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Abstract  

Physical activity outdoors is essential for healthy aging (UN, 2020). In this paper we study which 
characteristics of urban sidewalks are most influential in stimulating walking outdoors at older age, 
especially for people facing mobility impairments. We run a stated choice experiment, in which 400 
participants in the age of 65 to 85 repeatedly select between walking along various offered routes or 
staying home. Walking routes differ on walking time, comfort (path width, pavement type, presence of 
benches) and enjoyment (greenness of the landscape). We also vary the purpose of being outside:  
utilitarian or leisure. Using various model specifications, we find the probability of leaving home for a 
walk for mobility impaired seniors to be around 50%, against 80% for a more healthy peer. Further, once 
outside, mobility impaired people walk only half as long as non-mobility impaired older persons. Our 
results suggest that the most effective way to reduce this gap in willingness-to-walk is invest in benches. 
Benches along the route raise the probability of going outdoors for mobility impaired from 50% to 60% 
and also increase the time spent walking with up to three times. Green along the route also strongly 
boosts the time spent walking, although this holds equally for the healthy and mobility impaired 
participants. We illustrate how obtained insights can be used in practical urban design to improve public 
spaces around senior homes.  
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1 Introduction 

Physical activity outdoors is essential for healthy aging. It helps prevent various diseases and leads to a 
higher quality of life for an individual and to lower health care costs for the society.1 A small literature 
on the determinants of the physical activity for seniors looks into the importance of the socio-
economic status (e.g. Boyd et al., 2018), the effectiveness of various social and smart technology 
interventions (e.g. Sipila et al., 2018), the role of the built environment in cities (see Clarke and 
Twardzik, 2021, for an overview) and last but not least the health limitations elderly face. A 
combination of the latter two themes forms the topic of this paper. We design and run a stated choice 
experiment in the Netherlands to examine how modern European cities can best shape their sidewalks 
to facilitate old people with mobility limitations to walk more outside.  

Existing literature reports positive correlations between the higher quality of the physical environment 
in the neighbourhood (e.g. availability of walking paths, parks and benches) and a higher level of 
physical activity of the inhabitants, see e.g. Clarke and Twardzik (2021) for an extensive overview. 
However, it leaves two challenges unresolved. First, there may be reverse causality: those who like 
physical activity may self-select near the high quality public spaces where exercise is possible. Second, 
there is little attention to heterogeneity among the seniors, especially in terms of physical impairments 
that may substantially complicate and discourage mobility by foot. Our paper aims to tackle these two 
challenges.  

We focus on walking - the most common type of outdoor activity, performing which only requires 
leaving the home. Still, a combination of physical limitations (like e.g. arthritis) and specific elements of 
the built environment (e.g. stairs on the path) can make walking outside almost prohibitive. We aim to 
figure out how much different route characteristics increase respectively decrease the willingness to 
walk for mobility impaired seniors. We develop and run a stated choice experiment with 400 
participants in the age of 65 to 85 in the Netherlands. Participants are asked to repeatedly select 
between walking along offered routes that vary on a number of design characteristics, or staying 
home. The willingness to walk is measured in terms of the frequency and the length of walking events. 
In line with Gehl (1987), two motives for walking are included in the experiment: utilitarian (framed as 
a walk to the supermarket) and leisure (framed as a recreative walk).  

Walking route designs in the experiment are inspired by a combination of insights from (i) urban 
design research; (ii) elderly health and mobility research; (iii) the common street design in Dutch cities 
where the experiment was run. Early papers in urban design distinguish three main qualities for the 
sidewalks (see e.g. Gehl, 1987): protection (against accidents, harm and unpleasant experiences); 
comfort (options for mobility, seating, standing, etc.); enjoyment (sensory experiences and human 
scale). All three have health-related benefits as they increase the frequency and length of going 
outdoor. Enjoyment (restorativeness) also may have additional health benefits through stress 
reduction and a greater ability to face problems (e.g. Ulrich et al., 1991). In our experiment, we 
compare the relative importance of comfort and enjoyment, given a sufficient level of protection. 
Comfort is framed using three attributes: width of the sidewalk, type of pavement, presence of 
benches. Enjoyment is framed using the greenness of the surroundings (no green, some green, all 
green). To make the alternative routes concrete for the respondents, the routes are visualized through 

 
1 In a cohort study, Heron et al. (2022) finds 14% lower health care costs for adults with highest physical activity, 
as compared the lowest group.  



3 
 

manipulated photographs based on a common view of a street in a Dutch city (similar to Van Hecke et 
al., 2018). Last but not least, offered routes differ in terms of walking time, allowing to calculate 
precisely how much the frequency and the length of walking increases following a change in the 
sidewalk design.  

We frame the experiment in such a way as to allow to distinguish between the utilitarian and the 
leisure walking goals as the importance of sidewalk design may differ between the two. Further, we 
use two alternative model specifications to describe the decision about the frequency and length of 
walking: a discrete choice (logit) and a continuous censored (tobit) model. Both yield rather similar 
results, supporting our conclusions. 

In the experiment, we find the probability of leaving home for a walk for mobility impaired seniors to be 
around 50%, against 80% for non-mobility-limited peers. Also the length of the walk for mobility 
impaired is on average only half as long as for the more healthy peers. We find that inclusive street 
design can reduce this gap, with the most effective solution being benches. Benches along the route 
raise the probability of going outdoors for mobility impaired from 50% to 60% and at the same time 
increase the time spent walking with up to three times. Restorative greenness also strongly boosts the 
time spent walking, however this feature increases the walking frequency and length equally for people 
with and without mobility problems. We illustrate how obtained insights can be used in practical urban 
design to improve public spaces and walking routes around senior homes.  

