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Abstract 

Background: Every walk takes place in a route environment, which can play an im-
portant role in deterring or facilitating walking. The focus of this thesis is on the percep-
tions of environmental variables, and how they relate to appraisals of route environ-
ments as hindering – stimulating for walking and unsafe – safe for reasons of traffic, in 
two metropolitan environments. Another focus is to expand the state of knowledge 
concerning the criterion-related validity of the Active Commuting Route Environment 
Scale (ACRES). 

Methods: Commuting pedestrians in Greater Stockholm, Sweden, were recruited via 
advertisements. From the inner urban area there were 294 participants (77% women), 
aged 49.5 years, and from the suburban areas there were 233 participants (82% women), 
aged 50.0 years. 77 individuals walked in both areas. The participants evaluated their 
commuting route environments using the ACRES. Correlation, multiple regression, and 
mediation analyses were used to explore the relationships between the variables. Com-
parisons of environmental ratings between groups and settings were performed with t-
tests. Studies 1 and 2 focused on the inner urban area and studies 3 and 4 on the subur-
ban areas. Studies 1 and 3 focused exclusively on the relations between the four motor-
ized traffic variables (vehicle speed, vehicle flow, noise, and exhaust fumes), and their 
relations to the outcome variables (hinders – stimulates walking and unsafe – safe traf-
fic). Studies 2 and 4 utilised proxies from studies 1 and 3 and combined them with other 
environmental variables to further the understanding of route environmental variables in 
relation to walking. 

Results: In both areas, aesthetics and greenery were positively related to stimulating 
walking, whereas noise, a proxy for motorized traffic, was negatively related. Aesthetics 
was also positively related to unsafe – safe traffic in the inner urban area, whereas 
greenery had the corresponding role in suburbia. Another important finding was that 
greenery also influenced aesthetics positively in both areas. Thus, greenery had both a 
direct and an indirect positive effect. On the other hand, noise influenced aesthetics 
negatively in the inner urban area, whereas vehicle flow had the corresponding role in 
suburbia. A number of variables conjointly influenced the outcome unsafe – safe traffic 
negatively in both areas (speeds of motor vehicles, noise, conflicts, congestion: pedes-
trians, red lights, and course of the route). The route environment profiles differed dis-
tinctly between the two areas. 
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Conclusions: Several route environmental variables appear to be particularly influ-
ential in relation to pedestrian commuting, e.g., aesthetics, greenery, and noise. An 
important finding is that both positive and negative interactions, between certain predic-
tor variables, were disclosed. The contrasting route environment profiles in the different 
settings strengthen the criterion-related validity of the ACRES. The findings expands 
the state of knowledge concerning the relations between the environment and walking. 
If implemented, these findings can influence public health positively.   
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Preface  

After teaching for many years, mainly at the Folk High School in Fristad, and at the 
University of Borås, I became aware of an interesting position as a PhD student at the 
Swedish School of Sport and Health Sciences, GIH, my Alma mater.  

One thing led to another and in January 2020 my PhD journey began. Organization-
ally I became a part of the Department of Physical Activity and Health, and more spe-
cifically of the Research Group for Movement, Health and Environment. This research 
group deals with issues related to physical activity, public health, and sustainable devel-
opment. It fitted me like a glove! 

I was offered, by the head of the research group, Professor Peter Schantz, to work 
with data that already had been collected via their main research project: Physically 
Active Commuting in Greater Stockholm (PACS).  

My doctoral project was supposed to focus on active commuting, with special refer-
ence to walking and perceptions of the environment. Since pretty much everyone walks, 
and almost all journeys begin on foot, I considered the project to be very valuable in 
relation to both public health and environmental sustainability.  
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1. BACKGROUND 

1.1 Introduction 

A considerable portion of the human population is physically inactive, and insufficient 
physical activity is related to poor health and premature mortality (WHO, 2022a). This 
calls for sustainable pathways to promote physical activity. One such pathway could be 
active transportation, which has been identified as a critical investment area for popula-
tion-based physical activity promotion (Milton et al., 2021). 

Walking is the most accessible mode of active transportation, given that people can 
walk, and the environment allows them to walk (Bunds et al., 2019). Although a large 
amount of research regarding spatial planning, physical activity, and perceptions of 
environments for walking, point in roughly the same direction, there seems to be a rift 
between what the research society suggests, and how metropolitan environments are 
designed.  

A quote from the Swedish geographer Torsten Hägerstrand (1916 – 2004), illustrates 
a general problem in this context: “Everywhere in nature, an appropriate behaviour is 
achieved through so-called feed-back, a mechanism that continuously reports to the 
governing body how actions taken turned out in relation to the purpose. So not within 
the planning system.” (Hägerstrand, 1991, p. 66). What Hägerstrand is inferring is that 
those involved in the planning system are not following up on actions taken, hence an 
appropriate behaviour is not achieved, which is a major problem. 

This thesis aims to fill in a small piece of the puzzle regarding relations between pe-
destrian commuters and their route environments, i.e., the environment en route to 
work. Increased knowledge about how those who walk perceive, and appraise the exter-
nal environment, can be of importance to policymakers, urban planners, and others. 

1.2 The physical activity – environment relationship in a 
historical context 

Physical activity can be defined as any bodily movement produced by our skeletal mus-
cles that requires energy expenditure (Caspersen et al., 1985). As a scientific field, 
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physical activity has been studied for more than 200 years in Sweden. In 1813, Pehr 
Henrik Ling founded Gymnastiska Centralinstitutet (Royal Gymnastics Central Insti-
tute), in Stockholm. It took, however, a long time until an interest in developing 
knowledge about how the environment may interact with physical activity emerged.  

Early texts focusing on the role of the physical environments for movement behav-
iours in Sweden were published in the 1990:s, e.g., Idrott och miljö [Human movement 
and environment] (Schantz, 1991). At about the same time, Sallis et al. (1990, p. 179), 
summarised the status of the domestic, as well as the international, research field: “Alt-
hough personal determinants of exercise behaviour have been studied extensively, few 
investigators have examined the influence of the physical environment on exercise hab-
its.” Their study was an early example of a spatial analysis of the environment in rela-
tion to individual habits of physical exercise. 

Just after the turn of the millennium, novel research strategies emerged, e.g., by 
(Saelens et al., 2003). These researchers were interested in the relations between per-
ceived neighbourhood characteristics, and levels of physical activity. Their specific 
interest was probably, to some extent, fuelled by an innovative report from the Surgeon 
General of the USA, “Physical Activity and Health: A Report of the Surgeon General”. 
In the report, one of the many takeaways was that physical activity does not need to be 
vigorous to provide health benefits (U.S. Department of Health and Human Services, 
1996). 

Additional inspiration, which continued to put the environment at the centre, came 
from ecological models. These emphasize that behaviours have multiple levels of influ-
ence that include intrapersonal, interpersonal, environmental, and policy variables 
(Sallis et al., 2006; Sallis et al., 2008). Ecological models have had a substantial impact 
on how we can understand, explain, and anticipate the behaviour of physical activity.  

In 2004, the International Physical activity and Environment Network (IPEN) was 
launched by researchers from the US, Belgium, and Australia (www.ipenproject.org). 
IPEN aims to stimulate research in physical activity and the environment and increase 
communication and collaboration between researchers investigating environmental 
correlates of physical activity. Several studies have been published in the project, e.g., 
by Kerr et al. (2016; 2013). 

Thus, the research field focusing on the relations between human movement and the 
environment is still young. 

1.3 The behaviour of physical activity 

The behaviour of physical activity is in principle guided by external and internal factors. 
Examples of external factors include, but are not limited to, density, variety and quality 

http://www.ipenproject.org/
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of facilities, as well as their spatial distribution. Examples of internal factors are age, 
sex, heredity, self-efficacy and motivation. These factors can hinder, stimulate or be 
neutral in relation to physical activity. A schematic overview is presented in Figure 1. 

 
Figure 1. The behaviour of physical activity is in principle guided by external and internal factors, which, when 
integrated, generate a decision to be physically active or not. The figure is modified from Schantz (2014).  

 
Motivation is often being regarded as important for the behaviour of physical activi-

ty. However, participation in physical activity is also related to the external environment 
(Choi et al., 2017; Pedersen et al., 2022). For example, are we living close to green 
spaces, athletic facilities or pedestrian paths, which can encourage physical activity? Or 
are we surrounded by a concrete jungle and a dangerous environment, which can dis-
courage physical activity? An individual can be physically active depending on a sup-
portive external environment, but also regardless of an unsupportive external environ-
ment. This creates difficulties for studying this field and stimulates the search for com-
plimentary research strategies that are not using physical activity as an outcome. 

1.4 Health, well-being, and the environment 

In 1946 the World Health Organization (WHO) defined health as “… a state of com-
plete physical, mental and social well-being and not merely the absence of disease or 
infirmity.” (WHO, 2020, p. 1). The definition was pioneering since it widened the defi-
nition towards a more holistic approach. This led to a wider interest in understanding 
and acknowledging social influences on health. In doing so, it helped popularize consid-
erations of the role of the environment in shaping aspects of health and well-being. The 
influence of the environment on health and well-being is however not new, it has been 
recognized as far back as 400 BC, when Hippocrates´ Airs, Waters and Places was 
written (Crooks et al., 2018).  
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According to Schantz (2014), the WHO-definition sets the scene for two principally 
different perspectives in relation to physical activity: (1) The effects of the external 
environment on the physical activity behaviour in quantitative terms, and (2) The envi-
ronmental unwell-being – well-being during physical activity, see Figure 2. 

 
Figure 2. Two principally different effects of the external environment on dimensions of health related to 
behaviour of physical activity. The figure is modified from Schantz (2014). 

 

The concept of well-being involves a positive focus on various dimensions and expe-
riences that contribute to human potential (Severson & Collins, 2018).  

It is also, as pointed out by Schantz (2014), important to evaluate the extent that the 
environment can have on well-being – unwell-being and sort out the importance of 
various variables in this respect. 

1.5 Walking 

Not long ago, people regularly moved around their neighbourhoods on foot, and that 
was often also how many travelled to and from work. That is no longer the case, at least 
not to the same extent. The change in mode of transport can be related to the advent and 
uptake of motor vehicles, which has fundamentally reshaped our cities (Giles-Corti et 
al., 2016). 

Humans walk for different purposes such as transportation, exercise, or recreation. 
When you walk for transportation, you have a certain destination in mind, e.g., the 
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workplace or the grocery store. When you walk for exercise, you might have a focus on 
increasing fitness or losing weight, and when walking for recreation, you might be 
thinking about walking as a means to reduce stress, or to enjoy beautiful scenery. Some-
times these reasons overlap, for example when taking a detour through a park, as a form 
of recreation prior to picking up kids from school.   

Walking is an essential part of all journeys. It is accessible, affordable, and socially 
equitable. Furthermore, there is a plethora of research showing that walking promotes 
health (Banach et al., 2023; Hall et al., 2020; Kelly et al., 2014; Lee & Buchner, 2008; 
Morris & Hardman, 1997). Walking also contributes to developing sustainable mobility 
solutions, liveable cities and congestion relief (WHO, 2022b). This justifies the promo-
tion of walking in all its aspects. One of these aspects is the relationship between walk-
ing and the environment. 

1.6 How can studies of the relationship between walking 
and the environment be undertaken? 

The interest in the relationship between walking and the environment has expanded the 
last decades. There can be several reasons for this besides those related to health and 
well-being, e.g., sustainability dimensions, and problems with congestion, noise, and 
exhaust fumes. Examples of perspectives related to walking and the environment will be 
presented below, beginning with the concept of walkability. 

1.6.1 Walkability 
Walkability is a concept that is used to describe a certain environment, often with re-
spect to how pedestrian-friendly it is. To define walkability can be ambiguous because 
stakeholders from many different areas are involved in the debate (Mehta, 2008). Public 
health officials promote walking to reach the prescribed dose for physical activity, plan-
ners and environmental psychologists suggest that pedestrian-friendly environments 
support a sense of community, and environmentalists encourage walking as an alterna-
tive to driving. In addition, walking is also promoted as an equitable means of transport. 
Indeed, in one study, where professionals working within the areas of planning, archi-
tecture, politics, advocacy, public health and engineering completed a questionnaire 
about environmental factors, that influence walking behaviour, it was concluded that 
different professions have different understandings of the concept of walkability 
(Fitzsimons et al., 2010).  

Then, what is walkability? Lo (2009) confronted this issue by arguing that to under-
stand walkability it is vital to consider how pedestrians are defined, and the discourses 
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that shape the development of pedestrian space. “How we define walkability has enor-
mous implications for our understanding and design of urban transportation networks 
and public spaces, yet little effort has been expended to understand how to optimize 
spaces for pedestrians. By contrast, billions of federal research dollars have been spent 
on understanding how to plan, design, and engineer streets and highways to improve 
their safety and efficiency for motorized modes. By default, it is these standards that 
currently serve as the implicit design standards for spaces in which pedestrians live and 
move” (Lo, 2009, p. 163). 

Lo continues “… there is a need for a dramatic increase in funding that focuses on 
the pedestrian environment and developing scientific studies that will help drive policy 
changes in the direction of more nuanced factors that are most relevant to pedestrians 
themselves” (Lo, 2009, p. 164). 

In the article “What is a walkable place? The walkability debate in urban design” the 
author analyses what is meant by walkability and the related idea of a walkable place 
(Forsyth, 2015). According to Forsyth, discussions on walkability can be divided in 
three key themes or dimensions: the first deals with environmental conditions which 
enables walking, e.g., if the environment is traversable, compact and physically entic-
ing. The second proposes that walkability has to do with the outcomes or performances 
of walkable environments, e.g., if they are exercise-inducing, enhancing transportation 
or making places lively and sociable. Finally, the third uses the term walkability as a 
proxy for better design of urban places, whether composed of multiple, measurable 
dimensions, or providing a holistic solution to urban problems, e.g., more human scaled.  

A key finding in the article by Forsyth is that walkable environments are not all the 
same; what is considered as most walkable differs by purpose, e.g., whether people are 
walking to get somewhere, to engage in exercise, or if walking is part of some other 
activity.  

In an overview of studies analysing perceived walkability, De Vos et al. (2023) pre-
sents a conceptual model, emphasising the determinants and effects of perceived walka-
bility and how it is related to objective walkability, i.e., built environment characteris-
tics. The authors declare that when both types of walkability are aligned, the outcome is 
clear, low objective/perceived walkability will likely result in low levels of walking, 
while high objective/perceived walkability will likely result in high levels of walking. In 
case of a disagreement between the two types of walkability, the outcomes may be less 
clear. 

1.6.2 Metrics for walkability 
Metrics for walkability may broadly be placed into three categories: those created using 
Geographic Information Systems (GIS), often called objective; those generated through 
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audit tools, sometimes referred to as observational, and those generated through surveys 
or questionnaires, often referred to as perceived. The focus in this thesis is on perceived 
measures. 

Several assessment tools regarding perceived measures of the environment in rela-
tion to walking has been developed. They are frequently being supplemented with ques-
tionnaires, diaries, or equipment, that aim to quantify the amount of physical activity 
during a certain time slot. One reason for doing this is to be able to draw conclusions 
about how the environment impacts the behaviour of physical activity, i.e., to find envi-
ronmental correlates of walking. Below, a few examples of environmental assessment 
tools related to walking and perceptions of the environment are presented.  

The Neighbourhood Environment Walkability Scale (NEWS) is one of the most fre-
quently used instruments. It assesses residents' perception of neighbourhood design 
features related to physical activity (Saelens et al., 2003). The following environmental 
characteristics are included in the scale: residential density; proximity to, and ease of 
access to, non-residential land uses, such as restaurants and retail stores (land use mix–
diversity and land use mix–access); street connectivity; walking/cycling facilities, such 
as sidewalks and pedestrian/bike trails; aesthetics; traffic safety; and crime safety. With 
the exception of the residential density and land use mix–diversity subscales, items were 
scaled from 1 (strongly disagree) to 4 (strongly agree). The scale was developed in the 
US but has been modified to fit other environments as well, it is validated in several 
countries and multiple versions have been developed (Cerin et al., 2013; Cerin et al., 
2009; Cerin et al., 2006).  

The Instruments for Assessing Levels of PHysical Activity and fitness (ALPHA) 
questionnaire assesses environmental factors related to physical activity in a European 
context (Spittaels et al., 2009; Spittaels et al., 2010). The questionnaire was developed 
as a result of a literature review and the result of a meeting with international experts. 
Nine themes are included with a focus on the neighbourhood: types of residences; dis-
tances to local facilities; walking or cycle infrastructure; maintenance of infrastructure; 
safety; how pleasant the neighbourhood is; cycling and walking network; home envi-
ronment; and workplace or study environment. Items were scaled primarily with four 
steps, from strongly disagree to strongly agree. The questionnaire is inspired by themes 
and items from other questionnaires such as the NEWS. 

The Perceptions of the Environment in the Neighbourhood Scale (PENS) is a scale 
that was developed for assessing adults’ perceptions of the environment in the neigh-
bourhood. The items were selected and adapted from the ALPHA environmental ques-
tionnaire. The respondents were asked to indicate their level of agreement on a five-
point Likert scale from strongly agree to strongly disagree (Adams et al., 2013).  

Different response scales allow different statistical analyses. The response options in 
the NEWS, the ALPHA, and the PENS are measured by Likert scales, predominantly 
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with 4 or 5 points. In this context, it is relevant to mention that there is no consensus on 
the number of response alternatives, that optimize the psychometric properties of a scale 
(cf. Lozano et al., 2008; Maydeu-Olivares et al., 2009). 

A drawback with ordinal scales, such as those of the Likert type, is the lack of equi-
distant steps between the response options, curbing parametric tests that assume that 
observations are measured with an interval or ratio scale. Furthermore, many scales 
have a relatively narrow geographical focus, a focus on the home neighbourhood. The 
home neighbourhood has been defined as the area that you could walk to in 10-15 
minutes (Adams et al., 2013; Spittaels et al., 2010).  

Hence, in relation to e.g. active commuting, there is a need for a versatile assessment 
tool with a wider geographical focus. This instrument should preferably have enough 
response point options to enable relation assessments such as correlation and linear 
regression, as well as methods to identify intermediate outcomes and proxies.  

Finally, the discussion about cause and effect with respect to environmental predictor 
variables and outcome variables need to be commented upon. In a German study it was 
reported that residents who were reporting higher levels of physical activity, may per-
ceive their environment differently, i.e., more favourably, compared to those reporting 
lower levels (Wallmann-Sperlich et al., 2014). The study indicates that there are tenden-
cies towards reversed causality, i.e., that it is not the environment that influences behav-
iour, it´s the other way around. 

1.7 Active commuting 

Active commuting, e.g., walking to work, often involve encounters with several envi-
ronments before arriving at the final destination, see Figure 3. 
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Figure 3. It is not uncommon for an active commuter to pass through several different environments before 
arriving at work. 

 

In a study on active commuters, where the objective was to assess associations be-
tween changes in perceptions of the environment en route to work, and changes in ac-
tive commuting, commuters who reported that it had become less pleasant to walk rec-
orded a net increase in car trips and a net decrease in walking (Panter et al., 2014). 
Hence, the environment appears to influence walking behaviour.  

Workplace proximity has been reported as important for transport-related walking 
(Cerin et al., 2007; McCormack et al., 2008). Although the distance between home and 
work influences commuting behaviour, distance does not need to constitute an obstacle 
to incorporating substantial quantities of walking into longer journeys made by car or 
public transport (Ogilvie et al., 2016, p. xxiii). 

The influence of the entire route environment on active commuting is understudied. 
As stated by Vale and Pereira (2016), the majority of research has focused on the built 
environment of origins, the residential area, and the surrounding areas, the home neigh-
bourhood. This perspective is in line with Appleyard (2012), who argued that insuffi-
cient attention has been given to the destinations and the characteristics of the environ-
ment in between the origin and the destination.  

Thus, it is important to conduct research on the entire route environment, from home 
to the place of work or study. 
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1.7.1 How can route environments be studied – introduction to a 
conceptual model 
Every walk takes place in a route environment from the origin to the destination. Route 
environments consist of different environmental domains that can vary considerably: the 
physical environment (stationary objects such as buildings and trees), the traffic envi-
ronment (mobile objects such as pedestrians, and motorized vehicles causing e.g., noise 
and exhaust fumes), the social environment (interaction between road users), weather 
(wind, rain, sun etc.), and light conditions (natural and artificial light), see Figure 4. 
 

 

Figure 4. A conceptual model illustrating how perceptions of variables in different route environmental do-
mains may affect pedestrians. The bidirectional hatched lines indicate potential mutual relationships. The 
model builds upon previous models developed gradually by Schantz (2012, 2014, 2018). The figure is repro-
duced with permission and was originally published in Andersson et al. (2023a). 

 
The environmental domains in the first level of the conceptual model contain various 

route environmental variables, e.g., noise and greenery. Perceptions of these can influ-
ence appraisals relevant for walking in the middle level of the model, i.e., how we ap-
praise unsafety – safety due to traffic, unsafety – safety due to other reasons (such as 
crime), and how we appraise the environment with respect to if it is hindering – stimu-
lating walking. These appraisals can, consecutively, affect the last level of the concep-
tual model; in other words, our walking behaviour (such as route choice and the amount 
of walking), have physiological, psychological, and medical effects, and affect our envi-
ronmentally induced unwellbeing – wellbeing.  
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To comprehend the concept of environmental unwellbeing – wellbeing, a continuum 
ranging from negative ratings to neutral ratings ending in positive ratings can be envi-
sioned. The latter position is normally expressed as high levels of well-being and the 
opposite position as high levels of unwell-being. As mentioned, well-being is an inte-
gral part of the WHO definition of health. 

1.7.2 Exploration of the relevance of different outcome variables 
It is challenging to study the effect of a single environmental variable. One way to do it 
is to conduct experiments where you manipulate one variable at a time, keeping the 
others constant. This is normally an arduous task in real world settings, such as a traffic 
environment during rush-hour.  

Route segments are minor parts along a major route environment. Figure 5 illustrates 
an example of how two different appraisals can shift distinctly along a suburban route in 
metropolitan Stockholm. 

 

 

Figure 5. Appraisals of hindering – stimulating (dashed line) and unsafety – safety of traffic (continuous line) 
when cycling in 15 consecutive route environment segments in suburban Stockholm (n = 1). The items are 
from the Active Commuting Route Environment Scale (ACRES), but were modified and phrased according to: 
(1) Do you think that, on the whole, the route environment segment that you cycle in stimulates/hinders your 
cycling? And (2) How unsafe/safe do you feel in traffic as a cyclist in this route environment segment? The 
figure is modified from Schantz (2014). 
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It is evident from Figure 5 that the same segment, e.g., 7, can be appraised as hinder-
ing, and concurrently safe. The gist of this is that appraisals of the safety variable does 
not disclose any information about whether the environment is appraised as hindering or 
stimulating. Hence, route environments can be analysed with respect to (1) whether they 
are perceived as hindering – stimulating, and (2) unsafe – safe, see Figure 6. 

 
Figure 6. Route environments can be analysed with respect to whether they are perceived as hindering – 
stimulating and unsafe – safe. The figure is modified from Schantz (2018). 

 
In lectures for different groups of students at The Swedish School of Sport and 

Health Sciences, GIH, Stockholm, Sweden, and in other academic settings, different 
route segments have been assessed in relation to cycling (Schantz, 2018, pp. 35-38). 
Photographs of these route segments are displayed in Figure 7 a – d. The last photo, 7 d, 
was not assessed at the same occasions as the others (P. Schantz, personal communica-
tion, February 2023). 

 
Figure 7 a-d. Photo a and c by Peter Schantz, b by Per Skoglund, and d by Elin Hägglund. 
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At the group level, in relation to Figure 6, results have been identical: environments 
a and c are perceived as safe, but otherwise differently, c as hindering and a as stimulat-
ing. Environment b is perceived as both hindering and unsafe. The final environment, d, 
was perceived as stimulating, but unsafe. If the different quadrants in Figure 6 are filled 
with the environments from Figure 7, the result will be according to Figure 8. 

 
Figure 8. Environments from Figure 7 positioned within Figure 6, according to assessments of students (health 
promotion and physical education) from The Swedish School of Sport and Health Sciences, GIH, Stockholm, 
Sweden, and other academic settings. The figure is modified from Schantz (2018). 

 
To study how different route environmental variables are perceived during walking 

and cycling, and how these perceptions possibly influence appraisals of the overall 
environment as hindering – stimulating and unsafe – safe for reasons of traffic, an as-
sessment tool has been developed, the Active Commuting Route Environment Scale 
(ACRES). 

1.8 The Active Commuting Route Environment Scale 
(ACRES) 

The ACRES is a module in the second of two questionnaires entitled the Physically 
Active Commuting in Greater Stockholm Questionnaires (PACS Q1 and Q2, see ap-
pendix). Both are self-administered surveys in Swedish, based on self-reports. They 
were developed in 2004 – 2005 by Associate Professor Peter Schantz and project assis-
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tant Erik Stigell, members of the Research Group for Movement, Health and Environ-
ment at The Swedish School of Sport and Health Sciences, GIH, in Stockholm, Sweden 
(Wahlgren, 2011, p. 57). 

The ACRES encapsulates a part of the conceptual model in Figure 4: the first and the 
middle level except for “Appraisal unsafe – safe other reasons”.  

The ACRES represents a novel strategy to study relations and interactions among 
environmental variables, making it possible to systematically accumulate knowledge 
about perceptions of environmental factors in relation to appraisals of route environ-
ments as hindering – stimulating and unsafe – safe with respect to traffic. There is one 
version for walking (13 variables) and one for cycling (18 variables). All variables are 
meant to operate independently. For the pedestrian version, see Table 1.   

 

Table 1. The pedestrian version of the ACRES. 

