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Abstract
Background: Stimulating active transport by encouraging replacement of short-distance car
trips by active transport modes such as cycling or walking has become a popular policy strategy.
It has been suggested that neighbourhoods designed to facilitate healthy behaviour can influence persons behavioural choices such as transport choice. In the present study, we investigated
the association between perceived accessibility of facilities and transport choice for three different trip purposes (shopping, going to public natural spaces, and going to sports facilities) in the
Netherlands.
Methods: An online questionnaire (N=3,663) was used to collect data concerning transport
choice. Data were collected by an online questionnaire. Logistic regression analyses were used to
model the odds of cycling versus car use and to model the odds of walking versus car use.
Results: When perceived accessibility by car is high, persons were less likely to use active transport
modes (OR range: 0.09–0.66) and when perceived accessibility by active transport modes is high,
persons are more likely to use the bicycle (OR range: 2.18−10.43) or walk (OR range: 2.97−11.22).
Conclusions: Our results showed a strong association between perceived accessibility and
transport choice even after adjusting for personal and environmental characteristics. Our results
suggest that perceived accessibility should be taken into account when stimulating a shift from
car use to cycling or walking.
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Introduction
Stimulating active transport by encouraging replacement of short-distance car trips by active
transport modes such as cycling or walking has become a popular policy strategy.[1] Stimulating a mode shift from car to active transport modes has several beneficial health effects, e.g. an
increase of the level of physical activity [1-3] as well as an reduction in air pollution [4], greenhouse emissions [5] and noise levels [6]. The effects on road safety depend however on age and
gender.[7] To give measures aiming to induce a mode shift from car to active transports modes
a reasonable chance of success, car trips that may potentially be replaced by bicycle trips should
not exceed a feasible cycling distance. A distance up to 7.5 km then comes to mind.[8]
Behaviour is assumed to be affected by several personal and contextual factors. Personal (for
example age, gender and educational level) and behavioural factors (attitudes, social norms
and self-efficacy) define the intentions to behave in a certain way. The moment when and the
reason why the intention is turned into actual behaviour is influenced by barriers and skills.[9]
An important set of barriers lies within the environment, or more specifically, in the interaction
between individuals and their direct living environment (for example the type of neighbourhood
someone is living in).[6]
It has been suggested that neighbourhoods designed to facilitate healthy behaviour can influence
persons behavioural choices (e.g. transport choice).[10] In previous analyses, we found an association between neighbourhood typology and transport choice.[11] However, we were unable to
draw conclusions on the impact of more specific environmental characteristics on transport mode
choice, such as proximity and connectivity which are two aspects of land use known to influence
transport choice and to be related to accessibility of destinations.[12] For example, closer proximity of shopping and work appeared to be associated with higher levels of cycling and walking.[3]
Accessibility can be defined as the ease of an individual to pursue an activity of a desired type,
at a desired location, by a desired mode, and at a desired time.[13] Accessibility has long been
recognized as an important characteristic of urban areas in particular, reflecting the ability of the
population to participate in out-of-home activities.[14] Observational and experimental studies
specifically addressing accessibility as a determinant of transport choice rather than for example
cycling for transport are scarce. Accessibility of destinations can be estimated by asking how
people perceive the accessibility of certain destinations by means of questionnaires or interviews
(perceived accessibility), by for instance calculating a walkability index, or by using information
from national or local databases and maps such as physical characteristics of destinations (e.g. the
squared km public natural spaces), usually processed by means of geographical information systems (GIS; objective accessibility). A large proportion of the studies investigating the association
between accessibility and transport choice that included objective accessibility used existing,
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readily available data sources from an efficiency point of view. However, these sources generally
come with shortcomings with regard to specific research questions. For example, natural outdoor
environments will include a mix of elements that may be assumed to be associated with transport
modes to a more or lesser extent. Moreover, these sources may not distinct small grocery stores
from larger supermarkets or shopping malls. Previous studies have shown a low level of agreement between perceived and objective accessibility measures.[15, 16] This low correlation can be
explained by the fact that people process and store information about their environment according to their own attitudes, motivations, and preferences.[17] Because of this discrepancy between
objective and perceived accessibility, it is important to take both into account when studying
the association between accessibility and transport choice. In previous studies, an abbreviated
version of the Neighborhood Environment Walkability Scale (NEWS-A) was used to measure the
respondents’ perceptions of the village environment.[18, 19] In this questionnaire, perceived
accessibility of facilities is determined for walking but not for cycling and car use. For the present study, a questionnaire was designed in which we directly asked about transport choice and
perceived accessibility with regard to three specific trip purposes: shopping facilities, sports facilities and public natural spaces. This specifically enabled us to investigate the association between
perceived accessibility and transport choice for these three different trip purposes as a primary
objective, while taking into account objective accessibility. A distinction was made between trip
purposes since we found in an earlier study that trip purpose is associated with transport choice
and we expect that for the three trip purposes different aspects will influence transport choice.
[11] In this study we focus specifically on the situation in the Netherlands. The Netherlands are
characterized by a very high share of active transport, a unique cycling environment and a large
amount of short trips.[20, 21] Results of this study will be valuable since the influence of perceived
accessibility will be investigated in an environment that is already characterized by a good objective accessibility of facilities. By taking both perceived and objective accessibility into account,
this study provides valuable information about whether perceived accessibility should be taken
into consideration when designing neighbourhoods in order to stimulate active transport use.