Our paper is connected to several streams of literature. A fairly large literature examines the relationship 
between public space design on the one hand, and activity and exercise levels of older people, on the 
other hand. Early observational work by Jacobs (1961) and Gehl (1987) distinguished a number of 
attractive qualities of sidewalks that stimulate walking: sufficient width to accommodate people with 
different speeds, lack of obstacles, clear delineation from transport, as well as rails, benches and green 
along the route. Later papers (Sugiyama et al., 2009, Schipperijn et al., 2013, Hirsch et al., 2014, Zhai and 
Baran, 2017, Boyd et al., 2018, Chang, 2020, Zhai and al., 2020, Veitch et al., 2022) used quality-of-life 
surveys to formally derive correlations between the quality of the built environment in the 
neighbourhood and the physical activity of older people. Positive correlations with outdoor physical 
activity have been documented for (the list is not exhaustive): better quality of paths; directness of 
routes offered; variety and attractiveness of views and natural elements along the route; facilities as 
benches and toilets on the route; low levels of vehicular traffic; ease of street crossings and absence of 
steps on the main walking route. Recent papers exploit new smart techniques to study the topic: text 
mining and social media (Li and Xiao, 2021, Donahue et al., 2018); sensors and GPS to track activity (Zhai 
et al., 2021); a combination of revealed (records about the actually walked routes) and stated (giving 
street links a score) preferences (Borst et al., 2008, 2009, Van Couwenberg, 2014). These papers add 
new insights, e.g. about the importance of signing respectively air quality. Most studies discussed above 
face however the challenge of self-selection: it is not clear whether higher physical activity causally 
follows from the better quality of the environment. An opposite causality may just as well be possible: 
people that tend to exercise more, self-select into neighbourhoods with better quality public spaces.2  
 

 
2 Hirsch et al. (2014) tried to tackle this problem, following those old people who moved and comparing the 
walking intensity before and after moving. Although the approach allows to control for time-invariant individual 
characteristics, it does not fully resolve the self-selection and reverse causality problem. 
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A smaller body of literature aims to solve the discussed challenge by using stated choice experiments 
and deriving from them the willingness of older people to visit public spaces, mostly parks.3 
Experiments allow to independently vary the attributes of the public spaces. A pioneer paper of 
Aspinall et al. (2010) asks respondents to choose which park in their proximity they would prefer, 
whereby the park alternatives vary on a large number of characteristics. Lack of nuisance, park 
upkeep, (sport) facilities and sights to watch are documented as most important attributes for the 
seniors, while walking time surprisingly appears to be of little importance.4 Van Hecke et al. (2018) 
improves on the methodology, describing parks attributes not by means of a text, but with the help of 
manipulated photographs. Respondents have to answer the question to which of two offered parks, 
both in the proximity of a house,  they would go. While providing useful information on the valuation 
of different attributes of public spaces, the discussed studies do not quantify the effect of public space 
design on the frequency and length of walking, in which our paper is interested. Further, they mostly 
focus on parks and offer very few insights about sidewalks. This is unfortunate as sidewalks are the 
foremost public space type seniors experience when leaving home. Finally, insights about the needs of 
mobility impaired are limited. Our paper aims to fill these knowledge gaps. 
 
Finally, our study is related to papers that study the determinants of outdoor activities for older and 
physically impaired people. Moreira et al. (2020) and Hill and Heesch (2018) find prevalence of 
insufficient physical activity for the mobility impaired. Moura et al. (2017) use a participatory Delphi 
method to examine requirements different groups of people put on sidewalks. They show that seniors 
and people with impaired mobility find comfort (sidewalk width, pavement) much more important 
than an average respondent. An overview article by Zhang et al. (2017) concludes that more studies 
are needed that focus specifically on evidence-based health design for people with mobility 
impairments. Our paper gives quantitative  insights into how much urban design of walking routes can 
encourage or discourage walking and compare the relative importance of comfort and enjoyment 
attributes.  

There are two reasons why our results are of special interest for practitioners developing senior 
policies. First, populations around the world are ageing at a fast pace (UN, 2019b) and various 
countries make arrangements to stimulate older people to live independently at home for as long as 
possible (Mosca et al., 2017). According to the UN (2020), senior-friendly physical environments and 
public spaces are amongst the most important determinants of healthy aging and independent living. 
We show how walking routes can enable older people to continue with or even increase their outdoor 
activities thus supporting a higher quality of life and better health. Second, our study contributes to 
solving the trade-off between standardization and customization that developers might face (see 
Hofman et al., 2006). In a policy section we show how our results can be applied to evaluating the 
quality of existing routes surrounding senior homes, and optimally selecting the interventions that will 
maximally stimulate the physical activity of older people, while meeting other (e.g. financial) 
restrictions.  

The rest of the paper is organized as follows. Section 2 gives the institutional context of age-inclusive 
public spaces in the Netherlands. Section 3 deals with the experimental design and the data. Section 4 
introduces theoretical framework. Section 5 reports the results and Section 6 discusses the 

 
3 There are also such studies for other groups, e.g. Veitch et al. (2016) for adolescents. 
4 Possibly this has to do with the fact that all alternatives concerned parks in the proximity. 
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development of a practical toolbox to evaluate the quality of existing routes surrounding senior 
homes. Section 7 concludes. 

2 Age- and impairment-inclusive sidewalks in the Netherlands: policies and experiences  

One fifth of the people beyond 55 years old in the Netherlands experiences a physical impairment 
(RIVM, 2015).5 These impairments considerably reduce the intensity of (mild) physical exercise people 
perform. Thus, out of healthy 55+ individuals, 80% perform mild physical activity for 30 minutes during 
5 or more days per week.6 For people with mobility impairments, this percentage is only half as large: 
40% (RIVM, 2015). As walking is the first and foremost example of a mild physical exercise, various 
cities develop policies to facilitate and stimulate walking for physically impaired.7 Below we discuss 
policy initiatives set in several larger Dutch cities, and confront these to the current walking 
experiences of older people. Together with the insights from the literature (see Introduction), this 
information will be used to shape the stated choice experiment in the next section.  