Variable* 
Ratings and verbal anchors 

Variable name 
1 8 15 

1. Do you think that, on the whole, the environment 
you walk in stimulates/hinders your commuting? 

Hinders a lot 
Neither 

hinders nor 
stimulates 

Stimulates a 
lot 

Hinders – stimulates 
walking** 

2. How do you find the exhaust fume levels along your 
route? 

Very low Neither low 
nor high 

Very high Exhaust fumes 

3. How do you find the noise levels along your route? Very low 
Neither low 

nor high Very high Noise 

4. How do you find the flow of motor vehicles (num-
ber of cars) along your route? 

Very low Neither low 
nor high 

Very high Flow of motor 
vehicles*** 

5. How do you find the speeds of motor vehicles 
(taxis, lorries, ordinary cars, buses) along your route? 

Very low 
Neither low 

nor high 
Very high 

Speeds of motor 
vehicles**** 

6. How do you find the congestion levels caused by 
the number of pedestrians along your route? Very low 

Neither low 
nor high Very high 

Congestion: pedes-
trians 

7. How do you find the occurrence of conflicts be-
tween you as a pedestrian and other road users 
(including pedestrians) along your route? 

Very low 
Neither low 

nor high Very high Conflicts 

8. How unsafe/safe do you feel in traffic as a pedestri-
an along your route? Very unsafe 

Neither 
unsafe nor 

safe 
Very safe 

Unsafe – safe traf-
fic** 

9. How do you find the availability of greenery (natu-
ral areas, parks, planted items, trees) along your 
route? 

Very low Neither low 
nor high 

Very high Greenery 

10. How ugly/beautiful do you find the surroundings 
along your route? Very ugly 

Neither ugly 
nor beautiful 

Very beauti-
ful Ugly – beautiful 

11. To what extent do you feel that your walking trip 
is made more difficult by the course of the route? For 
example, a course with many sharp turns, detours, 
changes in direction, side changeovers, etc. 

Very little Neither little 
nor much 

Very much Course of the route 

12. To what extent do you feel that your walking trip 
is made more difficult by hilliness? Base this on the 
route to and from your place of work/study. 

Very little 
Neither little 

nor much Very much Hilliness 

13. To what extent do you feel that your progress in 
traffic is worsened by the number of red lights during 
your trip to your place of work/study? 

Very little Neither little 
nor much 

Very much Red lights 

Notes: This is a translation of the original ACRES in Swedish. *The word item is sometimes used when referring to a variable. 

**Outcome variable. ***Sometimes the truncated term vehicle flow is used as a synonym. ****Sometimes the truncated 

term vehicle speed is used as a synonym. 
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Each item in the ACRES considers the inner urban area of Stockholm, Sweden, and 
the suburban areas, separately. In Figure 9, the inner urban area is marked with bright 
green. The suburban – rural areas include the rest of Stockholm County, excluding the 
Municipality of Norrtälje. Henceforth the word suburban, as a shortening for the subur-
ban – rural areas, will primarily be used. 

 

 

Figure 9. Map over Sweden and Stockholm County, with the inner urban area of the Municipality of Stockholm 
in green. The marking for the densely built-up areas illuminates the conditions in 2010. North is at the top of 
the image. 

 
Those responding to the ACRES are asked to rate their overall experience of their 

self-chosen route environment, based on their active commuting between home and 
place of work or study, during the previous two weeks. The 15-point response scales 
have adjectival opposites and numbered continuous lines, i.e., whole numbers from 1 to 
15. In addition, number 8, is a neutral option. Thus, three anchors aim to provide addi-
tional meaning to the scores along the scale. 

The ACRES is an interval scale, similar to ordinal scales such as those of the Likert 
type in that the response options can be ranked. A key difference is, however, that the 
response options are numeric. Consequently, the distance between the intervals is quan-
tifiable. For an example of an item, see Figure 10. 
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Figure 10. An example of a variable from the ACRES. The respondent is asked to encircle the figure that 
matches the experience, and to distinguish the experience in the inner urban area, from the experience in the 
suburban area, if NN has commuted in both areas. 

 
The reasons to include the specific items in the ACRES (for cyclists) has been de-

scribed by Wahlgren (2011, pp. 61-62). Since the pedestrian version consist of similar 
items, it can be assumed that Schantz and Stigell in 2004 – 2005, when developing the 
PACS Q2, considered that the potentially important environmental attributes can be 
more or less the same regardless of active transportation mode. 

1.8.1 Psychometric properties of the ACRES 
The development of the ACRES has been described thoroughly by Wahlgren et al. 
(2010) and by Wahlgren and Schantz (2011). In the study from 2010, validity was as-
sessed as criterion-related validity based on differences between the inner urban and the 
suburban environments, regarding four objective measures (exhaust fumes, noise, con-
gestion: all types of vehicles, and greenery) and on ratings of an expert panel, as well as 
on ratings of the active commuters (cyclists). Reliability was assessed as test-retest 
reproducibility among the cyclists, who were street-recruited. The authors concluded 
that the ACRES is characterized by considerable criterion-related validity and reasona-
ble test-retest reproducibility (Wahlgren et al., 2010). 

In a follow-up study from 2011, the aim was to expand the level of knowledge con-
cerning the criterion-related validity of the ACRES, and the representativity using both 
advertisement- and street-recruited samples (Wahlgren & Schantz, 2011). It was con-
cluded that the overall results demonstrated considerable criterion-related validity of the 
ACRES and that ratings of the advertisement-recruited cyclists mirrored those that were 
recruited in situ (Wahlgren & Schantz, 2011). 

In a scoping review of bikeability assessment methods, the ACRES was considered 
the best developed with good reliability and validity (Kellstedt et al., 2021). According 
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to Kellstedt et al., the ACRES is intended for use by health and transport professionals 
and since it is a self-report tool, it may be best paired with an objective measurement. 

However, the criterion-related validity of the ACRES in relation to walking has not 
been studied. 

1.8.2 Principal examples of how the ACRES can be used 
The 15-point response scales enable various statistical solutions to analyse data, e.g., 
correlation and linear regression. Another advantage is the possibility to pinpoint the 
role of different variables, even if they are covarying. One way of doing this is to run 
sensitivity analyses to examine the robustness of the results. Under this section, exam-
ples of how the ACRES can be used will be presented. 
 

1.8.2.1 Explorative studies of relations 
Data from the ACRES can be used to evaluate fundamental relations, e.g., between 
predictor variables and outcome variables, for a schematic figure, see Figure 11. 
 

 

Figure 11. The ACRES enables evaluations of relations between different variables. 

 

1.8.2.2 Comparisons of spatial settings and groups 
The ACRES enables comparisons between different spatial settings such as the inner 
urban area and the suburban areas of Stockholm, as well as between subgroups such as 
men and women, see Figure 12. As is indicated in the Figure, mean scores and relations 
between different variables can fluctuate depending on the geographical setting, that is, 
if the cyclists are commuting in the inner urban area or the suburban areas of Greater 
Stockholm. 
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Figure 12. Commuting route environment profiles for men cycling in the inner urban and suburban areas of 
Stockholm, Sweden. Unfilled symbols represent ratings of the inner urban route environments. Only I = those 
who only cycled in the inner urban area. Only S = those who only cycled in the suburban area. Both I & S = 
those who cycled in both areas. Filled symbols represent the suburban route environments. *Minimal value = 
0 and maximal value = 10. The figure is reproduced with permission and was originally published in Wahlgren 
and Schantz (2011).  

 

1.8.2.3 Studies of relations between predictors as well as with outcomes 

Another way to use the ACRES is to perform specific studies on relations, e.g., if there 
is a relation between perceived levels of greenery and appraised levels of whether the 
route environment inhibits or stimulates cycle commuting, and if other variables are 
involved. Considering Figure 13, it appears that if the perception of greenery increases, 
the route environment is appraised as more stimulating. 
 

Figure 13. The relation between 
perceived levels of greenery and 
appraised levels of whether the 
route environment inhibits or stimu-
lates cycle commuting in the inner 
urban part of Stockholm, mean and 
95% CI (n = 827). Number 8 is a 
neutral option, in relation to the y-
axis: neither hinders nor stimulates 
and in relation to the x-axis: neither 
low nor high. 
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However, levels of greenery might covary with other variables. One example could 
be with levels of exhaust fumes, which can be assumed to be diluted in green settings as 
opposed to concentrated in densely built-up areas. In line with that, Figure 14 illustrates 
that increased levels of greenery covaries with lower levels of exhaust fumes.  
 

Figure 14. The relation between 
perceived levels of greenery and 
perceived levels exhaust fumes in the 
inner urban part of Stockholm, mean 
and 95% CI (n = 827). Number 8 is a 
neutral option: neither low nor high. 

 

 

 

 

 

 

 

 
This makes it difficult to separate the importance of each variable, i.e., we cannot be 

sure if high levels of greenery are responsible for a more stimulating environment, it 
could, just as well, be due to lower levels of exhaust fumes. 

Figure 15 illustrates the relation between perceived levels of exhaust fumes and ap-
praised levels of whether the route environment inhibits or stimulates. High levels of 
exhaust fumes are related to a less stimulating route environment.  
 

Figure 15. The relation between 
perceived levels of exhaust fumes 
and appraised levels of whether the 
route environment inhibits or stimu-
lates cycle commuting in the inner 
urban part of Stockholm, mean and 
95% CI (n = 827). Number 8 is a 
neutral option, in relation to the y-
axis: neither hinders nor stimulates 
and in relation to the x-axis: neither 
low nor high. 
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This example illustrates the importance of evaluating relations step by step, in order 
to disclose relevant information. In summary, both greenery and exhaust fumes, indi-
vidually, were related to the outcome inhibits or stimulates cycle commuting. Greenery 
appear to stimulate, and exhaust fumes appear to inhibit cycling in the inner urban part 
of Stockholm (Wahlgren & Schantz, 2012). 

Table 2 shows the results from the three models which Figures 13-15 are based up-
on. Table 2 also contains the output from a fourth model, where both greenery and ex-
haust fumes were included as predictors in relation to hinders – stimulates cycling. As is 
apparent from the last column, the adjusted R2 increases when adding relevant variables.  

 

Table 2. Relations between the predictor variables greenery and exhaust fumes and the outcomes hinders – 
stimulates cycling and exhaust fumes. 

Figure Outcome 
y-intercept 

(95% CI) 
p-value Predictor 

Unstandardized B 
(95% CI) 

p-value Adj. R2 

13 
Hinders – 
stimulates 

cycling 

6.44 
(6.04 – 6.84) 

< 0.001 Greenery 0.389 
(0.340 – 0.438) 

< 0.001 0.222 

14 Exhaust fumes 11.7 
(11.3 – 12.1) 

< 0.001 Greenery −0.252 
(−0.303 to −0.202) 

< 0.001 0.101 

15 
Hinders – 
stimulates 

cycling 

12.9 
(12.2 – 13.6) < 0.001 Exhaust fumes 

−0.378 
(−0.444 to −0.312) < 0.001 0.130 

 
Hinders – 
stimulates 

cycling 

9.23 
(8.40 – 10.1) 

< 0.001 
Greenery 

0.329 
(0.278 – 0.379) < 0.001 

0.269 
Exhaust fumes −0.240 

(−0.304 to −0.176) 
< 0.001 

 

1.8.2.4 Comparisons of environments 
Another way to use the ACRES is to compile results systematically, e.g., from overall 
multiple regression analyses. This might help to clarify similarities and differences, for 
instance regarding different environments, see Table 3. 
 

Table 3. Perceived environmental variables among commuting cyclists in Greater Stockholm. Relations are 
statistically significant (Wahlgren & Schantz, 2012, 2014). 

Environmental predictor variables 

Environmental outcome variable:  
hinders – stimulates 

Inner urban area Suburban area 

Flow of motor vehicles  − 
Exhaust fumes −  
Noise  − 
Congestion: all types of vehicles −  
Bicycle paths/lanes/roads  + 
Greenery + + 
Ugly or beautiful + + 
Course of the route − − 

Notes. “−“ indicates a negative relation and “+” indicates a positive relation. 
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In this case, the differences and similarities noted between significant predictors as-
sisted in formulating hypotheses about factors that could explain them (Wahlgren & 
Schantz, 2014). In line with that search for understanding patterns, another way to use 
the scale is to visualize comparisons of environmental perceptions with graphs, e.g., 
between ugly or beautiful and greenery in the inner urban area and the suburban areas 
of Greater Stockholm, see Figure 16. 

 
Figure 16. The relationship between ratings of ugly or beautiful and greenery in the inner urban and suburban 
areas among commuting cyclists in metropolitan Stockholm, Sweden. Y-axis: Ugly or beautiful: “How ug-
ly/beautiful do you find the surroundings along your route?” (1 = very ugly and 15 = very beautiful), and x-axis: 
Greenery: “How do you find the availability of greenery (natural areas, parks, planted items, trees) along your 
route?” (1 = very low and 15 = very high). The blue lines represent the inner urban area and the green lines 
the suburban areas. The solid lines represent the regression lines, and the dashed lines represents the 95% 
confidence intervals (CI). The blue filled dot represents the mean values for greenery and ugly or beautiful in 
the inner urban environment (7.1 and 10.1, respectively). The green non-filled dot represents the correspond-
ing values for the suburban environment (11.4 and 10.8, respectively). This figure is reproduced with permis-
sion and was originally published in Wahlgren and Schantz (2014). 

 
In this case, the visualization in Figure 16 shows that despite clearly different rela-

tions between greenery and ugly or beautiful in the two settings, both these variables 
protrude as stimulating for cycling in their own right (Wahlgren & Schantz, 2012, 
2014). 

 



 

 38 

1.8.2.5 Sensitivity analyses 
Sensitivity analyses offers an expanded insight of how route environmental variables 
may interact with other variables. Table 4 includes the significant predictors from the 
initial multiple regression analyses in Wahlgren and Schantz (2014), where the partici-
pants were cyclists, and the study area was the suburban areas of Greater Stockholm. 
The table demonstrates that removing a single variable, in the pairs of predictor varia-
bles that correlated higher than r = 0.70, had rather small effects on the R²-values, ex-
cept for when the aesthetical item, ugly or beautiful was removed. Moreover, each re-
moval increased the standardized Beta value of the remaining variable in the pairs 
“noise and flow of motor vehicles” as well as “greenery and ugly or beautiful”. 
 

Table 4. Sensitivity analysis (n = 1087 – 1091) from Wahlgren and Schantz (2014). 

Outcome 
variable 

Predictor variables 

Hinders or 
stimulates 

Noise 
Flow of 
motor 

vehicles 

Bicycle 
Paths/Lane

s/Roads 
Greenery Ugly or 

beautiful 
Course of 
the route 

R2 

y-intercept 
(p-value) 

Standardized B  
(p-value) 

6.72 
(< 0.001) 

−0.10 
(0.005) 

–0.11 
(0.001) 

0.09 
(< 0.001) 

0.17 
(< 0.001) 

0.37 
(< 0.001) 

–0.13 
(< 0.001) 

0.432 

6.47 
(< 0.001) 

– –0.17 
(< 0.001) 

0.08 
(0.001) 

0.17 
(< 0.001) 

0.38 
(< 0.001) 

–0.14 
(< 0.001) 

0.428 

6.39 
(< 0.001) 

−0.17 
(< 0.001) 

– 
0.09 

(< 0.001) 
0.18 

(< 0.001) 
0.38 

(< 0.001) 
–0.13 

(< 0.001) 
0.429 

7.28 
(< 0.001) 

−0.11 
(0.002) 

–0.12 
(< 0.001) 

0.10 
(< 0.001) – 

0.49 
(< 0.001) 

–0.14 
(< 0.001) 0.423 

8.36 
(< 0.001) 

−0.12 
(0.001) 

–0.12 
(< 0.001) 

0.06 
(0.011) 

0.42 
(< 0.001) 

– –0.14 
(< 0.001) 

0.371 

7.03 
(< 0.001) – 

–0.19 
(< 0.001) 

0.09 
(< 0.001) – 

0.50 
(< 0.001) 

–0.15 
(< 0.001) 0.418 

 
The correlation between noise and flow of motor vehicles was strong (r = 0.72). 

Noise and flow of motor vehicles contributed negatively to the variance of the outcome 
variable hinders or stimulates, in contrast with in the inner urban area (Wahlgren & 
Schantz, 2012), cf. Table 3. The authors speculated that this could reflect a phenomenon 
where the effect of noise, on the overall ratings of an environmental setting, can depend 
on the expectations in relation to the specific setting. Living in suburbia is, for many 
people, based on a desire to avoid some environmental features that is more common in 
an inner urban area, e.g., noise. This may load a variable with a more negative affect in 
suburban areas, compared to in inner urban context.  

Another potential reason to this divergence could be that a certain vehicle flow may 
stand out more visually in the suburban areas. Suburbia usually have higher levels of 
greenery and lower buildings, compared to an inner urban setting. This emphasizes the 
importance of studying different environmental settings separately, see Figure 17. 
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Figure 17. Examples of spatial differences in environmental settings that might influence how we perceive and 
appraise e.g. vehicle flow and noise. 

 

The predictor that contributed most strongly to the variance of the outcome variable 
in Table 4 was ugly or beautiful. The aesthetical item correlated strongly with greenery 
(r = 0.73), which indicate that greenery can influence ugly or beautiful. Furthermore, 
greenery contributed in, and of itself, positively to the variance of the outcome variable. 

The ratios between the average ratings of greenery and ugly or beautiful has been re-
ported to differ substantially between the inner urban and suburban environments for 
different groups of cyclists (Wahlgren & Schantz, 2011). While the ratings for aesthet-
ics were about the same, the ratings for greenery were about 60% higher in suburbia 
compared to the inner urban area. Again, this emphasizes the importance of studying 
different environmental settings separately. 

Wahlgren and Schantz (2014) suggested a hypothesis that the predictor greenery 
may act in two ways on the outcome variable hinders or stimulates: (1) independently, 
and (2) via the predictor variable ugly or beautiful, see Figure 18.  

A more in-depth understanding of these phenomena calls for further studies, not least 
in relation to walking. 
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Figure 18. The figure illustrates that perceptions of greenery may affect the overall appraisal of route envi-
ronments in tandem: independently, and via the appraisal of aesthetics (ugly or beautiful). In addition, other 
environmental attributes, besides greenery, such as architecture and blue spaces influence the appraisal of 
aesthetics. The figure is modified from Wahlgren and Schantz (2014). 

1.8.3 Sensitivity of analyses 
When choosing predictors to be included in a multiple regression analysis, one wants to 
include predictors that do not correlate highly with each other, in order to reduce the 
risk of multicollinearity. The first variable that enters the regression equation, tends to 
explain most of the variance in the dependent variable, leaving less variance to be ex-
plained by the second independent variable, and so on. Hence, adding additional predic-
tors to a regression model leaves less and less of the unexplained variance to be ex-
plained by these predictors (cf. Borg & Westerlund, 2020, p. 429). Therefore, exploring 
if one can make use of proxy variables for e.g. motorized traffic is of value, see below. 

1.9 Summarising reasons for utilising the ACRES when 
exploring perceptions of commuting route environments in 
relation to walking 

All of the above-mentioned examples on how the ACRES, and results from the ACRES 
in relation to cycling, in various settings, may be used, points to the value of under-
standing these relations for pedestrians as well. Since no studies have evaluated route 
environments for pedestrians with the ACRES, there is a pent-up need to conduct ex-
plorative studies of e.g. the inner urban and suburban areas of Greater Stockholm, Swe-
den. 
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As mentioned, the 15-point response scale in the ACRES enables various statistical 
solutions to analyse data, e.g., correlation and linear regression. The scale also enables 
methods to identify intermediate outcomes and proxies. This is an obvious advantage in 
comparison with other scales such as the NEWS and the ALPHA, whose ordinal scale 
curbs parametric tests. Additionally, the ACRES allows a wide geographical focus, in 
contrast with many other scales, which have a focus on the residential area. Therefore, 
using the ACRES when exploring perceptions of commuting route environments for 
pedestrians, will likely expand the research field substantially. 

1.9.1 A rationale for studying the four motorized traffic variables 
separately  
To fully grasp the effect of individual traffic variables on pedestrians is complicated. 
Figure 19 depicts a conceptual model to facilitate studies of the four motorized traffic 
variables, and how they are related internally, and in relation to the outcomes hinders – 
stimulates walking and unsafe – safe traffic. This model can be utilised when trying to 
sort out the different roles and relations among the four motorized traffic variables in 
relation to the outcome variables.  

 
Figure 19. Among the motorized traffic variables, the basic variables generate the intermediate outcomes. All 
of the motorized traffic variables can, in principle, independently of each other, and in different combinations, 
relate to the two outcome variables. Flow of motor vehicles is equal to the number of vehicles passing a 
reference point during an established time period. The bidirectional arrow between flow of motor vehicles 
and speeds of motor vehicles illustrates that there is a relation between these variables, which is influenced by 
density of vehicles (vehicles × km−1). Under uninterrupted conditions, the equation of flow is q = k × v where q 
is flow, k is density, and v is speed. The figure is reproduced with permission and was originally published in 
Andersson et al. (2023a). 

 



 

 42 

Another reason for studying the four motorized traffic variables separately relates to 
the results of cross-sectional studies of cyclists in Greater Stockholm, Sweden. As men-
tioned, both vehicle flow and noise, were negatively related to inhibiting – stimulating 
cycling in suburbia (Wahlgren & Schantz, 2014), contrasting with the perceptions in the 
inner urban area (Wahlgren & Schantz, 2012).  

This discrepancy can possibly, to some extent, be explained by differences in spatial-
ity between the two settings. As stated, massive buildings in the inner urban area may 
mask, or diminish the way certain traffic variables protrude, compared to in a suburban 
setting, see Figure 17. If this discrepancy also exist among pedestrians has not been 
studied.  

Finally, studies in line with the conceptual model may facilitate choosing a proxy 
variable for motorized traffic (cf. 1.8.3 Sensitivity of analyses).  
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2. THIS THESIS 

2.1 Gaps in research and methodology 

With respect to the inner urban and suburban areas of Greater Stockholm, Sweden, there 
is a lack of research, with an appropriate assessment tool for pedestrian commuting, 
regarding: 
 

• The roles and relations among the four motorized traffic variables, and in rela-
tion to how pedestrians appraise their overall route environment. 

• How pedestrians perceive route environmental variables and appraise their 
overall route environment. 

• If there are any intermediate outcomes and proxies among the route environ-
mental variables. 

• If there are any direct or indirect relations between certain route environmental 
variables. 

• If, and how, commuting route environment profiles in the inner urban and sub-
urban areas of Greater Stockholm differ, and how that possibly relates to the 
criterion-related validity of the ACRES among pedestrians. 

 

2.2 Specific aims in relation to each study 

Studies 1 and 2 had a focus on the inner urban area of Stockholm, studies 3 and 4 had a 
focus on the suburban areas.  

2.2.1 Studies 1 and 3  
The aims of these studies were to:  

• Explore the relations between the four motorized traffic variables: speeds of  
motor vehicles, flow of motor vehicles, noise and exhaust fumes. 
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• Explore the relations between the basic variables and the intermediate outcomes. 
Speeds of motor vehicles and flow of motor vehicles were regarded as basic vari-
ables and noise and exhaust fumes as intermediate outcomes. 

• Explore the relations between the four traffic variables, and combinations of 
them, in relation to the outcome variables, hinders – stimulates walking and  
unsafe – safe traffic. 

2.2.2 Studies 2 and 4 
The aims of these studies were to: 

• Study different route environmental variables in relation to the outcomes hin-
ders – stimulates walking and unsafe – safe traffic, mirroring factors deterring or 
facilitating walking. 

• Explore if there were any intermediate outcome or proxy variables among the 
predictors, which represent more basic variables. 

• Explore if there were any direct or indirect relations between certain variables. 
• Explore the role of greenery in relation to the outcome hinders – stimulates 

walking in both the inner urban and suburban areas, and with all four traffic var-
iables as well as ugly  – beautiful as predictors (exclusively related to study 4). 

• Compare route environment profiles from different metropolitan areas, i.e., the 
inner urban and the suburban areas (exclusively related to study 4). 
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3. METHODS 

3.1 Study designs 

The four studies in the thesis are cross-sectional and based on advertisement-recruited 
participants. The pedestrians rated their perceptions and appraisals with the Active 
Commuting Route Environment Scale (ACRES). The analyses were done stepwise, 
beginning with correlation analyses and ending with mediation analyses. In between, 
multiple regression analyses, were performed. Study 4 also employed comparison anal-
yses. An overview of the studies is presented in Figure 20. 

 
Figure 20. An overview of study 1 – 4. More details about the aims can be found in 2.2 Specific aims in relation 
to each study and in the following sections. 

3.1.1 Studies 1 and 3 
Studies 1 and 3 explored the relationships between the four motorized traffic variables: 
speeds of motor vehicles, flow of motor vehicles, noise and exhaust fumes, and how they 
related to the outcome variables, hinders – stimulates walking and unsafe – safe traffic 
(see Figure 19 for a conceptual model of the relations among these variables). Studies 1 
and 3 also explored the relationships between the basic variables (speeds and flow of 
motor vehicles) and the intermediate outcomes (noise and exhaust fumes). The study 
design in studies 1 and 3 was identical, however study 1 had a focus on the inner urban 
area and study 3 on the suburban area. 
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3.1.2 Studies 2 and 4 
Studies 2 and 4 explored the role of the environmental variables (exhaust fumes, noise, 
flow of motor vehicles, speeds of motor vehicles, congestion: pedestrians, conflicts, 
greenery, ugly – beautiful, course of the route, hilliness, and red lights) in relation to the 
outcomes (hinders – stimulates walking and unsafe – safe traffic). Another focus was to 
explore if there were any intermediate outcomes among the variables, and to explore if 
there were any direct or indirect relations between certain variables.  

As a result of study 1, noise was included as a proxy in relation to hinders – stimu-
lates walking in study 2. Due to the same rationale, noise and speeds of motor vehicles 
were included as proxies in relation to the other outcome, unsafe – safe traffic. 