Methods
This study is part of the impActs of actiVE traNsport in Urban Environments (AVENUE) project
(Appendix 1). Aim of the AVENUE project is to provide in depth information on characteristics of
short car and active (cycling & walking) transport trips and on the feasibility of replacing short
car trips with active transport modes. The data presented in this paper came from the online
questionnaire which was specially designed to investigate transport choice for the predefined
trip purposes. Data collection was conducted over a period of one calendar year starting July
2012, in which on each consecutive day an average of ten participants filled in the questionnaire.
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Figure 6.1 Flow-chart showing selection of study population

The questionnaire was completed by total of 3,663 persons (Figure 6.1). Since an IRB approval is
only needed when daily life of participants is influenced or participants should perform specific
actions an IRB approval was not warranted and therefore not obtained. The data were anonymized
prior to the moment that the authors received the dataset from the owner of the internet panel.
The authors did not have access to any identifying information.
Our study population was shown to be quite representative for the general Dutch population
with respect to mobility behaviour and personal characteristics (Appendix 6.1). Comparison of
respondents and non-respondents showed significant differences for age, household structure
and making trips to public natural spaces (Appendix 6.2). Compared to the respondents, among
the non-respondents, a slightly lower proportion (89.4% vs 90.5%) met the selection criteria for
the main questionnaire.

Questionnaire data
In our statistical analyses we took several variables into account that originated from the online
questionnaire: transport mode, perceived accessibility, personal characteristics and perceived
characteristics of the direct living environment.
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Transport mode
For each of the separate trip purposes under investigation, respondents were classified into one
of three transport groups based on their preferred transport choice: car users, cyclists, and pedestrians. Their preferred choice for each particular trip purpose was inferred from their frequency
of using the car, cycling or walking. When persons used two or more transport modes equally
frequent, they were categorized as a car user if one of the transport modes was a car since the
primary aim of the AVENUE project was to provide in-depth information on the feasibility of
replacing short car trips with active transport modes. If persons used cycling and walking equally
frequent (and did not use the car), they were categorized as cyclist.

Perceived accessibility
Participants were asked (5-point Likert scale: ‘strongly agree’, ‘agree’, ‘neutral’, ‘disagree’, ‘strongly
disagree’) if they perceived shops, public natural spaces and sports facilities accessible in their
neighbourhood (a) by car, (b) by bicycle and (c) by foot. The answers were dichotomized and presented as the proportion that answered “strongly agree” or “agree”. We were unable to investigate
the influence of perceived accessibility of work facilities, since questions about this topic were not
incorporated in the questionnaire.

Personal characteristics
Gender (male/female (reference)), age (years), educational level (low, medium, high (reference)),
household composition (living alone, with a partner, with children younger than 18 years, with
other adults (parents, children 18 years and older, or other adults; reference)) and physical activity
level were taken into account as covariates. Regarding educational level, “low” was defined as
primary school and lower general secondary education; “medium” as intermediate vocational
education, higher general secondary education, and pre-university education; and “high” as
higher vocational education and university. Physical activity was assessed with the validated
‘Short QUestionnaire to ASsess Health-enhancing physical activity’ (SQUASH), which contains
questions about multiple activities referring to a normal week in the past months.[22, 23] Results
from the SQUASH were converted to time spent (hours per week) on total physical activity including commuting, household, leisure time and sports activities.[22-24]
To be able to correct for weather conditions, we also chose to correct for season (winter, spring,
summer, autumn (reference)). Season was determined by the date respondents filled in the
questionnaire.