Urban public spaces belong to the policy domain of local authorities (municipalities). As a result cities 
have their discretion in organizing the public space. However, in the Netherlands, many municipalities 
follow the recommendations of the Knowledge Centre Building Advice Accessibility that was set up in 
1998. The Centre’s efforts to making the public spaces well-accessible for people with physical 
impairments, resulted among other things in a 40 pages thick brochure with accessibility criteria for 
sidewalks (BAT, 2020). Many of these criteria can be found back in urban policies.  

For example, the largest Dutch city Amsterdam (1 mln inhabitants) aims at giving each neighbourhood 
a single walking route suitable for the elderly (Municipality Amsterdam, 2016). These routes should 
lead along the main functions, such as facilities, squares and parks. They aim to be inclusive: wide and 
obstacle-free pavements, support and resting points (benches or handrails), raised crossings to slow 
down traffic, no car or cycle parking immediately adjacent to major intersections, good lighting. The 
second largest city Rotterdam (0.6 mln inhabitants) has guidelines for inclusive public spaces aiming to 
make the city more accessible for seniors and other vulnerable groups (Municipality of Rotterdam, 
2021). The guidelines include: 1.80 meters wide pavements, high bench frequency, intensive 
maintenance, recognizable routes. Middle-large city Tilburg (0.2 mln inhabitants) in its program 
Healthy and Happy Ageing (GGoud, 2020) focusses on the accessibility of sidewalks and other public 
spaces: rest areas on important walking routes, toilet facilities, accessible amenities and a layout that 
facilitates spontaneous meetings. Smaller local solutions can be found in other cities: a green climate 
adaptive route in one of the neighbourhoods of Sittard-Geleen (90 mln inhabitants); strategically and 
frequently located resting points in a number of neighborhoods of Groningen (200 thousand 
inhabitants).8 All discussed solutions aim at facilitating the walking of older and physically impaired 
people.  

To get a first impression about which of these (and other) attributes of walking routes are most pivotal 
for the older people, we set up observational research on walking habits of the older people in the 
second largest city of the Netherlands, Rotterdam.9 Six groups of students of the Educational Track 

 
5 There is no detailed information about age segments within the 55+ group, but one can expect that the share 
increases with age. 
6 This is the Dutch norm of healthy exercise. 
7 In the Netherlands,  
8 Both are being realized with the support of a prize program Who cares, initiated in 2018 by the office of the 
State Architect of the Netherlands. 
9 See Ossokina and Jurgenhake, 2021. 
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Architecture of the Delft University of Technology did observational research in six different 
neighbourhoods of the city during early 2020 (just before the large scale covid breakout). Defining a 
study area as a circle of 500 /700 meter with in its centre a senior housing flat, students joined older 
people on their daily walk, and took observational interviews. Seniors with and without walking aids 
were targeted, resulting in some 18 interviews in total.  

Based on these observational interviews, walking to the grocery turns to be the most frequent outside 
activity performed, especially for less mobile people. The goal of this walking is however frequently 
twofold: doing groceries and having physical exercise. As a result, the elderly do not necessarily take 
the shortest route. A longer route through pleasant surroundings (a park) is frequently preferred. The 
main walking obstacles (physically impaired) seniors mention, include: obstacles on the road, bad 
pavement quality, lack of pavement on parts of the route, absence of benches to rest on. These 
insights support the importance of the criteria that cities aim at when designing inclusive sidewalks 
and walking routes. Furthermore, it is remarkable that older people themselves see walking to the 
grocery as a possibility for a physical exercise, thus combining the utilitarian and the leisure goals. 
Inclusive and attractive routes are therefore likely to influence the willingness-to-walk and the length 
of walking for (physically impaired) elderly. In the next section, we design a stated choice experiment 
to study which attributes of walking routes are most effective in facilitating and stimulating walking.  

 

3 Experimental design and data 

3.1 Experiment setup and hypotheses 

We set up a stated choice experiment to study how sidewalk characteristics in the direct proximity of a 
dwelling affect older people’s decisions on: whether to go for a walk; which of several available 
walking routes to take; how long to walk given route characteristics. Following Gehl (1987) and the 
insights from observational interviews, we specify in the experiment two different walking goals, for 
which the willingness to walk may differ. The first is utilitarian (a task which needs to be done), the 
second is walking for leisure. The goals are operationalized as: a walk to the supermarket respectively 
a recreational stroll.  

Given the walking goal, participants are asked to choose from alternative walking routes, that vary on 
a number of route attributes; they also may choose for staying at home. Particular focus in our 
research lies on older people facing mobility impairments, for whom the importance of inclusive 
walking route design may be especially high. Walking route attributes and levels are based on the 
insights from the literature and the observational research reported in the previous section. The 
attribute-level combinations are reported in Table 1 and include: (i) level of green (residential 
neighbourhood without green or residential neighbourhood with some trees or green open space); (ii) 
type of sidewalk pavement (tiles or asphalt); (iii) sidewalk width (narrow or broad); (iv) availability of 
benches along the sidewalk (yes or no); (v) walking time (5 or 15 minutes for the supermarket; between 
0 and 60 minutes for a recreational stroll);   

