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Summary 

Introduction 

Walking more frequently has different kinds of benefits for individuals (Michaud et 

al., 2001; Frank et al., 2004; Giovannucci et al., 1995; Cunningham & Michael, 

2004; Badland and Schofield, 2005; Raffiemanzelat, Emadi & Kamali, 2017; 

Southworth, 2005). Currently, cars are frequently used in the Netherlands, even 

for short distances between 1 and 5 kilometers (Strategy Development Partners, 

2019), which might contribute to decreased health and an increased number of 

people that are overweight. Next to that, it leads to traffic congestion and climate 

problems. Walking could substitute less sustainable transport modes in some cases 

and may therefore lead to less car use. For these reasons, it is important to 

stimulate walking in useful ways.  

 

A relationship exists between the degree to which the built environment is 

conducive to walking and actual physical activity levels of individuals (King et al., 

2003; Owen et al., 2007; Leslie et al., 2007; Gilderbloom et al., 2015; Ewing & 

Cervero, 2010; Frank et al., 2005; Badland & Schofield, 2005-b; Saelens et al., 

2003). The conduciveness of areas to walking is often indicated as ‘walkability’ 

(Shashank, 2015). Urban planners and area developers should be stimulated to 

actually create more walkable neighborhoods, to achieve the benefits of walking 

that are described above. Organizations that actually decide about the appearance 

of urban environments, could be stimulated to create more walking-oriented 

neighborhoods if a relationship exists between walkability and real estate property 

values. Therefore, in this project the relationship between walkability and dwelling 

values is investigated. The following research question is answered:  

 

To what extent does a relationship between walkability and real estate 

property values in the Netherlands exist? 

 

Not a lot of research has been done yet regarding this relationship. Next to that, 

the existing studies to this subject are mainly focused on the United States (e.g. 

Gilderbloom et al., 2015, Li et al., 2015; Pivo and Fisher, 2011; Cortright, 2009)., 

which has a different built environment structure and is essentially more car-
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oriented than the Netherlands (Pucher and Buehler, 2008). Therefore, differences 

between countries are likely to exist. 

Literature review 

Studies conducted in the United States regarding walkability and walking behavior 

often have the same aim as this study, namely improving the health of individuals 

(e.g. Cunningham & Michael, 2005; Khan et al., 2009; Duncan et al., 2014; Frank 

et al., 2004) and reaching a higher level of sustainability (e.g. Ewing & Cervero, 

2010; Gilderbloom et al., 2015; Leslie et al., 2007). On the other hand, research 

into walkability in the United States seems to be often focused on pedestrian safety 

(e.g. Lo, 2009; Saelens et al., 2003; Khan et al., 2009), while in the Netherlands 

pedestrian safety is less of an issue (Pucher & Dijkstra, 2003). 

 

Different definitions of walkability are found in existing literature. Some authors 

use more specific definitions than others, and definitions usually depend on the 

discipline of the researcher (Shashank, 2015) and on whether the study measures 

walkability in an objective or subjective way. Although the definitions of walkability 

differ, the essence of all definitions of walkability is the degree to which areas are 

conducive to walking (Shashank, 2015).  

 

Depending on the definition and method used in a study, a broad spectrum of 

different walkability factors exists. Some authors have tested the relationship 

between the walkability aspects and actual walking behavior of individuals, others 

have summarized existing literature. Walkability aspects that can be measured in 

an objective way include the number of amenities within walking distance (Ewing 

& Cervero, 2010; King et al., 2003; De Bourdeadhuij, Sallis and Saelens, 2003; 

City of Portland, 1998), the proximity of amenities (e.g. Saelens et al., 2003-b; 

Frank & Engelke, 2005; Moudon et al., 2006; Gilderbloom et al., 2015) and public 

transport (Millington et al., 2009; Ewing & Cervero, 2010; Lo, 2009), different 

types of density (e.g. Saelens et al., 2003; Moudon et al., 2006; Frank et al., 

2009), land use mix (e.g. Saelens et al., 2003; Frank et al., 2009; Sundquist et 

al., 2011; Lo, 2009), traffic safety (Lo, 2009; Saelens et al., 2003; Giles-Corti and 

Donovan, 2002; Millington et al., 2009) and green space (Spoon 2005). Walkability 

aspects that are more suitable to be measured in a subjective way are barriers of 

walking (Leslie et al., 2007; Saelens et al., 2003-b; Rattan, Campese and Eden, 
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2012), visual interest (Saelens et al., 2003; Lo, 2009; Millington et al., 2009) and 

quality and maintenance of sidewalks (De Bourdeadhuij, Sallis and Saelens, 2003; 

Lo, 2009). Usually, studies that investigate the relationship between walkability 

aspects and walking behavior control for socio-demographic and socio-economic 

characteristics of individuals. 

 

A lot of authors have created a walkability index based on walkability aspects 

mentioned above (e.g. Clifton, 2010; Millington et al., 2008; Frank et al., 2005; 

Grasser et al., 2017). Most of the indices are created based on existing literature, 

including the weights that are given to each walkability aspect in the index, and 

few are based on walking behavior data. Some authors validated the developed 

index by testing the relationship with walking behavior afterwards. 

 

Regarding walkability and real estate property values, not a lot of research has 

been done, as has been pointed out before. Cortright (2009), Li et al. (2015), 

Gilderbloom et al. (2015) and Pivo and Fisher (2011) have conducted research into 

the relationship between walkability and real estate property values using Walk 

Score, which is a widely used walkability index that measures the walkability of 

addresses by analyzing walking routes to nearby amenities, and it assigns 

categorized points (Walk Score, 2019). In the Netherlands, only a study regarding 

dwelling values and land use mix, which is one aspect of walkability, has been 

carried out, by Koster and Rouwendal (2010). All of the studies found significant 

relationships between walkability and real estate property values. 

Research design 

This research consists of two parts. In the first part the relationship between 

different walkability aspects, based on existing literature, and actual walking 

frequencies of individuals is examined. In this study walkability is measured in an 

objective way. Although most existing studies regarding walkability use a limited 

set of variables, in this research all of the walkability aspects mentioned in the 

literature review that can be measured in an objective way are tested with actual 

walking behavior, except for retail floor area ratio. The relationship is tested by 

conducting a multiple regression analysis, controlling for socio-demographic and 

socio-economic aspects. Before running the regression analysis, a principal 

component analysis is conducted twice in order to reduce the number of variables 
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and to avoid multicollinearity. The principal component analyses are conducted for 

the control variables and walkability variables separately, to interpret the 

walkability results apart from each other. After running the regression analysis, a 

walkability index is created based on the significance, direction and strength of the 

relationship between walking frequencies and the walkability aspects. In order to 

conduct the first analysis, data from Statistics Netherlands (2016, 2018), 

Openstreetmap (n.d.) and OViN data of 2014, 2015 and 2016, are combined into 

a dataset on the spatial level of the four-digit postal code in the Netherlands.  

 

In the second part of the research, a multiple regression analysis is conducted 

again, to test the relationship between the created walkability index and 

transaction prices, controlling for dwelling characteristics and locational 

characteristics of the dwellings. In order to conduct this analysis an existing 

dataset of West-Brabant is used. Arentze and Stevens (2018) created a model by 

using this dataset that explains 84 percent of the differences in transaction prices 

by dwelling and locational characteristics. The created walkability index is added 

to this model, to test whether a better prediction of the differences in transaction 

prices can be found. 

Results 

The first principal component analysis includes all the control variables. Five 

components are extracted, labeled ‘Ethnicity’, ‘Household size’, ‘Age and marital 

status’, ‘Gender’ and ‘Relative number of deaths’. In the second component 

analysis the distance to amenities and public transport, number of amenities within 

1 kilometer and different types of densities are included. Six components are 

extracted: ‘Distance to common daily or weekly used amenities’, ‘Density of 

catering industry amenities’, ‘Density in general’, ‘Distance to public transport’, 

‘Distance to less commonly used amenities’ and ‘Distance to secondary schools’. 

 

In the first multiple regression analysis statistically significant relationships are 

found between walking frequencies and the principal components ‘Distance to 

common daily or weekly used amenities’, ‘Density of catering industry amenities’, 

‘Density in general’, ‘Distance to public transport’ and ‘Distance to less commonly 

used amenities’. Walking frequency has a relationship to some of the control 

variables as well. A walkability index is created, based on the significant built 
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environment variables, to calculate a walkability score for the different postal 

codes. In the formula of the walkability index the direction and unique strength of 

the relationship between the walkability predictors and walking frequencies is 

visible. The following formula is created: 

 

Walkability score = Distance to common daily or weekly used amenities * -

0.081 + Distance to catering industry amenities * 0.197 

+ Distance to public transport * -0.063 + Distance to 

less commonly used amenities * -0.114 + Density in 

general * 0.105 

 

Some built environment characteristics that were tested turned out not to have a 

significant relationship to walking behavior. This might be due to the relatively 

large spatial area of the postal code and to the structure of some variables that 

differs from the structure of variables in existing literature.  

 

In the second multiple regression analysis the relationship between the walkability 

index and transaction prices is tested. The walkability index is added to the model 

of Arentze and Stevens (2018) and a significant relationship is found between 

walkability and dwelling values. The relationship between the walkability index and 

dwelling values is stronger than the relationship between dwelling values and 6 of 

the other 39 variables that are included in the model, which can be seen by the 

standardized Beta scores of the variables. 

 

For each higher point on the walkability index, a dwelling price increases with 

13,894 euro, which can be seen by the unstandardized B value. In West-Brabant, 

the walkability index has a range from -.22 for postal codes with the lowest 

walkability score to .60 for postal codes with the highest walkability score. This 

means that a price increase with a maximum of 11,394 euro based on a higher 

walkability score is found. For the whole of the Netherlands, the walkability index 

has a much larger range: from -.56 to 4.09, which indicates a price difference for 

the whole of the Netherlands of 64,610 euro. Large cities being not included in the 

dataset of West-Brabant explains the smaller range for this area, since the highest 

scores are found for postal codes located in city centers of large cities in the 

Netherlands. However, it must be mentioned that the price increase for the whole 
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of the Netherlands based on the outcomes for West-Brabant might not be 

completely accurate, since it might not be reliable to extrapolate to such a large 

extent. 

 

The created walkability index is compared to the existing indices of Frank et al. 

(2005) and Grasser et al. (2017), to see whether the new walkability index 

provides better results. Bivariate correlations show a positive relationship between 

walking frequencies and the index of Grasser et al. (2017) and a negative 

relationship between walking frequencies and the index of Frank et al. (2005). The 

relationship between the walkability indices and dwelling values show a positive 

significant relationship to dwelling values, however, a less strong relationship is 

found compared to the new walkability index. 

Conclusion, discussion and recommendations 

In this study the relationship between walkability and residential values is 

investigated in two steps. By conducting the regression analysis regarding built 

environment characteristics and walking frequencies, this study has provided 

insight in the built environment aspects that are most important in influencing 

walking behavior of individuals. Next to that, this study showed that a higher 

walkability leads to an increase in willingness to pay for dwellings amongst 

individuals. Since this higher willingness to pay exists, area planners and 

developers could be stimulated to actually create walkable neighborhoods, if the 

price premium does not exceed the costs. Walking can be encouraged more and 

more through the built environment. The result will be an increased health of 

individuals (Cunningham & Michael, 2004; Badland & Schofield, 2005) and a 

sustainable transport mode used more often. Next to this, the study has provided 

more insight in the construction of dwelling values. 

 

The highest scores on the walkability index are found in city centers of larger cities. 

Walkability is closely related to the urbanity of areas. This insight makes it possible 

for municipalities to focus on integrating walkable places in structure visions and 

destination plans to a greater extent and to collaborate with developers to realize 

walkable areas. The focus of area development should especially be the creation 

of high dense areas with a lot of amenities nearby. The creation of high dense 

areas goes hand in hand with possibilities for realizing a lot of amenities nearby in 
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those areas, since large enough catchment areas for the amenities are created. 

Expected results of higher walking frequencies are an increased health of 

individuals as well as other benefits for individuals. Next to that, a logical 

consequence of walking more often is less use of other transport modes. Since 

cars are currently sometimes used for short distances in the Netherlands (Strategy 

Development Partners, 2019), walking can replace this less sustainable transport 

mode in these cases. By development of higher dense areas with a lot of amenities, 

shorter travel distances are created.  

 

An implication for further research is to consider more subjective walkability 

aspects as well, to test whether walking behavior can be predicted more 

accurately. Next to that, one of the datasets used in this study does not include 

large cities, while the walkability turned out to have a relationship to urbanity to a 

large extent. A more accurate relationship between walkability and dwelling values 

might be obtained by using a dataset that includes large cities in further research. 

Lastly, the spatial level of the postal code might in general be quite large to 

measure the subject, and more precise results could possibly be obtained by using 

a smaller spatial level. 

 

Although more research is needed, in this study a relationship between multiple 

built environment aspects and walking behavior is found, as well as a relationship 

between walkability and dwelling values. 
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1. Introduction  

This chapter provides the introduction of the research subject. The background, 

research problem, objective and research questions, scientific and societal 

relevance, research design and structure of the research are described. 

 

1.1 Background 

Physical inactivity can lead to diseases such as obesity, diabetes and some types 

of cancer (Michaud et al., 2001; Frank et al., 2004; Giovannucci et al., 1995; 

Duncan et al, 2014). Walking as a physical activity has benefits for the health of 

individuals (Cunningham & Michael, 2004; Badland & Schofield, 2005), increases 

social equity (Rafiemanzelat, Emadi & Kamali, 2017) and next to that it has social 

and recreational value (Southworth, 2005). Other important advantages of walking 

and other active travel modes are that these types of transport contribute to 

climate benefits and to less traffic congestion (Monteiro de Cambra, 2012; 

Rafiemanzelat, Emadi, & Kamali, 2017). Additionally, the population in a large part 

of the world is ageing and elderly possess a driver’s license less often compared to 

younger adults (Statistics Netherlands, 2018-b) and have a high desire for 

walkable places (Myers & Gearin, 2001; Mollenkopf et al., 2004). For all these 

reasons it is important to look for useful ways to stimulate walking. 