Perceived characteristics of the direct living environment
Several perceived features of the respondents’ direct living environment were taken into account
as covariates: satisfaction with living environment, housing maintenance, perceived availability
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Table 6.1 Questions in questionnaire about people’s perceptions to their direct living environment
Question

Possible answers

Satisfaction
How satisfied are you with your living environment?

Range 1-10*

Housing maintenance
The distance between houses in my living environment is large enough

5-point Likert scale**

The buildings in my living environment are attractive

5-point Likert scale**

The buildings in my living environment are well maintained

5-point Likert scale**

Traffic safety
In my living environment there are a lot of traffic calming measures

5-point Likert scale**

The amount of traffic in my living environment makes it hard or unpleasant to walk

5-point Likert scale**

In my living environment many persons violate the speed limits

5-point Likert scale**

Availability of routes
In my living environment, safe routes for pedestrians and cyclists are available

5-point Likert scale**

In my living environment, crossing places are conveniently arranged

5-point Likert scale**

There are enough sidewalks in my living environment

5-point Likert scale**

There are enough cycle tracks in my living environment

5-point Likert scale**

Availability of parking facilities
There is a high level of parking inconvenience in my living environment

5-point Likert scale**

Notes: * 1 (very unsatisfied) – 10 (very satisfied); ** Representing the scale: ‘strongly agree’, ‘agree’, ‘neutral’, ‘disagree’,
‘strongly disagree’

of parking facilities, traffic safety and availability of routes when walking or cycling (Table 6.1).
Except for satisfaction with the living environment, answers were dichotomized and presented as
the proportion that answered “strongly agree” or “agree”.

Objective characteristics of the direct living environment obtained by GIS
For obtaining objective characteristics of the direct living environment, we used both four-digit
and six-digit postal codes of the areas of the participants’ addresses. In the Netherlands there are
4,061 four-digit postal codes, representing on average 1,772 households each. In urban areas this
four-digit postal code represents only one neighbourhood, whereas in rural areas this postal code
can represent a whole village. These four-digit postal codes can be further divided into six-digit
postal codes by adding two letters resulting in a total 452,490 six-digit postal codes, representing
on average 15 to 20 households each. The objective characteristics, except for neighbourhood
typology, were obtained by using ArcGis 10.1.
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To adjust for neighbourhood typology, we merged our dataset with a dataset from ABF Research
(2009) by using the four-digit postal codes of the areas of the participants’ address.[25] Neigbourhood typology presents a combination of various environmental characteristics. The data source
(ABF Research) provided five different typologies based on density, accessibility/connectivity,
land use mix and quality of buildings:
(1) Urban – centre: city centres as well as some neighbourhoods just outside the centre (reference).
(2) Urban – outside centre: neighbourhoods with a larger distance from the city centre but with
a higher density than the neighbourhoods classified as ‘urban-green’. Most of the time the
density of these neighbourhoods is also higher than in the urban-centre neighbourhoods.
(3) Urban – green: neighbourhoods which are predominantly residential areas. Density is lower
than the mean density based on housing supply. New housing estate neighbourhoods are
also classified as urban-green.
(4) Village-centre: Neighbourhoods with a higher density or more facilities than rural neighbourhoods.
(5) Rural: Neighbourhoods with a low density or relatively few facilities.
Neighbourhood lay-out was found to differ between different building periods.[26] Since there is
a close link between neighbourhood lay-out and accessibility, we also adjusted for this building
period of the resident’s neighbourhood in our study. For this purpose, we gathered information
about the building years of all buildings from the 2013 release of the Dutch registration of addresses and buildings (in Dutch: “Basisregistratie Adressen en Gebouwen (BAG)”).[27] Buildings
were first categorized into the following historical periods of urban planning: before 1910, 1910
to 1940, 1940 to 1970, 1970 to 1985 and 1985 and younger. Then we assigned a specific historical
period to each six-digit postal code by determining in which period most buildings were build. If
the number of buildings built in two historical periods was equal, we assigned the oldest historical period to this area.
Road traffic noise and air pollution levels were gathered for all six-digit postal codes of the respondents’ home locations, which enabled us to correct for noise and air pollution since it was
expected that these levels are important characteristics of the living environment in relation with
transport choice.[28] For the estimation of noise and air pollution levels we used the midpoint of
the six-digit postal code area where the respondent’s home was located. For estimating noise and
air pollution levels the Dutch National EMPARA model was used.[29] The Noisetool of EMPARA has
been used to obtain levels of road traffic noise exposure (expressed in Lden, i.e. the day-evening
noise level: the yearly averaged equivalent sound level over 24 hours) from nationally available
noise maps. Modelled noise data from 2008 and 2009, with a resolution of 25x25 m2 grids were
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linked to the midpoint of the six-digit postal code area. To assess air pollution exposure we used
the Luvotool to model concentrations (μg/m3) for nitrogen dioxide (NO2) at this midpoint of the
six-digit postal code area. These concentrations were estimated with a resolution of 100x100 m2
grids. Modelled air pollution data were constructed on the basis of 2009 annual mean concentrations from the Dutch national air quality network, supplemented with data on traffic, population,
topography and land use.
Accessibility of the three types of facilities (shopping, public natural spaces and sports) was additionally operationalized by assessing straight line distances from the midpoint of the six-digit
postal code area where the respondent lives to the closest facilities. The location and function of
the shopping facilities were obtained from the BAG [27] and the Standard Company Classification
by Statistics Netherlands in 2012 [30]. Location and function of the sports facilities were obtained
from the Accommodation Monitor Sports of the Mulier Institute.[31] The location and the surface
of the public natural spaces (forest, park, sea & small blue areas) were obtained from TOP10NL.[32]
The function of these public natural spaces was obtained from a land use map of Statistics Netherlands.[33] The distance to these facilities was calculated by using a straight line from the midpoint
of the six-digit postal code where the respondents’ home was located to the nearest grocery store
(as a proxy for shopping), public natural spaces and sports facilities. We also determined the availability of these facilities within a distance of 7.5 km of the midpoint of the six-digit postal code by
counting the number of these facilities or, in case of the public natural spaces, determining the
surface area (km2) of public natural spaces. For a part of the participants (11%), a proportion of the
surface within the 7.5 km radius was located outside the borders of the Netherlands. To correct
for this, the number of facilities and area of public natural spaces were divided by the surface that
was located within the Netherlands. In the remainder of this article, we will refer to this proportion
of facilities within a circle with a radius of 7.5 km as the availability of facilities.
Availability of separate walking and cycle tracks was determined by counting the total length
of these tracks within a circle with a radius of 7.5 km by using OpenStreetMap [34], which gives
detailed information on separate walking and cycling tracks. This length was also corrected for
the proportion of surface that was located within the Netherlands.