The walking time (attribute v) is a crucial metric that will be used in the analysis to derive how the 
sidewalk characteristics affect the frequency and length of walking for older people. Other four 
attributes reflect the two main qualities for the sidewalks, summarized by Gehl (1987) as enjoyment 
(sensory experiences and human scale) and comfort (options for mobility, seating, standing, etc.) We 
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operationalize enjoyment in terms of the scenery of surroundings, that differ in three levels of 
greenness. Based on a large literature describing the importance of urban green for wellbeing, physical 
activity, stress reduction, etc., we expect that greener surroundings stimulate longer walking. 
However, no specific hypothesis is formulated in advance about whether the effect differs for the 
mobility impaired old people. Comfort is operationalized through binary attributes (ii) to (iv) reflecting 
the quality of the path and availability of seating. First of all, uneven pavement may increase the 
probability of trips and falls, more so for people with mobility restrictions. This feature is 
operationalized by varying the path material. Tile and asphalt are most used materials for pavements 
in many European cities. Tiles, as opposite to asphalt, create an uneven, not smooth surface. Further, a 
broader sidewalk likely increases the walking comfort of older and physically impaired. Their walking 
speed is much lower than that of the average person (Bollard & Fleming, 2013) and a broader 
sidewalk facilitates people taking each other in easily. We specify a narrow sidewalk of 0.9 metre 
and a broader sidewalk of 1.5 metre. Finally, benches may be a crucial attribute for those unable to 
walk long without taking a rest. We hypothesize thus that comfort attributes will have a relatively 
higher effect on the walking frequency and length of the mobility restricted older people in 
general but also relative compared to the enjoyment attributes. We aim at quantify these effects in 
terms of extra walking time people are willing to spend dependent on the sidewalk characteristics. 

Table 1 Attributes and levels in the experiment 

Attribute Level 0 Level 1 Level -1 
Enjoyment attributes    
Scenery Residential neighbourhood, 

some green 
Green surroundings (park) Residential neighbourhood, 

no green  
Comfort attributes    
Pavement type Tiles Asphalt - 
Pavement width Small  Wide - 
Benches on the route No bench  Benches on route - 
    
Exact length of route 
utilitarian walking(a) 
 

5 minutes 15 minutes - 

(a) For recreational walking, the length of route took the values between 0 and 60 or more minutes, see section 3.3 
for the explanation of the choice task. 

3.2 Visualizations and fractional factorial design 

In order to make the choice alternatives concrete for the respondents and to ensure an unambiguous 
interpretation of the attributes, the alternative sidewalks were visualized. This was done by taking 
photographs of a typical Dutch street in a way that these clearly depict the four attributes 
corresponding to enjoyment and comfort, and manipulating the photographs to include the required 
variation in the levels as presented in Table 1 (the method is similar to Van Hecke et al., 2018). The 
walking time was printed on the photograph, and the route design attributes were also described in a 
short text below.  

The total number of possible alternatives in this experiment amounts to 48 (four attributes with two 
levels and one attribute with three). To increase the efficiency, we use an orthogonal and balanced 
fractional factorial design (Hensher et al., 2015), reducing the number of alternative profiles to 8. 
Figure 1 illustrates the resulting visualizations. 

 



8 
 

 

Figure 1 Visualizations 
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3.3 Administration of the experiment  

The experiment took place in the fall of 2021 through an online tool Limesurvey. The respondents 
were recruited through a large national Dutch online panel Panelclix. The targeted sample involved 
people aged 65-85 living in urbanized areas of the country.10 The sample was stratified to ensure that 
the age groups 65-75 and 75-85 were equally represented. People in the sample got an invitation with 
a link to the tool and a request to participate in a research of the universities of Eindhoven and Delft in 
order to help design daily walking routes for the people having walking difficulties.  

When entering the online tool, respondents were asked to indicate how often they have walked 
outside in the last two weeks. Only those who have walked at least once – and thus can be expected to 
evaluate the walking routes in the experiment based on own recent walking experiences – could 
proceed. Further we asked participants to use a computer or a tablet, in order to see the visuals in 
detail. The experiment consisted of two main sections. In the first section respondents were asked to 
provide data about their individual and household socio-economic characteristics, answer questions 
about subjective wellbeing and loneliness, and indicate whether they face physical impairments that 
complicate walking. In the second section, respondents got explanation about the choice tasks and 
were presented with five of these.  

Figure 2 gives an example of a choice task. To process different walking goals (utilitarian and leisure), 
each choice task included two distinctive choices. First, respondents were told they need to do grocery 
shopping, while not having access to a car or a bicycle. The weather is good, no wind or rain and the 
temperature is comfortable, so walking to the supermarket is feasible. Participants were asked to 
choose between three options: two alternative visualized routes to the supermarket from Figure 1 and 
the outside option described as: not to walk and have groceries delivered for €2.50. (Figure 2 upper 
panel contains a print screen). After having made a decision, respondents were offered a second 
question about the same two visualized routes. Now they did not need groceries, so they were asked 
to indicate for each route if they like to stroll along it and if yes, for how long at most. There were five 
possible answers: ‘no’; 15 minutes at most; 30 minutes at most; 45 minutes at most; and 60 or more 
minutes at most. (See Figure 2 lower panel) 

 
10 These are cities and towns classified by Statistics Netherlands as: moderately urbanized (1000 to 1500 
addresses per km2), strongly urbanized (1500 to 2000 addresses per km2) and very strongly urbanized (2000 to 
2500 addresses per km2). We intentionally did not include rural areas in the research because sidewalks there 
are less present. 
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Figure 2 Example of a choice task 

 Panel A. First choice 

 

 

Panel B. Second choice 

 

 