As a result of study 3, noise was included as a proxy in relation to hinders – stimu-
lates walking in study 4. With respect to the other outcome, unsafe – safe traffic, speeds 
of motor vehicles was included as a proxy. It is however important to mention that vehi-
cle speed did not reach significance, it was closest among the four variables related to 
motorized traffic and tended to be significant (p = 0.095) in the multiple regression 
analysis. In addition, the mediation analysis indicated that vehicle speed had an indirect 
effect on unsafe – safe traffic, via noise. 

Study 2 had a focus on the inner urban area, and study 4 on the suburban area. The 
study design and aims were identical, with two exceptions; study 4 had additional aims 
which demanded some additional design aspects: (1) To explore the role of greenery in 
relation to the outcome hinders – stimulates walking in both the inner urban and subur-
ban areas, and with all four traffic variables as well as ugly  – beautiful as predictors. (2) 
To compare commuting route environment profiles among pedestrians in the inner ur-
ban area with those in the suburban areas. This will provide evidence regarding the 
criterion-related validity of the ACRES and expand the understanding of different envi-
ronments in relation to the outcome hinders – stimulates walking and unsafe – safe 
traffic.  

3.2 Participants 

3.2.1 Recruitment of participants 
Active commuters, individuals who walk or bike to their place of work or study, were 
recruited via announcements in Dagens Nyheter and Svenska Dagbladet, two large 
newspapers in Stockholm, in May and June 2004. The inclusion criteria stipulated that 
the participants had to be at least 20 years old, reside in Stockholm County (excluding 
the Municipality of Norrtälje) and commute the entire distance to one’s place of work or 
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study at least once a year. In the invitation, it was emphasized that everyone was wel-
come to participate, regardless of commuting distance.  

The adverts resulted in 2148 individuals signing up. A first survey, the Physically 
Active Commuting in Greater Stockholm Questionnaire, PACS Q1, was distributed in 
September 2004 (response rate = 94%). A second survey, PACS Q2, was distributed in 
May 2005 (response rate = 92%). The questionnaires were sent via standard mail to the 
participants together with prepaid return envelopes. No incentives were provided.  

The Ethics Committee North of the Karolinska Institute at the Karolinska Hospital 
approved the studies (Dnr 03-637), and the participants gave their informed consent. 

After cleansing and editing the data, 450 participants were included in the analyses 
(those with complete data regarding ACRES and the four background variables; sex, 
age, education, and income). Some were dual-mode commuters, i.e., individuals who 
sometime walk and sometimes cycle. In the inner urban area, 43.5% were dual-mode 
commuters and in the suburban areas, 58.4% were dual-mode commuters. Only data on 
pedestrian commuting has been used. Figure 21 displays a flowchart of the recruitment 
process and related data. Figure 22 displays the sex-specific distribution in relation to 
the environmental setting. 

 
Figure 21. Flowchart of the advertisement-recruited participants (cyclists and pedestrians) and related data. 
PACS Q = The Physically Active Commuting in Greater Stockholm Questionnaire. ACRES = The Active Commut-
ing Route Environment Scale. 
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Figure 22. The sex-specific distribution in relation to where the participants commuted. ACRES = The Active 
Commuting Route Environment Scale. Background data are the four background variables sex, age, education, 
and income. 

3.2.2 Descriptive characteristics of the participants  
Descriptive characteristics of the participants can be found in Table 5. 

Table 5. Descriptive characteristics of participants. 

Descriptive characteristics of the participants The inner urban area 
(n = 282 – 294)* 

The suburban area  
(n = 228 – 233)* 

Females*, % 77 82 
Age in years*, mean ± SD 49.5 ± 10.4 50.0 ± 9.8 
Weight in kg, mean ± SD 68.4 ± 10.6 68.4 ± 10.4 
Height in cm, mean ± SD 171.1 ± 8.2 169.9 ± 7.8 
Body mass index, mean ± SD 23.3 ± 2.7 23.7 ± 3.0 
Gainful employment, % 97 97 
Educated at university level*, % 79 70 
Income*: ≤ 25 000 SEK** a month, % 37 53 
Income*: 25 001 – 30 000 SEK** a month, % 27 28 
Income*: ≥ 30 001 SEK** a month, % 35 18 
Participant and both parents born in Sweden, % 80 83 
Having a driver’s licence, % 89 88 
Usually access to a car, % 56 70 
Leaving home 7 – 9 a.m. to walk to work or study, % 80 70 
Leaving place of work or study 4 – 6 p.m. to walk home, % 73 69 
Number of walking-commuting trips per year***, mean ± SD 278 ± 162 226 ± 159 
Overall physical health either good or very good, % 77 72 
Overall mental health either good or very good, % 85 82 

*294 individuals have complete data regarding ACRES and the four background variables that are used in the analyses in the 

inner urban area, the corresponding value in the suburban area is 233; **SEK = Swedish crowns (SEK) 2005: €1 ≈ 9 SEK; US$1 

≈ 8 SEK; ***The number of walking commuting trips per year (range: 4.33 – 572) is based on 224 participants in the inner 

urban area, whereof four had remarkably high values, which therefore were substituted with mean values for the remainder 

of the participants. In the suburban area, the number of walking commuting trips per year (range: 6.50 – 546) is based on 165 

participants, whereof five had remarkably high values, which therefore were substituted with mean values for the remainder 

of the participants. The low response rate is due to missing values in at least one of the 12 months leading to exclusion in the 

sum score. 
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3.2.3 Descriptive characteristics of the walking commuting trips 
Descriptive characteristics of the walking commuting trips can be found in Table 6. 
 

Table 6. Descriptive characteristics of the walking commuting trips (mean ± SD, (95% CI) and n participants). 

 

The inner urban area The suburban area 

Distance Duration Speed 
Frequency of 
walking trips 

in May 

Total 
number of 

walking 
trips per 

year* 

Distance Duration Speed 
Frequency of 

walking trips in 
May 

Total 
number of 

walking 
trips per 
year** 

km min km · h-1 trips · week-1  km min km · h-1 trips · week-1  

Men 
2.98 ± 1.91 

(2.52 – 3.45) 
67 

31.4 ± 18.4 
(26.9 – 35.9) 

66 

5.64 ± 1.19 
(5.35 – 5.93) 

66 

6.24 ± 5.89 
(4.75 – 7.72) 

63 

274 ± 172 
(229 – 319) 

59 

3.94 ± 2.50 
(3.15 – 4.72) 

41 

42.2 ± 22.8 
(34.9 – 49.6) 

39 

5.42 ± 0.993 
(5.09 – 5.74) 

39 

4.35 ± 3.57 
(3.11 – 5.60) 

34 

219 ± 150 
(163 – 275) 

30 

Women 
2.91 ± 1.63 

(2.70 – 3.13) 
220 

32.7 ± 17.6 
(30.3 – 35.1) 

213 

5.27 ± 1.39 
(5.08 – 5.45) 

213 

5.83 ± 4.99 
(5.12 – 6.54) 

192 

279 ± 158 
(255 – 303) 

165 

2.92 ± 1.75 
(2.66 – 3.17) 

181 

32.7 ± 18.6 
(30.0 – 25.5) 

175 

5.14 ± 0.928 
(5.00 – 5.28) 

175 

4.63 ± 4.61 
(3.89 – 5.37) 

151 

227 ± 162 
(200 – 255) 

135 
 

Notes: The number (n) of participants varies between the different variables and sexes due to missing or incorrectly reported data. *One male and three females had remarka-
bly high numbers of walking trips per year (range: 893 – 1183), these outliers were replaced by mean values for the remaining males and females, respectively. After replacing 
the outliers, the final values were calculated for both sexes. **Five females had remarkably high numbers of walking trips per year (range: 736 – 1183), these outliers were 
replaced by mean values for the remaining females. After replacing the outliers, the final values were calculated. 

3.3 Study area 

The study area includes the inner urban and suburban areas of Greater Stockholm (Fig-
ures 9 and 23). The separation between these two environments depends on that they 
constitute different environments; the inner urban area includes a dense urban setting 
with blocks in grid-like patterns, as in many European cities, in contrast to the suburban 
areas. The population per hectare of land in the inner urban area was 81 persons in 
2005, the corresponding value in the western suburban area was 29 and in the southern 
suburban area 34 (Stockholm Office of Research and Statistics, 2007, pp. 94-100). 

The expected changes in motorized traffic flows, due to the introduction of a conges-
tion tax 2006 at the limits of the inner urban area provided additional reasons for this 
separation (Wahlgren, 2011, pp. 62-65). 
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Figure 23. Aerial view from 2005 of Greater Stockholm, Sweden. The yellow line distinguishes the inner urban 
area from the suburban areas. North is at the top of the image. Copyright: Lantmäteriverket, Gävle, Sweden. 

3.3.1 The inner urban area 
The city of Stockholm stretches across several islands where Lake Mälaren flows into 
the Baltic Sea. When data was collected, the population in the metropolitan area was 
approximately 1.9 million. 

The inner urban area, in our geographical division of the city, include the city sec-
tions of “Gamla stan” (the Old Town), Södermalm, Kungsholmen, Vasastan, Norrmalm 
and Östermalm. It is predominantly a built-up area with blocks organized in grid-like 
patterns. The newest part of the city centre is north of the old town. Although there are 
some skyscrapers, most buildings are about five storeys high. 

The city has a number of green and blue spaces, squares, islands, and historic build-
ings. Many streets lack trees and other forms of greenery. The environment is basically 
flat although some dominant natural characteristics exist, e.g., a part of an esker in 
Vasastan and a fault scarp in Södermalm. 

Within the inner urban area, several different roads exist, e.g., local streets, collector 
roads, minor and major arterial roads. Typically, the arterials have bidirectional traffic, 
whereas local streets normally have unidirectional traffic. Sidewalks are present on both 
sides of the streets. Examples of busy pedestrian streets are Drottninggatan, Sergelgatan 
and Kungsgatan. In-depth information about the study area can be found in the Statisti-
cal Year-book of Stockholm 2005 (Stockholm Office of Research and Statistics, 2007). 
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3.3.2 The suburban area 
The suburban setting is surrounding the urban area. The area consists of a mix of resi-
dential areas, industrial areas, forests as well as agricultural land. The residential areas 
have primarily single houses whereas multi-storey houses are more common in densely 
populated areas. Density of residents normally varies with proximity to underground or 
commuter train stations, which have minor centres in the vicinity.  

The main roads often follow old road networks from the agricultural period and the 
streets are not normally, as in the inner urban area, laid out in a grid-like streetscape. 
There are trees and other forms of greenery in gardens and between the multi-storey 
houses.  

The settlements are located in a rift valley landscape. The valleys are basically flat, 
and forests stretch from the rural areas towards the city and the inner urban area. Lakes 
and the Baltic sea with numerous islands are other geographical characteristics. Arterial 
highways are passing through the landscape. Additional information about the study 
area can be found in the Statistical Year-book of Stockholm 2005 (Stockholm Office of 
Research and Statistics, 2007). 

3.4 Measurements; questionnaires and scales 

3.4.1 The Physically Active Commuting in Greater Stockholm 
Questionnaires (PACS Q1 and Q2) 
The PACS Q1 and PACS Q2 are self-report questionnaires in Swedish, which include 
questions about background factors and different aspects of active commuting. They are 
described under “1.8 The Active Commuter Route Environment Scale (ACRES)”. 
 

3.4.1.1 Background variables 
Data on sex, age, weight, height, employment, and the number of pedestrian-commuting 
trips per month were obtained from the PACS Q1. Active commuting trips per year 
were calculated by adding each of the 12 months’ average trip frequency per week, 
dividing by 12, and multiplying by 52. Educational levels, income, ethnicity, having a 
driver’s license, having access to a car, time leaving home to walk to work, and overall 
physical and mental health were obtained from the PACS Q2. 
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3.4.2 The Active Commuting Route Environment Scale (ACRES) 
As mentioned, the pedestrians rated their perceptions and appraisals with the ACRES. 
The ACRES is a part of the PACS Q2 and is described under 1.8 The Active Commuter 
Route Environment Scale (ACRES). 
 

3.4.2.1 Validity, reliability, and representativity of the ACRES 
Validity and reliability of the ACRES has been reported by Wahlgren et al. (2010). In 
the study, active commuters (n = 54) were recruited when they bicycled in Stockholm, 
Sweden. Traffic planning and environmental experts from the Municipality of Stock-
holm were assembled to form an expert panel (n = 24). The cyclists responded to the 
scale twice, and the expert panel once. To test criterion-related validity, differences in 
ratings of the inner urban and the suburban environments of Greater Stockholm were 
compared between the experts and the commuters. Furthermore, four items were com-
pared with existing objective measures (exhaust fumes, noise, congestion: all types of 
vehicles, and greenery). Test-retest reproducibility was assessed with order analysis, 
typical error and intraclass correlation.  

The sizes and directions of the differences in ratings of the inner urban and suburban 
areas corresponded well between the experts and the active commuters. Both groups´ 
ratings were in line with existing objectively measured differences between the settings. 
Order effects between test and retest were observed in 6 of 36 items. The typical errors 
ranged from 0.93 to 2.54, and the intraclass correlation coefficients ranged from “mod-
erate” (0.42) to “almost perfect” (0.87). The authors concluded that the ACRES is char-
acterized by considerable criterion-related validity and reasonable test-retest reproduci-
bility (Wahlgren et al., 2010). 

In a follow-up study from 2011, the aim was to expand the level of knowledge con-
cerning the criterion-related validity of the ACRES, and the representativity using an 
advertisement-recruited sample (Wahlgren & Schantz, 2011). Bicycle commuters from 
Greater Stockholm, Sweden, advertisement- (n = 1379) and street-recruited (n = 93), 
responded to the ACRES as well as traffic planning and environmental experts from the 
Municipality of Stockholm (n = 24). The criterion-related validity assessments were 
based on whether or not differences between the inner urban and the suburban route 
environments, as indicated by the experts and by four existing objective measurements 
(exhaust fumes, noise, congestion: all types of vehicles, and greenery), were reflected by 
differences in perceptions of these environments. Comparisons of ratings between ad-
vertisement- and street-recruited participants were used for the assessments of repre-
sentativity.  

Differences in ratings of the inner urban and suburban route environments by the ad-
vertisement-recruited participants were in accord with the existing objective measure-
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ments and corresponded reasonably well with those of the experts. Overall, there was a 
fairly good correspondence between the advertisement- and street-recruited participants’ 
ratings. The authors concluded that the overall results demonstrated considerable crite-
rion-related validity of the ACRES and that ratings of the advertisement-recruited par-
ticipants mirrored the street-recruited participants (Wahlgren & Schantz, 2011). 

3.5 Statistical analyses 

3.5.1 Data 
Data were entered into the Statistical Package for the Social Sciences (SPSS) and ana-
lysed in version 27.0 (IBM SPSS Inc., Somers, NY, USA). Data from PACS Q2, in-
cluding the items in the ACRES, were checked for accuracy. Data from participants 
with complete ACRES and background data (sex, age, education, and income) were 
used for the analyses. An alpha-level corresponding to at least p < 0.05 was chosen to 
indicate significance.  

The distribution of data was approximately normal according to the visual analyses 
of the ACRES-items in the inner urban area and in the suburban area. Prior to running 
the analyses, the linearity between the environmental variables was assessed visually. 
They showed reasonable linearity.  

The variance inflation factor (VIF) was used to assess multicollinearity. Different 
thresholds for when problems can arise has been discussed, e.g., values of r > 0.80 
(Field, 2018, p. 402) and r > 0.90 (Tabachnik & Fidell, 2013, pp. 88-90). Although there 
were some high correlations, the VIF did not indicate any serious problem (Bowerman 
and O’Connell, 1990, as cited in Field (Field, 2018, p. 402)).  

The top limit for inclusion of standardized residuals was set to ± 3 SD. A small 
number of analyses had a standardized residual above the top limit. These outliers were 
however included in the analyses since they were relatively few and relatively close to 
the limit for inclusion. In addition, there was no cause for concern regarding the values 
of the Cook’s distance (Cook and Weisberg, 1982, as cited in Field, (2018, p. 383)). 1  

The normality of the standardized residuals was tested visually in four different di-
rections: (1) The 12 items in the ACRES in relation to hinders – stimulates walking in 
the inner urban area, (2)  The 12 items in the ACRES in relation to unsafe – safe traffic 

 
1 In the first study, values from two models regarding the variance inflation factor (VIF), Cook´s distance, and 
the N of standardized residuals were forgotten. The mean VIF should be 1.21 (instead of 1.22), 32 individual 
cases (instead of 30) had a standardized residual above the top limit in 24 models (instead of 22). Values for 
the maximum VIF, the maximum Cook and the maximum standardized residual were not affected. The visual 
analyses regarding these two models showed reasonable linearity.   
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in the inner urban area, (3) The 12 items in the ACRES in relation to hinders – stimu-
lates walking in the suburban area, and (4) The 12 items in the ACRES in relation to 
unsafe – safe traffic in the suburban area. The normality was approximately normal.  

Differences between ratings of the ACRES between men and women were examined 
with independent t-tests. 

3.5.2 Background variables 
As mentioned, four background variables were included in the analyses: sex (binary 
variable: females = 0 and males = 1), age (continuous variable), education (binary vari-
able: educated at university level = 0 and not educated at university level = 1) and in-
come (categorical variable coded into three categories: ≤ 25,000 SEK/month = 1, 
25,001–30,000 SEK/month = 2 and ≥ 30,001 SEK/month = 3; SEK = Swedish 
crowns/kronor, year 2005: 1 € ≈ 9 SEK; 1 US $≈ 8 SEK). 

3.5.3 Correlation 
Correlation was assessed with Pearson’s (product-moment) correlation coefficient (r).  

3.5.4 Multiple regression  
Multiple regression was used to explore the relationships between two or more predictor 
variables and the outcome variables. The values from the multiple regression were re-
ported as y-intercepts, unstandardized coefficients B, and their 95% confidence inter-
vals, standardized coefficients B, as well as adjusted R square (Adj. R²) for the overall 
models. 

3.5.5 Mediation 
Mediation refers to a situation when the relation between a predictor variable (X) and an 
outcome variable (Y) can be explained by their relationship to a third variable, the me-
diator (M). Mediation analyses using a macro designed for SPSS, were run in models 
where a direct or indirect effect was hypothesized to occur. The macro, PROCESS, was 
developed by Professor Andrew F. Hayes (Hayes, 2022). By default, PROCESS uses 
5000 bootstrap samples to compute confidence intervals.  

The values from the mediation analyses were reported as standardized total, direct 
and indirect effect of X on Y. In addition, the ratio in percent between the standardized 
indirect effect of X on Y in relation to the standardized total effect of X on Y, was re-
ported. Indirect effects were considered statistically significant if the 95% CI did not 
overlap zero. 
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In the mediation models, the overall design builds upon the fact that the certain vari-
ables, e.g., vehicle speed, are assumed to be prior to other outcomes, such as noise, 
which is prior to the final outcomes, i.e., hinders – stimulates walking and unsafe – safe 
traffic. 

3.5.6 Comparison analyses  
In the fourth study, the pedestrians were divided into three subgroups depending on 
where they commuted: both I & S = those who commuted in both areas (one rating in 
each area), only I = those who only commuted in the inner urban area, and only S = 
those who only commuted in the suburban area. 

Analyses of those who have commuted in either the inner urban area or the suburban 
area were performed with independent t-tests. Since the sample size was relatively 
small, and data in some cases did not seem to satisfy the assumption of a normal distri-
bution, we also used a non-parametric test (Mann Whitney U) to analyse potential dif-
ferences. The results for the parametric and the non-parametric tests differed only on 
one occasion. We have therefore chosen only to present the results from the parametric 
tests. 

Analyses of environmental ratings by pedestrians who have commuted in both the 
inner urban area and the suburban area were performed using paired t-tests. Since the 
sample size was relatively small, and data in some cases did not seem to satisfy the 
assumption of a normal distribution, we also used a non-parametric test (Wilcoxon’s 
signed ranks test) to analyse potential differences. The results did not differ. We have 
therefore chosen only to present the results from the parametric tests. 
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4. RESULTS 

As mentioned, the analyses were done in a stepwise fashion, beginning with correlation 
analyses and ending with mediation analyses. In between, multiple regression analyses, 
were performed. Study 4 also utilised comparison analyses.  

Studies 1 and 3 had the same study design and the results are presented in a similar 
fashion. Studies 2 and 4 had a slightly different study design, and the results will there-
fore be presented slightly differently. 

4.1 Correlation  

4.1.1 Correlations between the variables in the ACRES in the inner 
urban area 
The correlations were, in absolute values, r < 0.774. For all values, see Table 7. 

Table 7. Correlation matrix for the variables in the ACRES (r) in the inner urban area. 

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 

1. Hinders or stimulates −             

2. Exhaust fumes −0.274* −            

3. Noise −0.328* 0.737* −           

4. Flow of motor vehicles −0.284* 0.728* 0.774* −          

5. Speeds of motor 
vehicles −0.210* 0.462* 0.549* 0.612* −         

6. Congestion: pedestrians −0.054 0.214* 0.279* 0.301* 0.243* −        

7. Conflicts −0.140* 0.270* 0.374* 0.354* 0.332* 0.637* −       

8. Traffic: unsafe or safe 0.313* −0.189* −0.238* −0.183* −0.222* −0.172* −0.331* −      

9. Greenery 0.429* −0.291* −0.265* −0.272* −0.175* −0.150* −0.198* 0.212* −     

10. Ugly or beautiful 0.633* −0.192* −0.262* −0.212* −0.164* −0.054 −0.091 0.292* 0.491* −    

11. Course of the route −0.248* 0.234* 0.247* 0.242* 0.189* 0.184* 0.349* −0.286* −0.114 −0.209* −   

12. Hilliness −0.058 0.139* 0.078 0.130* 0.051 0.046 0.133* −0.120* 0.076 −0.016 0.278* −  

13. Red lights −0.146* 0.410* 0.285* 0.336* 0.248* 0.276* 0.354* −0.241* −0.244* −0.145* 0.344* 0.236* − 

*p ≤ 0.05. 
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4.1.2 Correlations between the variables in the ACRES in the 
suburban area 
The correlations were, in absolute values, r < 0.846. For all values, see Table 8. 
 

Table 8. Correlation matrix for the variables in the ACRES (r) in the suburban area. 

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 

1. Hinders or stimulates –             

2. Exhaust fumes −0.456* –            

3. Noise −0.532* 0.811* –           

4. Flow of motor 
vehicles 

−0.441* 0.764* 0.846* –          

5. Speeds of motor 
vehicles −0.286* 0.509* 0.579* 0.667* –         

6. Congestion: pedes-
trians −0.051 0.245* 0.244* 0.270* 0.279* –        

7. Conflicts −0.170* 0.257* 0.325* 0.331* 0.360* 0.669* –       

8. Traffic: unsafe or safe 0.264* −0.287* −0.314* −0.335* −0.302* −0.303* −0.388* –      

9. Greenery 0.659* −0.442* −0.463* −0.412* −0.280* −0.091 −0.247* 0.300* –     

10. Ugly or beautiful 0.651* −0.419* −0.448* −0.448* −0.262* −0.068 −0.171* 0.208* 0.738* –    

11. Course of the route −0.265* 0.260* 0.269* 0.236* 0.156* 0.228* 0.418* −0.337* −0.284* −0.251* –   

12. Hilliness −0.041 0.161* 0.050 0.077 −0.030 0.160* 0.130* −0.085 0.022 −0.089 0.304* –  

13. Red lights −0.301* 0.454* 0.399* 0.462* 0.334* 0.396* 0.482* −0.401* −0.325* −0.263* 0.426* 0.158* – 

*p ≤ 0.05. 

4.2 Pedestrians’ perceptions of the four motorized traffic 
variables in relation to appraisals of an inner urban route 
environment (study 1) 

4.2.1 Relations between the basic variables vehicle speed and 
vehicle flow and the intermediate outcomes noise and exhaust fumes 
 
Table 9 shows two models of relations between the basic variables vehicle speed and 
vehicle flow and the intermediate outcomes noise and exhaust fumes, analysed with 
multiple regression (MRA 1). Both vehicle speed and vehicle flow were positively relat-
ed to noise. Vehicle flow alone was positively related to exhaust fumes. 
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Table 9. Relations between the basic variables vehicle speed and vehicle flow and the intermediate outcomes 
noise and exhaust fumes. 

Model 
(Intermediate) 

outcome 
y-Intercept 

(95% CI) 
p-value Predictor 

Unstandardized B  
(95% CI) 

p-value Adj. R2 

1 Noise  
1.40 

(−0.19 – 2.99) 0.083 
Vehicle speed 

0.128 
(0.030 – 0.226) 0.011 

0.602 
Vehicle flow 0.632 

(0.549 – 0.715) 
< 0.001 

2 Exhaust fumes 
3.60 

(1.77 – 5.43) 
< 0.001 

Vehicle speed 
0.026 

(−0.088 – 0.139) 0.657 
0.525 

Vehicle flow 0.668 
(0.573 – 0.764) 

< 0.001 

Notes: The background variables sex, age, education, and income were included in the analysis. There were no significant 

background variables. 

4.2.2 Relations between combinations of predictor variables and the 
outcome hinders – stimulates walking  
Table 10 shows three models of relations between combinations of predictor variables 
and the outcome hinders – stimulates walking, analysed with multiple regression (MRA 
2). In the first model, vehicle flow was negatively related with hinders – stimulates 
walking, in the second model, noise had the corresponding role. When all traffic varia-
bles were included as predictors, only noise was negatively related to hinders – stimu-
lates walking. 

Table 10. Relations between combinations of predictor variables and the outcome hinders – stimulates walk-
ing. 