Data analyses
Participants with missing values on one or more confounding variables (N=72) or extreme values
on time spent (hours per week) on total physical activity (N=33) were excluded from statistical
analyses. Ultimately, statistical analyses included data concerning 3,236 respondents. Descriptive
statistics were carried out to characterize the study population. Pearson’s chi-square tests were
used to test for potential differences in perceived accessibility of shoppingfacilities, sports facilities and public natural spaces between car users, cyclists and pedestrians (p<0.05).

6

120 | Chapter 6

To investigate the association between perceived accessibility of facilities and choice of transport,
logistic regression analysis were used to model the odds of cycling versus car use and to model
the odds of walking versus car use. In this paper, we examined the following three models per
trip purpose: model 1 was the crude model, model 2 included all covariates except the objective
accessibility measures and in model 3 objective indicators for accessibility were included: the
availability of grocery stores, sports facilities or public natural spaces was added and the shortest
distance to these facilities, as well as perceived information about the accessibility of these facilities by car or bicycle (cycling vs. car use) or by car or walking (walking vs. car use). The presented
OR’s may be interpreted as the likelihood of an average person in our dataset choosing active
transport over using the car for trips up to 7.5 km. For these statistical analyses, SAS 9.3 was used.

Results
Table 6.2 and Table 6.3 show the characteristics of the study population included in the analyses.
It shows a nearly comparable distribution for men and women for almost all variables. A low
education level was more prevalent among women (33.3%) than among men (24.7%). Table 6.4
shows that the perceived accessibility of facilities differed significantly between car users, cyclists
and pedestrians for nearly all trip purposes. Car users perceived the different facilities to be less
accessible by cycling or walking whereas pedestrians and cyclist perceived the facilities to be
most accessible by their preferred transport mode.