3.4 Data 

A sample of 415 respondents completed the experiment. We removed as outliers those who spent less 
than 10 minutes on the experiment, as well as respondents who indicated to use a wheelchair or a 
scooter when outside. The 10-minutes threshold was chosen to filter out respondents who did not 
take sufficient time to read the questions thoroughly. The wheelchair/scooter users can be expected 
to have different requirements to sidewalks than walkers, moreover, the number of these users in our 
data was very limited. After these corrections, 394 respondents were left. Table 2 reports the 
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descriptive characteristics of these people and their dwellings. The sample is representative for 
different regions and living environments of the Netherlands. Respondents live in 145 municipalities 
and 316 zip codes in different parts of the country, with half of these locations being very strongly 
urbanized and the other half strongly or moderately urbanized. The household composition, dwelling 
type distribution and share retired are comparable to the country’s elderly population statistics as 
reported by Statistics Netherlands; males are however overrepresented in our sample.11 

Table 2 Socio-economic characteristics of the study sample 

 Characteristic %  
Age  65-69 

70-74 
75+ 

27% 
25% 
48% 

Gender Male 
Female 

62% 
38% 

Urban area Very strongly urbanized  
Strongly urbanized  
Moderately urbanized  

24% 
49% 
27% 

Household Living Alone 
Living with Partner 
Household includes Child  

28% 
71% 
5% 

Dwelling type Rental  
Owner-occupied 

44% 
56% 

Education Low 
Middle  
High 

33% 
38% 
29% 

Retired12 Yes 93% 
 

Table 3 describes the sample in terms of mobility impairments and loneliness and life satisfaction. 13% 
of the respondents uses a walking aid, while 19% cannot walk more than 15 minutes without taking a 
rest. This is fairly in line with the national statistics stating that one fifth of the people beyond 55 years 
experiences a physical impairment (RIVM, 2015). Some 15% walks outside less than twice a week, the 
rest goes outside more frequently. The loneliness share in our sample is somewhat lower than the 
national statistics (ref).  

 

 
11 It is not possible to compare the sample to the population on education attainment, as educational statistics is 
often missing for older generations. Still, it is known that generally, in online experiments lower educated 
respondents are underrepresented. 
12 In the Netherlands, in 2021, the age of 67 was the average retirement age, so most respondents are retired. 
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Table 3 Physical impairments, loneliness and frequency of outside activities 

Mobility impairments   Loneliness and life satisfaction  
Walking aid Uses walking aid    

   Rollator 
   Walking stick 
   Walker    

13% 
6% 
6% 
1% 

 Satisfaction life Low (1-6) 
Average (7-8) 
High (9-10) 

11% 
71% 
16% 

Effort sit Some effort 
Without effort 

26% 
74% 

 Regular contact 
outside of 
household 

Yes 
Medium  
No 

79% 
13% 
8% 

Effort dwelling Some effort 
Without effort  

7% 
93% 

 I can turn to other 
people when 
needed 

Yes 
Medium  
No 

80% 
14% 
5% 

Max walking 
distance 
(without a 
break) 

Max 5 min  
Max 15 min 
Max 30 min  
Max 45 min 
More than 45 min  

5% 
14% 
13% 
11% 
57% 

 Regularly feel 
lonely  

Yes 
Medium  
No  

9% 
14% 
77% 

  Frequency outside activities   
Walking 
frequency  

Regularly (2 or more 
times per week) 
Seldom (less than 2 
times per week) 

85% 
 
15% 
 

    

 

4 Theoretical framework 

The setup of the experiment implies that the utilitarian and the leisure walking tasks produce different 
types of outcome data. For the utilitarian task - walk to the supermarket - we have a discrete outcome 
variable based on the three alternative choices: walking route 1, walking route 2 or staying at home. 
For the leisure walking task – recreational stroll – the outcome variable can be seen as censored 
continuous. The choices there include not willing to walk (left censoring at 0) or the number of 
minutes to walk, taking the values ‘maximum of 15 minutes’, ‘maximum of 30 minutes’, ‘maximum of 
45 minutes’, ‘maximum of 60 minutes or more’. 

To process the utilitarian task data, a random utility (logit) model will be used. To process the leisure 
task data, we will apply a tobit model. As will be shown later, both models produce results that are 
remarkably in line with each other, stressing the robustness of the obtained insights. The models are 
introduced below. 

4.1 Utilitarian walking: discrete choice model  

Taking as a starting point the random utility model (e.g. Ben-Akiva and Lerman, 1985), we assume that 
the utility of walking is a function of the attributes of the walking routes and a random component that 
captures the influence of unobserved factors. Further, we assume that the utility of staying at home and 
letting the groceries be delivered equals a constant plus a random component. We expect the constant 
to take a negative value reflecting e.g. the reluctance to pay the delivery fee and the belief that walking 
is good for health. However, for mobility impaired elderly, the constant may also take a positive value if 
nuisance connected to walking is high enough. When deciding whether to walk or not, the elderly 
compare the utility of different walking routes with each other and also with the utility of staying at 
home, and choose the alternative that generates the highest utility.  

Formally we write the choice the individual makes as a vector: x={m,j}. Here m can take two values: m=0 
indicates non-walking and m=1 indicates walking, while j∊ J is the set of possible walking route 



13 
 

alternatives. We assume that individual i makes her choice based on the maximization of the following 
utility.  

(1) 𝑈𝑈𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑚𝑚�∑ 𝐴𝐴𝑖𝑖𝑗𝑗𝛽𝛽𝑗𝑗𝑗𝑗=1..𝐾𝐾 + 𝜀𝜀𝑖𝑖1 + 𝜀𝜀𝑖𝑖1𝑖𝑖� + (1 −𝑚𝑚)[𝛼𝛼0 + 𝜀𝜀𝑖𝑖0]. 

where  

𝐴𝐴𝑖𝑖𝑗𝑗  is the value of attribute k of walking route j, 
𝛽𝛽𝑗𝑗  is the parameter indicating the utility weight of the attribute k, 
𝛼𝛼0 is the utility of not walking and letting the groceries be delivered, 
𝜀𝜀𝑖𝑖0, 𝜀𝜀𝑖𝑖1 and 𝜀𝜀𝑖𝑖1𝑖𝑖  are individual-specific error terms.   
 