 

A lot of different studies found relationships between the degree to which the built 

environment is favorable to walking and physical activity levels of individuals (King 

et al., 2003; Owen et al., 2007; Leslie et al., 2007; Gilderbloom et al., 2015; Ewing 

and Cervero, 2010; Frank et al., 2005; Badland & Schofield, 2005-b; Saelens et 

al., 2003). To be more specific, people living in environments that are walking-

friendly accumulate physical activity recommendations at least one day per week 

more compared to individuals that do not live in walking-friendly neighborhoods 

(Badland & Schofield, 2005). The physical environment influences walking 

behavior by creating opportunities for individuals to become more active. It even 

has been suggested by Saelens et al. (2003) that changes to the environment in 

promoting physical activity have more permanent effects than individually oriented 

promotion of physical activity. The degree to which the built environment is 

conducive to walking is often indicated as ‘walkability’ (Shashank, 2015). Since a 

relationship between walkability and actual walking behavior exists, it is important 
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that urban planners and area developers, who are the decision makers regarding 

the way areas are designed and realized, are stimulated to increase the walkability 

of the environment. A motive for them to invest more in walkable areas could be 

a relationship between walkability and real estate property values. 

 

1.2 Research problem 

As stated above, physical inactivity can contribute to physical diseases and being 

overweight (Michaud et al., 2001; Frank et al., 2004; Giovannucci et al., 1995; 

Duncan et al, 2014). More and more individuals are overweight in the Netherlands, 

which is an increasing problem (Rijksinstituut voor volksgezondheid en milieu, 

2018). Next to that, a study conducted by Strategy Development Partners (2019) 

on behalf of the Central Government shows that cars are used frequently in the 

Netherlands, even for short distances. For distances between 1 and 5 kilometers 

cars are used 41 percent of the time, and even for very short distances below 1 

kilometer cars are used 12 percent of the time (Strategy Development Partners, 

2019). Using cars instead of active travel modes may not only lead to a low physical 

activity and therefore contribute to a decreased health and increased overweight, 

it also causes climate problems and traffic congestion problems. The travel time 

for car users is expected to be 35 percent longer in 2023 compared to 2017 

(Kennisinstituut voor Mobiliteit, 2018). However, area developers currently might 

not see what advantages the creation of more walkable places could have for 

themselves. 

  

1.3 Research objective 

Since walking is important for the reasons mentioned above, and since a link exists 

between the walkability of an area and physical activity (King et al., 2003; Owen 

et al., 2007; Leslie et al., 2007; Gilderbloom et al., 2015; Ewing and Cervero, 

2010; Frank et al., 2005; Badland & Schofield, 2005-b; Saelens et al., 2003), it is 

important that the built environment is made walking-friendly as much as possible. 

Urban planners and area developers should be stimulated to create more walking-

oriented neighborhoods in order to achieve the benefits of these environments as 

described in the previous section. If a relationship between property values and 

walkability exists, decision makers regarding the built environment may become 

more interested in creating walking-oriented neighborhoods, if the price premium 
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does not exceed the costs. Not a lot of research has been done yet regarding the 

relationship between walkability and real estate property values. Some existing 

studies have found significant relationships, however, most of these studies were 

conducted in the United States (e.g. Gilderbloom et al., 2015, Li et al., 2015; Pivo 

and Fisher, 2011; Cortright, 2009). In the Netherlands, only a study regarding 

land use mix and dwelling values is conducted by Koster and Rouwendal (2010), 

in which they found a significant relationship. Land use mix is often mentioned as 

a walkability aspect in existing studies (e.g. Frank et al., 2009; Ewing and Cervero, 

2010; Saelens et al., 2003). Sundquist et al. (2015) state that there are large 

differences between the built environment of the United States and Europe. The 

Netherlands is in general an essentially less car-oriented country than the United 

States (Pucher & Buehler, 2008), possibly because the Netherlands has a different 

built environment structure: in general a flatter surface, higher land use densities 

at a lot of places, and footpaths next to almost every road. Since probably all 

places in the Netherlands are to a certain extent sufficiently walkable, it could be 

that individuals are not willing to pay more for properties with a higher walkability. 

Except for the substantial differences in the transportation network and surface, 

the differences in culture also may lead to another attitude towards highly walkable 

areas. For these reasons it is relevant to investigate whether existing significant 

results in the United States hold for the Netherlands as well. Therefore, the aim of 

this study is to investigate to what extent a relationship exists between walkability 

and real estate property values in the Netherlands.  

 

1.4 Research questions 

To achieve the purpose of this study, the main research question will be answered:  

To what extent does a relationship between walkability and residential property 

values exist in the Netherlands?  

 

This main question is split up into two sub questions and will be answered based 

on these sub-questions. The following sub-questions will be investigated: 

- Which built environment factors are related to walkability and what is the 

most suitable index to measure walkability? 

- To what extent does the created walkability index have a relationship with 

residential property values? 
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Figure 1 shows the conceptual model of the first part of the research, regarding 

the relationship between walkability aspects of the built environment and walking 

frequencies. Built environment characteristics of the postal code as well as socio-

demographic and socio-economic aspects of individuals living in that postal code 

are expected to influence walking behavior.  

 

 

      

 

 

 

 

 

Figure 2 shows the conceptual model of the second analysis, which investigates 

the relationship between walkability, based on the relationship between 

characteristics of the built environment and walking frequencies, and dwelling 

values. The analysis controls for other characteristics of the dwellings and location 

that influence dwelling values.  

 
 

 

 

 

 

 
 
 
 

 

 

 

1.5 Relevance  

The scientific and societal relevance of this study are explained below. 

 

Scientific relevance 

As stated in section 1.3, not much research has been done yet regarding the 

relationship between walkability and real estate property values, and most of the 

Walkability 
aspects of the 

built 
environment 

Personal 
characteristics 

Walking 
frequencies 

Walkability 

Dwelling 
characteristics 

Location 
characteristics 

Dwelling values 

Figure 1: Conceptual model of analysis regarding built environment aspects and walking behavior 

Figure 2: Conceptual model of analysis regarding walkability and residential values 
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conducted studies so far regarding this relationship are focused on the United 

States. The differences in the built environment structure between the Netherlands 

and the United States (Sundquist et al., 2011) make that it is important to 

investigate whether a significant relationship between walkability and real estate 

property values in the United States holds for other countries as well. The results 

can contribute to the knowledge of the difference in willingness to pay for people 

living in different countries. Next to that, research into the relationship between 

walkability and dwelling prices may be useful in gaining more insight in the 

structure of transaction prices.  

 

Societal relevance 

Scientific research is needed regarding the monetary benefits of creating places 

that stimulate health in any way. As stated before, if individuals have a higher 

willingness to pay for dwellings in highly walkable neighborhoods, area developers 

are more likely to be willing to invest more in these kinds of places in the future. 

Provinces and municipalities can integrate walkable areas to a greater extent in 

their spatial planning strategies, by means of structure visions and destination 

plans that are more focused on walkable areas and they can collaborate with 

developers in making places more walkable. Figure 3 illustrates the possible effects 

of a relationship between walkability and willingness to pay, with increased health, 

climate benefits and less traffic congestion as final societal purposes. 

 

 

 

 

 

 
 

 
 
 

 
 

 
 

Higher 
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walkability 

More 
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Figure 3: Societal relevance 
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1.6 Research design 

This research uses objective research methods and data to investigate the 

relationships explained above. In order to conduct the first analysis, spatial data 

of Statistics Netherlands (2016) and OpenStreetMap (n.d.) is combined with 

walking frequency data of OViN (Statistics Netherlands, n.d.). Socio-demographic 

and socio-economic control variables are derived from Statistics Netherlands 

(2018). Data is in some cases transformed to the spatial level of the four-digit 

postal code. A principal component analysis is conducted twice, to reduce the 

number of variables included in the analysis and to avoid multicollinearity. The 

principal component analysis is conducted for walkability variables and control 

variables apart from each other, to be able to interpret the results regarding the 

walkability results separately. A multiple regression analysis is conducted to find 

unique relationships between the different built environment aspects and actual 

walking frequencies of individuals for the whole of the Netherlands. Based on the 

significance, direction and strength of the built environment aspects that show a 

significant relationship to walking frequencies, a walkability index is created. This 

formula is used to calculate scores for each postal code. Regarding the second part 

of the research, testing the relationship between walkability and dwelling values 

of individual dwellings, an existing dataset of West-Brabant is used. Arentze and 

Stevens (2018) used this dataset to create a model that explains 84 percent of the 

differences in transaction prices of dwellings. The walkability index will be added 

to the model, to test whether a significant relationship exists for West-Brabant.  

 

1.7 Research structure 

A literature review regarding the definitions of walkability, aspects that are related 

to walkability and the relationship between walkability and real estate property 

values is described in the next chapter. Chapter 3 explains the research design 

and in chapter 4 a detailed description of all the data that is used is given. The 

results are presented in the chapter 5. Finally, chapter 6 contains the conclusion, 

discussion and recommendations. 
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2. Literature review 

This chapter contains a review of the existing literature regarding walkability and 

walking behavior. An overview of walkability definitions is given, since walkability 

is defined in different ways by researchers. Next to that, aspects that are related 

to walkability according to existing literature are explained, as well as several 

walkability indices that are created by researchers. Lastly, research regarding the 

relationship between walkability and real estate property values is discussed. 

 

The walkability studies considered in this literature review are conducted in 

different countries. Bassett et al. (2008) found that walking is much more common 

in Europe than in the United States, Canada and Australia. Most of the research 

included in this chapter are based on areas in the United States. As stated in 

section 1.3, the United States has a different built environment structure and is 

essentially more car-oriented than the Netherlands (Pucher & Buehler, 2008). This 

is supported by other research: inhabitants of the United States use the car 66 

percent of the time for trips below 1.6 kilometer and 89 percent of the time for 

trips between 1.6 and 3.2 kilometer (Pucher & Dijkstra, 2003), while inhabitants 

of the Netherlands use the car for 12 percent of the trips below 1 kilometer and 41 

percent of the time for trips between 1 and 5 kilometer. According to Pucher & 

Dijkstra (2003), in the Netherlands individuals of 75 years old and older walk or 

bike in half of their trips made, in the United states this is only 6 percent. 

Pedestrian safety possibly has something to do with this: the chance that a 

pedestrian in the United States gets into an accident is four times greater than the 

chance that a pedestrian in the Netherlands gets into an accident (Pucher & 

Dijkstra, 2008).  

 

Although walking might be more integrated in the Netherlands than in the United 

States, problems with physical inactivity arise here as well (Rijksinstituut voor 

Volksgezondheid en Milieu, 2018), as stated before. A lot of studies regarding 

walking behavior and walkability in the United States have the same aim as this 

study, namely improving the health of individuals (e.g. Cunningham & Michael, 

2005; Khan et al., 2009; Duncan et al., 2014; Frank et al., 2004) and reaching a 

higher level of sustainability (e.g. Ewing & Cervero, 2010; Gilderbloom et al., 

2015; Leslie et al., 2007).  However, taking into account the problems regarding 

pedestrian safety in the United States, aims of walkability studies in the United 
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States logically seem to be often focused on pedestrian safety (e.g. Lo, 2009; 

Saelens et al., 2003; Khan et al., 2009), while in the Netherlands this aspect is 

less of a problem (Pucher & Dijkstra, 2008). 

 

2.1 Definitions of walkability 

In existing research articles, walkability is defined in different ways (Monteiro de 

Cambra, 2012; Lo, 2009). One of the reasons for the lack of a single definition is 

that different motivations for walking exist, such as transportation, recreation or 

exercise (Forsyth, 2015). According to Forsyth (2015) the existing research into 

walkability has three kinds of focuses: on environmental characteristics or the 

mean of making walkable environments, on making places lively, creating 

sustainable transport and induce exercise, and on walkability even providing a 

holistic solution to urban issues.  

 

Some studies give broad definitions of walkability, other studies define walkability 

in a more specific way. Examples of broad definitions of walkability are “the extent 

to which the built environment is walking-friendly” (Abley, 2005 in Abley and 

Turner, 2011, p.11) and “a neighborhood’s capacity to support lifestyle physical 

activity” (Carr, Dunsiger and Marcus, 2011, p. 1144). Another definition is “the 

degree to which an area within walking distance of a property encourages walking 

trips from the property to other destinations” (Pivo and Fisher, 2011, p. 186). 

 

Leslie et al. (2007) described a more specific definition of walkability: “the extent 

to which characteristics of the built environment and land use may or may not be 

conducive to residents in the area walking for either leisure, exercise or recreation, 

to access services, or to travel to work” (p. 113).  An even more precise definition 

reads as follows:  

 

Walkability is the extent to which the built environment supports and 

encourages walking by providing for pedestrian comfort and safety, 

connecting people with varied destinations within a reasonable amount of 

time and effort, and offering visual interest in journeys throughout the 

network. (Southworth, 2005, p. 247-248). 
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The specific definition of Southworth (2005) is more explicitly focused on comfort, 

safety and offering visual interest than the definition of Leslie et al. (2007).  

 

The different definitions given to walkability by researchers are usually unique to 

their own disciplines (Shashank, 2015). The definition given to walkability and the 

specific aspects mentioned in the definition depends on whether the study is 

objective or subjective. Studies that measure subjectively are more likely to 

consider aspects such as aesthetics, barriers on the street and certain types of 

safety. In studies that measure walkability in an objective way it may be more 

straightforward to measure for instance different types of densities and land use 

mix. This study uses objective physical built environment data to measure 

walkability.  

 

Although the definitions of walkability differ, the essence of all definitions of 

walkability is the degree to which areas are conducive to walking (Shashank, 

2015), which becomes clear from the examples of definitions mentioned above as 

well. Therefore, it is important to test the built environment aspects with actual 

walking behavior of individuals, which will be the focus of the first part of this 

research. 

