure at merely being in the environment) when compared to each other.

For future research, it would be interesting to investigate which elements of
user-friendly design are associated with which parts of the perceived environ-
mental quality, perceived safety and motivation for active mobility. Or, on the
other hand, to explore the relationship between the presence of infrastructure
characteristics, and user requirements and their perceived environmental qua-
lity or user satisfaction with this environment. It would also be interesting to
know whether there are infrastructural characteristics that only prevent dis-
satisfaction, and factors that promote satisfaction (analogous to Herzberg’s
two-factor theory, 1959).

Although some methodical limitations have to be considered, the results
of the present research suggest that positive user related impacts could be
expected if urban spaces are tailored to human needs and active mobility can
be promoted through an appropriate infrastructure design. Therefore, human
factors should be a fundamental part of transport and urban planning.
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