Accessibility and transport choice
Table 6.5 shows the odds ratios (OR) and their 95% confidence intervals (CI) for the association
between perceived accessibility and transport choice per trip purpose. Since no large differences
were found between the three models, only the odds ratios of the full model (model 3) will be
discussed in this article. Irrespective of the different covariates, perceived accessibility of the different facilities was found to be associated with active transport use for all trip purposes. When
perceived accessibility of the facilities by car was high, persons were more likely to use the car
(OR range: 0.09−0.66). When perceived accessibility by active transport modes was high, persons
were more likely to use the bicycle (OR range: 2.18−10.43) or walk (OR range: 2.97−11.22). Associations for shopping and sports trip purposes were found to be stronger than associations for
trips to public natural spaces.
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Table 6.2 Characteristics of the study population

Age (Mean (SD))

Men (N=1,648)

Women (N=1,588)

49.8 (14.6)

48.0 (14.2)

Educational level (%)
Low

24.70

33.25

Medium

44.48

41.44

High

30.82

25.31

Alone

19.78

20.72

Household composition (%)

Partner

41.57

38.66

Children < 18 years

21.11

24.87

Other adults (children ≥ 18 years, parents, or other adults)

17.54

15.74

Physical activity (h/wk; mean(SD))

19.3 (16.4)

22.7 (16.9)

Season (%)
Winter

25.91

26.95

Spring

21.42

21.47

Summer

25.61

25.69

Autumn

27.06

25.88

Trip purpose: Shopping (%)

92.60

92.13

Trip purpose: Sports (%)

46.36

45.27

Trip purpose: Public natural spaces (%)

72.94

73.05

Notes: Educational level: low (primary school and lower general secondary education), medium (intermediate
vocational education, higher general secondary education and pre-university education) and high (higher
vocational education and university). Neighbourhood typology: rural (low density or few facilities), village-centre
(higher density or more facilities than rural neighbourhoods), urban-green (predominantly residential areas,
with density lower than the mean density based on housing supply, or new housing estate neighbourhoods),
urban-outside centre (larger distance from the city centre, but with higher density than the ‘urban-green’
neighbourhoords, density of these neighbourhoods is most of the time also higher than in the urban-centre
neighbourhoods), and urban-centre (city centres as well as some neighbourhoods just outside the centre).
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Table 6.3 Objective environmental characteristics and perception of the living environment
Total (N=3,236)
Objective environmental characteristics
Neighbourhood typology (%)
Rural

8.44

Village centre

31.37

Urban-green

13.38

Urban-outside centre

38.81

Urban-centre

8.00

Historical building period of residents’ neighbourhood (%)
Before 1910

9.36

1910-1940

30.07

1940-1970

33.96

1970-1985

24.35

1985 and younger

2.26

Length of cycle tracks per km2 (km; mean(SD))

1.5 (0.9)

Length of walking tracks per km2 (km; mean(SD))

1.2 (1.0)

Shortest distance to grocery store (km; mean(SD))

0.8 (0.9)

Number of grocery stores within a radius of 7.5 km (mean (SD))

17.6 (13.9)

Shortest distance to public natural space

0.2 (0.2)

Percentage of public natural spaces within a radius of 7.5 km (mean (SD))

18.5 (10.9)

Shortest distance to sports facility

0.5 (0.4)

Number of sports facilities within a radius of 7.5 km (mean (SD))

57.8 (35.2)

Yearly-averaged NO2-concentration (μg/m3) (SD)

24.1 (5.9)

Road traffic noise exposure (Lden) (SD)

53.8 (4.6)

Perception of the living environment
Satisfaction with living environment (score with range 1(very unsatisfied) till 10 (very satisfied); mean (SD))

7.7 (1.2)

Housing maintenance
The distance between houses is large enough (%)

65.51

Buildings are attractive (%)

65.08

Buildings are well maintained (%)

76.64
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Table 6.3 Objective environmental characteristics and perception of the living environment (continued)
Total (N=3,236)
Traffic safety
There are a lot of traffic calming measures (%)

67.40

Amount of traffic makes it hard or unpleasant to walk (%)

8.07

Many persons violate speed limits (%)

40.61

Availability of routes
Availability of safe routes for pedestrians and cyclists (%)

72.40

Crossing places are conveniently arranged (%)

62.30

There are enough sidewalks (%)

80.50

There are enough cycle tracks (%)

77.44

6

Availability of parking facilities
There is a high level of parking inconvenience (%)

28.71

Table 6.4 Perceived accessibility per trip purpose and transport mode
Shopping

Public natural spaces

Car users

Cyclists

Pedestrians p

Pedestrians

p

The facility is well
accessible by walking (%)

67.96

83.10

96.27

<0.01* 52.87

65.20

74.65

<0.01* 43.16

61.87

84.78

<0.01*

The facility is well
accessible by cycling (%)