 

2.2 Built environment aspects related to walking behavior 

Depending on the used definition, a broad spectrum of different built environment 

factors is chosen in studies measuring walkability. This section describes aspects 

that are related to walkability according to existing literature. The most commonly 

mentioned factors in relation to walkability and walking behavior are described one 

by one. Some of the articles that are included based their aspects on existing 

literature (theory-driven), others tested the relationship with actual walking 

behavior (data-driven). A complete overview can be found in Table 1 in section 

2.4. 

 

Several authors created a walkability index, consisting of multiple built 

environment aspects, and sometimes the aspects are given weights. If the aspects 

are used in an existing walkability index, this is mentioned in this section as well. 

The walkability indices are described more in detail in section 2.3. 
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This study measures walkability objectively, because most of the built environment 

aspects can be measured in an objective way. However, in this review, objective 

as well as subjective studies are considered. Some of the studies described below 

combine objective and subjective measures. Factors that are considered important 

in measuring walkability in this study are actually influencing walking behavior of 

individuals. As mentioned before, the relationship between walkability and physical 

activity is widely recognized (King et al., 2003; Owen et al., 2007; Leslie et al., 

2007; Gilderbloom et al., 2015; Ewing and Cervero, 2010; Van Holle et al., 2014). 

Below, the built environment aspects that are related to walkability according to 

existing literature are described. 

 

Number of travel destinations / amenities within walking distance 

Ewing and Cervero (2010) state in a meta-analysis that the number of destinations 

within a walkable distance is one of the most important factors in stimulating 

walking. King et al. (2003) as well as De Bourdeaudhuij, Sallis and Saelens (2003) 

found a positive relationship between the number of destinations within the 

walking distance from dwellings and the physical activity levels of individuals as 

well, by testing this relationship in a regression analysis. City of Portland (1998) 

takes into account the number of travel destinations in the walkability index that 

they created, which is described in more detail in paragraph 2.3. 

 

Proximity of travel destinations / amenities 

Proximity is often used in the discussion regarding the built environment and travel 

behavior of individuals (Saelens et al., 2003-b; Frank & Engelke, 2005; Frank, 

2000). Moudon et al. (2006) found a significant relationship between the proximity 

of the nearest daily food and retail stores from home and walking behavior, by 

testing the relationship in a regression analysis. Gilderbloom et al. (2015) state in 

a literature review that proximity of destinations is important in influencing walking 

behavior. When a distance to travel destinations is smaller, the walkability is 

higher. Walking as a transport mode is used in 51 percent of the cases below 1 

kilometer, and this percentage decreases fast for distances above 1 kilometer 

(Strategy Development Partners, 2019). City of Portland (1998) takes into account 

the proximity of amenities as one of the aspects within their walkability index. 
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Distance to public transport 

Public transport can contribute to walkability if the distances from home are low. 

It is not a final destination, it is just a means to reach the destination. Millington 

et al. (2009) state that public transport can be a walkability factor. According to 

Ewing and Cervero (2010), who conducted a meta-analysis, the distance to public 

transport can be measured as the shortest route from a dwelling or workplace to 

the nearest bus stop or train station. Another way to measure distance to public 

transport is to measure the route density, the distance between public transport 

stops, or the number of stations in an area (Ewing & Cervero, 2010). Public 

transport is also used in an existing walkability index, as one of the factors for 

measuring walkability (Lo, 2009).  

 

Density 

Density is defined in the literature review of Handy et al. (2002) as the “amount 

of activity in a given area” (p. 66). Several types of densities are used in different 

existing studies regarding walkability: 

 

1. Employment density 

Ewing and Cervero (2010) state in their meta-analysis that job density is often 

used in walkability studies. Employment density is measured as the number of jobs 

in an area, for example per square kilometer. 

 

2. Residential density 

Residential density is used in more existing walkability studies, measured as the 

number of dwellings located within a certain area. Saelens et al. (2003) and 

Moudon et al. (2006) found in their study that a higher residential density is one 

of the factors related to a higher walkability, by testing the relationship with 

walking behavior in a regression analysis. Residential density is used in the existing 

walkability indices of Sundquist et al. (2011), Frank et al. (2009) Frank et al. 

(2006) and Frank et al. (2005)  

 

3. Density of buildings / structures / land use 

Handy et al. (2002) mention in a review of existing literature the density of 

buildings being important in relation to walkability. Next to that, Lo (2009) states 

in a literature review that land use density has a relationship to walkability. Lastly, 
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Frank and Engelke (2015) state in their review of existing literature that density 

of structures in an area is important in literature regarding the built environment 

and travel behavior. Although density of structures and land use density are not 

specified, it is expected that building density or address density can be used as a 

form of measuring these types of density. 

 

4. Population density 

Another option is to measure density as a factor of walkability is to determine the 

population density, as stated in the literature review of Frank & Engelke (2005) 

and Handy et al. (2002). Shashank (2017) mentions in a literature review that 

population density is a way of measuring proximity, which is an important aspect 

of walkability (Saelens et al., 2003). However, Ewing and Cervero (2010) state in 

their meta-study that population density is only weakly related to travel behavior. 

 

5. Floor area ratio 

Handy et al. (2002) state in a literature review that the ratio between the floor 

space of a building (all the stories together) and the parcel of that building is a 

popular way of measuring density. According to Leslie et al. (2007), the ratio of 

the retail floor area in relation to the total land used for retail can be used to get 

an indication of the parking space available. Shashank (2017) argues that in this 

way it can be derived how accessible the area is for pedestrians. Leslie et al. (2007) 

suggest that large parking areas in retail locations might complicate walking there. 

 

6. Intersection density 

The sixth type of density is intersection density, which is measured by the number 

of intersections in an area. Ewing and Cervero (2010) state that intersection 

density is one of the factors that is most strongly related to walking behavior. 

Intersection density is included in the walkability index of Leslie et al. (2007), 

Sundquist et al. (2011) and Frank et al. (2009).  

 

Frank and Engelke (2005) state in a literature review that a higher density alone 

not necessarily means a higher proximity and walkability. When density is 

considered in walkability research, it is important to measure land use mixture as 

well, according to Frank and Engelke (2005). Areas dominated by single land use 

may have a high density, and still a low walkability.  
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Street connectivity 

Saelens et al. (2003) found that a higher connectivity of streets leads to a higher 

walkability, by testing the relationship with walking behavior in a regression 

analysis. A way to measure street connectivity is to count the number of 

intersections per square kilometer (Frank et al., 2005), which indicates that it is a 

synonym of intersection density. Frank and Engelke (2005) and Leslie et al. (2007) 

mention that areas with higher street connectivity have closer-spaced 

intersections. Owen et al. (2007) found by testing walkability aspects and walking 

behavior that street connectivity is one of the most important aspects regarding 

influencing walking behavior. Shashank (2017) mentions in a literature study that 

street connectivity is important for measuring walkability. Street connectivity is 

used as a factor in the walkability index of Frank et al. (2005), the index of City of 

Portland (Lo, 2009) and in the index of Sundquist et al. (2011). 

 

Size of street blocks 

Moudon et al. (2006) found by testing the relationship in a regression analysis that 

smaller street blocks around dwellings are positively associated with walking 

behavior. Next to that, Saelens et al. (2003-b) state in a literature review that a 

long block size leads to a lower connectivity and therefore to lower walkability. 

Lastly, Shashank (2017) mentions in a review of existing research that block size 

is an aspect of walkability.  

 

Intersection density, street connectivity and size of street blocks are related to 

each other. Frank and Engelke (2005) state that intersection density is a way to 

measure connectivity. Connectivity refers to the ease of moving and therefore to 

aspects such as the street pattern (e.g. length of streets, street connectivity or 

density of intersections) (Saelens et al, 2003-b; Frank & Engelke, 2005; Leslie et 

al., 2007; Shashank, 2017; Owen et al., 2007). As stated before, a way to measure 

street connectivity is to count the number of intersections per square kilometer 

(Frank et al., 2005). Frank and Engelke (2005) and Leslie et al. (2007) mention in 

a literature review that areas with higher street connectivity have closer-spaced 

intersections. So, therefore street connectivity is related to intersection density. 

Another way to measure street connectivity is measuring the average block length, 

which is stated in the literature review of Handy et al. (2002). Thus, all three 
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aspects have the aim of measuring connectivity, which is related to the number of 

options for travel routes. 

 

Land use mix or diversity 

Lo (2009) state in a review of existing literature that land use mix is one of the 

factors used in different walkability studies. Saelens et al. (2003), Frank et al. 

(2009) and Frank et al. (2005) found by testing the relationship that a high land 

use mix is related to actual walking behavior, and is therefore an important aspect 

of highly walkable areas. Furthermore, Ewing and Cervero (2010) argue land use 

diversity is an important aspect that influences walking behavior. It can be 

measured by the number of land uses within a certain area and how much of the 

area these land uses take up (Ewing and Cervero, 2010). Existing studies used 

different kind of data to measure land use mix. Frank et al. (2005) use the 

distribution of residential, office and commercial square meters in their study. 

Another study by Frank et al. (2006) uses education, entertainment, residential, 

retail and office square meters. Sundquist et al. (2011) created five land use 

categories, namely dwellings, retail, office, health care or institutional and 

entertainment or physical activity, and measured land us mix as the evenness of 

distribution of the categories by using the Herfihndahl-Hirschman Index. This index 

measures the number and size of each land use type in an area (Shashank, 2015). 

Land use mix is one of the aspects that is taken into account in the existing 

walkability indices of Frank et al. (2005) and Sundquist et al. (2011) and in the 

Walk Score tool (Gilderbloom et al., 2015). 

 

Barriers 

Less barriers on the streets, such as freeways, walls and other obstacles contribute 

to a higher walkability, as stated in the literature reviews of Leslie et al. (2007) 

and Saelens et al. (2003-b). Rattan, Campese and Eden (2012) argue that water 

bodies can be another walkability obstacle. This is probably the case because large 

water bodies can complicate walking in an area by making routes longer than they 

would be without the water bodies. 
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Green space 

Green space is indicated as an aspect of walkability by Spoon (2005) in a review 

of existing literature. A higher percentage of green space within a certain area may 

lead to a higher walkability. 

 

Visual interest/Aesthetics 

Saelens et al. (2003) found that aesthetics play a role in the degree to which 

walkability exists in areas, by testing the relationship with walking behavior by 

conducting a regression analysis. To be more specific, walking is more attractive if 

people think there are attractive natural sights and attractive buildings or homes 

in the neighborhood (Saelens et al., 2003). This means that green space, which is 

mentioned above, can be seen as a part of visual interest. By mentioning attractive 

natural sights, Lo (2009) state that visual interest appears in different walkability 

measures. Aesthetics is used in an existing walkability index as well (Millington et 

al., 2009). 

 

Quality/maintenance of sidewalks 

As one of the few studies, de Bourdeaudhuij, Sallis and Saelens (2003) found by 

conducting a regression analysis that a relationship exists between the quality of 

sidewalks and the daily minutes of walking of individuals, more specifically for men. 

Lo (2009) states in a literature review that well-maintained sidewalks and the 

presence of sidewalks are walkability measures. A positive relationship between a 

higher quality and level of maintenance of sidewalks can be expected. 

 

Safety 

Different types of safety are considered as walkability aspects in existing studies. 

Different kinds of traffic safety are often mentioned. According to Lo (2009), the 

ease and safety of crossings is used as a walkability evaluation criterion that is 

developed by several regional agencies. Saelens et al. (2003) found by conducting 

a regression analysis that pedestrian and automobile safety are important, which 

means that the automobile speeds should be below 30 mph (or 48 km/h) and that 

crosswalks and pedestrian signals help people crossing. Safe speeds are mentioned 

in the review of existing literature of Lo (2009) as well, which concludes that the 

absence of high-speed traffic is a walkability measure. Interestingly, Gilderbloom 

et al. (2015) on the other hand mention that safe speed limits are a less important 
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aspect of walkability. Giles-Corti and Donovan (2002) state that more attention is 

required to safety aspects of the streetscape as an important aspect of physical 

activity in recreation and transport. So, in different studies it is stated that crossing 

safety contributes to walkability. Opinions regarding the importance of safe speeds 

in relation to walkability are divided among different authors. Another type of 

safety is crime safety. Interestingly, Saelens et al (2003) found no differences in 

crime safety between areas with a low- and high walkability tested. The Scottish 

Walkability Assessment tool takes into account personal as well as traffic safety 

(Millington et al., 2009).  

 

Population characteristics 

Almost all of the previous mentioned studies that tested the relationship between 

built environment variables and walking behavior controlled for socio-demographic 

and/or socio-economic variables. Population characteristics are related to walking 

behavior according to Gilderbloom et al. (2015), Owen et al. (2007). De 

Bourdeaudhuij, Sallis and Saelens (2003) conducted separate analyses based on 

different population characteristics. They found that older people reported 

differently on aspects such as neighborhood aesthetics, crime safety, possibilities 

to be physically active in the environment. Next to that, reporting differences were 

found in people with different BMI’s and gender (De Bourdeaudhuij, Sallis and 

Saelens, 2003). Individual circumstances can lead to a specific environment being 

assessed as walkable or not walkable for that specific person, and this may differ 

per person. It may be that for example elderly value aspects of walkability 

differently than younger people: it is likely that they attach more value to aspects 

such as the quality and maintenance of sidewalks. 

 

Some of the built environment aspects named in this section are mentioned in a 

lot of existing walkability studies, others were only named once or twice. Built 

environment aspects that can be measured objectively are taken into account as 

much as possible in this study. Section 4.2 describes in detail which characteristics 

are considered. However, most of the walkability research is conducted in the 

United States and the aims of these studies are more often focused on pedestrian 

safety, therefore not all the aspects that are mentioned in this section might be 

relevant in the Netherlands. 
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2.3 Existing walkability indices 

Some of the existing studies into walkability created, used or reviewed a walkability 

index. These indices are described below.  