Model Outcome y-Intercept 
(95% CI) 

p-value Predictor Unstandardized B  
(95% CI) 

p-value Adj. R2 

1 
Hinders – 
stimulates 

walking 

11.4 
(9.20 – 13.6) < 0.001 

Vehicle speed 
−0.058 

(−0.194 – 0.077) 
0.398 

0.081 
Vehicle flow −0.194 

(−0.308 to −0.080) 
0.001 

2 
Hinders – 
stimulates 

walking 

11.6 
(9.54 – 13.7) < 0.001 

Noise 
−0.268 

(−0.413 to −0.122) 
< 0.001 

0.111 
Exhaust fumes 

−0.037 
(−0.177 –  0.102) 0.600 

3 
Hinders – 
stimulates 

walking 

11.8 
(9.61 – 14.0) < 0.001 

Vehicle speed −0.026 
(−0.162 – 0.109) 

0.700 

0.106 
Vehicle flow 

−0.024 
(−0.184 – 0.137) 0.771 

Noise −0.242 
(−0.415 to −0.070) 

0.006 

Exhaust fumes 
−0.026 

(−0.176 – 0.124) 
0.732 

Notes: The background variables sex, age, education, and income were included in the analysis. There were no significant 

background variables. 
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4.2.3 Relations between combinations of predictor variables and the 
outcome unsafe – safe traffic  
Table 11 shows three models of relations between combinations of predictor variables 
and the outcome unsafe – safe traffic, analysed with multiple regression (MRA 2). In 
the first combination, vehicle speed was negatively related with unsafe – safe traffic, in 
the second combination, noise had the corresponding role. When all traffic variables 
were included as predictors, both vehicle speed and noise were negatively related to the 
outcome. 
 

Table 11. Relations between combinations of predictor variables and the outcome unsafe – safe traffic. 

Model Outcome y-Intercept 
(95% CI) 

p-value Predictor Unstandardized B  
(95% CI) 

p-value Adj. R2 

1 
Unsafe – safe 

traffic 
12.8 

(10.2 – 15.4) < 0.001 
Vehicle speed 

−0.190 
(−0.349 to −0.032) 0.019 

0.040 
Vehicle flow −0.073 

(−0.206 – 0.061) 
0.285 

2 
Unsafe – safe 

traffic 
12.5 

(10.0 – 15.0) < 0.001 
Noise 

−0.229 
(−0.402 to −0.056) 

0.010 
0.045 

Exhaust fumes 
−0.024 

(−0.189 – 0.142) 0.779 

3 
Unsafe – safe 

traffic 
13.2 

(10.6 – 15.8) < 0.001 

Vehicle speed −0.163 
(−0.322 to −0.004) 

0.045 

0.052 
Vehicle flow 

0.083 
(−0.106 – 0.272) 0.388 

Noise −0.208 
(−0.411 to −0.004) 

0.046 

Exhaust fumes 
−0.037 

(−0.213 – 0.140) 0.684 

Notes: The background variables sex, age, education, and income were included in the analysis. There were no significant 

background variables. 

4.2.4 Mediation  
Ten mediation analyses were run where a possible mediating effect was of interest to 
investigate, see Table 12. The standardized indirect effect of X on Y was significant in 8 
models and the standardized direct effect was significant in 3 models.  

A composite variable was created by multiplying vehicle flow with vehicle speed. 
The rationale was to assess if the basic variables combined would have a different effect 
compared to when the variables operated on their own. 
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Only significant standardized indirect effects of X on Y corresponding to 40% or 
more are commented upon. 2 An indirect effect of vehicle speed on noise was mediated 
by vehicle flow (78%), and an indirect effect of vehicle speed on exhaust fumes was 
mediated by vehicle flow (95%). Noise mediated the effect of vehicle flow and vehicle 
speed to hinders – stimulates walking (the indirect effects were 81% and 82% respec-
tively). Noise also mediated the effect of vehicle flow and vehicle speed to unsafe – safe 
traffic (the indirect effects were 104% and 42% respectively), as well the effect of the 
composite variable, to hinders – stimulates walking (76%). 
 

Table 12. Mediation analyses between the four motorized traffic variables (Models 1 – 4), between the four 
motorized traffic variables and the two outcome variables (Models 5 – 8), as well as between the composite 
variable (vehicle flow × vehicle speed) and the outcome variables (Models 9 – 10). 

Model 
Predictor  

(X) 
Mediator  

(M) 
Outcome  

(Y) 

Standardized total 
effect of X on Y 

Standardized direct 
effect of X on Y Standardized indirect effect of X on Y 

b p-value b p-value b 95% CI % of total 
effect* 

1 
Vehicle  

flow 
Vehicle  
speed Noise 0.779 < 0.001 0.706 < 0.001 0.073 0.010 – 0.140 9 

2 Vehicle  
speed 

Vehicle  
flow 

Noise 0.549 < 0.001 0.120 0.011 0.428 0.343 – 0.513 78 

3 
Vehicle  

flow 
Vehicle  
speed 

Exhaust  
fumes 

0.721 < 0.001 0.707 < 0.001 0.014 −0.049 – 0.077 2 

4 
Vehicle  
speed 

Vehicle  
flow 

Exhaust  
fumes 0.452 < 0.001 0.023 0.657 0.429 0.343 – 0.515 95 

5 
Vehicle  

flow Noise 
Hinders – 

 stimulates 
walking 

−0.276 < 0.001 −0.054 0.543 −0.223 
−0.366 to 

−0.090 81 

6 
Vehicle  
speed Noise 

Hinders – 
 stimulates 

walking 
−0.206 < 0.001 −0.037 0.574 −0.168 

−0.248 to 
−0.100 82 

7 
Vehicle  

flow Noise 
Unsafe –  

safe traffic −0.183 0.002 0.007 0.939 −0.190 
−0.324 to 

−0.042 104 

8 Vehicle  
speed 

Noise Unsafe –  
safe traffic 

−0.220 < 0.001 −0.127 0.066 −0.093 −0.172 to 
−0.019 

42 

9 
Composite 

variable Noise 
Hinders – 

 stimulates 
walking 

−0.266 < 0.001 −0.065 0.411 −0.201 
−0.319 to 

−0.099 76 

10 
Composite 

variable Noise 
Unsafe – 

safe traffic −0.229 < 0.001 −0.118 0.148 −0.111 −0.229 – 0.008 48 

Notes: Covariables (background variables) included in the analyses were sex, age, education, and income. The background variable age was 
significant in model 4 with respect to the total effect of X on Y (standardized b = −0.105 (p = 0.047)). *As the percentage of the standardized 
indirect of X on Y, on the standardized total effect of X on Y in fact is a ratio rather than a proportion (cf. Preacher & Kelley, 2011), it can exceed 

100%. 

4.2.5 A summary of significant relations  
Noise related negatively to both hinders – stimulates walking, and to unsafe – safe traf-
fic. Vehicle speed related negatively to unsafe – safe traffic. The mediation analyses 
disclosed that both vehicle speed and vehicle flow had indirect effects on both outcome 
variables via noise, see Figure 24. 

 
2 The same threshold was applied in all four studies. 40% was chosen since it represents a sizable effect. 



 

 62 

 
Figure 24. The solid arrows between the predictor variables are based on Table 9 (MRA 1). They illustrate that 
when both vehicle speed and vehicle flow were analysed jointly as predictors, they related positively to noise 
whereas only vehicle flow was related to exhaust fumes. The dashed arrows are based on Tables 10 and 11 
(MRA 2). They illustrate that when all traffic variables are analysed jointly as predictors, only noise relates 
negatively to both outcome variables. Vehicle speed had the same role in relation to unsafe – safe traffic. The 
dotted arrows are based on Table 12. They illustrate that vehicle speed had an indirect effect on both noise 
and exhaust fumes, and that both vehicle speed and vehicle flow have indirect effects on both outcome varia-
bles via noise. MRA = multiple regression analysis. The figure is modified from Andersson et al. (2023a). 

4.3 Pedestrians' perceptions of an inner urban route 
environment in relation to deterring or facilitating walking 
(study 2) 

4.3.1 Relations between the predictor variables and the outcome 
hinders – stimulates walking  
Table 13 shows the result of a multiple regression analysis where the outcome unsafe – 
safe traffic was excluded as a predictor. 3 About 44% of the variance of the outcome 
variable was explained by the predictors (Adj. R² = 0.445). The regression equation 
was: Y = 4.60 + 0.510 ugly – beautiful + 0.139 greenery + 0.115 income − 0.146 noise 
(all p-values ≤ 0.017). 

 
3 A multiple regression analysis that included unsafe – safe traffic was also run and can be found in the pub-
lished paper. The reason for including unsafe – safe traffic as a predictor, a variable that normally acts as an 
outcome variable, was its possible association with the outcome variable hinders – stimulates walking. 
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Table 13. Relations between the predictor variables and the outcome hinders – stimulates walking. 

Outcome variable 
y-intercept  

(95% CI) 
p-value 

Hinders – stimulates walking 
4.60  

(2.57 – 6.63) < 0.001 

Predictor variables 
Unstandardized B  

(95% CI) 
Standardized B p-value 

Noise* 
−0.132 

(−0.221 to −0.044) −0.146 0.003 

Congestion: pedestrians 0.045  
(−0.043 – 0.134) 

0.059 0.316 

Conflicts 
−0.035  

(−0.128 – 0.058) 
−0.047 0.457 

Greenery 0.098  
(0.025 – 0.171) 

0.139 0.009 

Ugly – beautiful 
0.483  

(0.387 – 0.580) 
0.510 < 0.001 

Course of the route 
−0.078  

(−0.163 – 0.007) −0.091 0.073 

Hilliness −0.017  
(−0.099 – 0.066) 

−0.019 0.693 

Red lights 
0.034  

(−0.039 – 0.107) 
0.046 0.358 

Sex** −0.229  
(−0.875 – 0.417) 

−0.033 0.486 

Age** 
0.013  

(−0.012 – 0.038) 
0.046 0.301 

Education** 
−0.056  

(−0.699 – 0.588) −0.008 0.865 

Income** 
0.398  

(0.072 – 0.723) 
0.115 0.017 

Notes: Adj. R² = 0.445. *A proxy variable representing the four motorized traffic variables based on Andersson et al. (2023a) 

**Background variable. 

4.3.2 Relations between the predictor variables and the outcome 
unsafe – safe traffic  
Table 14 shows the results of a multiple regression analysis where the outcome hinders 
– stimulates walking was excluded as a predictor. 4 About 18% of the variance of the 
outcome variable was explained by the predictors (Adj. R² = 0.185). The regression 
equation was: Y = 10.2 + 0.215 ugly – beautiful − 0.282 conflicts (all p-values ≤ 0.001). 
This motivated using conflicts as an intermediate outcome, see below. 
 
 

 
4 A multiple regression analysis that included hinders – stimulates walking was also run and can be found in 
the published paper. The reason for including hinders – stimulates walking as a predictor, a variable that 
normally acts as an outcome variable, was its possible association with the outcome variable unsafe – safe 
traffic. 
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Table 14. Relations between the predictor variables and the outcome unsafe – safe traffic. 

Outcome variable 
y-intercept 

(95% CI) p-value 

Unsafe – safe traffic 
10.2 

(7.25 – 13.1) < 0.001 

Predictor variables 
Unstandardized B 

(95% CI) Standardized B p-value 

Noise* −0.016 
(−0.153 – 0.122) 

−0.015 0.822 

Speeds of motor vehicles* −0.063 
(−0.205 – 0.078) 

−0.057 0.376 

Congestion: pedestrians 0.070 
(−0.053 – 0.194) 

0.080 0.261 

Conflicts −0.240 
(−0.371 to −0.110) 

−0.282 < 0.001 

Greenery 
0.017 

(−0.084 – 0.118) 
0.021 0.738 

Ugly – beautiful 
0.233 

(0.099 – 0.367) 
0.215 0.001 

Course of the route 
−0.115 

(−0.234 – 0.003) 
−0.116 0.057 

Hilliness 
−0.025 

(−0.139 – 0.090) 
−0.024 0.674 

Red lights 
−0.045 

(−0.146 – 0.056) 
−0.054 0.381 

Sex** 
0.151 

(−0.751 – 1.054) 0.019 0.742 

Age** 
−0.001 

(−0.036 – 0.033) −0.004 0.937 

Education** 
0.567 

(−0.327 – 1.461) 0.069 0.213 

Income** 
0.360 

(−0.092 – 0.812) 0.090 0.118 

Notes: Adj. R² = 0.185. *Proxy variables representing the four motorized traffic variables based on Andersson et al. (2023a). 

**Background variable. 

4.3.3 Relations between conflicts as an intermediate outcome in 
relation to relevant predictors 
Table 15 shows the result of a multiple regression analysis, with conflicts as the out-
come. About 52% of the variance of the outcome variable was explained by the predic-
tors (Adj. R² = 0.518). The regression equation was: Y = −3.19 + 0.535 congestion: 
pedestrians + 0.165 course of the route + 0.126 sex + 0.109 speeds of motor vehicles + 
0.108 red lights + 0.102 noise + 0.101 income (all p-values ≤ 0.043). 
 
 
 
 
 



 

 65 

Table 15. Relations between conflicts as an intermediate outcome in relation to relevant predictors. 

Outcome variable 
y-intercept  

(95% CI) p-value 

Conflicts 
−3.19 

(−5.35 to −1.03) 0.004 

Predictor variables  
Unstandardized B 

(95% CI) Standardized B p-value 

Noise 0.125 
(0.004 – 0.245) 

0.102 0.043 

Vehicle speed 0.142 
(0.016 – 0.268) 

0.109 0.028 

Congestion: pedestrians 0.554 
(0.463 – 0.644) 

0.535 < 0.001 

Course of the route 0.192 
(0.091 – 0.292) 

0.165 < 0.001 

Red lights 
0.106 

(0.018 – 0.194) 
0.108 0.018 

Sex* 
1.184 

(0.384 – 1.985) 
0.126 0.004 

Age* 
0.013 

(−0.019 – 0.044) 
0.033 0.430 

Education* 
0.230 

(−0.573 – 1.032) 
0.024 0.574 

Income* 
0.472 

(0.071 – 0.874) 
0.101 0.021 

Notes: Adj. R² = 0.518. *Background variable. 

 

4.3.4 Relations between ugly – beautiful and other items in the 
ACRES as predictors 
Table 16 shows the result of a multiple regression analysis, where ugly – beautiful was 
the outcome. About 26% of the variance of the outcome variable was explained by the 
predictors (Adj. R² = 0.259). The regression equation was: Y = 9.67 + 0.354 greenery − 
0.219 noise − 0.147 course of the route (all p-values ≤ 0.011). 
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Table 16. Relations between ugly – beautiful  as an outcome in relation to other items in the ACRES as predic-
tors. 

Outcome variable 
y-intercept  

(95% CI) 
p-value 

Ugly – beautiful 
9.67 

(7.34 – 12.0) 
< 0.001 

Predictor variables  
Unstandardized B 

(95% CI) 
Standardized B p-value 

Exhaust fumes 
0.105 

(−0.045 – 0.256) 
0.116 0.170 

Noise 
−0.219 

(−0.389 to −0.050) −0.229 0.011 

Flow of motor vehicles 
0.026 

(−0.130 – 0.182) 0.031 0.740 

Speeds of motor vehicles 
−0.043 

(−0.174 – 0.089) −0.042 0.522 

Congestion: pedestrians 
0.008 

(−0.100 – 0.117) 0.010 0.881 

Conflicts 0.090 
(−0.024 – 0.204) 

0.115 0.123 

Greenery 0.354 
(0.274 – 0.433) 

0.477 < 0.001 

Course of the route −0.147 
(−0.249 to −0.044) 

−0.161 0.005 

Hilliness −0.024 
(−0.125 – 0.077) 

−0.026 0.640 

Red lights 
0.002 

(−0.090 – 0.094) 
0.003 0.965 

Sex* 
−0.284 

(−1.076 – 0.508) 
−0.039 0.481 

Age* 
−0.004 

(−0.034 – 0.027) 
−0.012 0.820 

Education* 
−0.216 

(−1.003 – 0.571) 
−0.028 0.590 

Income* 
0.005 

(−0.392 – 0.402) 
0.001 0.980 

Notes: Adj. R² = 0.259. *Background variable. 

4.3.5 Mediation  
Five mediation models were run with congestion: pedestrians, course of the route, 
speeds of motor vehicles, red lights, and noise as predictors and unsafe – safe traffic as 
an outcome, and conflicts, as a mediator, see Table 17. The standardized indirect effect 
of X on Y was significant in all models and the standardized direct effect was signifi-
cant in three models.  

Only significant standardized indirect effects of X on Y corresponding to 40% or 
more are commented upon. 5 Indirect effects of congestion: pedestrians (146%), speeds 
of motor vehicles (49%), red lights (47%), and noise (47%) on unsafe – safe traffic were 
mediated by conflicts. 

 
5 The same threshold was applied in all four studies. 40% was chosen since it represents a sizable effect. 
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Table 17. Mediation analyses between predictor variables and unsafe – safe traffic as an outcome with con-
flicts as a mediator. 

Model Predictor  
(X) 

Mediator 
(M) 

Outcome 
(Y) 

Standardized total 
effect of X on Y 

Standardized direct 
effect of X on Y 

Standardized indirect effect of X on Y 

b p-value b p-value b 95% CI 
% of total 

effect* 

1 Congestion: 
pedestrians 

Conflicts Unsafe – 
safe traffic 

−0.179 0.003 0.082 0.264 −0.261 −0.366 to −0.159 146 

2 
Course of 
the route Conflicts 

Unsafe – 
safe traffic −0.286 < 0.001 −0.188 0.001 −0.099 −0.159 to −0.048 35 

3 
Speeds of 

motor 
vehicles 

Conflicts 
Unsafe – 

safe traffic −0.220 < 0.001 −0.113 0.058 −0.107 −0.170 to −0.056 49 

4 Red lights Conflicts 
Unsafe – 

safe traffic 
−0.234 < 0.001 −0.124 0.038 −0.111 −0.173 to −0.057 47 

5 Noise Conflicts 
Unsafe – 

safe traffic −0.238 < 0.001 −0.125 0.036 −0.113 −0.182 to −0.059 47 

Notes: Covariables (background variables) included in the analyses were sex, age, education, and income. There were no significant background 
variables. *As the percentage of the standardized indirect of X on Y, on the standardized total effect of X on Y in fact is a ratio rather than a 
proportion (cf. Preacher & Kelley, 2011), it can exceed 100%. 

4.3.6 A summary of significant relations  
Ugly – beautiful and greenery appear to strongly stimulate walking, whereas noise, a 
proxy for motorized traffic, appear to hinder it. Furthermore, ugly – beautiful is posi-
tively related to unsafe – safe traffic, whereas conflicts have the opposite role. Conflicts 
protruded as an intermediate outcome, representing a number of basic variables. The 
mediation analyses demonstrated that some of them had a negative direct effect on un-
safe – safe traffic, see Figure 25. 

 
Figure 25. A summary of relations based on commuting pedestrians’ perceptions and appraisals of their route 
environments. *Both flow and speeds of motor vehicles were related to noise in the inner urban area 
(Andersson et al., 2023a). MRA = multiple regression analysis. MA = mediation analysis. The figure is modified 
from Andersson et al. (2023b). 
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4.4 Pedestrians´ perceptions of the four motorized traffic 
variables in relation to appraisals of suburban route 
environments (study 3) 

4.4.1 Relations between the basic variables vehicle speed and 
vehicle flow and the intermediate outcomes noise and exhaust fumes 
Table 18 shows two models of relations between the basic variables vehicle speed and 
vehicle flow and the intermediate outcomes noise and exhaust fumes, analysed with 
multiple regression (MRA 1). Vehicle flow was positively related to both noise and 
exhaust fumes. 
 

Table 18. Relations between the basic variables vehicle speed and vehicle flow and the intermediate outcomes 
noise and exhaust fumes. 

Model (Intermediate) 
outcome 

y-intercept  
(95% CI) 

p-value Predictor Unstandardized B  
(95% CI) 

p-value Adj. R2 

1 Noise 
2.05 

(0.25 – 3.85) 
0.026 

Vehicle speed 
0.031 

(−0.067 – 0.128) 0.536 
0.712 

Vehicle flow 0.758 
(0.668 – 0.848) 

< 0.001 

2 Exhaust fumes 2.13 
(−0.05 – 4.32) 

0.055 
Vehicle speed 

−0.004 
(−0.122 – 0.114) 

0.945 
0.575 

Vehicle flow 
0.718 

(0.608 – 0.827) < 0.001 

Notes: The background variables sex, age, education, and income were included in the analysis. There were no significant 

background variables. 

4.4.2 Relations between combinations of predictor variables and the 
outcome hinders – stimulates walking 
Table 19 shows three models of relations between combinations of predictor variables 
and the outcome hinders – stimulates walking, analysed with multiple regression (MRA 
2). In the first model, vehicle flow was negatively related with hinders – stimulates 
walking, in the second model, noise had the corresponding role. When all traffic varia-
bles were included as predictors, only noise was negatively related to hinders – stimu-
lates walking. 
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Table 19. Relations between combinations of predictor variables and the outcome hinders – stimulates walk-
ing. 

Model Outcome y-intercept 
(95% CI) 

p-value Predictor Unstandardized B  
(95% CI) 

p-value Adj. R2 

1 Hinders – stimulates 
walking 

11.3 
(8.98 – 13.7) 

< 0.001 
Vehicle speed 

0.014 
(−0.112 – 0.140) 0.822 

0.208 
Vehicle flow 

−0.301 
(−0.418 to −0.184) < 0.001 

2 
Hinders – stimulates 

walking 
12.4 

(10.2 – 14.6) < 0.001 
Noise 

−0.333 
(−0.483 to −0.183) 

< 0.001 
0.292 

Exhaust fumes −0.068 
(−0.215 – 0.079) 

0.361 

3 Hinders – stimulates 
walking 

12.2 
(10.0 – 14.5) 

< 0.001 

Vehicle speed 
0.025 

(−0.094 – 0.145) 0.677 

0.287 
Vehicle flow 

0.037 
(−0.133 – 0.207) 0.668 

Noise 
−0.371 

(−0.555 to −0.186) 
< 0.001 

Exhaust fumes −0.080 
(−0.232 – 0.072) 

0.301 

Notes: The background variables sex, age, education, and income were included in the analysis. The background variable sex 

was significant in all models: 19:1: unstandardized B = −1.060 (p = 0.027); 19:2: unstandardized B = −0.981 (p = 0.030); 19:3: 

unstandardized B = −0.991 (p = 0.029). The background variable age was significant in model 19:1: unstandardized B = 0.042 

(p = 0.031). 

4.4.3 Relations between combinations of predictor variables and the 
outcome unsafe – safe traffic  
Table 20 shows three models of relations between combinations of predictor variables 
and the outcome unsafe – safe traffic analysed with multiple regression. In the first 
combination, vehicle flow was negatively related with unsafe – safe traffic, in the sec-
ond combination, noise had the equivalent role. When all traffic variables were included 
as predictors, none were significantly related to the outcome. 
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Table 20. Relations between combinations of predictor variables and the outcome unsafe – safe traffic. 

Model Outcome 
y-intercept 

(95% CI) p-value Predictor 
Unstandardized B  

(95% CI) p-value Adj. R2 

1 Unsafe – safe 
traffic 

15.4 
(12.8 – 18.0) 

< 0.001 
Vehicle speed −0.120 

(−0.260 – 0.019) 
0.089 

0.104 
Vehicle flow 

−0.188 
(−0.317 to −0.059 0.005 

2 
Unsafe – safe 

traffic 
14.9 

(12.4 – 17.5) < 0.001 
Noise −0.192 

(−0.369 to −0.015) 
0.033 

0.082 
Exhaust fumes 

−0.084 
(−0.258 – 0.090) 0.343 

3 Unsafe – safe 
traffic 

15.6 
(13.0 – 18.2) 

< 0.001 

Vehicle speed −0.119 
(−0.259 – 0.021) 

0.095 

0.100 
Vehicle flow 

−0.113 
(−0.312 – 0.086) 

0.264 

Noise 
−0.058 

(−0.273 – 0.157) 0.596 

Exhaust fumes −0.043 
(−0.221 – 0.135) 

0.634 

Notes: The background variables sex, age, education, and income were included in the analysis. There were no significant 

background variables. 

4.4.4 Mediation  
Ten mediation analyses were run where a possible mediating effect was of interest to 
investigate, see Table 21. The standardized indirect effect of X on Y was significant in 6 
models and the standardized direct effect was significant in 5 models.  

A composite variable was created by multiplying vehicle flow with vehicle speed. 
The rationale was to assess if the basic variables combined would have a different effect 
compared to when the variables operated on their own. 

Only significant standardized indirect effects of X on Y corresponding to 40% or 
more are commented upon. 6 An indirect effect of vehicle speed on noise was mediated 
by vehicle flow (95%), and an indirect effect of vehicle speed on exhaust fumes was 
mediated by vehicle flow (101%). Noise mediated the effect of vehicle flow (111%), 
vehicle speed (116%), and the composite variable (126%), to hinders – stimulates walk-
ing. 

 
 
 
 
 
 
 
 

 
6 The same threshold was applied in all four studies. 40% was chosen since it represents a sizable effect. 
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Table 21. Mediation analyses between the four motorized traffic variables (Models 1 – 4), between the four 
motorized traffic variables and the two outcome variables (Models 5 – 8), as well as between the composite 
variable (vehicle flow × vehicle speed) and the outcome variables (Models 9 – 10). 