91.39

98.08

96.71

<0.01* 78.34

86.86

84.31

<0.01* 85.09

96.71

95.11

<0.01*

The facility is well
accessible by car (%)

96.50

85.43

78.73

<0.01* 77.39

76.08

74.09

0.36

91.08

85.33

<0.01*

Note: (*) Pearson’s chi-square test: p<0.05

Car users Cyclists

Sports
Car users Cyclists Pedestrians

97.89

p

0.15 (0.10 – 0.21)
0.17 (0.12 – 0.26)
0.18 (0.12- 0.26)

Model 2
Model 3

6.21 (3.51 – 10.99)

Model 3
Model 1

6.77 (3.85 – 11.92)

Model 2

0.66 (0.49-0.90)

0.66 (0.48 – 0.89)

0.60 (0.45 – 0.80)

2.18 (1.55 – 3.07)

2.22 (1.59 – 3.11)

2.49 (1.81 – 3.43)

0.10 (0.04 – 0.22)

0.09 (0.04 – 0.21)

0.09 (0.04 – 0.19)

10.43 (5.65 – 19.26)

10.76 (5.86 – 19.77)

9.77 (5.41 – 16.65)

0.14 (0.09-0.23)

0.15 (0.10 – 0.24)

0.10 (0.07 – 0.16)

11.22 (6.39 – 19.70)
8.14 (4.75 – 13.95)

Model 3
Model 1

12.89 (7.42 – 22.38)

Model 2

Shopping

Sports
14.37 (8.56 – 24.11)

Public natural spaces

Shopping
Model 1

Public natural spaces

0.62 (0.47-0.83)

0.62 (0.47 – 0.83)

0.62 (0.47 – 0.81)

2.97 (2.30 – 3.85)

3.06 (2.37 – 3.95)

2.92 (2.30 – 3.72)

Sports

0.09 (0.03-0.22)

0.09 (0.03 – 0.22)

0.08 (0.04 – 0.18)

8.82 (5.22 – 14.90)

9.77 (5.81 – 16.41)

8.70 (5.42 – 13.97)

Model 1: transport choice = perceived accessibility; Model 2: transport choice = perceived accessibility + gender + age + education level + household composition
+ neighbourhood typology + historical building period of residents’ neighbourhood + season + physical activity level + availability of cycling/walking tracks + noise
+ air pollution + satisfaction with living environment + housing maintenance + parking facilities + traffic safety + availability of routes; Model 3: Model 2 + objective
indicators for accessibility; Abbreviations; OR = Odds Ratio indicating the odds to use active transport modes for a short trip; 95%CI = 95% confidence interval;
significance was tested at α=0.05.

The facility is well accessible by car

The facility is well accessible by cycling

The facility is well accessible by walking

Walking vs. car use

Cycling vs. car use

Table 6.5 Association between perceived accessibility and transport choice (OR (95%))

124 | Chapter 6

Perceived accessibility and transport choice | 125

Discussion
Perceived accessibility was found to be strongly associated with transport choice for trips made
with the purpose of shopping, going to sports facilities or going to public natural spaces, irrespective of objective accessibility. When perceived accessibility by car was high, persons were more
likely to use the car instead of active transport modes. Likewise, when perceived accessibility
by bicycle or walking was high, persons were more likely to make the trips with these active
transport modes.