 

Urban walkability index 

Glazier et al. (2012) created a walkability index based on population and dwelling 

density, street connectivity and the retail stores available within a walking distance 

of ten minutes. Data in GIS was used to obtain information about built 

environments, self-reported survey data in Canada was used to test the 

relationship with actual walking behavior by conducting a regression analysis. The 

walkability index was developed based on the factor loadings from a factor 

analysis. Three spatial levels were used to test the index, from neighborhood level 

to near-individual level. A positive relationship between walking behavior and the 

index was found. 

 

Neighborhood Environment Walkability Scale (NEWS) 

The Neighborhood Environment Walkability Scale is a questionnaire developed by 

Saelens et al. (2003). The instrument consists of 68 items of perceived attributes 

(Cerin et al., 2006). Respondents could indicate their perception of the following 

environmental subjects of the questionnaire: residential density, proximity of 

(non-residential) destinations, land use mix, street connectivity, aesthetics, 

walking and cycling facilities, traffic- and crime safety, and lastly the ease of 

reaching destinations (Saelens et al., 2003). According to Saelens et al. (2003), 

the aspects have a scale of 1 (strongly agree) to 4 (strongly disagree), except for 

residential density and land use mix. Land use mix was calculated as the distance 

to different amenities, where a 1-5 minute walk is coded as 5, and more than 30 

minutes walking is coded as 1. To calculate residential density, respondents were 

asked about the variety of homes in the neighborhood and got a value based on 

that (Saelens et al., 2003). Walking was assessed by using accelerometers 

(Saelens et al. (2003). The authors controlled for population characteristics such 

as gender, age, ethnicity, level of education and BMI. According to Adams et al. 

(2009) different studies show a good test-retest reliability of the items included in 

NEWS. 
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Walk Score 

Walk Score (2019) is a walkability index that is widely used to measure how 

walkable specific addresses are. It measures the walkability of addresses by 

analyzing walking routes to nearby amenities, and it assigns categorized points 

(Walk Score, 2019). When an amenity is within 0.4 kilometer or 5 minutes walking, 

maximum points are awarded, and no points are given when an amenity is on a 

distance of more than 2.5 kilometers or 30 minutes walking. Next to this, Walk 

Score analyses population density, block length and intersection density among 

other things, based on data sources including Google Maps, Open Street Map and 

the U.S. Census (Walk Score, 2019). Walk Score is used in different existing 

studies to walkability (e.g. Gilderbloom et al., 2015; Li et al., 2015; Manaugh & 

El-Geneidy, 2011; Jones, 2010; Cortright, 2009). Carr, Dunsiger and Marcus 

(2016) found that Walk Score is a reliable and valid measure. Walk Score data can 

be used in the United States, Canada, New Zealand and Australia (Walk Score, 

2019-b). 

 

Pedestrian Environment Data Scan (PEDS) 

The Pedestrian Environment Data Scan is developed by Clifton and Smith (Clifton, 

2010). Lee and Talen (2014) summarize the Pedestrian Environment Data Scan. 

According to Lee and Talen (2014), PEDS was designed to evaluate aspects of the 

built and natural environment that are connected to pedestrian activity, and it is a 

combination of objective and subjective assessments. It consists of forty items 

(Clifton, Smith and Rodriguez, 2015). It includes types, destinations and intensities 

of land uses, the availability and quality of sidewalks, different kinds of vehicle-

pedestrian interaction elements such as speed limits and road connectivity and it 

contains safety aspects such as lighting, and appeal aspects such as aesthetics 

(Lee and Talen, 2014). 

 

Scottish Walkability Assessment Tool (SWAT) 

Millington et al. (2008) developed the Scottish Walkability Assessment Tool in 

order to record built environment aspects related to walking in an objective way. 

The authors based this tool on another tool, SPACES, that considered factors that 

are likely to influence walking and cycling behavior according to existing literature. 

However, the SWAT only focuses on walking. One hundred and twelve items were 

tested and by using trained raters it turned out that eighteen items were reliable 
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and could be used to differentiate walkability (Millington et al., 2008). These items 

were grouped by Millington et al. (2008) into elements and themes. Aesthetics or 

visual interest, personal and traffic safety, the number of public transport stops 

and the number of other facilities were marked as reliable in the final outcome 

(Millington et al., 2008). 

 

Pedestrian Potential Index (PPI) and Pedestrian Deficiency Index (PDI) 

The Pedestrian Potential Index and Pedestrian Deficiency Index are developed by 

the city of Portland (City of Portland, 1998). City of Portland (1998) says that The 

PPI is created to identify locations that have a high potential for pedestrian trip 

making and the PDI is created to identify locations with existing low quality 

pedestrian facilities. The indices are often combined in order to find areas with high 

potential as well as areas with existing shortcomings in pedestrian facilities (City 

of Portland, 1998). Lo (2009) summarizes the items of the Pedestrian Potential 

Index and Pedestrian Deficiency Index. The PPI and PDI consist of the proximity 

to schools, parks and retail, the distance to public transit, connectivity of streets, 

land use mix and density and traffic safety (among which safe speeds) (Lo, 2009). 

 

The Pedestrian Potential Index measures the strength of different factors of the 

environment favoring walking and assigns points to street segments (City of 

Portland, 1998). City of Portland (1998) divided the set of factors into three 

groups. The first category is policy factors, and the number of points assigned 

depends on the category in which that area is classified in (e.g. Pedestrian District 

or City Walkway) in the Region 2040 plan. Points are assigned to destinations 

within walking distance as well, which is the basis of the second category. What is 

considered as walking distance depends on the destination, and varies between a 

maximum of 0.4 and 1.6 kilometers. The third category exists of variables that 

were found to have a positive relationship with walking behavior according to an 

activity survey in Portland: a lot of destinations within walking distance (around 

400 meter), a high street connectivity, a people-scale development pattern instead 

of automobile-scale and a good balance between land use types (City of Portland, 

1998). The points for all the categories together are the Potential Index value when 

summed up, calculated for each street segment.  

 



 32 

The Pedestrian Deficiency Index indicates the need of improvements for 

pedestrians in a street segment (City of Portland, 1998). Included factors are 

missing sidewalks, low street connectivity and dangerous crossings. The number 

of points assigned to street segments depends on the value of these variables. 

 

Walking Suitability Assessment Form (WSAF) 

Emery et al. (2003) developed the Walking Suitability Assessment Form. This 

assessment tool is used to measure transportation characteristics based on 

objective evaluation (Lee & Talen, 2014). According to Lee and Talen (2014) it 

calculates a walkability suitability score. It includes aspects such as presence and 

quality of sidewalks, barriers such as ditches and creeks and different kinds of 

safety aspects. An overall walking suitability score is calculated for different road 

segments (Emery et al., 2003). 

 

Graz walkability index 

The Graz walkability index is developed by Grasser et al. (2017), in the context of 

the Austrian city Graz. Land use mix, dwelling density and three-way intersection 

density are represented in the Graz walkability index. The walkability aspects have 

equal weights. 

 

Indices without a name 

Several other indices were found within existing literature. Below the created 

indices without names are described one by one. 

 

Frank et al. (2005) combined land use mix, dwelling density and intersection 

density into an index. The relationship between the walkability index and physical 

activity was measured based on data, by using accelerometers. Data in GIS was 

used to obtain information about the built environment. The authors controlled for 

socio-demographic variables. Regression analysis was used to test the 

relationship. Residential density was measured by the number of dwellings per 

acre, street connectivity by the number of intersections per square kilometer and 

distribution evenness of residential, commercial and office development per square 

footage was used to measure land use mix (Frank et al., 2005). Frank et al. (2005) 

mention that for each variable a normalized distribution was taken, and that 

different weights were tested. A weight of six for the normalized distribution of 
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land use mix turned out to have the greatest explanatory power regarding variation 

in the minutes of moderate activity per day. The following formula was used: 

 

Walkability index =  6 * z-score of land use mix + z-score of dwelling 

density + z-score of intersection density  

 

Another index by Frank et al. (2006) consists of land use mix, dwelling density, 

intersection density and retail floor area. Residential density and street 

connectivity were measured the same as described above. For land use mix, the 

educational, entertainment, residential, retail and office functions were taken into 

account. An entropy score regarding land use mix is calculated. Retail floor area 

ratio was measured as the retail building floor area divided by the total land area 

for retail. Population characteristics such as gender, age, ethnicity, education, 

income and children are controlled for (Frank, 2006). Existing travel survey data 

and a database with built environment data were used in the study.  The walkability 

index score is calculated as the summed z-scores of the four variables. A regression 

analysis was used to test the relationship between the walkability index and 

walking behavior, and a positive relationship was found. 

 

Frank et al. (2009) used almost the same index as Frank et al. (2006), however, 

intersection density was mentioned instead of street connectivity. Intersection 

density was measured by the number of intersections with three legs or more per 

acre. The intersection density has a weight of 2, because prior evidence indicates 

that intersection density has a strong influence on travel choice (Frank et al., 

2006). The authors control for race and ethnic distribution, income, the number of 

households, the median age, and education. Travel survey data, information from 

an existing database regarding built environment data and field visits were used 

to test the relationship between the walkability index and walking behavior. A 

positive relationship between the index and walking behavior was found. The 

following formula was used: 

 

Walkability index =  2 * z-score of intersection density + z-score of net 

residential density + z-score of retail floor area 

ratio + z-score of land use mix 
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A walkability index created by Owen et al. (2007) is based on land use mix, 

dwelling density, street connectivity and net retail area. Walking behavior was 

derived from a survey, walkability scores were given through data in GIS. Owen 

et al. (2007) found a strong relationship between the index and weekly frequency 

of transport-related walking. 

 

One more walkability index was created by Sundquist et al. (2011) in Sweden. The 

index consists of three variables: residential density, street connectivity and land 

use mix. The index is based on an index of Frank et al. (2006), which includes the 

variables residential density, street connectivity, land use mix and retail floor area 

ratio. The retail floor area ratio was not taken into account since the needed data 

was not available in Sweden. According to Sundquist et al. (2011), previous studies 

chose to weigh street connectivity two times, however, since Sundquist et al. 

(2011) included three variables instead of four, they only weigh it 1.5 times. A 

sum of the z-scores was calculated. The authors controlled for population 

characteristics. Data was obtained by questionnaires and accelerometers and 

regarding spatial information, datasets were processed in GIS. A positive 

relationship between minutes of walking per week for transportation and 

walkability was found by conducting a regression analysis, but a relationship was 

not found between minutes of walking per week for recreation and walkability 

(Sundquist et al., 2011). Sundquist et al. (2011) used the following formula: 

 

Walkability index =  z-score of residential density + z-score of land use 

mix + 1.5 * z-score of street connectivity 

 

This section shows that a lot of existing studies created walkability indices that 

differ from each other, but are also often based on each other. Strikingly, a lot of 

studies created an index based on existing literature and tested this index with 

actual walking behavior. In the current study, first the relationship between 

walking behavior and separate built environment characteristics will be tested, and 

a walkability index is created based on the significance and strength of each 

relationship. 
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2.4 Overview of built environment aspects and indices 

Table 1 summarizes which walkability variables and indices are mentioned or 

investigated in different studies. Studies that measure objectively and subjectively 

are taken into account. A lot of studies use a combination of both: walking behavior 

is derived through surveys and walkability data is obtained through Statistics 

Netherlands (2016) and OpenStreetMap (n.d.). However, when data is obtained 

on more subjective built environment aspects such as visual interest and 

aesthetics, sidewalk availability, quality and maintenance and barriers on the 

street, it is done through surveys or field visits. Next to that, walking behavior is 

sometimes measured by a more objective method using an accelerometer.  

 

Table 1 indicates whether the authors of the articles based their walkability aspects 

or index on actual walking behavior (data-driven), or on existing literature (theory-

driven). Since some authors develop an index based on theory, but test the 

relationship with walking behavior afterwards to see if a significant relationship 

exists, it is indicated whether the index is tested with walking behavior afterwards 

as well. As is visible in Table 1, when studies mention a lot of different walkability 

aspects it is often a review of existing literature instead of a study with new findings 

regarding walkability. This is probably the case because data is not always 

available and therefore not all of the aspects can be tested. In a lot of studies a 

new walkability index is developed, and it is striking that not a lot of walkability 

aspects are taken into account in these indices. Although socio-demographic and 

socio-economic variables are not included the developed indices, they are used in 

almost all existing studies to control for in analyses. Some indices calculate a 

walkability score for addresses, others assign an index value to street segments. 

Lastly, although some studies use GIS to see how their walkability index performs 

by checking existing areas and see whether the index matches the reality, the 

indices are not always tested with actual walking behavior. According to Shashank 

(2015), existing walkability indices are often in conflict with actual walking 

behavior of individuals. 
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Table 1 summarized literature of factors influencing walking behavior 
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Glazier et al. 

(2016) 

Data-

driven  

Urban 

walkability 

index 

Yes V     V V  V         V 

Moudon et al. 

(2006) 

Data-

driven  

- -  V    V     V       V 

De 

Bourdeaudhuij, 

Sallis & 

Saelens 

(2003) 

Data-

driven  

- -   V         V    V  V 

King et al. 

(2003) 

Data-

driven 

- - V                 V 

Saelens et al. 

(2003) 

Theory-

driven  

Neighborhood 

Environment 

Walkability 

Scale (NEWS) 

Yes      V    V  V  V   V V 

Frank et al.  

(2005) 

Theory-

driven 

(Index without 

a name) 

Yes      V    V  V      V 

Frank et al. 

(2006) 

Theory-

driven 

(Index without 

a name) 

Yes      V  V  V  

 

V      V 

Frank et al. 

(2009) 

Theory-

driven 

(Index without 

a name) 

Yes      V  V V   V      V 

Owen et al. 