Model 
Predictor  

(X) 
Mediator 

(M) 
Outcome  

(Y) 

Standardized total 
effect of X on Y 

Standardized direct 
effect of X on Y 

Standardized indirect effect of X on Y 

b p-value b p-value b 95% CI 
% of total 

effect* 

1 Vehicle  
flow 

Vehicle 
speed 

Noise 0.829 < 0.001 0.809 < 0.001 0.020 −0.050 – 0.087 2 

2 
Vehicle 
speed 

Vehicle  
flow 

Noise 0.548 < 0.001 0.029 0.536 0.518 0.433 – 0.605 95 

3 
Vehicle  

flow 
Vehicle 
speed 

Exhaust 
fumes 0.766 < 0.001 0.768 < 0.001 −0.003 −0.084 – 0.082 0 

4 Vehicle 
speed 

Vehicle  
flow 

Exhaust 
fumes 

0.489 < 0.001 −0.004 0.945 0.493 0.400 – 0.587 101 

5 Vehicle  
flow 

Noise 
Hinders – 

 stimulates 
walking 

−0.399 < 0.001 0.042 0.687 −0.441 −0.609 to −0.288 111 

6 Vehicle 
speed 

Noise 
Hinders – 

 stimulates 
walking 

−0.246 < 0.001 0.039 0.566 −0.285 −0.379 to −0.195 116 

7 Vehicle  
flow 

Noise Unsafe –
safe traffic 

−0.344 < 0.001 −0.252 0.033 −0.092 −0.274 – 0.082 27 

8 
Vehicle 
speed 

Noise 
Unsafe – 

safe traffic 
−0.301 < 0.001 −0.184 0.017 −0.117 −0.224 to −0.028 39 

9 Composite 
variable 

Noise 
Hinders – 

 stimulates 
walking 

−0.349 < 0.001 0.089 0.330 −0.438 −0.595 to −0.298 126 

10 Composite 
variable 

Noise Unsafe – 
safe traffic 

−0.330 < 0.001 −0.212 0.041 −0.118 −0.290 – 0.047 36 

Notes: Covariables (background variables) included in the analyses were sex, age, education, and income. Only significant (p < 0.05) background 

variables are reported. Age was significant in MA 21:2 with respect to the standardized total effect of X on Y (standardized b = −0.198 (p < 0.001)), 
in MA 21:4 with respect to the standardized total effect of X on Y (standardized b = −0.140 (p = 0.016)), in MA 21:5 with respect to the standard-
ized total effect of X on Y (standardized b = 0.134 (p = 0.030)), in MA 21:6 with respect to the standardized total effect of X on Y (standardized b = 

0.206 (p = 0.001)) and in MA 21:9 with respect to the standardized total effect of X on Y (standardized b = 0.158 (p = 0.011)). Sex was significant in 
MA 21:5 with respect to the standardized total effect of X on Y (standardized b = −0.133 (p = 0.027)), in MA 21:6 with respect to the standardized 
total effect of X on Y (standardized b = −0.127 (p = 0.046)) and in MA 21:9 with respect to the standardized total effect of X on Y (standardized b = 
−0.135 (p = 0.028)). Sex was significant in MA 21:5 with respect to the standardized direct effect of X on Y (standardized b = −0.122 (p = 0.033)), in 

MA 21:6 with respect to the standardized direct effect of X on Y (standardized b = −0.124 (p = 0.030)) and in MA 21:9 with respect to the standard-
ized direct effect of X on Y (standardized b = −0.121 (p = 0.034)). *As the percentage of the standardized indirect of X on Y, on the standardized 
total effect of X on Y in fact is a ratio rather than a proportion (cf. Preacher & Kelley, 2011), it can exceed 100%. 

4.4.5 A summary of significant relations  
Noise related negatively to hinders – stimulates walking. With respect to the other out-
come, unsafe – safe traffic, it was more difficult to identify the primary negative predic-
tor variable, since none of the motorized traffic variables were significant when jointly 
analysed in multiple regression analysis (vehicle speed was closest (p = 0.095)). The 
mediation analyses disclosed that vehicle speed, via noise, had an indirect effect on 
unsafe – safe traffic, and that both vehicle speed and vehicle flow, via noise, had indirect 
effects on hinders – stimulates walking, see Figure 26. 
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Figure 26. The solid arrows between the predictor variables are based on Table 18 (MRA 1). They illustrate 
that when vehicle speed and vehicle flow were analysed jointly as predictors, vehicle flow was related to both 
of the intermediate outcomes. The dashed arrow is based on Table 19 (MRA 2). It illustrates that when all the 
motorized traffic variables are jointly analysed as predictors, noise related negatively to hinders – stimulates 
walking. The dotted arrows are based on Table 21. They illustrate that vehicle speed had an indirect effect on 
noise and exhaust fumes via vehicle flow, and on hinders – stimulates walking and unsafe – safe traffic via 
noise. Note that we included the result from Model 8 in the mediation analysis, even if the standardized 
indirect effect of X on Y didn’t reach 40% (the effect was 39%). Vehicle flow had an indirect effect on hinders – 
stimulates walking via noise. MRA = multiple regression analysis. MA = mediation analysis. 

4.5 Pedestrians’ perceptions of suburban route 
environments in relation to deterring or facilitating 
walking (study 4) 

4.5.1 Relations between the predictor variables and the outcome 
hinders – stimulates walking  
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Table 22 shows the results of a multiple regression analysis where the item unsafe – 
safe traffic was excluded as a predictor. 7 About 54% of the variance of the outcome 
variable was explained by the predictors (Adj. R² = 0.543). The regression equation 
was: Y = 4.89 + 0.314 greenery + 0.294 ugly – beautiful − 0.237 noise − 0.132 sex (all 
p-values < 0.004). 
 

Table 22. Relations between the predictor variables and the outcome hinders – stimulates walking. 

Outcome variable 
y – intercept  

(95% CI) p-value 

Hinders – stimulates walking 
4.89  

(2.60 – 7.19) < 0.001 

Predictor variables 
Unstandardized B  

(95% CI) Standardized B p-value 

Noise* −0.185  
(−0.271 to −0.099) 

−0.237 < 0.001 

Congestion: pedestrians 0.070  
(−0.080 – 0.220) 

0.057 0.359 

Conflicts 0.042  
(−0.094 – 0.178) 

0.041 0.544 

Greenery 0.309  
(0.173 – 0.445) 

0.314 < 0.001 

Ugly – beautiful 
0.285  

(0.155 – 0.415) 
0.294 < 0.001 

Course of the route 
−0.032  

(−0.136 – 0.072) 
−0.033 0.541 

Hilliness 
−0.009  

(−0.089 – 0.072) 
−0.011 0.826 

Red lights 
−0.048  

(−0.159 – 0.062) 
−0.048 0.390 

Sex** 
−1.040  

(−1.755 to −0.326) 
−0.132 0.004 

Age** 
0.014  

(−0.015 – 0.044) 0.046 0.337 

Education** 
0.294  

(−0.335 – 0.922) 0.044 0.358 

Income** 
0.109  

(−0.280 – 0.499) 0.027 0.582 

Notes: Adj. R² = 0.543. * A proxy variable representing the four motorized traffic variables based on Andersson et al. (2024a). 

**Background variable. 

 
7 A multiple regression analysis that included unsafe – safe traffic was also run and can be found in the sub-
mitted paper. The reason for including unsafe – safe traffic as a predictor, a variable that normally acts as an 
outcome variable, was its possible association with the outcome variable hinders – stimulates walking. 
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4.5.2 Relations between the predictor variables and the outcome 
unsafe – safe traffic  
Table 23 shows the results of a multiple regression analysis where the item hinders – 
stimulates walking was excluded as a predictor. 8 About 22% of the variance of the out-
come variable was explained by the predictors in the model (Adj. R² = 0.225). The re-
gression equation was: Y = 13.6 + 0.181 greenery − 0.170 red lights − 0.141 course of 
the route – 0.127 speeds of motor vehicles. All p-values in this regression equation were 
< 0.048 except speeds of motor vehicles which had a p-value of 0.055. 
 

Table 23. Relations between the predictor variables and the outcome unsafe – safe traffic. 

Outcome variable 
y – intercept 

(95% CI) p-value 

Unsafe – safe traffic 
13.6 

(10.6 – 16.6) < 0.001 

Predictor variables 
Unstandardized B 

(95% CI) Standardized B p-value 

Speeds of motor vehicles* 
−0.107 

(−0.217 – 0.002) −0.127 0.055 

Congestion: pedestrians −0.102 
(−0.304 – 0.101) 

−0.079 0.324 

Conflicts −0.123 
(−0.310 – 0.064) 

−0.115 0.195 

Greenery 0.186 
(0.003 – 0.368) 

0.181 0.046 

Ugly – beautiful −0.066 
(−0.240 – 0.107) 

−0.066 0.452 

Course of the route −0.142 
(−0.284 to −0.001) 

−0.141 0.048 

Hilliness 
−0.003 

(−0.112 – 0.107) 
−0.003 0.962 

Red lights 
−0.177 

(−0.326 to −0.029) 
−0.170 0.020 

Sex** 
0.048 

(−0.920 – 1.016) 
0.006 0.923 

Age** 
−0.002 

(−0.041 – 0.037) 
−0.007 0.913 

Education** 
−0.281 

(−1.130 – 0.568) 
−0.041 0.515 

Income** 
−0.098 

(−0.627 – 0.432) −0.024 0.717 

Notes: Adj. R² = 0.225. * A proxy variable representing the four motorized traffic variables based on Andersson et al. (2024a). 

**Background variable. 

 
8 A multiple regression analysis that included hinders – stimulates walking was also run and can be found in 
the submitted paper. The reason for including hinders – stimulates walking as a predictor, a variable that 
normally acts as an outcome variable, was its possible association with the outcome variable unsafe – safe 
traffic. 
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4.5.3. Relations between red lights as an intermediate outcome in 
relation to relevant predictors 
Table 24 shows the results of a multiple regression analysis with red lights as the out-
come. About 33% of the variance of the outcome variable was explained by the predic-
tors (Adj. R² = 0.333). The regression equation was: Y = −0.410 + 0.252 course of the 
route + 0.237 noise + 0.199 conflicts + 0.142 congestion: pedestrians. All p-values in 
this regression equation were < 0.013 except congestion: pedestrians which had a p-
value of 0.051. 
 

Table 24. Relations between red lights as an intermediate outcome in relation to relevant predictors. 

Outcome variable 
y – intercept  

(95% CI) p-value 

Red lights 
−0.410  

(−2.53 – 1.71) 0.704 

Predictor variables Unstandardized B (95% CI) Standardized B p-value 

Noise 
0.184  

(0.092 – 0.277) 0.237 < 0.001 

Congestion: pedestrians 
0.174  

(−0.001 – 0.350) 0.142 0.051 

Conflicts 
0.204  

(0.043 – 0.364) 0.199 0.013 

Course of the route 
0.243  

(0.128 – 0.358 0.252 < 0.001 

Sex* −0.208  
(−1.06 – 0.65) 

−0.027 0.631 

Age* 0.004  
(−0.031 – 0.039) 

0.012 0.835 

Education* −0.270  
(−1.02 – 0.48) 

−0.041 0.481 

Income* 0.035  
(−0.427 – 0.497) 

0.009 0.881 

Notes: Adj. R² = 0.333. *Background variable. 

4.5.4 Relations between ugly – beautiful and other items in the 
ACRES as predictors  
Table 25 shows the result of a multiple regression analysis where ugly – beautiful was 
the outcome. About 56% of the variance of the outcome variable was explained by the 
predictors in the model (Adj. R² = 0.559). The regression equation was: Y = 3.57 + 
0.686 greenery − 0.246 flow of motor vehicles − 0.099 hilliness (all p-values < 0.042). 
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Table 25. Relations between ugly – beautiful and other variables in the ACRES as predictors. 

Outcome variable 
y – intercept  

(95% CI) p-value 

Ugly – beautiful 
3.57  

(1.23 – 5.92) 0.003 

Predictor variables Unstandardized B (95% CI) Standardized B p-value 

Exhaust fumes 
0.034  

(−0.097 – 0.164) 0.042 0.611 

Noise 
0.002  

(−0.153 – 0.157) 0.002 0.982 

Flow of motor vehicles −0.186  
(−0.327 to −0.045) 

−0.246 0.010 

Speeds of motor vehicles 0.034  
(−0.067 – 0.134) 

0.040 0.509 

Congestion: pedestrians 0.013  
(−0.139 – 0.166) 

0.011 0.862 

Conflicts 0.054  
(−0.088 – 0.196) 

0.050 0.457 

Greenery 
0.698  

(0.593 – 0.802) 
0.686 < 0.001 

Course of the route 
−0.022  

(−0.128 – 0.084) 
−0.022 0.685 

Hilliness 
−0.086  

(−0.169 to −0.003) 
−0.099 0.042 

Red lights 
0.037  

(−0.080 – 0.155) 
0.036 0.530 

Sex* 
−0.043  

(−0.769 – 0.683) 
−0.005 0.906 

Age* 
0.003  

(−0.027 – 0.032) 0.008 0.867 

Education* 
−0.204  

(−0.841 – 0.433) −0.030 0.529 

Income* 
−0.061  

(−0.460 – 0.337) −0.015 0.761 

Notes: Adj. R² = 0.559. *Background variable. 

4.5.5 Mediation  
Four mediation analyses were run with noise, congestion: pedestrians, conflicts, and 
course of the route as predictors, and unsafe – safe traffic as an outcome, and red lights, 
as a mediator, see Table 26. Both the indirect, and the direct effect of X on Y, were 
significant in all models.  

Only significant standardized indirect effects of X on Y corresponding to 40% or 
more are commented upon. 9 Indirect effects of noise (42%), congestion: pedestrians 
(43%), and course of the route (40%), on unsafe – safe traffic, were mediated by red 
lights. 

 
 

 
9 The same threshold was applied in all four studies. 40% was chosen since it represents a sizable effect. 
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Table 26. Mediation analyses between predictor variables and unsafe – safe traffic as an outcome with red 
lights as a mediator. 

Model Predictor  
(X) 

Mediator  
(M) 

Outcome  
(Y) 

Standardized total 
effect of X on Y 

Standardized direct 
effect of X on Y 

Standardized indirect effect of X on Y 

b p-value b p-value b 95% CI 
% of total 

effect 

1 Noise Red lights 
Unsafe –  

safe traffic −0.321 < 0.001 −0.186 0.007 −0.135 −0.215 to −0.068 42 

2 Congestion: 
pedestrians 

Red lights Unsafe –  
safe traffic 

−0.305 < 0.001 −0.175 0.008 −0.130 −0.207 to −0.065 43 

3 Conflicts Red lights 
Unsafe –  

safe traffic −0.392 < 0.001 −0.259 < 0.001 −0.133 −0.215 to −0.051 34 

4 Course of 
the route 

Red lights Unsafe –  
safe traffic 

−0.337 < 0.001 −0.203 0.003 −0.134 −0.212 to −0.068 40 

Notes: Covariables (background variables) included in the analyses were sex, age, education, and income. There were no significant background 
variables. 

4.5.6 A summary of significant relations  
Ugly – beautiful, the aesthetical item, and greenery appear to strongly stimulate walk-
ing, whereas noise, a proxy for motorized traffic appear to hinder it. Greenery was also 
positively related to the other outcome, unsafe – safe traffic. A proxy (red lights), 
speeds of motor vehicles and course of the route had the opposite role, they were nega-
tively related. Red lights protruded as an intermediate outcome, representing a number 
of basic variables. The mediation analyses demonstrated that some of them had a nega-
tive effect on unsafe – safe traffic, see Figure 27. 

 
Figure 27. A summary of relations based on commuting pedestrians’ perceptions and appraisals of their route 
environments. *A previous study showed that perceptions of flow of motor vehicles were related to noise in 
the suburban area (Andersson et al., 2024a). Speeds of motor vehicles tended to be significant in relation to 
unsafe – safe traffic (p-value = 0.055). MRA = multiple regression analysis. MA = mediation analysis. 
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4.6 Commuting route environment profiles: comparisons 
between the inner urban, and the suburban areas, as well 
as between subgroups (study 4) 

Mean scores for pedestrians who have commuted in both areas (both I & S), are shown 
in Table 27. For women, significant differences were noted with respect to 11 of the 13 
variables. Exhaust fumes, noise, flow of motor vehicles, congestion: pedestrians, con-
flicts, course of the route and red lights were rated significantly higher in the inner ur-
ban area. The opposite, significantly higher values, were noted with respect to hinders – 
stimulates walking, unsafe – safe traffic, greenery and ugly – beautiful in suburbia.  

Regarding men, significant differences were noted with respect to 5 of the 13 varia-
bles. Exhaust fumes, congestion: pedestrians, conflicts, and red lights were rated signif-
icantly higher in the inner urban area. The opposite, a significantly higher value was 
noted with respect to greenery in the suburban area. 

Correspondence between men and women in the significance and direction of the 
differences was noted in 5 of the 13 variables. 

 

Table 27. Environmental ratings of the ACRES by pedestrians who have commuted in both the inner urban 
area and the suburban area (both I & S). 

Variable 

Women (n = 57) Men (n = 20) 

Inner urban Suburban Difference Inner urban Suburban Difference 

Mean ± SD Min - Max Mean ± SD Min - Max Mean ± SD p-value Mean ± SD Min - Max Mean ± SD Min - Max Mean ± SD p-value 

Hinders – 
stimulates walking 

9.04 ± 3.82 5 – 15 11.2 ± 3.30 6 – 15 −2.14 ± 3.23 < 0.001 9.60 ± 3.83 7 – 15 10.0 ± 3.76 3 – 15 −0.400 ± 3.39 0.604 

Exhaust fumes 10.4 ± 4.08 1 – 15 7.60 ± 4.00 1 – 15 2.84 ± 3.51 < 0.001 9.05 ± 4.01 1 – 15 6.55 ± 3.85 1 – 13 2.50 ± 3.62 0.006 

Noise 10.8 ± 3.45 1 – 15 7.56 ± 4.04 1 – 15 3.26 ± 3.72 < 0.001 8.45 ± 4.24 1 – 15 7.05 ± 3.90 1 – 13 1.40 ± 4.45 0.176 

Flow of motor 
vehicles 

10.8 ± 4.15 1 – 15 7.81 ± 4.27 1 – 15 3.00 ± 4.01 < 0.001 9.25 ± 4.28 2 – 15 7.45 ± 4.05 1 – 15 1.80 ± 5.23 0.140 

Speeds of motor 
vehicles 

9.84 ± 3.49 1 – 15 9.35 ± 3.52 1 – 15 0.491 ± 3.28 0.263 8.90 ± 3.35 3 – 15 9.25 ± 4.31 1 – 15 −0.350 ± 3.72 0.678 

Congestion: 
pedestrians 

5.89 ± 4.32 1 – 15 3.88 ± 3.25 1 – 12 2.02 ± 3.89 < 0.001 5.35 ± 3.72 1 – 13 2.60 ± 2.28 1 – 10 2.75 ± 3.06 0.001 

Conflicts 5.54 ± 4.52 1 – 15 4.18 ± 3.49 1 – 13 1.37 ± 3.34 0.003 5.90 ± 3.63 1 – 13 3.85 ± 2.91 1 – 11 2.05 ± 3.41 0.015 

Unsafe – safe  
traffic 

10.7 ± 3.48 1 – 15 11.6 ± 3.06 4 – 15 −0.877 ± 2.90 0.026 10.4 ± 3.35 2 – 15 11.1 ± 3.80 3 – 15 −0.650 ± 3.79 0.452 

Greenery 7.46 ± 4.53 1 – 15 11.4 ± 3.32 3 – 15 −3.96 ± 4.72 < 0.001 8.60 ± 4.20 2 – 15 11.4 ± 4.04 4 – 15 −2.75 ± 4.53 0.014 

Ugly – beautiful 9.81 ± 3.15 1 – 15 11.1 ± 3.01 4 – 15 −1.30 ± 2.85 0.001 10.2 ± 3.28 2 – 15 10.5 ± 3.83 1 – 15 −0.350 ± 4.75 0.745 

Course of the  
route 

4.70 ± 3.47 1 – 12 3.84 ± 2.97 1 – 10 0.860 ± 2.30 0.007 4.45 ± 3.30 1 – 12 4.05 ± 3.36 1 – 11 0.400 ± 2.56 0.494 

Hilliness 3.77 ± 3.75 1 – 15 4.00 ± 3.96 1 – 15 −0.228 ± 1.83 0.351 3.55 ± 2.86 1 – 10 3.60 ± 2.96 1 – 11 −0.050 ± 2.48 0.929 

Red lights 5.91 ± 4.30 1 – 15 3.77 ± 3.60 1 – 13 2.14 ± 3.46 < 0.001 5.60 ± 4.31 1 – 12 3.30 ± 3.50 1 – 11 2.30 ± 3.60 0.010 

 
 

Mean scores for pedestrians who have commuted only in the inner urban area (only 
I), and those who have commuted only in the suburban area (only S), are shown in Ta-
ble 28. For women, significant differences were noted, with respect to 11 of 13 varia-
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bles. Exhaust fumes, noise, flow of motor vehicles, speeds of motor vehicles, congestion: 
pedestrians, conflicts, course of the route and red lights were rated higher among “only 
I”. The opposite, significantly higher values were noted with respect to hinders – stimu-
lates walking, unsafe – safe traffic, and greenery among “only S”.  

For men, significant differences were noted with respect to 8 of 13 variables. Ex-
haust fumes, noise, flow of motor vehicles, congestion: pedestrians, conflicts, and red 
lights were rated higher among “only I”. The opposite, significantly higher values were 
noted with respect to unsafe – safe traffic and greenery among “only S”. 

Correspondence between men and women in the significance and direction of the 
differences was noted in 8 of the 13 variables. 
 

Table 28. Environmental ratings of the ACRES by pedestrians who have commuted in either the inner urban 
area or the suburban area. 

Variable 

Women Men 

Only I* 
(n = 168) 

Only S** 
(n = 133) 

Difference 
Only I* 
(n = 49) 

Only S** 
(n = 23) 

Difference 

Mean ± SD Mean ± SD Mean ± SEd*** p-value Mean ± SD Mean ± SD Mean ± SEd*** p-value 

Hinders – 
stimulates walking 10.5 ± 2.93 11.5 ± 3.10 −0.924 ± 0.351 0.009 10.6 ± 3.15 10.7 ± 3.02 −0.127 ± 0.774 0.870 

Exhaust fumes 9.69 ± 3.21 6.02 ± 3.97 3.67 ± 0.424 < 0.001 9.41 ± 3.24 6.65 ± 3.08 2.76 ± 0.792 0.001 

Noise 9.70 ± 3.15 6.11 ± 3.93 3.59 ± 0.419 < 0.001 9.94 ± 2.83 7.13 ± 3.35 2.81 ± 0.807 0.001 

Flow of motor 
vehicles 10.2 ± 3.61 6.17 ± 4.21 3.99 ± 0.460 < 0.001 10.0 ± 2.82 6.70 ± 3.65 3.32 ± 0.861 < 0.001 

Speeds of motor 
vehicles 

9.75 ± 3.04 7.06 ± 3.73 2.69 ± 0.400 < 0.001 8.90 ± 2.49 7.61 ± 3.00 1.29 ± 0.719 0.081 

Congestion: 
pedestrians 

6.32 ± 3.75 2.03 ± 1.90 4.29 ± 0.333 < 0.001 4.76 ± 3.54 2.74 ± 2.49 2.02 ± 0.725 0.007 

Conflicts 6.16 ± 3.78 2.59 ± 2.71 3.57 ± 0.374 < 0.001 6.80 ± 4.18 3.04 ± 2.57 3.75 ± 0.802 < 0.001 

Unsafe – safe 
traffic 10.9 ± 3.48 12.5 ± 3.26 −1.59 ± 0.390 < 0.001 11.2 ± 3.12 12.7 ± 2.14 −1.49 ± 0.630 0.021 

Greenery 7.89 ± 4.27 12.0 ± 2.96 −4.12 ± 0.418 < 0.001 8.35 ± 3.71 12.0 ± 2.65 −3.70 ± 0.766 < 0.001 

Ugly – beautiful 11.0 ± 3.18 10.9 ± 3.24 0.165 ± 0.373 0.659 11.0 ± 2.69 11.1 ± 2.64 −0.107 ± 0.672 0.874 

Course of the 
route 

4.88 ± 3.38 3.62 ± 3.08 1.26 ± 0.373 0.001 5.41 ± 3.71 4.61 ± 3.99 0.799 ± 0.986 0.422 

Hilliness 3.77 ± 3.09 4.07 ± 3.71 −0.294 ± 0.401 0.464 4.31 ± 3.77 3.26 ± 3.28 1.05 ± 0.870 0.235 

Red lights 6.18 ± 3.98 2.56 ± 2.65 3.61 ± 0.384 < 0.001 5.69 ± 4.00 2.91 ± 3.18 2.78 ± 0.874 0.002 

Notes: *Only I = Those who only commuted in the inner area, **only S = Those who only commuted in the suburban area. ***SEd = Standard error 
of difference. 

 
Figure 28 shows mean scores for women, and Figure 29 shows mean scores for men, 

regarding environmental ratings of inner urban and suburban route environments, based 
on Table 27 and 28. The route environment profiles differed distinctly between the two 
areas and were in line with objective measures regarding exhaust fumes, noise, and 
greenery (Wahlgren et al., 2010). This strengthens the criterion-related validity of the 
ACRES. 
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Figure 28. Mean scores of ratings on the ACRES for women. Only I = those who only commuted in the inner 
urban area and Only S = those who only commuted in the suburban area. Both I & S = those who commuted 
in both areas (one rating in each area). Unfilled symbols represent ratings of the inner urban route environ-
ment. Filled symbols represent the suburban route environment. 

 
Figure 29. Mean scores of ratings on the ACRES for men. Only I = those who only commuted in the inner 
urban area and Only S = those who only commuted in the suburban area. Both I & S = those who commuted 
in both areas (one rating in each area). Unfilled symbols represent ratings of the inner urban route environ-
ment. Filled symbols represent the suburban route environment. 
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5. DISCUSSION 

The following research and methodological gaps were identified:  
 
• The roles and relations among the four motorized traffic variables, and in relation 

to how pedestrians appraise their overall route environment.  
• How pedestrians perceive route environmental variables and appraise their overall 

route environment.  
• If there are any intermediate outcomes and proxies among the route environmental 

variables.  
• If there are any direct or indirect relations between certain route environmental 

variables.  
• If, and how, commuting route environment profiles in the inner urban and suburban 

areas of Greater Stockholm differ, and how that possibly relates to the criterion-
related validity of the ACRES among pedestrians. 

 
The main findings, which will be discussed below, and illustrated in Figures 30-33, 
were:  

 
• In both areas, aesthetics (variable name: ugly – beautiful) and greenery were posi-

tively related to stimulating walking, whereas noise, a proxy for motorized traffic, 
was negatively related.  