Perceived accessibility
Perceived accessibility of facilities was found to be associated with transport choice. In line with
this, Van Holle et al. [35] showed in a systematic review of European studies that there is convincing evidence for a positive relationship between active transportation (combination of walking
and cycling or cycling only) and access to shops/services/work. However, they found no evidence
for a relation between active transportation and access to recreation facilities (including greenery
and places or facilities for physical activity). In our study, we also found evidence for an association between perceived accessibility of sports facilities and public natural spaces and transport
choice. This difference could be explained by the unique cycling environment of The Netherlands
and the large amount of short trips by the Dutch.[20, 21]
In this study we included both perceived and objective measures of accessibility in our model,
since it was expected that physical activity behaviour not only depends on the perceived environment but also on the objective environment.[15] For example, when persons are not aware of the
presence of facilities in their direct living environment, persons are more likely to travel longer
distances and thus less likely to use active transport modes. Only the physical presence of facilities will not necessarily mean that persons will use them. As already mentioned, previous studies
[15, 16] have shown there is poor agreement between these perceived and objective measures.
This was also the case in our study (shopping: rho range: -0.13−038; sports: rho range: -0.04−0.19;
public natural spaces: rho range: 0.005−0.14). Correcting for these objective measures did not
change the association between perceived accessibility and transport choice much and enabled
us to define a stronger conclusion concerning perceived accessibility. However, we had no information about the exact destinations of our respondents. Therefore, we were unable to calculate
the exact distances. Future studies should also gather information about actual destinations as
well as the route taken to reach them (for example by using GPS tracking) to be able to measure
distances accurately.
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Strengths and limitations
In the used questionnaire respondents were directly asked about transport choice and perceived
accessibility of shopping facilities, sports facilities and public natural spaces. This enabled us to
investigate the association between perceived accessibility and transport choice as a primary
objective instead of using already existing datasets only. In addition, we were able to adjust for individual characteristics as well as for perceived and objective environmental characteristics. Data
were collected for all days during a full year, which allowed correction for seasonal influences.
Being able to correct for all these variables, allowed us to give more accurate estimates of the association between perceived accessibility and transport choice. However, since a cross-sectional
study design was used no conclusions can be drawn with regard to causality and self-selection
may have biased our results.
To be able to correct for objective environmental measures we merged our dataset with several
objective datasets. Though, in the present study, we used a rough classification of neighbourhood
typology and building period of residents’ neighbourhood as well as we used shortest distances
instead of actual distances. Therefore, more detailed information concerning environmental
characteristics for developing neighbourhoods supporting active transport is needed. For these
purposes, case studies will be more suitable, since they may more easily yield detailed information on environmental characteristics than large scale national studies such as the present one.
One way to nudge healthy behaviour is by designing neighbourhoods that facilitate such
behaviour(e.g. active transport).[10] In this study we only focused on perceived accessibility in
relation to transport choice. Since transport choice is expected to be habitual for some trip purposes and choices in that case are assumed to be made unconscious, it can be argued that these
habits influenced perceived accessibility since persons performing habitual behaviour are more
likely to change their attitudes than to change their behaviour (self-fulfilling prophecy).[36] StLouis et al. found that trip satisfaction was influenced by different determinants for different travel
modes and also argue that family habits can influence an individual’s commute experience.[37]
As a sensitivity analysis we only included those persons who indicated to use a specific transport
mode because they are used to take that mode. However, this did not influence any of our main
findings (data not shown). Qualitative research (for example focus groups) are needed to be able
to elucidate on the influence of these habits on the perception of the neighbourhood and motivations of transport choice. The desire to walk has also been argued to influence the relationship
between perceived accessibility and transport choice. To explore this influence we performed a
sensitivity analysis including only persons who indicated to use a specific transport because they
like to use that transport mode. The results of this sensitivity analysis did not influence our main
findings (data not shown).
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Implications of our study
Irrespective of objective accessibility, our study shows that perceived accessibility is strongly associated with transport choice. It can be argued that perceived accessibility is of great importance
when stimulating transport choice. Our study implies that future interventions should focus on
perceived accessibility when stimulating active transport use.

Conclusion
The aim of the present study was to provide insight into the association between perceived accessibility and choice of transport mode for shopping trips, trips to sports facilities and trips to public
natural spaces. Perceived accessibility was found to be strongly associated with transport choice
for all trip purposes. Our results suggest that perceived accessibility should be taken into account
when stimulating a shift from car use to cycling or walking. However, more detailed information
about these trip purposes and living environments is needed to allow development of suitable
interventions or policy measures.
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Appendix 6.1

Representativeness of our study population on mobility behaviour
and personal characteristics
Mobility behaviour
Representativeness of our study population was checked by comparing results on mobility behaviour for shopping and commuting trips with data from Research Transportation Netherlands
(OVIN) from Statistics Netherlands.[38] Since trips to public natural spaces were not specified in
OVIN and trips to sport facilities were merged with trips to hobby facilities, we were unable to
compare transport behaviour for these two trip purposes. In line with results obtained by OVIN
most short trips were made for shopping purposes. However, in our study population less shopping trips were made by car (36.7% vs. 41.5%) and more shopping trips by walking (27.3% vs.
22.7%).Also slightly more commuting trips were made by walking (12.2% vs. 9.2%) in our study.