(2007) 

Theory-

driven  

(Index without 

a name) 

Yes      V    V  V      V 

Sundquist et 

al. (2011) 

Theory-

driven 

(Index without 

a name) 

Yes      V    V  V      V 

Grasser et al. 

(2017) 

Theory-

driven 

Graz 

walkability 

index 

Yes      V   V   V       

Lee & Talen 

(2014) 

Theory-

driven 

Walking 

Suitability 

Assessment 

Form (WSAF) 

(evaluation) 

No          V     V V V  

Lee & Talen 

(2014) 

Theory-

driven 

Pedestrian 

Environment 

Data Scan 

(PEDS) 

(evaluation) 

No          V      V V  



 37 

Authors Data-
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Gilderbloom et 

al. (2015) 

Theory-

driven 

Walk Score 

(evaluation, 

and additional 

factor)  

No V     V V  V  V V      V 

City of 

Portland 

(1998) 

Theory-

driven 

Pedestrian 

potential 

Index (PPI) 

No V  V       V  V       

City of 

Portland 

(1998) 

Theory-

driven 

Pedestrian 

Deficiency 

Index (PDI) 

No          V      V V  

Millington et 

al. (2009) 

Theory-

driven 

Scottish 

Walkability 

Assessment 

Tool (SWAT) 

No V  V           V   V  

Leslie et al. 

(2007) 

Theory-

driven 

- -      V  V V V  V   V   V 

Lo (2009) Theory-

driven 

- -    V      V  V  V  V V  

Ewing & 

Cervero 

(2010) 

Theory-

driven 

- - V V V  V  V V V   V      V 

Shashank 

(2015) 

Theory-

driven 

- -  V V   V V V V V V V       

Saelens et al. 

(2003-b) 

Theory-

driven 

- -     V V V  V V V V   V    

Handy et al. 

(2002) 

Theory-

driven 

- -    V V  V V  V  V  V     

Spoon (2005) Theory-

driven 

- -  V V  V V   V V V V V V  V V  

Frank & 

Engelke 

(2005) 

Theory-

driven 

 -    V  V V  V   V       

Emery et al. 

(2003) 

Theory-

driven 

 -          V         

Clifton, Livi 

Smith & 

Rodriguez 

(2007) 

Theory-

driven 

 -          V      V V  
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 2.5 Walkability and real estate property values 

Few studies have investigated the relationship between walkability and real estate 

property values. A study by Cortright (2009) examined the relationship for United 

States cities. 15 metropolitan areas were taken into account in this research. The 

Walk Score algorithm is used in this study and a hedonic regression method was 

applied. Controlled for housing and neighborhood characteristics, a positive 

relationship between walkability and dwelling values was found. A premium with a 

maximum of 34,000 dollar for houses located in the highest walkable areas 

compared to houses in locations with more average levels of walkability was found. 

 

A comparable hedonic study carried out by Li et al. (2015) investigated the added 

value of neighborhood walkability for dwellings in Austin, Texas. Data of property 

characteristics, neighborhood characteristics and sociodemographic information 

was combined with walkability data. Walkability was measured through the Street 

Smart Walk Score algorithm, consisting of the proximity of amenities within 1.6 

kilometer of dwellings, intersection density and average block length (Li et al., 

2015). Next to this, the authors took into account the density of sidewalks. 

Neighborhoods were divided into four categories, based on how walkable they are. 

Li et al. (2015) found that improving walkability in an area increases property 

values by a small amount. Interestingly, the authors also mention that the greatest 

increase in property values was found in areas that are already to some extent 

walkable. As stated in section 1.4, in general in the Netherlands areas are expected 

to be more walkable than in the United States. Li et al. (2015) state that improving 

areas that are already to a certain extent walkable may lead to a limited increase 

in walking behavior. However, taking into account the health problems due to 

physical inactivity and the problems due to car use in the Netherlands, a higher 

walkability is needed in the Netherlands as well. 

 

Another study regarding the relationship between walkability and property values 

is conducted by Gilderbloom et al. (2015). Data from dwellings in 170 

neighborhoods in Louisville, Kentucky, were collected, including data on housing 

values. Walk Score was used to measure walkability. An ordinary least squares 

regression analysis and ordinary least squares split regression analysis were 

conducted. The authors found a positive relationship between housing valuation 

and walkability. 
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Pivo and Fisher (2011) tested the relationship between walkability and property 

values as well. They combined financial property data and physical features of 

properties with Walk Score data. They tested the relationship between walkability 

and apartment, retail, office and industrial properties. 4200 properties within the 

United States were taken into account in the research. Different regression models 

were used to test the relationship. A significant relationship between walkability 

and values of office, apartment and retail buildings was found. A significant 

relationship with industrial buildings was not found. 

 

As has become clear from the studies above, Walk Score data is often used in 

existing studies that examine the relationship between walkability and property 

values. Next to that, the existing studies to walkability and property values are 

conducted for locations in the United States. Walk Score data is not reliable in the 

Netherlands (Walk Score, 2019-b). In the Netherlands a study to land use mix 

(which is one of the aspects of walkability according to existing literature) and 

property values has been carried out (Koster & Rouwendal, 2010). This study used 

a data set with transactional data and housing attributes of houses from the NVM 

(Dutch Association of Brokers). Next to that, data from Statistics Netherlands 

(2016) regarding certain amenities as well as data from firms and geographical 

information data was used. The authors found a positive relationship between a 

more diversified environment and house prices. Although land use mix is one 

aspect of walkability, this study will focus on other aspects of walkability as well. 

 

2.6 Conclusion 

This literature review focused on the meaning of walkability, aspects that influence 

walkability and existing studies regarding the relationship between walkability and 

real estate property values. The first part focused on the definitions given to 

walkability, since a general consensus regarding the meaning of walkability does 

not exist. According to Shashank (2015), all definitions point to the degree to which 

the built environment is conducive to walking. The precise definition given to 

walkability depends on the discipline of the researcher (Shashank, 2015) and on 

the way of measurement of the study. This research uses objective ways of 

measurement, which is further explained in the next chapter.  
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In the second part built environment aspects that are related to walkability 

according to existing research are explained. Some of the studies used data and 

tested the relationship with actual walking behavior, others are a review of existing 

literature. It is striking that the studies that based their walkability aspects on 

actual walking behavior did not test a lot of variables, probably because data was 

not available for some of the variables. In this study a lot of the aspects that are 

mentioned in this chapter are investigated. However, not all the aspects described 

can be measured in this study, since this study uses objective data. Furthermore, 

since most of the walkability research is conducted in the United States and the 

aims of these studies are more often focused on pedestrian safety, not all the 

aspects mentioned might be relevant in the Netherlands. 

 

In the third part existing walkability indices are described. A lot of studies created 

a walkability index first and validated the relationship with walking behavior and 

this index, instead of testing the unique relationship of different built environment 

aspects with walking behavior and create an index based on the relationship after 

that. In this study, the relationship between different built environment 

characteristics will be tested with walking behavior, and the walkability index will 

be created based on the significance and strength of the relationship between 

walking behavior and aspects. 

 

The last part of the literature review is about existing literature that investigated 

the relationship between walkability and real estate property values in the United 

States. All of the studies included found a significant relationship. One study that 

investigated the relationship between dwelling values and land use mix, which is 

an aspect of walkability, is included. This study found a significant relationship 

between walkability and real estate values as well. 

 

A lot of research is done to walkability and few studies have already investigated 

the relationship between walkability and dwelling values, although most of these 

studies are conducted in other countries. This study focuses on taking into account 

as much walkability variables as possible within the limits of available information, 

and investigates the relationship between dwelling values and walkability in the 

Netherlands. This will be further elaborated in the research design.



3. Research design 

This chapter describes the research methods used within this study. Furthermore, 

it discusses the internal and external validity of the research. The used data is 

shortly described, however, more details regarding the data are provided in 

chapter 4.  

 

3.1 Methodology 

In the literature review it turned out that most of the built environment aspects 

that relate to walkability are variables that are measured objectively. Therefore, 

in this research an objective way of measurement is used, as is mentioned in 

chapter 2. The aspects that can be measured in an objective way are measured in 

this study, which includes the distance to amenities and public transport, the 

number of amenities within 1 kilometer, different types of densities, land use mix, 

green space, traffic safety and walking barriers. 

 

The study consists of two parts, a multiple linear regression analysis is conducted 

twice in SPSS. In the first regression analysis the relationship between built 

environment aspects within a postal code and actual walking behavior of 

individuals living in the postal codes is tested. This regression controls for socio-

demographic and socio-economic aspects. In order to conduct the first analysis a 

new dataset is created, by using different data sources and combining different 

spatial levels of data. Built environment data and data regarding socio-

demographic and socio-economic characteristics per neighborhood are provided 

by Statistics Netherlands (2016, 2018) and OpenStreetMap (n.d.). Information on 

walking frequencies of individuals is based on data from OViN of the years 2014, 

2015 and 2016 (Statistics Netherlands, n.d.). The data from Statistics Netherlands 

is on the spatial level of the neighborhood. OViN data contains information about 

trips of individuals (Statistics Netherlands, n.d.). The postal code wherein the trip 

starts and the postal code wherein the trip ends are known. It is decided that the 

new database is created on the basis of the spatial level of the four-digit postal 

code. Therefore, some of the data is transformed from the neighborhood level to 

the level of the postal code. A map with postal codes from Vrije Universiteit 

Amsterdam (2015) and a map with neighborhoods from Statistics Netherlands 
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(2015) are used in the geographic information system QGIS to conduct the 

transformation. Data is collected and combined for the whole of the Netherlands. 

Based on the unique strength of the relationship of different built environment 

aspects with walking frequencies, built environment variables are used to create a 

walkability index and to calculate walkability scores per postal code. Weights are 

given to the built environment variables that show a significant relationship to 

walking behavior, based on the standardized Beta values of this relationship. The 

standardized Beta value indicates the strength and the direction of the relationship 

between each built environment aspect and walking behavior. With the developed 

formula, walkability scores of four-digit postal codes can be calculated.  

 

To reduce the total number of variables within the dataset for the first analysis, 

and to avoid multicollinearity between the predictors, a principal component 

analyses is conducted twice before the first regression analysis is conducted. The 

principal component analyses are conducted separately for control variables and 

walkability variables, in order to be able to interpret the results separately. The 

first principal component analysis consists of the distance to amenities, number of 

amenities within one kilometer, the distance to public transport and four types of 

density. The second principal component analysis is conducted for all the control 

variables, which are socio-demographic and socio-economic variables. 

 

By using the created walkability index a second regression analysis is conducted, 

which measures the relationship between walkability and transaction prices of 

dwellings. A dataset of West-Brabant that contains transaction data and control 

variables regarding characteristics of dwellings and the location of the dwellings is 

used. The created walkability index will be added to the model of Arentze and 

Stevens (2018) that currently explains 84 percent of the differences in transaction 

prices of individual dwellings. The unstandardized Beta value will indicate the 

difference in transaction price for dwellings that differ by one unit in the walkability 

score. Arentze and Stevens (2018) used a hedonic pricing method. Hedonic prices 

are implicit prices of attributes (Rosen, 1978). The hedonic price model is often 

used in real estate, whereby environmental characteristics are used to explain the 

value of properties (Herath and Maier, 2010). Hedonic models in real estate 

research usually use multiple regression models (Selim, 2008).  
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The existing walkability index of Frank et al. (2005) and Grasser et al. (2017) are 

used to test whether the new walkability index has added value. The two existing 

indices are added to the model of Arentze and Stevens (2018) separately instead 

of the new walkability index, to see the results. 

 

3.2 Internal validity 

Internal validity refers to the degree to which measures that were obtained during 

the research actually quantify what was designed to measure (Bolarinwa, 2015). 

The bias or method error should be limited to the minimum to create a higher 

internal validity (Wright, Brand, Dunn, & Spindler, 2007). Next to that, internal 

validity is about the causality of relationships (Johnson & Christensen, 2008). 

 

The first analysis controls for socio-economic and socio-demographic variables, 

which increases the internal validity of the research. However, as explained in 

section 2.2, some variables regarding income in the first analysis were missing a 

lot of data, because Statistics Netherlands (2016, 2018) did not have data for 

these variables in a lot of neighborhoods. These variables had to be left out for 

that reason. Furthermore, the size of areas of postal codes differ, which might lead 

to some postal codes being investigated more accurately than others.  

 

Regarding causality, a causal relationship from built environment aspects that 

affect walking behavior is likely, and it is very unlikely that a relationship exists in 

the other way around. Built environment factors are expected to stimulate walking 

behavior of people, which is mentioned often in existing research as well (King et 

al., 2003; Owen et al., 2007; Leslie et al., 2007; Gilderbloom et al., 2015; Ewing 

& Cervero, 2010; Frank et al., 2005; Badland & Schofield, 2005-b; Saelens et al., 

2003). The only possibility for reversed causality is if for instance municipalities 

notice very low walking frequencies in the area, and increase walkability for that 

reason: in that case, walking behavior influences the built environment. Despite 

the improbability of reversed causality in this analysis, it must be mentioned that 

the causality cannot be tested by using a regression analysis. 

 

Next to that, as is described earlier by Lo (2009), Koohsari, Karakiewicz, & 

Kaczynski (2012), and Li et al. (2015) it is not always clear whether physical built 
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environment conditions encourage walking, or whether individuals who like 

walking self-select themselves into more walkable areas. A bias might occur if 

people who like to walk choose a neighborhood to live in that has environmental 

characteristics favorable to walking. If these individuals were going to walk in other 

situations as well, the walking frequencies are high because of the personal 

characteristics of these people. 

 

The second analysis, wherein the relationship between walkability and transaction 

prices is investigated, controls for housing and locational characteristics, which 

increases the internal validity of this part of the research. An existing dataset of 

West-Brabant is used for this analysis. However, this dataset does not include 

large cities. Since walkability is highly dependent on the urbanity of areas and big 

cities are not included, the validity might be lowered.  