Let us discuss the first term of equation (1) in more detail. We assume that the utilities of various walking 
routes share a common random utility component (𝜀𝜀𝑖𝑖1). If this component differs from zero, the utilities 
of different routes j will be mutually correlated. In this case, if adjustments are made to one of the routes 
j, this will have a larger effect on the probabilities of choosing for other routes than on the probability 
of choosing for non-walking.13 We believe that such a feature of the model captures the actual way 
decision-making takes place, and will also test it econometrically. 
 
To proceed further we need assumptions about the distribution of the error terms. For purposes of 
analytical tractability we choose for a logit specification of the model. The total errors of each of the J+1 

alternatives (so 𝜀𝜀𝑖𝑖0 as well 𝜀𝜀𝑖𝑖1 + 𝜀𝜀𝑖𝑖1𝑖𝑖) are assumed to be standard Gumbel distributed with variance 𝜋𝜋
2

6
.  

The alternative-specific error terms of the walking alternatives 𝜀𝜀𝑖𝑖1𝑖𝑖  are assumed to be Gumbel 

distributed with scale  1
𝜇𝜇

 and a variance 𝜇𝜇
2𝜋𝜋2

6
. These assumptions are in line with a nested logit structure 

of the model.14 
 
In line with the utility theory interpretation above, we expect 𝜇𝜇 ∈ (0,1] (see e.g. Ben-Akiva and Lerman, 
1985). If 𝜇𝜇 = 1, then the correlation between the utilities of the walking alternatives is zero, the 
Independence of Irrelevant Alternatives assumption holds and we cannot reject a multinominal logit 
structure of the model.  If 𝜇𝜇 < 1,  the assumption of the independence of irrelevant alternatives can be 
rejected and alternatives j in the walking nest m=1 are indeed mutually correlated. The value of 𝜇𝜇 will 
be determined empirically, together with the other parameters of the model. 

The coefficients in equation (1) can be estimated in a usual way by using Maximum Likelihood estimators 
(see Hensher et al., 2015). The predicted probabilities to choose one of the walking routes or the non-
walking alternative equals (see Ben-Akiva and Lerman, 1985, chapter 10.3): 

(2) 𝑃𝑃𝑖𝑖|𝑖𝑖=1 =  𝑒𝑒
1
𝜇𝜇∑ 𝐴𝐴𝑗𝑗𝑗𝑗𝛽𝛽𝑗𝑗𝑗𝑗=1..𝐾𝐾

∑ 𝑒𝑒
1
𝜇𝜇∑ 𝐴𝐴𝑙𝑙𝑗𝑗𝛽𝛽𝑗𝑗𝑗𝑗=1..𝐾𝐾

𝑙𝑙

 

 𝑃𝑃m=0    =  𝑒𝑒𝛼𝛼0

𝑒𝑒𝛼𝛼0+𝑒𝑒𝛾𝛾
,  where 𝛾𝛾 = 𝜇𝜇 ln[∑ 𝑒𝑒

1
𝜇𝜇∑ 𝐴𝐴𝑗𝑗𝑗𝑗𝛽𝛽𝑗𝑗𝑗𝑗=1..𝐾𝐾

𝑖𝑖 ] 

 𝑃𝑃m=1    = 1 − 𝑃𝑃m=0 

 𝑃𝑃𝑖𝑖          = 𝑃𝑃m=1 ∗ 𝑃𝑃𝑖𝑖|m=1 

 

 
13 In other words, the Irrelevance of Independent Alternatives assumption is relaxed. 
14 A similar error structure is used in Ossokina et al. (2021), applied to the choices of energy retrofitting packages. 
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More general assumptions about the distribution of the common random utility component (𝜀𝜀𝑖𝑖1) will 
result in a mixed logit specification. In the empirical part of the paper, we will test both specifications.  
 
Coefficients 𝛽𝛽𝑖𝑖 ∈ 𝛽𝛽 describe the relative importance individuals attach to the j-th element of the route 
𝑋𝑋ℎ. Let 𝛽𝛽0 be the coefficient by the walking time (length of the route measured in walking time). Then 
we can express the value of attribute j in minutes, as the willingness to walk additionally if a route has 
attribute j. 

(3)      𝑊𝑊𝑊𝑊𝑊𝑊𝑖𝑖 = 𝛽𝛽𝑖𝑖/ 𝛽𝛽0.  

The willingness-to-walk is a useful metric that allows to compare the importance of different attributes 
of the routes by expressing these in common terms. One can compare the willingness-to-walk we 
introduce here to the conventional willingness-to-pay indicator. 

 

4.2 Recreational walking: censored data model  

To model the effects of walking route characteristics on the willingness-to-walk along the route in case 
of the recreational walking, we will use a tobit model. Equation (4) describes the relationship between 
the reported walking time 𝑡𝑡𝑖𝑖𝑖𝑖  and the route characteristics. We introduce a latent variable ‘utility of 
walking’ 𝑈𝑈𝑖𝑖𝑖𝑖. We assume that a positive walking time is reported by the respondents when this utility is 
above zero, otherwise we observe a reported walking time of zero.  