Personal characteristics
Personal characteristics (e.g. gender, age, education level, satisfaction with living environment)
were checked with data from Statistics Netherlands. Comparing the proportion of men and
women in our study population with the Dutch population showed that our study population
consisted of more men (51.2% vs. 49.5%). The mean age of the total Dutch population was 40.8
years old in 2013. However, 23.1% of the Dutch population was younger than 20 years old. Since
we included only persons of 18 years and older in our study population this could explain the age
difference with our study population (men: 49.9 years old; women: 48.5 years old). A low education level was more prevalent in our study population (men: 26.2%, women: 36.1%) than in the
Dutch population (22.6%). Comparison of mean satisfaction with the living environment showed
no differences between our study population and the Dutch population (7.7 vs. 7.5).
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Appendix 6.2

Non-Response Research
3,308 of the non-responding participants received another link to a short non-response questionnaire. A total of 445 (13.5%) respondents started with the non-response questionnaire. Differences between non-respondents and respondents were tested by using an independent t-test
for continual variables and a Pearson chi-square test for categorical variables. P-levels lower than
0.05 were considered significant.
In line with the actual questionnaire, participants were asked the two selection questions:
1) To what extent does your health hamper you in (a) walking; (b) cycling; (c) driving a car?
Possible answers: very much, somewhat, practically not, not at all
2) How many times a week do you normally travel distances up to 7,5 km by (a) car; (b) bicycle;
(c) foot?
Possible answers: never, < once a week, ≥ once a week, don’t know
A total of 398 non-respondents (89.4%) indicated that they were not hampered (‘practically not’
or ‘not at all’) to use at least one of the three transport modes and that they made at least one
short trip a week using at least one of the transport modes. A total of 4,021 respondents (90.5%)
indicated this was the case. Comparing the answers of the non-respondents on these selection
questions with our participants showed no significant differences between the non-respondents
and respondents (Table S6.2.1).
Besides these selection questions, non-respondents were also asked about personal characteristics (date of birth, gender, household composition), trip purposes and accompanying transport
mode, satisfaction with the living environment and household composition. Information about
education level was obtained from the panel background dataset. Significant differences between
the non-respondents and respondents were found for age, household structure and making trips
to public natural spaces (Table S6.2.2). Living with children with an age lower than 18 years old was
more prevalent among non-respondents (31.9%) than among respondents (21.9%). This could
also explain the slightly lower mean age (47.3 vs. 49.4 years old) among the non-respondents.
Transport choice for trips to public natural spaces was also found to be significantly different
between non-respondents and respondents, which could also be explained by the lower age and
the differences in household composition.
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Table S6.2.1 Differences between non-respondents and respondents for the selection questions
Non-respondents

Respondents

7.28

5.61

p

Selection question 1. Hampered by health in…
Walking
Very much

0.18

Somewhat

13.38

16.17

Practically not

12.91

14.53

Not at all

66.43

63.69

cycling

0.27

Very much

7.04

6.24

Somewhat

8.92

11.44

Practically not

12.68

14.23

Not at all

71.36

68.09

driving a car

0.63

Very much

3.76

3.49

Somewhat

4.93

4.93

Practically not

8.22

10.20

Not at all

83.10

81.37

Never

15.11

15.23

< once a week

17.88

20.56

≥ once a week

65.74

62.97

Don’t know

1.26

1.24

Never

14.36

15.71

< once a week

23.93

22.97

≥ once a week

59.70

60.51

Don’t know

2.02

0.81

Never

13.10

12.32

< once a week

23.43

24.88

≥ once a week

62.22

61.82

Don’t know

1.26

0.98

Selection question 2. Times a week making short trips by…
car

0.63

bicycle

0.10

foot

Pearson’s chi-square test: p<0.05

0.85
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Table S6.2.2 Characteristics of non-respondents and respondents
Non-respondents (N=382)

Respondents (N=3,663)

Gender (%)

P
0.73

Male

52.09

51.16

Female

47.91

48.84

Age (mean (SD))

46.76 (14.02)

49.25 (14.71)

Low

26.25

30.90

Medium

44.88

41.99

High

28.87

27.11

Education level (%)

<0.01*
0.17

Household structure (%)

<0.01*

Alone

25.13

20.72

Partner

27.23

40.62

Children < 18 years

32.98

22.03

Other adults (children ≥ 18 years, parents, or other adults)

14.66

16.63

Trip purpose: Shopping (%)

88.22

85.26

0.12

Trip purpose: Sports (%)

42.15

44.44

0.39

Trip purpose: Public natural spaces (%)

53.66

69.01

<0.01*

Satisfaction with living environment (score with range 1 (unsatisfactory) till
10 (satisfactory)) (mean (SD))

7.77 (1.20)

7.72 (1.22)

0.52

*) Continual variables: independent t-test (p<0.05), categorical variables: Pearson chi-square test (p<0.05)
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