 

Reversed causality, dwelling values influencing walkability, is in this analysis again 

unlikely. It could only occur if for instance area developers are planning to sell 

highly priced dwellings and create favorable environmental characteristics because 

they expect that sellers will like those characteristics. However, in that case the 

extra costs of the walkable environment will in the end come down to the sellers 

as well, and whether they actually pay extra is measured in the analysis. 

 

Lastly, missing data for the variables provided by Statistics Netherlands (2016, 

2018) might lead to a reduced validity of the research (Hardy, Allore, & Studenski, 

2009). Both datasets used in this study have missing data for some of the variables 

included. According to Hardy, Allore and Studenski (2009) a problem may occur 

for instance in a study to dementia, wherein persons who are unable to follow 

directions cannot complete a formal cognitive test, and the result is missing data. 

However, in this research, almost all the data that is used is factual information 

which can be measured objectively, and therefore this problem does not occur. 

The missing data is expected to be more randomly divided over the dataset. The 

data that is included in the study is expected to form a realistic representation of 

reality. Finally, as described above, variables with too many missing cases are left 

out of the analysis. 
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3.3 External validity 

External validity is about the question whether the conclusions can be generalized 

to situations that differ from the situation in the research (Schram, 2005). The 

focus of the first analysis is the whole of the Netherlands. Cities, rural areas and 

areas in between are taken into account. Next to that, population groups with 

different socio-demographic backgrounds are included. This means that the 

conclusions likely can be generalized. However, the Netherlands has a different 

spatial structure than a lot of other countries, which might limit the suitability for 

generalization to other countries. Regarding generalization to a different time, it 

can be stated that the built environment structure of an area is expected to stay 

the same for many years: buildings and infrastructure have a lifetime of multiple 

decades. In addition, the OViN survey results from three years, 2014, 2015 and 

2016 were combined, which might result in a higher stability of the survey results 

included. For these reasons, it is likely that this analysis can for a large part be 

generalized to a different time.  

 

The second analysis only focuses on West-Brabant. West-Brabant is quite a large 

area in the Netherlands. However, since big cities are not included in the second 

dataset, the suitability of generalization might be reduced. However, some smaller 

cities, such as Roosendaal and Bergen op Zoom, are included in the dataset. 

 

3.4 Conclusion 

In this chapter the research design of the study is described. The study consists 

of two parts, and two times a regression analysis is conducted. Data from different 

data sources and spatial levels are combined into one dataset before conducting 

the first analysis, for the whole of the Netherlands. In the first analysis a principal 

component analyses is conducted twice before the regression analysis is carried 

out, which is needed to avoid multicollinearity and to reduce the number of 

variables in the analysis. 

 

After conducting the regression analysis regarding the relationship between built 

environment aspects and walking frequencies, a walkability index is created based 

on the significance, unique strength and direction of the relationship between the 

built environment variables and walking frequencies of individuals. By using the 
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walkability index a score for each of the postal codes is calculated. These 

walkability scores are used in the second analysis, wherein the relationship 

between walkability and dwelling values is investigated. The walkability index is 

added to the existing model of Stevens and Arentze (2018), using a dataset of 

West-Brabant. 

 

Lastly, the internal and external validity of the research are discussed in this 

chapter. The research is to a large extent internally valid, which means that the 

research measures to a large extent what it was designed to measure (Bolarinwa, 

2015). Reversed causality and self-selection are not likely in this study. External 

validity, the question whether conclusions can be generalized to other situations 

(Schram, 2005), is met to a large extent as well. However, the second analysis 

focuses on a part of the Netherlands with mainly lower dense areas, which might 

limit the external validity.  
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4. Data description 

This chapter contains a description of the data that is used in this research. As 

stated before, the study consists of two parts: testing the relationship between 

built environment aspects and walking frequencies, and testing the relationship 

between walkability and dwelling values. The first part of this chapter contains 

information about data regarding the first part of the study: walking frequencies, 

built environment data and socio-demographic and socio-economic control 

variables for measuring the relationship between built environment aspects and 

walking behavior, in respectively section 4.1, 4.2 and 4.3. The second part of this 

chapter describes the data regarding the second part of the study: the transaction 

data and control variables for measuring the relationship between walkability and 

transaction prices, in respectively section 4.4 and 4.5. 

 

4.1 Walking frequencies 

Walking frequency is the dependent variable in the first analysis, as is described 

in the methodology. Data is derived from OViN, for the whole of the Netherlands. 

OViN is a yearly held survey to investigate trip behavior in the Netherlands, 

conducted by Statistics Netherlands (Statistics Netherlands, n.d.). Respondents 

that participate in the OViN survey report their trip behavior for one day (Statistics 

Netherlands, n.d.). OViN data from 2014, 2015 and 2016 is combined, in order to 

be able to take into account more respondents. The survey of 2014 has 42,600 

respondents, 2015 has 37,350 respondents and 2016 has 38,128 respondents 

(Statistics Netherlands, n.d.). Only postal codes with fifteen respondents or more 

over the three years combined are included in the final dataset, this minimum is 

chosen because if the minimum is set lower, a meaningful average is not obtained, 

but  when the minimum is set higher, not enough postal codes can be included in 

the analysis.  For the first analysis, only postal codes that have data for all of the 

investigated variables are included in the analysis, since this leads to meeting the 

regression assumptions, while replacing missing data by the mean does not. 996 

cases of the 4056 postal codes are included. The descriptive statistics in Table 2 

represent the mean, standard deviation, minimum and maximum of the walking 

frequencies of the respondents within the postal codes in a day. Figure 4 shows 

the histogram of the frequencies. More details are visible in Appendix A. 
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Table 2: Descriptive statistics of walking frequencies 

Descriptive Statistics 

 N Minimum Maximum Mean Std. Dev. 

Walking 
frequencies 

996 0.00 0.64 0.17 0.10 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
       

 
 
 

 
 
 
 
 
 
 
 

 
 
 
 

 

4.2 Built environment data 

Built environment data that may influence walking behavior is used for the first 

analysis. Aspects that turned out to be important in measuring walkability 

according to multiple existing studies, and that are possible to measure objectively 

with available data, are included in this study. The paragraphs below describe how 

information on different built environment factors is obtained. Next to that, an 

overview of the used walkability variables, their sources and initial spatial level 

can be seen in Appendix B. Data on walkability variables is derived from Statistics 

Netherlands (2016) and generated by GIS using OpenStreetMap (n.d.). A postal 

code map of the Netherlands is provided by Vrije Universiteit Amsterdam (2015), 

and a neighborhood map from Statistics Netherlands (2015) is used, and by using 

GIS it is possible to transform data from the spatial level of the neighborhood to 

the postal code level. Data is collected for the Netherlands as a whole.  
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Number of travel destinations 

The neighborhood data of Statistics Netherlands (2016) over 2015 contains 

information about the mean number of destinations, calculated from residential 

addresses in an area. Data is on the spatial level of the neighborhood. Statistics 

Netherlands (2016) provides information on numbers of different types of 

amenities within 1, 3, 5 and 10 kilometers, depending on the amenity. Pedestrians 

below 65 years old have an average walking speed of 5.1 kilometer per hour, and 

pedestrians above 65 years old have an average walking speed of 4.3 kilometer 

per hour (Knoblauch et al. in Wouters, 1995). In existing literature, the maximum 

acceptable walking distances vary between 0.4 (City of Portland, 1994), to 2.5 

kilometers (Walk Score, 2019; Li et al., 2015), depending on the study.  It must 

be taken into account that these maximum walking distances are based on studies 

in the United States, while in the Netherlands cycling is much more often used 

(Pucher & Buehler, 2008). Below 1 kilometer, walking is the main transport mode 

in the Netherlands, while for distances above 1 kilometer the bike or the car are 

usually used (Strategy Development Partners, 2019). Therefore, amenities within 

a mean distance of 1 kilometer are taken into account. Existing studies are not 

clear about the type of amenities. The relationship between all of the included 

amenities in the dataset and walking frequencies is tested. This means that the 

number of supermarkets, other daily food stores, cafes, cafeterias, restaurants, 

cinemas, primary schools, child care facilities, after school care facilities and 

general practices are taken into account. 

 

Proximity of travel destinations 

Information is available at Statistics Netherlands (2016) regarding the mean 

distance from all the residential addresses in an area to their nearest amenities. 

The mean distance to the nearest destinations are taken into account for the 

following amenities: general practice, pharmacy, supermarket, other daily food 

store, department store, cafe, cafeteria, restaurant, hotel, child care facility after 

school care facility, primary school, vmbo school, havo and vwo school, secondary 

school, hospital including outpatient clinic, hospital without outpatient clinic, 

swimming pool, ice rink, library, cinema, sauna, tanning facility, amusement 

facility, stage and pop stage.  
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Distance to public transport 

The mean distance from dwellings to the nearest train stations as well as the 

nearest large train station with important transfer possibilities is included in the 

data of Statistics Netherlands (2016) on the neighborhood level. 

 

Residential density 

Residential density is derived from Statistics Netherlands (2016) on the spatial 

level of the neighborhood. A variable that indicates the total housing stock, is 

divided by the land surface of the area. 

 

Population density 

Population density is included in the dataset of Statistics Netherlands (2018), on 

the neighborhood level. 

 
Employment density 

Employment density is measured by the number of business locations in a postal 

code, and this is divided by the land area of that postal code. Information about 

the number of business locations and the land surface is provided by Statistics 

Netherlands (2016) on the spatial level of the neighborhood. 

 

Density of buildings / structures / land use 

It is expected that the density of addresses is a better measurement of walkability 

than the density of buildings, because address density gives an indication of the 

density of buildings as well as tells something about the urbanity. Statistics 

Netherlands (2016) provides the degree of urbanization, measured by the number 

of addresses per square kilometer on the neighborhood level.  

 

Intersection density / street connectivity / block length 

According to existing literature, intersection density, street connectivity and block 

length are highly related. Information about the intersection density is obtained in 

this study, and therefore information about street connectivity and block length is 

obtained as well, since the three are highly related as explained in section 2.2. The 

number of intersections per square kilometer is obtained by using OpenStreetMap 

(n.d.) in GIS. 
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Land use mix 

Land use mix is obtained by using data of Statistics Netherlands (2019) on the 

spatial level of the neighborhood. The land use mix is calculated on the basis of 

five variables: the land used for traffic, for service buildings, for residential areas, 

for agricultural land and for recreational areas. Next to this, the mixture of 

residential buildings and service buildings only is tested. The formula that is used 

to calculate land use mix is an often used formula to calculate land use mix entropy 

(Leslie et al., 2007): 

 

Land use mix score = −
∑ ln𝑝𝑘𝑘

ln𝑁
 

 

In this formula, N is the number of land use categories taken into account, k is the 

category of the land use, and p is the proportion of this land use category (Leslie 

et al., 2007).  

 

Green space / Visual interest, aesthetics 

Green space is obtained from Statistics Netherlands (2019), indicated by the 

percentage of park and green space, recreational terrain, forest and open natural 

terrain and sports fields.  

 

Safety 

Crime safety would be possible to measure with data of Statistics Netherlands 

(2016), however, this type of data does not have a link to walkability according to 

existing research (Saelens et al., 2003). The most important type of safety turned 

out to be traffic safety. Saelens et al. (2003) found that safe speeds are below 30 

mph. Speed limits of 30 mph are limits of 48 km/h, which is close to the existing 

limit of 50 km/h. However, streets with speed limits of 30 km/h might be 

considered more as safe (Dinh & Kubuta, 2013). Therefore, speed limits of 30 

km/h and 50 km/h are both taken into account. A variable is created that measures 

the percentage of maximum speeds of 30 km/h and lower, another variable is 

created that measures the percentage of maximum speeds of 50 km/h and lower 

in a postal code. It is measured with geographical data OpenStreetMap provided 

through Geofabrik (n.d.). A study of Haklay (2009) regarding OpenStreetMap in 

England shows that OpenStreetMap information can be fairly accurate. Other 

studies by Mondzech and Sester (2011) in Germany and Kounadi (2009) in Greece 
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supports this finding. Roads often cross the borders of postal codes, and will be 

cut into pieces per postal code. The length of roads within postal code is taken into 

account by calculating the speed limits and the percentage of safe speeds. 

Barriers 

Barriers can partly be measured, since the surface of water compared to the total 

surface of the postal code can be calculated, based on data of Statistics 

Netherlands (2016). As stated before, large water bodies can complicate routes by 

making them longer. 

 

Variables not included 

The variable ‘availability, quality and maintenance of sidewalks’ is mentioned in 

some existing studies. It is possible to measure this variable by for instance the 

means of interviews, surveys or field visits. In this objective study this variable is 

not measured. In general, in the Netherlands the quality and maintenance of 

sidewalks are usually sufficient, since municipalities are responsible for 

maintenance of sidewalks and liable for accidents caused by overdue maintenance 

on sidewalks (BVD Advocaten, 2019). For this reason, it is less important to 

measure this variable in this study. 

 

A barrier of walkability that will be measured in this study is the percentage of 

water within a postal code, as described earlier. However, other barriers of 

walkability mentioned in existing literature are not measured in this objective 

study. 

 

Lastly, it is decided that the retail floor area ratio will not be measured, since it is 

expected that this variable does not have a relationship with walking frequencies 

in the Netherlands.  The reason for this is that in existing literature, the retail floor 

area is often used to get an indication of the parking space available (Leslie et al., 

2007). According to Leslie et al. (2007), the floor area ratio measures “the degree 

to which retail is located near the roadway edge, as is the case in a pedestrian 

oriented community, or set behind a sea of parking” (p. 116). However, the study 

of Leslie et al. (2007) is conducted in Australia, and the Netherlands has a different 

built environment and infrastructural structure. Seas of parking that complicate 

walking are very uncommon in the Netherlands. 
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Table 3 shows the descriptive statistics of the aspects described above. It can be 

seen that the minimum distance is in all cases low, which indicates that all 

amenities are close to dwellings. Maximum values differ much between variables. 