The model takes the following form: 

(4)     𝑡𝑡𝑖𝑖𝑖𝑖 = 𝛾𝛾 + ∑ 𝐴𝐴𝑖𝑖𝑗𝑗𝛽𝛽𝑗𝑗𝑗𝑗=1..𝐾𝐾 + 𝜁𝜁𝑖𝑖𝑖𝑖  𝑖𝑖𝑖𝑖 𝑈𝑈𝑖𝑖𝑖𝑖 > 0  

and 

(5)      𝑡𝑡𝑖𝑖𝑖𝑖 = 0 𝑖𝑖𝑖𝑖 𝑈𝑈𝑖𝑖𝑖𝑖 ≤ 0  

 

where  

𝛾𝛾 is the average walking time of person i when all the route characteristics take level 0, 
𝐴𝐴𝑖𝑖𝑗𝑗  is the value of attribute k of walking route j, 
𝛽𝛽𝑗𝑗  is the marginal effect of attribute k on the reported walking time, 
𝜁𝜁𝑖𝑖𝑖𝑖 are individual- and route-specific error terms.   
 

 

5 Results  

5.1 Utilitarian walking 

Table 4 reports the estimation results for the utilitarian walking model. The table contains two 
specifications: a baseline model reporting the average valuations for all the attributes of walking 
routes (column A) and a model where valuation is allowed to vary for respondents with and without 
mobility impairments (column B). The reported coefficients indicate:  (i) the utility of not walking ( 𝛼𝛼0 
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in equation (1)) ; (ii) marginal changes in utility following a change in the respective attribute level of 
the walking route from L0 to L1 (𝛽𝛽 in equation (1)). We cluster the errors on the level of an individual 
respondent. 

Consider first the estimates of the inclusive value μ in both columns. This coefficient indicates whether 
there is correlation between the utilities of different walking routes. Its value lies around 0.7; the 
hypothesis of μ = 1 can be rejected at a 3% respectively 6% level of statistical significance. This means 
that the Independence of Irrelevant Alternatives hypothesis can be rejected, the utilities of the walking 
alternatives are mutually correlated and the nested structure of our model is supported by the data.   

Let us now discuss the results of the baseline model in column (A). First note that all the coefficients 
have the expected sign and are highly statistically significant.15 The utility of staying home (not walking) 
is strongly negative. This means that when choosing between walking to the supermarket along the 
reference route (all attributes at reference level 0) and ordering a delivery, the majority of the 
respondents chooses walking. Increasing the walking length to 15 minutes has a negative effect on 
utility, but is smaller in absolute value than the utility of non-walking. So, also when choosing between 
a 15 minutes’ walk to the supermarket and ordering, the wide majority will choose to walk. Improving 
the walking route by adjusting its attributes to level 1 has an expected positive effect on utility.  

Consider now model (B) in which we test the hypothesis that older people with mobility impairments 
attach different importance for the walking route attributes than their more healthy peers. Here we 
define mobility impaired as the group that indicated to be able to walk at most 15 minutes without 
taking a rest (Appendix XX reports robustness checks for other definitions of mobility impaired). One 
thing that immediately catches attention is the large and statistically significant difference in the utility 
of non-walking between those who face mobility restrictions and those who do not. For mobility 
impaired, the utility of non-walking approaches zero, suggesting that only some 50% of this group will 
choose to walk along the reference route with all attribute levels set to zero, while the other half 
prefers ordering a delivery. Using formula (2) one can calculate that for healthy seniors, this share 
amounts to some 80%, suggesting a large difference in the frequency of walking. Improving the 
walking route, has a heterogenous effect on the willingness-to-walk as well. The most important 
attribute for mobility impaired are benches. Adding benches almost triples the walking length, 
improving other attributes doubles the acceptable walking length for the mobility impaired.  

The last column of Table 4 expresses the marginal utility effects 𝛽𝛽 in terms of the additional willingness-
to-walk (equation (3)).  

 
15 A single exception is the  
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Table 4 Utilitarian walking logit 

 Baseline Heterogeneity by mobility 
impairments 

Additional willingness-to-
walk per attribute 

 (A) (B)  
Utility of not walking -1.607*** -2.152***  
 (-8.241) (-8.486)  
   x mobility impaired  1.820***  
  (4.115)  
Enjoyment attributes    
Scenery residential no green -0.036 0.035 -- 
(ref.: residential some green) (-0.495) (0.432)  
    x mobility impaired  -0.414** -4 min 
  (-2.095)  
Scenery all green (park) 0.502*** 0.530*** 13 min 
(ref.: residential some green) (4.955) (4.665)  
    x mobility impaired  -0.091 5 min 
  (-0.358)  
Comfort attributes    
Pavement asphalt 0.461*** 0.423*** 10 min 
(ref.: tiles) (6.443) (5.258)  
    x mobility impaired  0.179 6 min 
  (0.977)  
Pavement broad 0.365*** 0.362*** 9 min 
(ref.: narrow) (4.347) (3.972)  
    x mobility impaired  -0.013 4 min 
  (-0.056)  
Benches on the route 0.310*** 0.219*** 5 min 
(ref.: no benches) (4.280) (2.780)  
    x mobility impaired  0.557*** 8 min 
  (2.764)  
Walking time    
Walking time 15 min -0.519*** -0.415***  
(ref.: 5 min) (-5.614) (-4.066)  
    x mobility impaired  -0.505**  
  (-2.072)  
Inclusive value 𝝁𝝁 
 
p-value (H0: 𝝁𝝁=1) 

0.730 
(4.851) 

0.06 

0.702  
(5.324) 

0.03 

 

Observations 1,970 1,970  
Notes:  
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5.2 Walking for leisure 

Table 5 reports the estimation results for the recreative walking model, a random effect tobit 
specification. The table again contains two models: the baseline model reporting the average effects of 
walking route attributes on the walking time (column A) and a model where effects are allowed to vary 
for respondents with and without physical impairments (column B). The reported coefficients indicate:  
(i) the average walking time along a route where all the attributes have level zero (𝛾𝛾 in equation (4)) ; 
(ii) marginal changes in walking time following a change in the respective attribute level of the walking 
route from L0 to L1 (𝛽𝛽 in equation (4)).  