• Aesthetics was also positively related to unsafe – safe traffic in the inner urban 
area, whereas greenery had the corresponding role in suburbia.  

• Another important finding was that greenery also influenced aesthetics positively in 
both areas. Thus, greenery had both a direct and an indirect positive effect.  

• On the other hand, noise influenced aesthetics negatively in the inner urban area, 
whereas vehicle flow had the corresponding role in suburbia.  

• A number of variables conjointly influenced the outcome unsafe – safe traffic nega-
tively in both areas (speeds of motor vehicles, noise, conflicts, congestion: pedes-
trians, red lights, and course of the route).  

• The route environment profiles differed distinctly between the inner urban and 
suburban areas of Greater Stockholm, in a way that support a criterion-related va-
lidity of the ACRES among pedestrians.  
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Figure 30. A summary of significant relations based on commuting pedestrians’ perceptions and appraisals of 
their route environments. The figure is a fusion of Figures 25 and 27. On the left side, relations in the inner 
urban area are displayed, on the right side, relations in the suburban area are displayed. *In the inner urban 
area both flow of motor vehicles and speeds of motor vehicles were related to noise. ** In the suburban area, 
flow of motor vehicles alone was related to noise. MRA = multiple regression analysis. MA = mediation analy-
sis. These matters will be further elaborated on with regard to interactions in Figures 31-33. 
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5.1 Greenery and ugly – beautiful 

Greenery was positively related to hinders – stimulates walking in both the inner urban, 
and the suburban areas. Greenery was also positively related to unsafe – safe traffic in 
the suburban area. Additionally, it was a stimulating factor for cycle commuters in both 
the inner urban and suburban areas (Wahlgren & Schantz, 2012, 2014). Thus, four dif-
ferent studies, in the same geographical area indicate that greenery is important for both 
pedestrians and cyclists, making it an influential variable. 

Several other studies have reported that greenery is important for pedestrians, e.g., 
(Johansson et al., 2016; Marquart et al., 2022). However, as stated in the background, it 
is difficult to isolate the effect of a single variable. In 1.8.2.3 Studies of relations be-
tween predictors as well as with outcomes an example of covariance between exhaust 
fumes and greenery, and how it relates to inhibits or stimulates cycling, is described. In 
the literature, other examples of this can be found. For example, in a Belgian study, 
pedestrians “…really enjoyed the presence of greenery along the route. They liked natu-
ralistic environments because they perceive them as quiet, peaceful and healthy” (Van 
Cauwenberg et al., 2012, p. 7).  

The fact that our research group has analysed a number of predictors simultaneously 
in MRA, and still have found a role for greenery indicates the specific role of this varia-
ble in relation to commuting cyclists (Wahlgren & Schantz, 2012, 2014). This thesis has 
expanded the external validity of these findings in relation to pedestrian commuters, see 
Table 6 in Andersson et al. (2023b; 2024b), as well as Tables A3 and A4 in Andersson 
et al. (2024b). 

How can the positive attitude towards greenery be explained, i.e., why is a green en-
vironment stimulating? To begin with, humans have higher preferences for scenes that 
reflect nature as opposed to more human-influenced elements (Kaplan & Kaplan, 1989, 
p. 67). Some theories, e.g., Biophilia, suggest that humans have evolved to have an 
affinity for natural environments (Wilson, 1984). A recent study has suggested an “up-
dated” Biophilia hypothesis. The update relates to that nature exposure is beneficial as it 
elicits an unconscious positive response in humans, which have implications for urban 
planning (Gunnarsson & Hedblom, 2023).  

Furthermore, greenery and exposure to natural settings can impact mental health, 
well-being, and psychological functioning positively (Bratman et al., 2019; Hartig et al., 
2014; James et al., 2015). A greener environment has been reported to correspond with 
lower noise annoyance (Dzhambov & Dimitrova, 2015; Gidlöf-Gunnarsson & 
Öhrström, 2007), and combat urban heat (Aram et al., 2019). Yet another possible ex-
planation is that a green environment may lower the rated perceived exertion during 
physical activity. This has been shown when running outdoors in a green and blue envi-
ronment, compared to indoors on a treadmill (Ceci & Hassmén, 1991; Schantz, 2021). 
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Ceci and Hassmén hypothesized that environmental cues outdoors “masked” the exer-
tion signals, resulting in experiencing physical work as easier compared to indoors. 
Hence, there are a number of possible explanations to why greenery is appreciated by 
those who travel on foot.  

Even though greenery is highly appreciated, one has to have in mind that natural en-
vironments may not always be restorative: dense wooded areas may evoke fear and 
stress (Gatersleben & Andrews, 2013).  

Ugly – beautiful, the aesthetical variable, was positively related to hinders – stimu-
lates walking in both the inner urban and the suburban areas. Ugly – beautiful was also 
positively related to unsafe – safe traffic in the inner urban area. Additionally, it was a 
stimulating factor for cycle commuters in both the inner urban and the suburban areas 
(Wahlgren & Schantz, 2012, 2014). Hence, ugly – beautiful is important for both modes 
of active transport. Just like with greenery, four studies point in the same direction, 
making it an influential variable. Furthermore, the regression coefficients are generally 
the strongest positive ones among the included variables.  

Appreciating a beautiful environment is possibly a universal trait. Aesthetics has 
been reported to be positively associated with walking behaviour in several countries, 
e.g., in Australia (Ball et al., 2001), in China (Chan et al., 2021), and in the US (Saelens 
et al., 2012). Scenic locations, environments that we perceive as beautiful, can evoke 
feelings of happiness, even when accounting for a range of factors such as weather 
conditions (Seresinhe et al., 2019). In contrast, graffiti and deteriorated houses can in-
duce unpleasant activation (Sundling & Jakobsson, 2023). Signs of civil disorder and 
anti-social behaviour can encourage further crime and disorder, cf. the broken windows 
theory by Wilson and Kelling (1982). Hence, keeping an environment tidy and attrac-
tive is likely to influence the perceived quality positively. 

Interestingly, ugly – beautiful was positively related to unsafe – safe traffic in the in-
ner urban area. Instinctively, it might seem odd that a beautiful environment influences 
perceptions of traffic safety positively. However, also other studies have indicated that 
aesthetics may contribute to personal safety (Iroz-Elardo et al., 2021; Lovasi et al., 
2009). According to Drottenborg (2002), it is likely that drivers display lower speeds in 
a beautiful, compared to an ugly traffic environment. Thus, aesthetically rewarding 
traffic environments seem to be beneficial for appraisals of traffic safety. 

A final comment related to greenery and ugly – beautiful is that, despite clearly dif-
ferent relations in the inner urban and suburban areas among cyclists, cf. Figure 16, both 
these variables protrude as stimulating in themselves. Interestingly, the same relations 
were noted among commuting pedestrians in the inner urban and suburban areas, cf. 
Figure 8 (Andersson et al., 2024b). 
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5.2 Noise and related variables 

In both the inner urban area, and the suburban areas, noise protruded as a proxy for 
motorized traffic, and appear to hinder walking. Noise was also related to appraisals of 
traffic unsafety in both areas: in the inner urban area via (1) a positive relation to con-
flicts, an intermediate outcome, which was negatively related to unsafe – safe traffic in 
multiple regression analysis, and via (2) a negative direct effect on unsafe – safe traffic 
in the mediation analysis. In the suburban areas this relation was expressed via (1) a 
positive relation to red lights, a proxy which was negatively related to unsafe – safe 
traffic in the multiple regression analysis, and (2) via a negative direct effect on unsafe – 
safe traffic in the mediation analysis.  

These findings are both in line and contrasting with studies of commuting cyclists in 
the same geographical setting (Wahlgren & Schantz, 2012, 2014). Noise was related to 
inhibiting cycling in suburbia, whereas exhaust fumes appeared to have that role for 
cyclists in the inner urban area. 

The unstandardized B regarding noise, in relation to hinders – stimulates walking in 
the inner urban area was −0.132 (95% CI: −0.221 to −0.044)(Andersson et al., 2023b). 
The corresponding value in the suburban areas was −0.185 (95% CI: −0.271 to 
−0.099)(Andersson et al., 2024b). Although not significantly higher, it is interesting that 
the values diverged in that direction. The mean absolute values were, in the inner urban 
area, for men, 9.51 ± 3.34 and for women, 9.98 ± 3.26 (Andersson et al., 2023b). The 
corresponding values in the suburban areas were, for men, 7.09 ± 3.57 and for women, 
6.54 ± 4.01 (Andersson et al., 2024b). Thus, higher mean values were noted in the inner 
urban area. 

A possible explanation to the conceivable differences among the regression coeffi-
cients is that individuals might be more sensitive to noise in a suburban setting. On the 
other hand, the suburban areas are generally greener compared to the inner urban area, 
and as mentioned, a greener environment has been reported to correspond with lower 
noise annoyance (Dzhambov & Dimitrova, 2015; Gidlöf-Gunnarsson & Öhrström, 
2007). In line with that, it is not anticipated that the regression coefficients diverge in 
that direction. This deserves further attention. 

Experience of noise as a source of displeasure is not exclusively related to conditions 
in the study area. It has been reported as deterring among pedestrians in different coun-
tries and settings. In a study from the US, on recreational walking, where the goal was 
to assess the relevance of different environmental variables as well as time and distance 
considerations on walking preferences, participants favoured low noise over high 
(Bunds et al., 2019). In a German study on pedestrian commuters, with a mixed-
methods approach, noise levels influenced the commute negatively (Marquart et al., 
2022). In a Spanish qualitative study on the role of the built environment in relation to 
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short walking trips for transportation, traffic noise was regarded as unpleasant and 
something that could influence route choice (Ferrer et al., 2015). A Chilean study, based 
on walk-along interviews, reported that negative experiences clearly increased as the 
participants approached main streets with high motorized traffic and traffic noise 
(Herrmann-Lunecke et al., 2021).  

Perceptions of noise depend on both vehicle flow and vehicle speed. In the inner ur-
ban area both vehicle flow and vehicle speed were positively related to noise in multiple 
regression analysis. The mediation analyses demonstrated that vehicle flow mediated the 
effect of vehicle speed (and vice-versa) to noise in the inner urban area. In suburbia, 
only vehicle flow contributed to noise in multiple regression. The mediation analysis, 
however, demonstrated that vehicle speed, had an indirect effect on noise, via vehicle 
flow, see Figure 31. 

 
Figure 31. The background to perceptions of noise in the inner urban area and in the suburban area. Data 
from the inner urban area originates from Andersson et al. (2023a), and data from the suburban area origi-
nates from Andersson et al. (2024a). MRA = multiple regression analysis (values are unstandardized B). The 
mediation ratio is the percentage of the standardized indirect effect on the standardized total effect. 

 
Our perception of a given vehicle flow can vary to a great extent. The vehicle flow 

can be more or less visually hidden, e.g., behind cars, vegetation, land masses, and 
buildings. It might be close by or distant, visible from different angles and, moving 
towards or away from us. Thus, a given vehicle flow can affect us very differently de-
pending on where we are. This contrasts to our perception of noise, which omnipresence 
in metropolitan areas can reach us almost independently of where we are, regardless of 
active transportation mode. 

In studies of commuting cyclists in the suburban areas of Stockholm, Sweden, it has 
been reported that both vehicle flow and noise were negatively related to inhibiting – 
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stimulating cycling (Wahlgren & Schantz, 2014). This contrasts to the perceptions in 
the inner urban area (Wahlgren & Schantz, 2012). The discrepancy can possibly, to 
some extent, be explained by differences in spatiality between the two settings. Massive 
buildings in the inner urban area may mask or diminish the way certain traffic variables 
protrude, compared to in a suburban setting, see Figure 19. These relationships need to 
be further addressed. One way forward is to try to isolate the variables when assessing 
them. This can be done by stage-managing the assessment site, as in a pilot study where 
visibility was restricted or non-restricted in situ, with the same levels of noise (P. 
Schantz, personal communication, January 2022). 

WHO recommends that noise from road traffic should not exceed 53 dB Lden, since, 
above this level, it is associated with negative health effects (WHO, 2018, p. 30). 10 In 
Stockholm County, 30% of the adult population is exposed to noise levels from road 
traffic exceeding that level at the façade of their dwelling (Eriksson et al., 2020, p. 15). 

Although barriers can reduce road-traffic noise annoyance and increase the overall 
quality of the sound environment (Rådsten-Ekman et al., 2011), noise is a serious threat 
to health and environmental well-being. Examples of harmful effects include elevated 
levels of stress hormones, increased blood pressure, and disturbed sleep, which may 
increase the risk of cardiovascular diseases and metabolic disorders, such as ischemic 
heart disease, overweight, abdominal obesity, and type 2-diabetes (Basner & McGuire, 
2018; Hahad et al., 2019; Münzel et al., 2014; Van Kempen et al., 2018).  

Furthermore, long-term transportation noise annoyance at home, predominantly re-
lated to road traffic, has been reported to be associated with reduced levels of physical 
activity (Foraster et al., 2016). This can possibly be due to a barrier effect of traffic, as 
has been shown when major roads are located between residential and green areas 
(Kardell & Pehrson, 1978). In line with this, heavy traffic volume and fast traffic speed, 
can be a barrier to walking and a specific reason to avoid busy roads (Anciaes et al., 
2019). Noise is a silent killer, and, as stated by Münzel et al. (2014, p. 831), “… noise 
may exert its effects either directly, through synaptic interactions, or indirectly, through 
the emotional and the cognitive perception of sound”. 

Vehicle speed was negatively related to unsafe – safe traffic in the suburban areas. 
Vehicle speed was also, via conflicts as an intermediate outcome in the inner urban area, 
related to appraisals of traffic unsafety. As mentioned, heavy traffic and fast traffic 
speed can be deterring (Anciaes et al., 2019). This is in line with McGinn et al. (2007): 
“It is only when high-traffic volume is combined with high-traffic speeds that being 
physically active outdoors may pose a problem”. Hence, with respect to road safety, 
speed management should be a key issue. In accordance with that, a WHO campaign 
has been launched to limit the speed in urban areas to 30 km/h (WHO, 2022b, p. 60). 

 
10 The day-evening-night level (Lden) is a composite measure with equivalent (average) sound level for day, 
evening and night using different weights for evening (+5 dB) and night events (+10 dB). 
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This will save lives, and simultaneously, reduce levels of noise, which also, in the long 
run, is related to saving lives. 

A common recommendation to alleviate traffic noise is to replace traditional cars 
with electric cars. However, switching to electric cars will only result in minor reduc-
tions in road traffic noise. There is a threshold at approximately 30 km/h (Garay-Vega 
et al., 2010, p. 3; Iversen & Skov, 2015, p. 35). Below this speed, an electric car makes 
less noise than a traditional car (with an internal combustion engine). For speeds above 
30 km/h, which are common in metropolitan areas, the friction of the tyres is the major 
source of the noise. Finally, with respect to different tyres, winter studded tyres are 
noisier than the other tyre groups (Vieira et al., 2019). How this affects comparisons of 
noise-levels between traditional cars and electric cars, in different settings and with 
different speeds, remain to be explored. 

5.3 What constitutes aesthetics? 

Given the importance of ugly – beautiful, we have asked ourselves what the aesthetic 
variable represent? Our separate analyses, in the inner urban area, revealed that green-
ery is positively related to ugly – beautiful, whereas noise and the course of the route 
have opposite roles. In the suburban areas, greenery was also positively related to ugly – 
beautiful, whereas flow of motor vehicles and hilliness had the opposite roles, see Figure 
32 (where two more influential variables in each area are highlighted). 

 
Figure 32. Greenery was positively related to ugly – beautiful in both areas. Noise was negatively related in the 
inner urban area, and vehicle flow was negatively related in the suburban area. MRA = multiple regression 
analysis (values are unstandardized B). 
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The positive relation between greenery and aesthetics is not surprising. In a study 
from the UK, the participants walked through contrasting areas of planting. Colourful 
planting, with a flower cover above a critical threshold (27%), was associated with the 
highest level of aesthetic preference among the pedestrians (Hoyle et al., 2017). The 
amount of trees can influence aesthetic preference positively, and according to the au-
thors, every tree matters (Jiang et al., 2015). In another study, the effects of different 
streetscape characteristics on aesthetic appreciation were examined. The authors report-
ed that the higher the percentage of vegetation was, the greater the aesthetic apprecia-
tion was (Wang et al., 2023). In line with that, lack of vegetation can influence the per-
ception of the physical environment negatively (Campos Ferreira et al., 2022).  

Noise was negatively related to ugly – beautiful in the inner urban area, and flow of 
motor vehicles in the suburban area. This is in line with research that has shown that 
auditory stress, such as aircraft noise and human voices, can affect the perceived aes-
thetic quality of landscapes negatively (Benfield et al., 2010; Mace et al., 1999). With 
respect to this, it is important to reiterate that green elements have been reported to 
combat negative factors such as noise annoyance (Dzhambov & Dimitrova, 2015; 
Gidlöf-Gunnarsson & Öhrström, 2007).  

An illustration of relations between noise, ugly – beautiful, and greenery in relation 
to hinders – stimulating walking can be found in Figure 33. 

 
Figure 33. Relations between noise, ugly – beautiful, and greenery in relation to hinders – stimulating walking. 
Noise was negatively related to hinders – stimulates walking in both areas and influenced ugly – beautiful 
negatively in the inner urban area. In suburbia, flow of motor vehicles influenced ugly – beautiful negatively. 
Greenery was positively related to hinders – stimulates walking and to ugly – beautiful in both areas. MRA = 
multiple regression analysis (values are unstandardized B). *In the inner urban area, flow of motor vehicles 
and speeds of motor vehicles were positively related to noise. **In the suburban area, flow of motor vehicles 
was positively related to noise. 

 

Finally, the relations between greenery and ugly – beautiful, and the outcome varia-
ble unsafe – safe traffic deserves to be commented upon. In the inner urban area, the 
aesthetical item was positively related to unsafe – safe traffic, greenery was unrelated. 
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This conflicts with conditions in suburbia, where the roles were reversed. Explanations 
for this can be related to a higher correlation (r) between greenery and ugly – beautiful 
in suburbia, compared to in the inner urban area (r = 0.74 compared to r = 0.49), and an 
unstandardized B that was 100% higher in suburbia compared to in the inner urban area, 
B = 0.698 (95% CI: 0.593 – 0.802) compared to B = 0.354 (95% CI: 0.274 – 
0.433)(Andersson et al., 2023b; 2024b). 

5.4 Other variables 

Conflicts stood out as an intermediate outcome negatively related to unsafe – safe traffic 
in the inner urban area. Conflicts represented a number of basic variables: congestion: 
pedestrians, course of the route, speeds of motor vehicles, red lights, and noise. In the 
suburban areas, the proxy red lights was negatively related to unsafe – safe traffic. That 
proxy represented a number of basic variables: noise, congestion: pedestrians, conflicts, 
and course of the route.  

A few of these variables need to be commented upon. To begin with, course of the 
route, which also, in itself, was negatively related to unsafe – safe traffic in suburbia, 
evolved from theories of space syntax. Course of the route was measured by the ques-
tion: “To what extent do you feel that your walking trip is made more difficult by the 
course of the route? For example, a course with many sharp turns, detours, changes in 
direction, side changeovers, etc.”.  

Indeed, these characteristics can be recurrently challenging in terms of new encoun-
ters with other street users and novel traffic situations. However, in contrast to cyclists 
in the same areas (Wahlgren & Schantz, 2012, 2014), the variable was not a hindering 
factor for pedestrian commuting (Andersson et al., 2023b; 2024b). This might be related 
to velocity of the transportation mode, where cyclists usually are travelling at a higher 
speed (Schantz et al., 2022; 2020). Hence, sharp turns and changes in direction might be 
more problematic, thus hindering, for cyclists.  

With respect to congestion: pedestrians and conflicts, metropolitan areas normally 
have a substantial number of pedestrians and cyclists. Incidents between people walking 
and cycling are not unusual; crowding, and pedestrian inattention has been reported to 
contribute to this (Gkekas et al., 2020). In addition, some streets and squares can be 
considered as multi-mode mobility spaces. These, largely unregulated spaces, can be 
crowded and trigger disputes between pedestrians, cyclists and others. 

Interestingly, exhaust fumes was not a problem among the pedestrians in either of the 
areas. This contrasts with cyclists in the inner urban area, where exhaust fumes was a 
hindering factor (Wahlgren & Schantz, 2012). As a matter of fact, exhaust fumes might 
be more disturbing for cyclists than pedestrians. One explanation might be related to the 
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spatial dimension, pedestrians are usually farther away from the traffic line and prox-
imity affects exposure to air pollution (Cepeda et al., 2017). Another explanation is 
related to differences in ventilation (L · min−1) between pedestrians and cyclists, where 
cyclists usually have a higher ventilation (Schantz et al., 2022; 2020). 

Hilliness was unrelated to hinders – stimulates walking and to unsafe – safe traffic. 
Hilliness has been reported to be deterrent and influence pedestrian satisfaction nega-
tively (Ferrer & Ruiz, 2018; Kim et al., 2014). Somewhat in contrast, hills were posi-
tively associated with recreational walking, and negatively associated with transporta-
tion walking in a study by Lee & Moudon (2006). The authors argued that recreational 
walkers may like the views and greater exercise opportunities that come with a hilly 
landscape. In contrast, transportation trips are utilitarian activities and even moderate 
slopes can become barriers. 

5.5 Commuting route environment profiles  

One of our aims in study 4 was to compare the commuting route environment profiles 
between the pedestrians in the inner urban area, with those in the suburban areas. Our 
ambition was to expand the understanding of how different settings are perceived and to 
study the criterion-related validity of the ACRES. For the latter purpose, we focused on 
comparing our results with (1) existing objectively measured differences between the 
two environmental settings regarding exhaust fumes, noise, and greenery, and (2) the 
ratings of an expert panel (traffic planning and environmental experts from the Munici-
pality of Stockholm)(Wahlgren & Schantz, 2011; Wahlgren et al., 2010). 

For women who have commuted in both areas (both I & S), significant differences 
were noted with respect to 11 of the 13 variables. Regarding men, significant differ-
ences were noted with respect to 5 of the 13 items, see Table 27. For women who only 
have commuted in the inner urban area (only I), compared to those who only have 
commuted in the suburban area (only S), significant differences were noted with respect 
to 11 of 13 items, regarding men, significant differences were noted with respect to 8 of 
13 items, see Table 28 

These differences indicate that the pedestrians are perceiving the environments clear-
ly differently, see Figures 28 and 29. The ratings were in line with existing objectively 
measured differences between the two environmental settings regarding exhaust fumes, 
noise, and greenery (except with respect to noise for men who have walked in both 
areas). Furthermore, there was a reasonably good correspondence compared to the rat-
ings of the expert panel (cf. Wahlgren et al., 2010). We interpret these findings as 
strengthening the criterion-related validity of the ACRES. 
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In line with our results, distinct differences in commuting route environment profiles 
were also noted among cyclists in the inner urban and suburban areas of metropolitan 
Stockholm (Wahlgren & Schantz, 2011). The commuting route environment profiles for 
the pedestrians corresponded well with those of the cyclists. This indicates that, regard-
less of active transportation mode, the variables are perceived in a similar fashion. 

A few examples aim to demonstrate this: mean scores of exhaust fumes, noise, con-
gestion, and conflicts were rated higher in the inner urban area for both men and wom-
en, regardless of whether people were pedestrians or cyclists. The opposite is true for 
flow of motor vehicles and greenery, whose mean scores were lower in the inner urban 
area. Interestingly, mean scores for the aesthetic item ugly – beautiful were rather simi-
lar regardless of the area, commuting mode, and sex. Given the importance of this vari-
able, future studies should explore this item more thoroughly. Perhaps providing active 
commuters with cameras and asking them to capture images of features that are interest-
ing, whether positively or negatively, could be a way forward. More studies are war-
ranted. 

5.6 Limitations of study design and method 

This thesis is not free from limitations. To begin with, a general limitation is that the 
participants were not randomly recruited, they were recruited via advertisements in 
newspapers. This can possibly increase the risk of self-selection bias. In general, those 
who are better educated and have higher socioeconomic status might subscribe to news-
papers to a higher degree. At the same time, they might be more positively inclined to 
answer surveys. Additionally, those who are personally interested in a certain topic are 
more likely to participate in a research study about the specific topic. 

The generalizability of the studies outside the domain of active commuters might be 
limited. However, a fondness for beautiful, green environments, and an aversion to-
wards noise could possibly be common to all humans, in which case generalizability 
increases. Moreover, in a study where the researchers examined how different routes 
were appraised in terms of plausible or not plausible choices among cyclists (regular, 
frequent, occasional, and potential), the order of the results was consistent among the 
groups (Winters & Teschke, 2010). Thus, preferences for routes were the same regard-
less of which group you belonged to. However, the sensitivity in the ratings increased 
between the groups when the settings became less attractive: potential cyclists were 
more demanding regarding their route environments. In relation to this thesis, it sug-
gests that potential pedestrians might be more sensitive to, e.g., levels of noise than 
those who walk on a regular basis.  
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As mentioned, the participants were recruited via advertisements. Ratings of route 
environments between advertisement-recruited cyclists and street-recruited cyclists 
(who were hypothesized to represent the population with greater certainty) indicated a 
reasonably good correspondence between the two groups (Wahlgren & Schantz, 2011). 
Although not tested for significance, no major differences between the groups, with 
respect to characteristics such as age and gainful employment, appear to exist, cf. Table 
4 (Stigell, 2011, p. 69). Furthermore, the cyclists were characterized by similar levels of 
age and gainful employment as the cyclists in the National Travel Survey, who were 
randomly recruited, cf. Table 11 (Stigell, 2011, p. 110). Taken together, the advertise-
ment-recruited sample of cyclists appear to be reasonably representative of the popula-
tion of commuting cyclists.  