 
Table 3: Descriptive statistics of built environment aspects 

Descriptive Statistics 

 N Minimum Maximum Mean Std. 
Dev. 

Distance to the nearest general 
practice 

996 0.24 7.31 1.53 1.02 

Distance to the nearest pharmacy 996 0.31 8.93 1.87 1.32 

Distance to the nearest hospital 
including outpatient clinic 

996 0.57 40.57 5.60 4.31 

Distance to the nearest hospital 
excluding outpatient clinic 

996 0.57 66.06 7.42 5.66 

Distance to the nearest supermarket 996 0.22 6.12 1.45 0.95 

Distance to the nearest other daily 
food store 

996 0.10 9.79 1.27 0.94 

Distance to the nearest department 
store 

996 0.43 18.10 3.51 2.63 

Distance to the nearest cafe 996 0.10 7.37 1.58 1.18 

Distance to the nearest cafeteria 996 0.11 7.52 1.36 1.14 

Distance to the nearest restaurant 996 0.10 6.48 1.22 0.83 

Distance to the nearest hotel 996 0.20 11.70 2.94 2.02 

Distance to the nearest child care 
facility 

996 0.18 7.60 1.37 1.00 

Distance to the nearest after school 
care facility 

996 0.21 7.60 1.39 1.04 

Distance to the nearest primary 
school 

996 0.20 5.59 1.16 0.67 

Distance to the nearest secondary 
school 

996 0.34 13.06 3.21 2.55 

Distance to the nearest vmbo school 996 0.36 13.06 3.39 2.59 

Distance to the nearest havo and 
vwo school 

996 0.34 39.47 4.05 3.37 

Distance to the nearest swimming 
pool 

996 0.55 19.76 4.04 2.93 

Distance to the nearest ice rink 996 0.81 134.93 20.16 17.99 

Distance to the nearest library 996 0.36 11.12 2.54 1.57 

Distance to the nearest cinema 996 0.34 33.93 7.09 5.40 

Distance to the nearest sauna 996 0.38 40.65 8.53 5.84 

Distance to the nearest tanning 
facility 

996 0.30 65.37 5.52 6.35 

Distance to the nearest amusement 
facility 

996 0.71 50.64 6.77 5.52 

Distance to the nearest stage 996 0.22 33.73 5.83 4.84 

Distance to the nearest pop stage 996 0.44 47.48 11.52 8.87 
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Descriptive Statistics 

 N Minimum Maximum Mean Std. 
Dev. 

Number of general practices within 1 
km 

996 .00 13.92 1.12 1.64 

Number of supermarkets within 1 km 996 .00 11.29 1.25 1.61 

Number of other daily food stores 
within 1 km 

996 .00 94.31 6.47 12.26 

Number of cafes within 1 km 996 .00 125.24 3.84 10.31 

Number of cafeterias within 1 km 996 .00 108.63 4.62 10.00 

Number of restaurants within 1 km 996 .00 184.61 5.67 15.09 

Number of child care facilities within 
1 km 

996 .00 22.71 1.59 2.31 

Number of after school care facilities 
within 1 km 

996 .00 8.93 1.40 1.64 

Number of primary schools within 1 
km 

996 .00 11.76 1.39 1.45 

Distance to the nearest train station 996 .49 55.73 5.79 6.37 

Distance to the nearest transfer 
station 

996 .76 65.46 11.78 9.62 

Number of addresses per square 
kilometer 

996 23.79 10209.00 1348.29 1538.98 

Number of dwellings per hectare 996 .09 138.32 13.86 17.84 

Number of inhabitants per hectare 996 .29 228.91 29.26 36.09 

Number of businesses per hectare 996 .03 40.37 2.24 3.67 

Percentage park and green space 996 .00 41.72 4.28 5.82 

Percentage sports fields 996 .00 37.62 2.37 3.89 

Percentage recreational terrain 996 .00 18.94 0.45 1.54 

Percentage forest and open natural 
terrain 

996 .00 84.53 7.78 12.20 

Percentage water 996 .00 55.15 4.00 6.23 

Intersection density 996 1.00 874.00 212.29 152.09 

Land use mix (all land uses) 996 .00 .91 .47 .18 

Land use mix (buildings) 996 .00 1.00 .29 .29 

Percentage of speed limits below 50 
km/h 

996 23.86 100.00 86.53 14.27 

Percentage of speed limits below 30 
km/h 

996 10.08 98.79 59.94 19.57 

 
 

4.3 Control variables of analysis regarding walkability aspects and 

walking behavior 

The first regression analysis controls for socio-demographic and socio-economic 

variables. The aspects taken into account are described below. Table 4 shows the 

descriptive statistics of these control variables. Finally, Appendix C provides an 

overview of the initial spatial level and data sources of the control variables.  
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Age 

In the neighborhood data of Statistics Netherlands (2018), five age groups are 

provided: the percentage of people from 0 to 14 years old, 15 to 24 years old, 25 

to 44 years old, 45 to 64 years old and 65 years old and older.   

 

Gender 

The percentage of men and the percentage of women are included. This data is 

derived from Statistics Netherlands (2018). The distribution of men and women is 

almost equal, which is as expected and visible in Table 4. 

 
Marital status 

Statistics Netherlands (2018) has the following data available regarding marital 

status: percentage of married inhabitants, percentage of unmarried inhabitants, 

percentage of divorced inhabitants and percentage of widowed inhabitants. 

 

Household type 

Information about the percentage of single households, households without 

children living at home and households with children living at home is included. 

Percentages of each group are calculated per postal code. Data is provided by 

Statistics Netherlands (2018). 

 

Household size 

The mean household size within postal codes is included as a control variable, 

retrieved from Statistics Netherlands (2018). 

 
Ethnicity 

The percentage of inhabitants with a non-western migration background, a 

Turkish, Moroccan, Surinamese background or a background from the Netherlands 

Antilles are included in the Statistics Netherlands dataset (2018). 

 
Income 

The percentage of income receivers compared to the total number of inhabitants 

of the postal code is included. The information is derived from Statistics 

Netherlands (2018). Other variables regarding income, such as the mean height 
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of the income and the percentage of people receiving social benefits, are left out, 

since these variables miss data for too many areas. 

 

In Table 4 it is visible by the minimum and maximum values of variables that 

demographics can differ to a large extent in postal codes. Variables such as the 

percentage of people with a non-western migration background, percentage 

unmarried people and the percentage of income receivers have a low minimum 

and a maximum above 80 percent. This is likely due to postal codes with lower 

absolute numbers of inhabitants, since it is still realistic that almost all of the 

inhabitants can have the same characteristics then.  

 

Table 4: Descriptive statistics of control variables 

Descriptive Statistics 

 N Minimum Maximum Mean Std. Dev. 

Percentage of men 996 43.64 60.32 49.68 1.53 

Percentage of women 996 39.68 56.36 50.21 1.55 

Percentage of 0 to 14 years old 996 3.42 51.07 16.49 3.26 

Percentage of 15 to 24 years old 996 6.75 46.33 12.12 3.21 

Percentage of 25 to 44 years old 996 9.09 51.42 24.24 5.41 

Percentage of 45 to 64 years old 996 12.17 76.26 28.83 4.26 

Percentage of 65 years and older 996 3.56 55.03 18.32 5.64 

Relative number of births 996 0.00 2.11 .71 .33 

Relative number of deaths 996 0.00 3.43 .62 .46 

Percentage of single person households 996 12.51 76.26 34.72 11.37 

Percentage of households without children 996 15.22 55.03 30.51 5.73 

Percentage of households with children 996 5.87 71.51 35.04 8.41 

Mean household size 996 1.07 3.61 2.33 .12 

Percentage of unmarried people 996 27.56 80.32 46.50 7.59 

Percentage of married people 996 12.42 62.42 40.95 6.65 

Percentage of divorced people 996 1.40 16.24 7.31 2.25 

Percentage of widowed people 996 0.76 20.03 5.25 2.02 

Percentage of people with a western migration 
background 

996 
1.06 56.74 9.41 5.46 

Percentage of people with a non-western 
migration background in total 

996 
.00 83.04 10.62 13.18 

Percentage of people with a Morroccan migration 
background 

996 
.00 29.59 1.94 3.63 

Percentage of people with a migration 
background from Netherlands Antilles or Aruba 

996 
.00 8.59 .77 1.10 

Percentage of people with a Surinam migration 
background 

996 
.00 32.97 1.64 2.97 

Percentage of people with a Turkish migration 
background 

996 
.00 33.27 2.25 4.21 
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Descriptive Statistics      

 N Minimum Maximum Mean Std. Dev. 

Percentage of people with another non-western 
migration background 

996 
.0000 30.17 4.02 3.76 

Percentage of income receivers 996 52.91 94.75 78.12 3.75 

 

 

4.4 Transaction data 

A dataset of West-Brabant is used for the second regression analysis, containing 

information about transaction prices, dwelling characteristics and locational 

characteristics. A model of Arentze and Stevens (2018) is based on this dataset 

and explains 84 percent of the differences in transaction prices. In the study of 

Arentze and Stevens (2018) it was investigated which dwelling characteristics and 

locational characteristics play a role in determining transaction prices. In the 

hedonic price analysis of Arentze and Stevens (2018), dwelling and locational 

characteristics are used to explain the differences in transaction prices of 

dwellings. The data was obtained through participating municipalities as well as 

through open data of Funda and Statistics Netherlands. Data from the following 

Dutch municipalities is included in the dataset of West-Brabant: Bergen op Zoom, 

Dongen, Etten-Leur, Halderberge, Moerdijk, Oosterhout, Roosendaal, 

Woensdrecht and Zundert. Appendix D shows the number of dwellings investigated 

for each municipality. In total, 14,383 dwellings are included. 28 dwelling types 

were distinguished. The 141 distinguished variables in the study were brought 

down to 27 grouped variables by using principal component analyses, since 

multicollinearity would occur otherwise. The variables explain 84 percent of the 

differences in transaction prices of properties. Table 5 shows the descriptive 

statistics of the variable transaction price and Figure 5 shows the distribution. More 

details regarding the dependent variable transaction price are visible in Appendix 

E. 

 
 
Table 5: Descriptive statistics of transaction price 

Descriptive Statistics 

 N Minimum Maximum Mean Std. Deviation 

Transaction price 14383 61000 820000 235248.52 104992.18 
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Figure 5: Distribution of transaction price 

 

 

 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 

4.5 Control variables of analysis regarding walkability and property 

values 

In the second analysis, the relationship between walkability scores of four-digit 

postal codes and dwelling values is investigated. The characteristics described in 

this section are provided in the dataset of West-Brabant. A selection of housing 

and locational variables that influence the transaction price is included in the used 

dataset of West-Brabant and in the model of Arentze and Stevens (2018). 

 

Housing characteristics 

Regarding housing characteristics, multiple aspects are included. Firstly, the 

analysis contains the ground surface and the volume of the dwelling. Within the 

dwelling, the bay window surface, dormer surface, balcony surface, basement 

surface, garage surface are included. Next to that, the location, quality, 

maintenance, appearance, efficiency of the dwelling and amenities within the 

dwelling are taken into account. The assessment of these characteristics is done 

by the revaluation team of the Tax Cooperation West-Brabant (Arentze and 

Stevens, 2018). Arentze and Stevens (2018) describe that a rating is given based 

on a five-point scale, ranging from -2 to 2, with a default value of 0. The data has 

dummy variables for four housing types: detached houses, semidetached houses, 

terraced houses (in this case not a standard row house, however, the walls of the 
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dwelling or the walls of the extension of the dwelling are adjacent to other 

dwellings or extension of that dwellings (Funda, n.d.)) and corner houses. 

Regarding the variable building year, five dummies are created: building year is 

before 1930, between 1970 and 1979, between 1980 and 1989, between 1990 

and 1999 and between 2000 and 2009. Next to that, the transaction years 2016 

and 2017 are dummy variables. Lastly, the number of floors and the number of 

rooms are included. 

 

Locational characteristics 

Different locational characteristics are taken into account in the dataset. The 

analysis contains information about whether dwellings are in Dongen, Bergen op 

Zoom, Oosterhout and Etten-Leur in the form of dummy variables. A dummy 

variable is created regarding areas with a very low urbanity. Regarding amenities, 

firstly the variable number of department stores nearby is included, and this 

variable is likely to function as a proxy for other amenities in this research 

according to Arentze and Stevens (2018). Furthermore, the distance to basic 

amenities and the proximity of employment is taken into account. Three types of 

neighborhoods resulted from the principal component analysis. The first type 

consists of family homes, owner-occupied homes with children, the second type 

mainly has rental properties, is child-rich and includes people with a non-western 

migration background, and the third type contains mainly young families and 

people with a western migration background. Finally, the percentage of parks and 

the percentage of forest and open natural terrain are part of the analysis as well. 

 

Table 6 gives an overview of the mean, standard deviation, minimum and 

maximum of the dwelling and locational variables described above. It can be seen 

that most of the variables have close to 14,383 values. Cases of variables that 

have missing values are replaced by the mean. 
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Table 6: Descriptive statistics of control variables 

 Descriptive Statistics 

 N Minimum Maximum Mean 
Std. 
Dev. 