Table 5 Recreative walking tobit 

 Baseline Heterogeneity by mobility 
impairments 

 

 (A) (B)  
Constant (average reported 
walking time) 17.120*** 21.830***  

 (12.47) (15.57)  
   x mobility impaired  -24.100***  
  (-7.38)  
Enjoyment attributes    
Scenery residential no green -1.019* -1.233**  
(ref.: residential some green) (-1.90) (-2.10)  
    x mobility impaired  1.019**  
  (0.71)  
Scenery all green (park) 6.494*** 6.971***  
(ref.: residential some green) (11.57) (11.34)  
    x mobility impaired  -3.118**  
  (-2.11)  
Comfort attributes    
Pavement asphalt 2.979*** 3.233***  
(ref.: tiles) (6.30) (6.26)  
    x mobility impaired  -1.685  
  (-1.34)  
Pavement broad 1.079** 1.222**  
(ref.: narrow) (2.16) (2.24)  
    x mobility impaired  -1.296  
  (-0.98)  
Benches on the route 2.412*** 1.960***  
(ref.: no benches) (4.97) (3.69)  
    x mobility impaired  2.493*  
  (1.94)  
Observations 1,970 1,970  
Notes:  
 

Consider first model (A). An average respondent is willing to walk for 17 minutes along the reference 
sidewalk. Route design attributes have a quite large and statistically significant effect on walking time. 
For instance, green surroundings increase the willingness-to-walk by 40%, the improvement of the 
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comfort attributes of the walking route has a comparable effect. Allowing for heterogeneity reveals large 
differences between the mobility impaired people and their more healthy peers. The latter are willing 
to walk on average between 20 and 35 minutes, depending on the attractiveness of the offered route. 
The former, on the opposite, will on average choose for not walking, unless the sidewalk design is very 
comfortable and enjoyable. However also then, the walking duration seems to be 5 to 10 minutes at 
most.  

 

6 Implications for sidewalk design for older people with mobility restrictions 

Let us compare the results from the utilitarian and recreative willingness-to-walk models. Both suggest 
that walking route attributes do affect the frequency and length of outside walking activities of older 
people. The analysis for the elderly with mobility impairments suggests furthermore that, for this group, 
an attractive design of a sidewalk may make a difference between staying at home and going for a walk. 
Further, a cautious conclusion can be made that route design – and especially the comfort attributes - 
is more effective in stimulating outdoor activities in the case of utilitarian walking.  

Below we will illustrate using a concrete example how the findings from the above analysis can help 
evaluate and optimize current public space design. We focus on the design of sidewalks for the target 
group of older people with mobility restrictions, for whom stimulating daily outside activity may be 
especially challenging.  

Ossokina and Jurgenhake (2021) report results of observational research on elderly walking in six 
neighbourhoods of the second largest Dutch city Rotterdam. In each of the neighbourhoods, elderly 
residing in a senior living complex, were followed in their daily walks to the supermarket (see also 
Section 3). We take one of these documented routes, located in the neighbourhood Crooswijk. The 
route is some 500 meter long implying a 15 minutes walking time for an elderly person. The sidewalk 
leads along a residential neighbourhood with green, the pathway is wide, has an even surface but no 
benches. Using these attributes, we can map the route into one of the visualized experimental 
profiles. Figure 3 left panel shows the route on the map. Figure 3 right panel also depicts it as a 
visualization used in the experiment.  

Applying formula (2) above, we derive the probability that an older person with mobility 
restrictions chooses to walk this route to the supermarket as compared to staying at home and 
ordering a delivery. We also run two scenario’s in which (i) the route is improved by placing 
benches, (ii) the even surface of the route deteriorates with time. The probability to walk along 
the given route for a mobility impaired person is 53%. Adding benches increases this probability 
considerably to 73%. Deterioration of the surface leads to 41% only choosing to walk. 
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Figure 3 Elderly walking route in Crooswijk, on the map and visualized using the attributes of the experiment 

 

 

 

 

7 Conclusion 

Physical activity outdoors is essential for healthy aging. In this paper we study which characteristics of 
urban sidewalks are most influential in stimulating walking outdoors at older age, especially for people 
facing mobility impairments. We run a stated choice experiment, in which 400 participants in the age of 
65 to 85 repeatedly select between walking along various offered routes or staying home. Walking 
routes differ on walking time, comfort (path width, pavement type, presence of benches) and enjoyment 
(greenness of the landscape). We also vary the purpose of being outside:  utilitarian or leisure. Using 
various model specifications, we find the probability of leaving home for a walk for mobility impaired 
seniors to be around 50%, against 80% for a healthy senior. Further, once outside, mobility impaired 
people walk only half as long as healthy older persons. Our results suggest that the most effective way 
to reduce this gap in willingness-to-walk is invest in comfort attributes along the routes to groceries and 
supermarkets. For example, benches along the route raise the probability of going outdoors for mobility 
impaired from 50% to 60% and also increase the time spent walking with up to three times. Green along 
the route also strongly boosts the time spent walking, although this holds equally for the healthy and 
mobility impaired participants. We illustrate how obtained insights can be used in practical urban design 
to improve public spaces around senior homes.  

The demand for elderly housing is likely to be growing in the coming decades. Our study contributes to 
better understanding the living needs of the seniors and to producing tools that translate these needs 
into practically feasible architectural solutions. 
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