We have no reason to believe that the advertisement-recruited pedestrians should be 
different from the advertisement-recruited cyclists regarding representativity. This is 
since, although not tested for significance, no major differences between the advertise-
ment-recruited and street-recruited pedestrians, with respect to characteristics such as 
age and gainful employment, appear to exist, cf. Table 4 (Stigell, 2011, p. 69). The pe-
destrians were also characterized by similar levels of age and gainful employment as the 
pedestrians in the National Travel Survey, who were randomly recruited, cf. Table 11 
(Stigell, 2011, p. 110). This strengthens our belief that the pedestrians are representative 
of the population of commuting pedestrians.  

Another possible limitation relates to that data can be regarded as old. It was collect-
ed in 2004 and 2005. Hence, data was collected prior to the introduction of electric 
motor vehicles, electrically-assisted bikes, and e-scooters. Furthermore, using head-
phones when walking was not as common as today. Therefore, a legitimate question is: 
are our results relevant? The answer is yes. The studies would be challenging to conduct 
today, given the changes mentioned. Consequently, the results are rather unique, e.g., by 
communicating the isolated effect of noise on those who walk.  

The main tool in the studies, the ACRES, is a module in the second of two question-
naires (PACS Q1 and Q2). Both are self-administered surveys in Swedish, based on 
self-reports. There are numerous potential biases in responding to questionnaires or 
scales, cf. Streiner et al. (2015, pp. 100-130). One such bias is recall bias. Studies that 
rely on questionnaires using self-reporting of past behaviours are particularly prone to 
this type of bias. For example, one question in the PACS Q1 was “How many walking 
trips do you make between home and place of work/study on average per week during 
each month? Put a cross for each month.” Indeed, it can be a challenge to recall how 
travel patterns has varied throughout the year.  

Another potential bias is social-desirability bias, which often concern studies that 
focus on sensitive or personal topics, e.g., politics, drug-use or exercise-habits. Re-
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spondents tend to answer questions in a socially acceptable way. This may cause the 
answers to be adjusted up or down depending on what is considered socially desirable.  

The scale, i.e., the ACRES, is not impeccable. There might be predictor variables of 
importance that are missing e.g., variables related to pedestrian infrastructure such as 
surface conditions, pavements, and zebra-crossings.  

The background variables sex, age, education, and income were included in the 
analyses. In some analyses, one or more of them were significant, however, we did not 
delve into this, merely stated it in relation to the tables. Our focus has been on the envi-
ronmental variables. Additional studies, that elaborate on this are warranted. Moreover, 
other background variables, e.g., attitudes toward different travel modes could have 
been included. Once again, future studies are warranted.   

Considering the cross-sectional design, we cannot infer any causal relationships 
among the variables. Accordingly, the arrows in the figures should not be interpreted as 
casual effects, they simply reflect different relations. Longitudinal studies are warranted 
to test the causal effects. However, cross-sectional data may help to fill in a piece of the 
puzzle. 

5.7 Strengths of study design and method 

This thesis has substantial methodological strengths, cf. 1. Background. To begin with, 
data were collected in metropolitan Stockholm, Sweden, where pedestrian commuting is 
a socially accepted behaviour. This increases our chances of a diverse study population, 
although active commuters represent a limited part of the total population.  

Another positive aspect is that data were collected using ACRES, an instrument that 
was developed and designed specifically to study active transportation. The instrument 
is characterized by considerable criterion-related validity and reasonable test–retest 
reproducibility in studies of commuting cyclists (Wahlgren & Schantz, 2011; Wahlgren 
et al., 2010). This is further supported in terms of pedestrians in this thesis.  

In comparison with many other assessment tools, cf. 1.6.2 Metrics for walkability, 
the ACRES allows a wide geographical focus. Instead of “limiting” the study area to 
10-15 minutes from the residential area, it considers the entire route, from home to the 
place of work regardless of commuting distance. Research has emphasized the im-
portance of taking the entire route into consideration when analysing walking in relation 
to the environment, see section 1.7 Active commuting.  

In addition, the 15-point response scale, with equidistant steps, enables parametric 
tests (many other scales are utilising Likert scales, predominantly with 4 or 5 points). 
Both potentially deterring and facilitating aspects can be included in the analyses. 
Hence, both independent and interaction effects can be evaluated and analysed, see 
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section 1.8.2.3 Studies of relations between predictors as well as with outcomes. Conse-
quently, using the ACRES when exploring perceptions of commuting route environ-
ments, expands the research field in comparison with many other methods. 

Another strength relates to the fact that the studies are based on subjective measures. 
This is valuable since a given objective measure can, dependent on an individual’s sen-
sitivity, be rated differently. For example, noise sensitivity is an individual response 
parameter (Miedema, 2007).  

A final strength relates to our explorative strategy regarding chiselling out proxies 
among the four motorized traffic variables in relation to the outcomes, the employment 
of multiple regression as well as mediation analyses, and the separation of the inner 
urban area and the suburban areas when trying to paint a more holistic picture of the 
relations between walking and the perceptions of the route environment in Greater 
Stockholm. 

5.8 Further comments in relation to limitations and 
strengths of study design and method 

In the tables reporting the results from the mediation analyses, the ratio of the standard-
ized indirect effect to the total effect (PM) was reported. As a measure of effect size, PM 
has been criticized by Preacher and Kelly (2011) since it is unstable in small sample 
sizes (n < 500). However, Wen and Fan (2015) argued that PM can be useful for basic 
mediation models where the indirect effect and the direct effect have the same sign (i.e., 
either both positive, or both negative), provided that it is accompanied by information 
about the total effect. Even though our sample size was smaller than 500, and a few of 
the mediation analyses did not have the same sign, we used PM as an indication of the 
magnitude of the indirect effect, accompanied with information about the total effect. 

Problems can arise when multiple significance tests are carried out on a single set of 
data, increasing the risk of obtaining erroneous false-positive results, type 1 errors. To 
address this, a Bonferroni correction can be applied by adjusting the alpha-level in rela-
tion to the number of tests. However, Bonferroni corrections have been criticized for 
being unnecessarily conservative, which can elevate the risk of type 2 errors (Perneger, 
1998). Our approach has simply been to describe what tests of significance has been 
performed with an alpha-level of 0.05. Nonetheless, since a large number of signifi-
cance tests have been performed, the reader should keep the mass significance problem 
in mind. 

Residential self-selection is commonly defined as the process by which households 
choose their residential location based on their desired and expected travel behaviour 
(cf. Ettema & Nieuwenhuis, 2017). A consequence of this is that preferences for, and 
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attitudes toward, travel modes can differ between different environments. In relation to 
walking, this implies that residents who prefer to walk, will choose to live in more 
walkable neighbourhoods. Residential self-selection has been reported to influence 
walking behaviour (Cao et al., 2006). However, attitudes toward travel modes and resi-
dential location type have been reported to be associated only to a limited extent (De 
Vos et al., 2012; Ettema & Nieuwenhuis, 2017). An example of this is a study by Frank 
et al. (2014), where a sizable portion of the respondents were forced to live in a car-
oriented area despite having preferences for living in a walkable neighbourhood.  

In relation to our study area, and our participants, one might ask if residential self-
selection is an issue? Metropolitan Stockholm is partly pedestrian friendly and due to 
this, people might have decided to reside in this area. Nonetheless, our focus has not 
been to analyse walking behaviour in relation to where people live, our ambition has 
merely been to analyse perceptions and appraisals of the route environment en route to 
the place of work or study. 

5.9 Suggestions for future research 

The work with the ACRES is still at a relatively early stage. From our research group, 
six studies have used the assessment tool, two in relation to cycling and four in relation 
to walking. In all of these, the study area has been Greater Stockholm.  

Future studies should be undertaken in respect to walkability in other urban and sub-
urban, as well as rural settings. Forthcoming studies should target different socio-
economic groups and different cultural settings, in order to expand the body of 
knowledge. The study of environmental factors in smaller segments, e.g., a certain 
street, is another area that need to be addressed. Other knowledge gaps include how 
seasonal changes, weather, light- and surface conditions influence active commuting. 

There is a need to review and possibly update the ACRES by means of identifying 
and adding variables of interest that can contribute to a better understanding of the rela-
tionship between active commuting and the route environment, and to develop a web-
based version where data can be collected smoothly and stored safely. 

The first need can be met by conducting a systematic review with a focus on compil-
ing relevant variables of interest. The review should not be limited to solely capturing 
environmental variables, background variables should also be considered. In addition, 
the systematic review should consider suggesting relations between potential mediators 
and moderators.  

Given the importance of the aesthetical variable, ugly – beautiful, future studies 
should explore this item more thoroughly, i.e., what kind of elements do active com-
muters consider aesthetically rewarding? Are they the same, or do they differ due to 
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mode of transportation or setting? To analyse this, choice-based conjoint analysis (cf. 
Bunds et al., 2019), with either real world photos or computer-generated images of 
fictive street scenes/routes/paths can be used.  

There is also a need for experimental studies, however they are often challenging to 
conduct in metropolitan areas. Therefore, benefitting from planned infrastructural inter-
ventions can be a great opportunity to study aspects of active commuting, cf. the Health 
impacts of the Cambridgeshire Guided Busway: a natural experimental study (Ogilvie et 
al., 2016). 

Quantitative research methods should more often be supplemented with qualitative 
research methods, e.g., walk-along interviews, (cf. Marquart et al., 2022; Van 
Cauwenberg et al., 2012). Equipping active commuters with cameras and asking them 
to take pictures of features that are fascinating, whether in a good or bad way, is another 
interesting qualitative research strategy (cf. Wang & Burris, 1997). Furthermore, mixing 
methods is likely to result in a more holistic understanding of complex phenomena 
compared to monomethod research. 

5.9 Conclusions and applications of findings 

Several route environmental variables appear to be particularly influential in relation to 
pedestrian commuting, e.g., aesthetics (variable name: ugly – beautiful), greenery, and 
noise. An important finding is that both positive and negative interactions, between 
certain predictor variables, were disclosed. The contrasting route environment profiles 
in the different settings strengthen the criterion-related validity of the ACRES. The 
findings expand the state of knowledge concerning the relations between the environ-
ment and walking. If implemented, these findings can influence public health positively. 

An increased understanding of how different environmental factors act, interact, and 
influence pedestrians can enable tailor-made interventions influencing both public and 
planetary health positively. This is of immense importance, giving the ever-growing 
fleet of motorized vehicles and the accelerated urbanization globally. 

As the late Donald Appleyard (1928 – 1982) wrote a couple of years prior to being 
killed in a traffic accident: “Streets need to be redefined as sanctuaries; as livable plac-
es; as communities; as resident territory; as places for play, greenery, and local history. 
Neighborhoods should be protected, though not to the point of being exclusionary.” 
(Appleyard, 1980, p. 106). 
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8. APPENDIX 1-3 

1. PACS Q1  
2. Instructions to PACS Q1 
3. PACS Q2  





Translation from Swedish, 2018-06-27.  

 1 

Survey for those who walk or bike all the way to their place of work/study  
 

 
 
 
 

1. Your gender – female or male?     Female  Male   
 
 

2. In what year were you born?  19   
 
     

3. What is your weight? Please answer in full kg.   kg 
 
 

4. How tall are you?    cm 
 
 

5. Are you:  gainfully employed?   
 a volunteer?     
 a student?    
 Other?    
    
 please specify:……………….….. 

 
 
6. Do you have access to a shower at your place of work/study?  

 
 Yes, conveniently   Yes, but not conveniently   No  Don’t know 

 
 

 
If you walk all the way to your place of work/study but never use a bike to get there, 
proceed to question no. 18 on page 5.  

 

General questions 
 



Translation from Swedish, 2018-06-27.  
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7. What is your usual route to and from your place of work/study? Indicate on the 

map provided. Follow the attached letter of instruction. 
 

8. Estimate the length of your route. Indicate the approximate distance in kilometres. 
You may use one decimal (e.g. 600 meters = 0.6 km). 
  

.  km  
 

 
9. How much time does the bike ride usually take from your home to your place of 

work/study? Measure the time of the ride on an ordinary day when you do not do 
errands along the way. 
 
   Hours    Minutes   
 

 
10. How much time does the bike ride usually take from your place of work/study to 

your home? Measure the time for the ride on an ordinary day when you do not do 
errands along the way. 
  

  Hours    Minutes   
 
 

11. On average, how strenuous do you usually experience your bike ride to your 
place of work/study? Mark with one x in each column at a digit on the 6 – 20 scale.

From your home to your place of 
work/study  
 

  6  
  7 Very, very light 
  8  
  9 Very light 
 10  
 11 Fairly light 
 12  
 13 Somewhat hard 
 14  
 15 Hard 
 16  
 17 Very hard 
 18  
 19 Very, very hard 
 20  

From place of work/study to your home  
 
 

  6  
  7 Very, very light 
  8  
  9 Very light 
 10  
 11 Fairly light 
 12  
 13 Somewhat hard 
 14  
 15 Hard 
 16  
 17 Very hard 
 18  
 19 Very, very hard 
 20

Questions concerning your bike ride to your place of 
work/study 
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12. Do you usually bike to and from your place of work/study on the same day? I.e. 
you do not leave your bike at your place of work/study.  
 
  Yes  No              Don’t know 

 
If you answered No, explain why: ……………………………………… 
….………………………………………………………………………..………………..  

 

 
13. How many bike rides (see instruction below) do you make between your home 

and your place of work/study on average per week during different months? 
Mark once (x) for each month. 

 
This is how you fill in your answers:  
• If you bike to and from your place of work/study 5 days a week during the whole 

month, the number of bike rides per weeks will be 10 per week on average.  
• If, instead, you have half the month off, the number of bike rides will be on 

average 5 per week during that month. 
• If you are on holiday the whole month, the number of bike rides will be 0.  
• If, on average, you make fewer than 1 bike ride per week but in all more than 0, 

you shall mark the <1 box. 
• If you bike to and/or from your place of work/study irregularly and on few 

occasions during the year, and you are uncertain about which months you do so, 
mark the “Different alternative” box.  

 
Month Average number of return bike rides per week 
  0 <1  1  2  3  4  5  6  7  8  9 10 11 12 13 14 More... State 

number: 
Don’t 
know 

January                  …..  
February                  …..  
March                  …..  
April                  …..  
May                  …..  
June                  …..  
July                  …..  
August                  …..  
September                  …..  
October                  …..  
November                  …..  
December                  …..  
 

 Different alternative …………………. 
 

The following is a question, which, combined with the routes you draw on the map, will 
provide a valuable picture of your physical activity as well as the potential health effects 
of your biking. 
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14. How many times do you usually have to stop at red lights during your ride to 

your place of work/study? You may count the number of stops you make during a 
normal day.  
 

 I do not stop 
 I stop. State the number of stops: 

  
            1  2  3  4  5  6 
   7  8  9  10  11  12 
  13  14  15  16  17  18 
  19  20  More than 20 times, state number…… 
  Don’t know 
 

 
15. Do you become sweaty when you bike to your place of work/study?  

 
 No, never   
 Yes, 1-25 % of the times 
 Yes, 26-50 % of the times 
 Yes, 51-75 % of the times 
 Yes, 76-100 % of the times  
 Don’t know

 
 
16. Do you usually shower after biking to your place of work/study?    

 
 No, never   
 Yes, 1-25 % of the times 
 Yes, 26-50 % of the times 
 Yes, 51-75 % of the times 
 Yes, 76-100 % of the times  
 Don’t know 

 
 

 

 
 
17. What type of bicycle do you use to bike to your place of work/study?  

 
 Bicycle without gears   
 Bicycle with gears (2- 4 gears)  
 Bicycle with gears (5 gears or more)  
 Don’t know 

 
 
Proceed to the next question if, during the last year, you have on some occasion walked 
all the way to your place of work/study. If not, proceed to question number 28 on page 8. 

Question about your bicycle 
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18. What is your most frequent route to and from your place of work/study? Indicate 

this on the map provided. Follow the attached letter of instruction.  
  
 

19. Estimate how long your route is. State the approximate distance in kilometres. You 
may use one decimal (e.g. 600 meters = 0.6 km) 
 

.  km 
 

 
20. How much time does the walk usually take from your home to your place of 

work/study? Measure the time for the route on an ordinary day when you do not do 
any errands along the way.   
   Hours    Minutes   
 

 
21. How much time does the walk usually take from your place of work/study to your 

home? Measure the time for the route on an ordinary day when you do not do any 
errands along the way.  

  Hours    Minutes 

 
 

22. On average, how strenuous do you experience your walk to your place of 
work/study? Place one x in each column against a digit on the 6 – 20 scale. 

 
 

From your home to your place of 
work/study  
 

  6  
  7 Very, very light 
  8  
  9 Very light 
 10  
 11 Fairly light 
 12  
 13 Somewhat hard 
 14  
 15 Hard 
 16  
 17 Very hard 
 18  
 19 Very, very hard 
 20  

From your place of work/study to your 
home 
 

  6  
  7 Very, very light 
  8  
  9 Very light 
 10  
 11 Fairly light 
 12  
 13 Somewhat hard 
 14  
 15 Hard 
 16  
 17 Very hard 
 18  
 19 Very, very hard 
 20

Questions about your walk to your place of work/study 
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23. Do you usually walk to and from your place of work/study during the same day?  

 
  Yes   No                Don’ know 
 

If you have answered No, explain why: ………………………….…………… 
……………………………………………………………………………………………… 

 

 
24. How many times do you walk (see instruction below) between your home and 

your place of work/study, on average, per week during each month?  Tick once 
(x) for each month. 
 

This is how you fill in your answers: 
• If you walk to and from your place of work/study 5 days a week during the whole 

month the number of walks will be on average 10 per week.  
• If, instead, you have half the month off, the number of walks will be, on average, 

5 per week during that month. 
• If you are on holiday the whole month, the number of walks will be 0.  
• If, on average, you walk fewer than 1 time per week but in total more than 0, 

mark the <1 box. 
• If you walk to and/or back from your place of work/study irregularly and on a 

few occasions during the year, and you are uncertain about which months you do 
so, mark the ”Different alternative” box”. 

 
Month Number of walks on average per week 
 0 <1  1  2  3  4  5  6  7  8  9 10 11 12 13 14 More… State 

number: 
Don’t 
know 

January                  …...  
February                  …...  
March                  …...  
April                  …...  
May                  …...  
June                  …...  
July                  …...  
August                  …...  
September                  …...  
October                  …...  
November                  …...  
December                  …...  
 

 Different alternative …………………. 

The following is a question, which, combined with the routes you draw on the map, will 
provide a valuable picture of your physical activity as well as potential health effects of 
your walking. 
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25. How many times do you usually have to stop at red lights during your walk to 

your place of work/study? You may count the number of stops you make during an 
ordinary day.  
  

 I do not stop  
 I stop. State the number of stops: 

  
            1  2  3  4  5  6 
   7  8  9  10  11  12 
  13  14  15  16  17  18 
  19  20  More than 20 times. State the number………. 
  Don’t know 

 
 

26. Do you become sweaty when you walk to your place of work/study?
 

 No, never   
 Yes, 1-25 % of the times 
 Yes, 26-50 % of the times 
 Yes, 51-75 % of the times 
 Yes, 76-100 % of the times  
 Don’t know

 
 

27. Do you usually shower after walking to your place of work/study?  
 

 No, never   
 Yes, 1-25 of the times 
 Yes, 26-50 % of the times 
 Yes, 51-75 % of the times 
 Yes, 76-100 % of the times  
 Don’t know
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28. How physically strenuous has your daily work or your daily occupation (not 
spare time) been during the last 12 months?  
 

 Very easy, predominantly sedentary 
 

 Light physical work, but I do move a good deal (for example light industrial work, 
shop assistant, teacher)  
 

 Physically rather strenuous work (for example cleaner, postman, assistant nurse) 
 

 Physically very strenuous work (heavy manual work, for example bicycle 
messenger, heavy forestry work, or construction work) 

 
 

29. Is it possible for you to do physical exercise during paid working hours?  
  

 No  
 Yes, but I do not take the opportunity to do so  
 Yes, and I make use of the opportunity  
 Don’t know 

 
 
If you have answered ”Yes, and I make use of the opportunity”, proceed with the next 
question; if not, proceed to question 32 on page 10.  
 
 

30. What type of activity, how often and for how long do you usually do physical 
exercise/training during paid working hours? Use an average value if it varies 
between weeks. You may indicate several activities. 
 
 Number of occasions Time per 
Activity per week  training session 
 

 Weight training  …………… times …….. min 
 

 Fitness training …………… times …….. min 
 

 Ball game …………… times …….. min 
 

 Keep-fit exercise  …………… times …….. min 
(e.g. aerobics/Friskis & Svettis) 
 

 Other,    
indicate what:   
………………………..… …………… times …….. min 
………………………..… …………… times …….. min                                                              
………………………..…    …………… times …….. min 

 
 

Questions about your physical activity during working/studying hours  
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31. On what average level of intensity do you usually exercise/train during paid 

working hours? Mark (x) only once. Thus, use an average value for the different 
activities if you practise different kinds of activities.  

 
  6  
  7 Very, very light 
  8  
  9 Very light 
 10  
 11 Fairly light 
 12  
 13 Somewhat hard 
 14  
 15 Hard 
 16  
 17 Very hard 
 18  
 19 Very, very hard 
 20  
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32. How much have you generally moved or exerted yourself physically in your spare 

time during the last year?  NB! Mark (x) all options that apply to you. Do not 
include physical activity during commuting, i.e. biking and walking to your place of 
work/study. 
 

 a) I have moved very little. 
 

 b) I have moved very little but sometimes taken an odd walk or something like that.   
 

 c) I have had ”everyday exercise” in connection with cleaning, climbing stairs, garden 
work, social dancing, strolling or light bike rides (except walking/biking all the way to 
the place of work/study), taking the dog for a walk etc. 
 

 d) I have, in addition to the activities in c), devoted myself to some light kind of 
exercise, like strolls (or other activities with similar exertion) at least once every week.  
 

 e) I have devoted myself to more strenuous exercise, such as quick walks, jogging, 
swimming, keep-fit exercise or equivalent at least once every week.   
 

 f) I have regularly devoted myself to hard training or competition where the physical 
exertion has been great, e.g. running and various ball games. 

 
If you have marked the alternatives e) and/or f) proceed with the following question. 
Others may proceed to question number 35 on the next page. 
 
 

33. If you marked the alternatives e) and/or f) in question number 32, what type of 
activities, how often and for how long do you usually exercise/train? Use an 
average value if it varies from one week to another. You may indicate several 
activities. 
 
Activity Category  Time per  Number of times  No of months              

e)    f)  occasion  per week         per year
                    

 Weight training   ……… min ……….... ………… 
 Fitness training   ……… min ……….... ………… 
 Ball games   ……… min ……….... ………… 
 Keep-fit exercise   ……… min ……….... ………… 

(e.g. aerobics/ 
Friskis & Svettis)  

 Other,  
indicate what:  
………………   ……… min ……….... ………… 
………………   ……… min ……….... ………… 

Questions about your physical activity during your spare time, except 
commuting time 
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34. If you marked the alternatives e) and/or f) of question number 32 and 33, on 
what average level of exertion do you usually exercise/train?   
Mark only one option in each column. Thus, use an average value for the various 
activities if you do several activities within the alternatives e) and f), respectively.    
 
e)   f) 

  6  
  7 Very, very light 
  8  
  9 Very light 
  10  
  11 Fairly light 
  12  
  13 Somewhat hard 
  14  
  15 Hard 
  16  
  17 Very hard 
  18  
  19 Very, very hard 
  20 

 
 
35. Are you interested in participating in the next stage of this study?  

 
Stage 2. Second part of the survey    Yes   No   Don’t know 
 
Stage 3. Fitness test and measuring 
energy metabolism during the route.  Yes   No   Don’t know
       
 
36. If you have any comments on this inquiry and its question, you are welcome to 

write them here and, if necessary, to continue on the back page. 
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
________________________________________________________ 
 

Many thanks for your help!  
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_______________________________________________________________________________________________________________________________________________________ 
FoU-gruppen Rörelse, hälsa och miljö, Åstrandlaboratoriet, Idrottshögskolan i Stockholm, Box 5626, 114 86 Stockholm 
epost: erik.stigell@ihs.se  tel: 08-16 14 53   fax: 08-660 75 11 
 

     
Instructions for filling in the questionnaire and the map  

 
Indicate your answer in the box with an x, like this: . If you mark the wrong box, then fill the whole 
box with colour, like this:  Then tick the correct box.  
 
The questions about your commuting refer to your travels during the last year to your ordinary place 
of work/study. When you answer the questions, consider the days when you do not do any errands 
along the way. 
 
To fill in the questionnaire, you need to do four simple things: 
1. Measure the time it takes to bike/walk both to and from your place of work/study (see questions 

9,10, 20, 21), 
2. Count the number of stops at red lights that you usually make along the route to your place of 

work/study (see questions 14 and 25),  
3. Estimate your average level of exertion during the trip (see alternative answers to question 11 and 

22), and  
4. Indicate your route between your place of residence and your place of work/study on the attached 

map, in accordance with the instruction below.    
 

Information about your travel route is of great importance for the study. If you feel uncertain about the 
route you bike/walk, we recommend that you bike/walk the route and register the names of the streets.   
 
1. Mark your usual route to your place of work/study with an 

unbroken line for biking ___________ and a line with crosses for 
walking  X    X    X    . Indicate your residence with a B and your 
place of work with   (see figures 1 and 2). Preferably use a blue or 
red fountain pen or ball pen. Thus, you shall mark both biking and 
walking, if at times you bike and at times you walk.  

 
2. If your route back home from your place of work/study deviates 

from the route you take there, we ask you to draw a line with 
circles for your way home if you bike O   O   O  and a line with 
triangles if you walk     (see figures 1 and 2).  

 
3. If you usually take your children to preschool/school we ask you to 

indicate the location of the preschool/school with an S on the map 
(see figures 1 and 2). Exclude the time it takes to deliver the 
children from the travelling time. 

 
4. If you walk or bike along park alleys, in tunnels or along paths 

which are not shown on the map, we ask you to draw the route on 
the map as carefully as possible. 
 

5. If you have two places of work/study, we ask you to indicate the 
route to and from the place of work/study where you spend most of 
the time. If you work/study just as much in two or more places we 
ask you to indicate only the route to one of the places of 
work/study. 

 
The attached map has usually been taken from the phone book. If it 
does not make sense, you can either amend it, using the Yellow Pages 
map, or contact us (see below), and we will send you a new map. If you 
have questions, you are welcome to call 08-16 14 53 during daytime. 

 
Figure 1. Example of how to 
indicate a biking route on the 
map.  
 
 
 
 
 
 
Figure 2. Example of how to 
indicate a walking route on the 
map. 
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Questionnaire No 2 

about physical 
activity 

while commuting 
 



Translation from Swedish 

Survey directed to you who walk or cycle to your place of work/study 
 
 

Instructions for filling out this questionnaire  
 
Put a cross in the box to answer, like this . If you mark a wrong box by mistake, then fill 
the whole box with colour, like this  . Then put a cross in the correct box.  
 
 
 

Questions about travelling time and relation to other modes of transport  
 
 
 
1. At what time have you usually walked/cycled from your home to your place of 

work/study during the last two weeks?  
 

 Between 5.00 and 6.00 a.m. 
 Between 6.01 and 7.00 a.m. 
 Between 7.01 and 8.00 a.m. 
 Between 8.01 and 9.00 a.m. 
 Between 9.01 and 10.00 a.m. 
 Other time of the day ………. 

 
 
2. At what time have you usually walked/cycled from your place of work/study during 

the last two weeks?  
 

 Between 2.00 and 3.00 p.m. 
 Between 3.01 and 4.00 p.m. 
 Between 4.01 and 5.00 p.m. 
 Between 5.01 and 6.00 p.m. 
 Between 6.01 and 7.00 p.m. 

  Between 7.01 and 8.00 p.m. 
  Other time of the day ………. 

 
 
3. How long time would your journey to your place of work/study take if, instead, you 

would choose the fastest route by public transport at the corresponding time of the 
day?  

 
……… hours ……… minutes   Don’t know 

 
 
 
4. How long time would your journey to your place of work/study take if, instead, you 

would choose the fastest route by car at the corresponding time of the day?  
 

……… hours ……… minutes   Don’t know 



Translation from Swedish 

 

 
5. What mode of transport would you choose if you could not walk all the way to your 

place of work/study? 
 

 Car  
 Car, as passenger 
 Public transport 
 Moped 
 Motor bike 
 Bicycle  
 Combination of means of conveyance. Which ones?…………………….. 
 Other mode of conveyance: ……………………. 
 Don’t know 

 

 
6. What mode of transport would you choose if you could not cycle all the way to your 

place of work/study? 
 

 Car  
 Car, as passenger 
 Public transport 
 Moped 
 Motor bike 
 Walking   
 Combination of means of conveyance. Which ones?…………………….. 
 Other mode of conveyance: ……………………. 
 Don’t know 

 
 
7. Do you have a driving license for private car?  

 
 Yes     No   Don’t know 

 
 
 
8. Do you usually have access to a private car?  

 
 No  
 Yes, my own car  
 Yes, a car in my household   
 Yes, through a car pool  
 Yes, it is possible for me to share a car journey with somebody else´s car 
 Yes, several cars.  
 Don’t know 

 

This is a question for you who walk: 
 

This is a question for you who cycle: 
 
 



Translation from Swedish 

9.  Do you have access to a car parking place at your place of work/study?  
 

 No  
 Yes, free   
 Yes, subject to a fee   
 Don’t know 

 
 
10. What parking possibilities do you have near your home?  

 
 I have my own parking place  
 Very good  
 Rather good 
 Rather poor 
 Very poor  
 Don’t know 

 
 
11. Is parking free/subject to a fee near your home?  

For example, if it is free during the night and on weekends while it is subject to a fee 
in the daytime, tick “subject to a fee”.. 
 

 Free   
 Subject to a fee at certain times during the week.    
 Don’t know 

 
 
12. Have you had access to a travelcard for the local public transport during the last two 

weeks?   
By travelcard we mean a card which is valid for a year, a season, a school term or a month. 

 
 No  
 Yes, my own  
 Yes, borrowed 
 Don’t know 

 
 

Background questions  
 
 
13. Where did you mainly live during your childhood and youth?  
 

 Metropolitan area, including suburbs (e.g. Stockholm, Göteborg, Malmö) 
 Other city/town 
 Minor place  
 Rural area 
 Don’t know  

 
 
 



Translation from Swedish 

 
14. How did you in general get to school when you were around 12 years of age?  
 

 School bus/school taxi most of the way 
 I was taken there by car  
 I cycled a short route (1 kilometre or less) to school 
 I cycled a long way (more than 1 km) to school 
 I walked a short way (1 kilometre or less) to school  
 I walked a long way (more than 1 kilometre) to school 
 Other mode of conveyance 
 Don’t remember 

 
 
 
15. Did you in your spare time engage in sport during your childhood and/or youth?  

Mark one or more boxes!  
 

 No  
 Yes, in an athletics association and participated in competitions  
 Yes, in an athletics association, but did not participate in competitions 
 Yes, with friends and/or on my own  
 Yes, with my family  
 Don’t know 

 
 
 
16. Did you in your spare time engage in outdoor life during your childhood and/or 

youth?   
Mark one or more boxes! 

 
 No  
 Yes, outdoor life in an association  
 Yes, with friends and/or on my own 
 Yes, with my family 
 Don’t know 

 
 
 
17. Were you a member of an association dedicated to environmental issues during your 

childhood and/or youth?  
 

 Yes   No       Don’t know 
 
 
18. What was your last mark at school in physical education? 
 

Mark: ……………   Don’t know 



Translation from Swedish 

 
General questions 

 
 
19. What is your average income per month?  

By income we mean salary, wage, pension, renumeration, security, study allowances, 
income from self-employment. 

 
 No income at all 
 0-10 000 SEK 
 10 001 - 15 000 SEK 
 15 001 - 20 000 SEK 
 20 001 - 25 000 SEK 
 25 001 - 30 000 SEK 
 30 001 - 35 000 SEK 
 35 001 SEK or more 

 
 
20. What is your highest education level?  

Tick one box only! 
 

 Elementary school (Folkskola)  
 Compulsory school (nine years)  
 Compulsory special school (for the intellectually disabled)  
 Junior secondary school (Realskola)  
 Vocational school or equivalent   
 Two-year continuation school (Fackskola) 
 3-4 year upper secondary school  
 Adult education centre (Folkhögskola) 
 University or university college  
 Other education, namely  ………………..  
 Don’t know 

 
 

 
 

 
 
21. Who is your main employer?  
 

 Big private company 
 Small private company 
 Non-governmental organization/association 
 Governmental agency or department 
 Municipality 
 County council 
 Don’t know 

 
 
 

The following two questions are addressed to persons in work. If you are not working 
but studying etc, proceed directly to question No 23. 



Translation from Swedish 

22. In what professional branch are you occupied?  
Choose the best-fitting option. 

 
 Agriculture, hunting and forestry 
 Manufacturing industry  
 Electricity, gas, heat and water supply 
 Building and construction  
 Wholesale and retail 
 Accommodation and catering services  
 Transport, storage  
 Postal and telecommunication services 
 Financial and insurance activities 
 Real estate and letting of immovable property 
 Business services, e.g. computer services  
 Research & development 
 Public administration and defence  
 Education 
 Health service, social service, veterinary service 
 Other public and personal services, e.g. culture, religion, recreation, sports.  
 Other, namely ………………. 

 
 

 
23. What kind of dwelling do you live in?  
 

 Block of flats (rent) 
 Block of flats (cooperative) 
 Terraced house / detached house / single-family house (rent)  
 Terraced house / detached house / single-family house (own, cooperative) 
 Don’t know 

 
 
24. Do you share your dwelling with someone?  

I.e. with whom do you live during most of the week? You can tick several options!! 
 

 No 
 Yes, parents/siblings 
 Yes, spouse/cohab/partner 
 Yes, other adults 

 
 Yes, children, how many:…….  How old are they?  

Indicate numbers at each relevant age group: 
0-6 years         …..  
7-12 years         …..  
13-17 years        …..  
18 years or older ..... 

 
 
 
 



Translation from Swedish 

25. Did you or your parents immigrate to Sweden?  
You may indicate more than one option 
 

 No  
 Yes, myself from………………………….… 
 Yes, my mother from……………………….…..  
 Yes, my father from ……………………………… 
 Different option  …………………………… 
 Don’t know 

 
 
26. Are you a member of a sports association? 
 

 No  
 Yes, as leader 
 Yes, active, also in competitions 
 Yes, active in physical exercise 
 Yes, passive member 
 Don’t know 

 
 
27. Are you a member of an outdoor life association?  
 

 No  
 Yes, active member  
 Yes, passive member 
 Don’t know  

 
 
28. Are you a member of an association dedicated to environmental issues? 
 

 No  
 Yes, active member 
 Yes, passive member 
 Don’t know 

 
 

Questions about your state of health and your lifestyle  
 
 
29. How is your general state of physical health?   
 

 Very poor 
 Poor 
 Not very good 
 Acceptable 
 Rather good 
 Good 
 Very good 
 Don’t know 



Translation from Swedish 

30. How is your general state of mental health?  
 

 Very poor 
 Poor 
 Not very good 
 Acceptable 
 Rather good 
 Good 
 Very good 
 Don’t know 

 
 
31. Have you been sick leave during the last 12 months?  

Do not include nursing of children. 
 

 No   Yes, in all around………  days  Don’t know 
 
 
32. Do you smoke?  
 

 No  
 Yes, every day at least once  
 Yes, sometimes  
 Don’t know 

 
 
33. Do you have any medical/physical disability and/or asthma, allergic trouble 

preventing you from physical activity?  
 

 No   Yes, namely……………………………  Don’t know 
 
 
34. Are you interested in participating in the third stage of this enquiry?  

 
 Yes   No    Don’t know 

 
 

Question to you who have moved or changed place of work/study  
 
35. If you have a different route than the one you indicated on the map in September 

2004 and you still walk or cycle to your place of work/study, we ask you to 
indicate your new home address and the new address of your place of 
work/study.  

 
New home address:  New place of work/study: 
 
Street: ………………………….     ……………………………  

Postal code:   …………………….… …………………………… 

Place: ……………………………..... …………………………… 



Translation from Swedish 

 
Next, some questions will follow about how you perceive the environment in which you have 
walked or cycled on your way to your place of work/study during the last two weeks. Indicate 
your comprehensive impression during these weeks. We ask you to distinguish between 
experiences from the route passing through the inner city environment and through suburban 
environments, respectively (see Figure 1 below). Indicate experiences of the inner urban area 
on line 1 and of suburban areas on line 2, see the example in the box at the bottom of the 
page.  
 
 

 
Figure 1. In this context, the inner urban area comprises the areas inside 
the dashed line and the suburban areas comprise the rest of Stockholm      
county. E.g. The Old Town = inner urban area, Täby and Huddinge =     
suburban areas.  

 
How to answer the questions. 

 
Encircle the figure which corresponds best with your experience. If you make a mistake or 
change your mind, we ask you to put a cross over the wrong choice and a ring around the 
correct alternative. See the example. 
 
Inner urban:  Little  1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Much 
                                       
 

                                      Neither much  
         nor little 
 

Suburban:     Little   1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Much 
                                       

                                       Neither much  
          nor little 

 
If you cycle/walk in both the environments, you shall mark both lines. If you first cycle in    
the southern suburban areas, then pass through the inner city and finish the journey in the 
northern suburbs, please indicate an average value for the two suburban parts of the journey.      

Questions about your route  

KTH 
Gärdet 

Lill-Jans skogen Brunnsviken 

Solna 

Östermalm 

Kungsholmen 

Årsta 

Södermal
 

Liljeholmen 

Stora 
Essingen 

Bromm
 

Vasastan 

City 

Nacka 

 

The  
northern 
suburban 
areas 

The inner  
urban area 

The 
southern 
suburban 
areas 
 

 
 
 



Translation from Swedish 

 

 
All the questions below concern your comprehensive experience of your route as a cyclist to 
your place of work/study. Encircle the figure which corresponds best with your experience.  
 
 

 
36.   How do you experience the environment on the whole along the route?  
 
 
Inner urban:    Very   1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
                           bad                          good  

                                   Neither bad    
     nor good 

 
Suburban:        Very   1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
                           bad                          good 

               Neither bad    
     nor good 

 
 

 
 
 

37.  Do you think that, on the whole, the environment you cycle in stimulates/hinders     
  your commuting? 
 

 
Inner urban:  Hinders    1---2---3---4---5---6---7---8---9---10---11---12---13---14---15   Stimulates  
                       a lot                               a lot                 

                 Neither hinders  
      nor stimulates 

 
Suburban:     Hinders     1---2---3---4---5---6---7---8---9---10---11---12---13---14---15   Stimulates  
                        a lot                                                                                                                  a lot 
                                                                             Neither hinders  

            nor stimulates 
 
 
 
38.   How do you find the exhaust fume levels along your route? 

 
 
Inner urban:  Very   1---2---3---4---5---6---7---8---9---10---11---12---13---14---15  Very 
                         low           high 
                                         Neither low     

            nor high 
 
Suburban:       Very    1---2---3---4---5---6---7---8---9---10---11---12---13---14---15   Very 
                         low            high 
                                          Neither low     
                                                                                                                nor high  

Questions about the environments in which you have cycled 

 
 
 

 
 
 

 
 
 
 



Translation from Swedish 

 
 
 
39.  How do you find the noise levels along your route? 
 
 
Inner urban:   Very   1---2---3---4---5---6---7---8---9---10---11---12---13---14---15   Very 
                        low           high 
                                       Neither low       

           nor high    
 
Suburban:       Very   1---2---3---4---5---6---7---8---9---10---11---12---13---14---15   Very 
     low           high 
                                       Neither low       

           nor high    
 
 
 
 
 
 
 
40.  How do you find the flow of motor vehicles (number of cars) along your route? 
 
 
Inner urban:    Very    1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
     low             high 
                                         Neither low     

              nor high 
 
Suburban:       Very    1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
     low              high 
                                                                         Neither low     

              nor high 
 
 
 
 
 
 
 
41.  How do you find the speeds of motor vehicles (taxis, lorries, ordinary cars, buses) 
along your route? 
 
Inner urban:     Very   1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
      low               high 
                              Neither low      

              nor high 
 
Suburban:        Very    1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
      low                high 
                                        Neither low       
                                                                                                                 nor high 
 

 

 

 



Translation from Swedish 

 
38.  How do you find other cyclists’ speeds along your route? 

 
 
Inner urban:   Very   1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
    low            high 
                            Neither low      

            nor high 
 
Suburban:      Very    1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
    low              high 
                                       Neither low 
                                                                                                               nor high       
 
 
 
 
 
 
 

 
39.  How do you as a cyclist find the congestion levels in mixed traffic, caused by all   

   types of vehicles, along your route? 
 

 
Inner urban:   Very   1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
    low             high 
                            Neither low      

           nor high 
 
Suburban:       Very    1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
    low              high 
            Neither low      

            nor high 
 
 
 
 
 

 
40.  How do you find the congestion levels caused by the number of cyclists on the  

  cycle paths/cycle lanes along your route?  
 

 
Inner urban:   Very   1---2---3---4---5---6---7---8---9---10---11---12---13---14---15   Very 
    low           high 
                            Neither low      

            nor high 
 
Suburban:      Very    1---2---3---4---5---6---7---8---9---10---11---12---13---14---15  Very 
    low            high 
            Neither low       
                                                                                                              nor high 
 
 

 

 

 



Translation from Swedish 

 
41.  How do you find the occurrence of conflicts between you as a cyclist and other        

  road users (including pedestrians) along your route? 
 

 
Inner urban:   Very   1---2---3---4---5---6---7---8---9---10---11---12---13---14---15   Very 
     low           high 
                             Neither low      

            nor high 
 
Suburban:       Very   1---2---3---4---5---6---7---8---9---10---11---12---13---14---15   Very 
     low             high 
            Neither low      

             nor high 
 
 
 
 
 
 
 

 
42.  About how large part of your route consists of cycle paths/cycle lanes/cycle roads    

   separated from motor-car traffic?  Encircle the approximate share. 
 

 
Inner urban:     0 % ----10----20----30----40----50----60----70----80----90----100 % 
 
 
Suburban:         0 % ----10----20----30----40----50----60----70----80----90----100 % 
 
 
 
 
 
 
 
 
 
42.  How unsafe/safe do you feel in traffic as a cyclist along your route? 

 
 
Inner urban:    Very    1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
    unsafe              safe 
                        Neither unsafe        

               nor safe                           
 
Suburban:        Very    1---2---3---4---5---6---7---8---9---10---11---12---13---14---15   Very 
                        unsafe             safe 
                       Neither unsafe        
                   nor safe         
                    
 

 

 

 



Translation from Swedish 

 
 
43. How do you find the availability of greenery (natural areas, parks, planted items, 

trees) along your route?   
 

  
Inner urban:   Very   1---2---3---4---5---6---7---8---9---10---11---12---13---14---15     Very 
     low              high 
                            Neither low      

           nor high 
 
Suburban:      Very    1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
    low              high 
           Neither low      
                                                                                                              nor high 
 
 
 
 
 
 
44. How ugly/beautiful do you find the surroundings along your route? 
 
 
Inner urban:   Very   1---2---3---4---5---6---7---8---9---10---11---12---13---14---15       Very 
    ugly            beautiful 
                            Neither ugly      

         nor beautiful 
 
Suburban:      Very    1---2---3---4---5---6---7---8---9---10---11---12---13---14---15      Very 
    ugly             beautiful 
           Neither ugly      
                                                                                                           nor beautiful 
 
 
 
 
 
45. To what extent do you feel that your cycle trip is made more difficult by the course of 

the route? For example a course with many sharp turns, detours, changes in directions, 
side changeovers etc.   

 
 

Inner urban:   Very   1---2---3---4---5---6---7---8---9---10---11---12---13---14---15      Very 
    little              much 
                            Neither little      

           nor much 
 
Suburban:       Very   1---2---3---4---5---6---7---8---9---10---11---12---13---14---15      Very 
    little               much 
           Neither little      

                                                                                                    nor much 
 
 

 

 
 
 

   



Translation from Swedish 

 
 

46.  To what extent do you feel that your cycle trip is made more difficult by hilliness?  
  Base this on the route to and from the place of work/study.  

 
 
Inner urban:   Very   1---2---3---4---5---6---7---8---9---10---11---12---13---14---15   Very 
    little           much 
                            Neither little      

           nor much 
 
Suburban:       Very   1---2---3---4---5---6---7---8---9---10---11---12---13---14---15   Very 
    little            much 
           Neither little      

                                                                                                    nor much 
 
 
 
 
 
47.  To what extent do you feel that progress in traffic is worsened by the number             
       of red lights during your trip to your place of work/study?  

 
 
Inner urban:   Very    1---2---3---4---5---6---7---8---9---10---11---12---13---14---15   Very 
    little            much 
                             Neither little      

            nor much 
 
Suburban:       Very    1---2---3---4---5---6---7---8---9---10---11---12---13---14---15   Very 
    little             much 
            Neither little      

                                                                                                      nor much 
 
 
 
 
 
48.  How short/long do you experience your route to be? 
 
 
Inner urban:   Very   1---2---3---4---5---6---7---8---9---10---11---12---13---14---15   Very 
    short           long 
                            Neither short      

            nor long 
 
Suburban:       Very   1---2---3---4---5---6---7---8---9---10---11---12---13---14---15   Very 
    short             long 
           Neither short      

                                                                                                     nor long 
 
 
 
 

 
 
 

 
 
 

 
 
 



Translation from Swedish 

All the following questions refer to your comprehensive experience as pedestrian of your 
route to your place of work/study. Circle the figure that matches your experience.   
 
 
 

 
49.  How do you experience the environment on the whole along the route?  
 
Inner urban:      Very   1---2---3---4---5---6---7---8---9---10---11---12---13---14---15     Very 
                             bad                             good  

                 Neither bad    
        nor good 

 
Suburban:          Very   1---2---3---4---5---6---7---8---9---10---11---12---13---14---15     Very 
                             Bad                             good 

                  Neither bad    
        nor good 

 
 

 
 
 

50.  Do you think that, on the whole, the environment you walk in stimulates/hinders 
your commuting? 

 
 
Inner urban: Hinders     1---2---3---4---5---6---7---8---9---10---11---12---13---14---15   Stimulates 
                       a lot                              a lot                    

                 Neither hinders  
      nor stimulates 

 
Suburban:     Hinders     1---2---3---4---5---6---7---8---9---10---11---12---13---14---15   Stimulates  
                        a lot                                                                                                                 a lot                       

                  Neither hinders  
                                                                              nor stimulates  
 
 
 
 
 
51.  How do you find the exhaust fume levels along your route? 

 
 
Inner urban:  Very   1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
                       low           high 
                                      Neither low     

         nor high 
 
Suburbs:        Very   1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
                       low           high 
                                       Neither low     
         nor high  
 

 

Questions about the environments in which you have walked 

 
 
 
 

 
 
 

 
 
 
 



Translation from Swedish 

 
 
 

51.  How do you find the noise levels along your route? 
 
 
Inner urban:   Very   1---2---3---4---5---6---7---8---9---10---11---12---13---14---15   Very 
                        low           high 
                                       Neither low       

           nor high    
 
Suburban:      Very    1---2---3---4---5---6---7---8---9---10---11---12---13---14---15   Very 
    low            high 
                                       Neither low       

           nor high    
 
 
 
 
 
 
 
52.  How do you find the flow of motor vehicles (number of cars) along your route? 
 
 
Inner urban:    Very   1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
     low              high 
                                        Neither low     

            nor high 
 
Suburban:       Very    1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
     low              high 
                                                                         Neither low     

              nor high 
 
 
 
 
 
 
53.   How do you find the speeds of motor vehicles (taxis, lorries, ordinary cars, buses)    

   along your route? 
 

 
Inner urban:   Very    1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
    low              high 
                            Neither low      

           nor high 
 
Suburban:      Very     1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
    low               high 
                                       Neither low       
                                                                                                              nor high 
 

 
 
 

 
 
 
 
 

 
 



Translation from Swedish 

 
60.   How do you find the congestion levels caused by the number of pedestrians along  
        your route? 
  
 
Inner urban:   Very   1---2---3---4---5---6---7---8---9---10---11---12---13---14---15     Very 
    low             high 
                            Neither low      

           nor high 
 

 
Suburban:      Very    1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
    low              high 
           Neither low      

           nor high 
 
        
       
 
 
 
 
61.   How do you find the occurrence of conflicts between you as a pedestrian and other  
        road users (including pedestrians) along your route? 

 
 
Inner urban:   Very    1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
    low             high 
                             Neither low      

             nor high 
 
Suburban:       Very    1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
    low               high 
             Neither low      

              nor high 
 
 
 
 
 
62.   How unsafe/safe do you feel in traffic as a pedestrian along your route? 

 
 
Inner urban:    Very    1---2---3---4---5---6---7---8---9---10---11---12---13---14---15   Very 
    unsafe              safe 
                        Neither unsafe        

               nor safe                           
 
Suburban:       Very    1---2---3---4---5---6---7---8---9---10---11---12---13---14---15   Very 
                       unsafe             safe 
                       Neither unsafe         
 
                 nor safe                            
 
 

 
 
 

 
 
 

 
 



Translation from Swedish 

 
 
63.  How do you find the availability of greenery (natural areas, parks, planted items,  
       trees) along your route?   
  
Inner urban:   Very    1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
     low             high 
                             Neither low      

             nor high 
 
Suburban:      Very     1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
    low              high 
            Neither low      
                                                                                                               nor high 
 
 
 
 
 
 
 
 
 
64.  How ugly/beautiful do you find the surroundings along your route? 
 
Inner urban:     Very   1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
      ugly            beautiful 
                              Neither ugly      

            nor beautiful 
 
Suburban:         Very   1---2---3---4---5---6---7---8---9---10---11---12---13---14---15   Very 
      ugly             beautiful 
               Neither ugly      
                                                                                                                nor beautiful 
 
 
 
 
 
 
65.   To what extent do you feel that your walking trip is made more difficult by the  
        course of the route? For example a course with many sharp turns, detours,              
        changes in directions, side changeovers etc.   
 
Inner urban:    Very    1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
     little             much 
                             Neither little      

            nor much 
 
Suburban:        Very    1---2---3---4---5---6---7---8---9---10---11---12---13---14---15   Very 
     little               much 
            Neither little      

                                                                                                      nor much 
 

 
 
 

 
 
 

 
 
 



Translation from Swedish 

 
 
66.  To what extent do you feel that your walking trip is made more difficult by  
       hilliness?  Base this on the route to and from the place of work/study.  
 
 
Inner urban:    Very    1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
     little              much 
                             Neither little      

            nor much 
 
Suburban:       Very     1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
    little               much 
             Neither little      

                                                                                                      nor much 
 
 
 
 
 
 
67.  To what extent do you feel that progress in traffic is worsened by the number of red  
       lights during your trip to your place of work/study?  

 
 
Inner urban:   Very    1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
    little             much 
                             Neither little       

            nor much 
 
Suburban:      Very     1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
    little               much 
           Neither little      

                                                                                                     nor much 
 
 
 
 
 
 
 
68.  How short/long do you experience your route to be? 
 
 
Inner urban:   Very    1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
    short              long 
                            Neither short      

           nor long 
 
Suburban:       Very    1---2---3---4---5---6---7---8---9---10---11---12---13---14---15    Very 
    short               long 
           Neither short      

                                                                                                     nor long 
 

 
 
 

 
 
 

 
 



Translation from Swedish 

 
69.  If you want to comment upon this survey and its questions you are welcome to write 
down your views here and, if you need, continue on the back page.  
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________ 
 
 
 
 

Thanks a lot for your help! 
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