Ground surface (square meter) 14383 0 1524 264.23 248.971 

Volume (cubic meter) 14383 31 2199 381.71 138.997 

Bay window surface (square meter) 14383 0 168 4.63 11.38 

Dormer surface (square meter) 14383 0 44 1.03 2.20 

Balcony surface (square meter) 14383 0 125 1.22 5.55 

Basement surface (square meter) 14383 0 178 .58 5.64 

Garage surface (square meter) 14383 0 165 9.86 15.33 

Location of the dwelling 14383 -2.00 2.00 -.04 .37 

Quality of the dwelling 14383 -2.00 2.00 .01 .49 

Maintenance of the dwelling 14383 -2.00 2.00 .09 .66 

Appearance of the dwelling 14383 -2.00 2.00 .02 .33 

Efficiency of the dwelling 14383 -2.00 2.00 -.04 .27 

Amenities of the dwelling 14383 -2.00 2.00 .01 .76 

Detached dwellng 14383 .00 1.00 .19 .39 

Semidetached dwelling 14383 .00 1.00 .19 .39 

Terraced house 14383 .00 1.00 .03 .18 

Corner house 14383 .00 1.00 .15 .36 

Building year before 1930 14383 .00 1.00 .01 .08 

Building year between 1970-1979 14383 .00 1.00 .21 .41 

Building year between 1980-1989 14383 .00 1.00 .13 .34 

Building year between 1990-1999 14383 .00 1.00 .16 .37 

Building year between 2000-2009 14383 .00 1.00 .11 .31 

Transaction year 2016 14383 .00 1.00 .44 .50 

Transaction year 2017 14383 .00 1.00 .29 .45 

Number of floors 6348 0 18 2.44 1.24 

Number of rooms 7113 1 45 4.61 1.35 

Dwelling is located in Bergen op Zoom 14383 .00 1.00 .18 .38 

Dwelling is located in Dongen 14383 .00 1.00 .07 .25 

Dwelling is located in Oosterhout 14383 .00 1.00 .15 .36 

Dwelling is located in Etten-Leur 14383 .00 1.00 .11 .31 

Department store nearby 14383 -2.57 1.77 .03 .99 

Very low urbanity 14383 .00 1.00 .13 .34 

Distance to basic amenities 14263 -.96 5.35 -.09 .87 

Proximity of employment 14266 -1.87 2.30 .00 1.00 

Neighborhood type 1: family homes, owner-
occupied homes with children 

14383 -3.87 2.69 -.03 1.00 

Neighborhood type 2: rental properties, child-
rich, non-western foreigners 

14383 -3.53 3.56 .05 .97 
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 Descriptive Statistics 

 N Minimum Maximum Mean 
Std. 
Dev. 

Neighborhood type 4: young families, western 
foreigners 

14383 -5.98 6.16 -.02 .97 

Percentage of park area 14313 .00 38.24 4.88 6.49 

Percentage of forest and open natural terrain 14313 .00 82.84 2.03 6.40 

 

This information has made it clear that some built environment aspects that are 

included in the first dataset are present in the second dataset as well. Since a 

walkability score is calculated after conducting the first analysis and this variable 

is used again in the second analysis, correlations between some variables and the 

walkability score have to be checked and are not allowed to be above .7. The two 

green space variables and the distance to basic amenities overlap in both datasets. 

The variable in the second dataset that indicates whether a dwelling is located in 

a very low urbanized area, is partly present in the first dataset, which includes the 

total degree of urbanization in absolute numbers. Lastly, in the first dataset the 

employment density is taken into account, the second dataset contains the 

proximity of employment.  

 

4.6 Conclusion 

In this chapter a description of the data used in this study is given. The data of 

the first part of the study consists of built environment aspects that are objectively 

measured, data about walking frequencies and control variables for measuring the 

relationship between built environment aspects and walking frequencies. The 

sources of the data are Statistics Netherlands (2016, 2018), Geofabrik (2015), 

which uses OpenStreetMap, OpenStreetMap (n.d.) and OViN survey results of 

2014, 2015 and 2016 In the literature review it became clear that most of the 

existing studies used a limited set of variables to measure walkability. In this 

study, except for retail floor area ratio, all the aspects that are suitable to be 

measured in an objective way are taken into account. Furthermore, the 

measurements are conducted for the whole of the Netherlands. For the second 

analysis transaction price data of dwellings as well as control variables for 

measuring the relationship between walking frequencies and dwelling values are 

used. Arentze and Stevens (2018) created a model from the dataset in West-

Brabant that explains 84 percent of the differences in transaction prices. The 
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walkability index will be added to this model. Since variables overlap to some 

extent, attention must be paid to avoid the possible existence of multicollinearity.
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5. Results 

This chapter firstly describes the results of two principal component analyses that 

are conducted to reduce the number of variables in the first analysis and to avoid 

multicollinearity. In section 5.3 it is discussed whether regression assumptions of 

the first regression analysis, regarding built environment characteristics and 

walking, are met. In section 5.4, the results of this first analysis are explained. In 

section 5.5, the created walkability index is described. Section 5.6 and 5.7 discuss 

respectively whether the regression assumptions for the second analysis are met 

and the results of the second analysis. After that, the results are compared to the 

results of a regression analysis regarding walkability and transaction prices using 

the walkability index of Grasser et al. (2017) Frank et al. (2005). The last section 

is the conclusion of the chapter. 

 

5.1 Principal component analysis of built environment variables 

The distance to amenities and the number of amenities within a radius of one 

kilometer are combined into one principal component analysis. Furthermore, the 

distance to the nearest train station and transfer station is added. Lastly, the 

density of addresses, residential density, population density and density of 

businesses are included in this principal component analysis as well. 41 variables 

are combined in the principal component analysis. Six components are extracted, 

which can be seen in the pattern matrix in Table 7. The highest values per variable 

are in bold. The total variance explained by the six components is 77.1 percent. 

The remaining results of the principal component analysis are visible in Appendix 

F. The Kaiser-Meyer-Olkin value should be at least .50 for the variables to be 

suitable to be combined (Hill, 2011). In this analysis the value is .962. The analysis 

shows that the relation between components in some cases exceeds .32, which 

can be seen in the component correlation matrix in Appendix F. When this is the 

case, an oblique rotation should be used in the analysis to interpret the results, 

because this rotation method allows for correlation between the components 

(Tabachnick and Fiddel in Brown, 2009). However, the choice of rotation usually 

does not make a lot of difference in the output (Brown, 2009).  
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Table 7: Extracted components of built environment pca 

 Component 

 1 2 3 4 5 6 

% of variance 50.035 12.317 5.930 3.486 2.765 2.598 

Cumulative % 50.035 62.352 68.282 71.768 74.533 77.132 

Eigenvalue 20.514 5.050 2.431 1.429 1.134 1.065 

Distance to the nearest general practice .852 .048 .047 .033 .010 -.096 

Distance to the nearest supermarket .836 .017 .015 .016 .036 -.086 

Distance to the nearest other daily food 
store 

.834 -.018 -.020 -.013 .051 -.028 

Distance to the nearest cafeteria .771 -.055 -.032 -.079 .115 .045 

Distance to the nearest restaurant .746 -.094 .037 -.044 -.047 -.010 

Distance to the nearest pharmacy .742 .039 .034 .055 .109 -.133 

Distance to the nearest child care facility .725 .050 .030 -.155 -.011 -.072 

Distance to the nearest cafe .701 -.096 -.076 -.005 .073 -.014 

Distance to the nearest library .683 -.085 .067 .013 .170 .095 

Distance to the nearest after school care 
facility 

.671 .072 .018 -.251 .003 -.088 

Distance to the nearest primary school .606 .187 .053 .028 .033 -.346 

Number of restaurants within 1 km .001 .940 -.006 .016 .007 .042 

Number of cafes within 1 km .008 .884 -.004 .009 .014 .129 

Number of cafeterias within 1 km -.033 .867 -.013 .026 -.009 .133 

Number of businesses per hectare .019 .600 -.029 .024 -.015 .463 

Number of other daily food stores within 
1 km 

.019 .576 -.005 .003 -.012 .516 

Distance to the nearest ice rink -.068 .034 .967 .236 .048 -.064 

Distance to the nearest train station -.069 .014 .725 -.129 .139 -.001 

Distance to the nearest transfer station .127 -.039 .719 -.252 -.111 -.016 

Distance to the nearest amusement 
facility 

-.057 .018 .592 -.244 .097 -.043 

Distance to the nearest sauna .193 -.105 .504 .005 .037 -.019 

Distance to the nearest pop stage .325 -.069 .365 -.305 -.165 .015 

Distance to the nearest hospital 
excluding outpatient clinic 

.023 -.011 .044 -.834 .021 -.112 

Distance to the nearest tanning facility .160 -.014 -.013 -.694 .042 -.023 

Distance to the nearest hospital 
including outpatient clinic 

-.026 .015 -.081 -.677 .347 -.129 

Distance to the nearest cinema .145 -.090 .255 -.619 .007 .009 

Distance to the nearest stage .090 -.072 .228 -.574 .117 -.016 

Distance to the nearest vmbo school .145 .032 .109 .043 .776 -.122 

Distance to the nearest secondary school .158 .012 .118 .038 .774 -.098 

Distance to the nearest department 
store 

.179 -.047 .076 -.164 .650 -.001 

Distance to the nearest havo school -.100 .033 .075 -.413 .624 -.122 
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 Component 

 1 2 3 4 5 6 

Distance to the nearest swimming pool .170 -.009 .008 -.177 .609 -.040 

Distance to the nearest hotel .328 -.263 .037 .041 .337 .106 

Number of primary schools within 1 km -.124 -.121 -.012 .012 -.050 .900 

Number of inhabitants per hectare -.037 .080 -.036 .037 -.057 .843 

Number of after school care facilities 
within 1 km 

-.099 -.037 -.033 .064 -.028 .828 

Number of child care facilities within 1 
km 

.006 .135 -.031 .027 .006 .810 

Number of dwellings per hectare -.020 .182 -.033 .035 -.049 .793 

Number of general practices within 1 km -.037 .184 -.034 -.004 -.014 .774 

Number of addresses per square 
kilometer 

-.070 .245 -.059 .059 -.070 .697 

Number of supermarkets within 1 km -.099 .348 -.012 .008 -.035 .625 

 

The first component has only positive values and consists of the main distance to 

the nearest supermarket, other daily food store, cafe, cafeteria, restaurant, 

library, pharmacy and general practice, primary school, child care facility and after 

school care facility. All the amenities included in this component are amenities that 

have a high absolute number of locations through the Netherlands compared to 

the some of the other amenities measured. The distances to these amenities are 

expected to be lower in higher density areas. Since these amenities are placed on 

a lot of different locations, people usually do not travel far distances for these 

types of amenities. This leads to these amenities being placed often close to areas 

with dwellings, in cities and villages, so that the catchment area is sufficient. 

Therefore, it is expected that these types of amenities are relatively often within a 

walkable distance from dwellings in the Netherlands. The amenities are expected 

to be daily or weekly used by a lot of people. The component is labeled ‘distance 

to common daily or weekly used amenities’. 

 

The second component contains the number of cafes, cafeterias, restaurants, and 

daily food provisions within one kilometer. Employment density is included in this 

component as well. Employment is derived from Statistics Netherlands (2016) and 

includes catering industry employment as well, which explains the relationship. 

The number of amenities within one kilometer are of course a form of density as 

well. This component mainly consists of amenities that are placed in higher density 

areas, for the same reason as the first component described above. Since this 
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component consists of variables that have to do with the catering industry, the 

component is labeled ‘density of catering industry amenities’. 

 

In the third component the distance to the nearest train station, transfer station, 

sauna, amusement facility, pop stage and ice rink is included. Lower absolute 

numbers of locations of these types of amenities are expected in the Netherlands, 

compared to the amenities described in the components above. These types of 

amenities can be found in lower as well as higher dense areas, however, train and 

transfer stations and pop stages are expected to be located more often in higher 

density areas. As is visible in the descriptive statistics of built environment data in 

paragraph 4.2, the distance to these amenities is usually larger than the amenities 

included in component one and two. Distance to public transport is measured as a 

separate aspect of walkability, because in contrast to the amenities included, it is 

not a final destination. The other variables are not considered as important daily 

or weekly walking destinations. If a relationship with walking behavior exists, they 

are likely to be proxies for other types of walking destinations. This means that 

they indicate that other types of buildings or amenities might usually be close to 

these types of variables. Since for testing walking behavior public transport is of 

main interest in this component and the public transport variables have high values 

in the component, this component is labeled ‘distance to public transport’. 

 

The variables in the fourth component are the main distance to the nearest hospital 

including outpatient clinic, hospital excluding outpatient clinic, stage, tanning 

facility and cinema. The values of the variables included in this component have 

negative signs, which means that a case with a high positive value of this 

component, usually has a low value of the variables included in the component. 

Cases with a high negative values in the component, usually have high positive 

values of the variables included. The amenities included in this component are 

expected to have lower absolute numbers of locations than the amenities described 

in the first two components. Hospitals are expected to be more often located on 

the edge of cities, in lower to medium dense areas, and larger cinemas are placed 

on the edge of cities as well. The other amenities are expected to be located in 

medium to high density areas, but are usually not amenities that are walked to 

daily or weekly. If a relationship with walking behavior exists, it is not expected 

that people often walk to these kind of amenities, so they will be a proxy for other 
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amenities or certain types of areas. The component is labeled ‘distance to less 

commonly used amenities’. 

 

The fifth component consists of the distance to the nearest secondary school, havo 

and vwo school and vmbo school, hotel, swimming pool, department store and 

hotel. These types of amenities are expected to have lower absolute numbers than 

the amenities in the first two components. The amenities within this component 

are expected to be found in areas with average densities and urbanity. Since 

secondary schools are the largest topic of the component, this component is 

named ‘distance to secondary schools’. 

 

The last component includes the population density, residential density and 

urbanity or number of addresses per square kilometer, and the number of 

supermarkets, general practices, primary schools, child care facilities, after school 

care facilities within one kilometer. The amenities mentioned in this component 

are expected to have a lot of locations through the Netherlands. The number of 

amenities within one kilometer are types of densities as well. Since the component 

consists of density of addresses, population density, dwelling density and density 

of common amenities with a high absolute number of locations, it is likely that this 

component represents the density of areas in general. This component is labeled 

‘density in general’. 

 

5.2 Principal component analysis of control variables 

The first regression analysis controls for socio-economic and socio-demographic 

variables. A principal component analysis is done for all the control variables at 

the same time. Table 8 shows the correlations between each of the measured 

variables and the components. Five components are extracted. Other output 

regarding the principal component analysis are visible in Appendix G. In this 

analysis the Keiser-Mayer-Olkin value is .699, which is higher than the minimum 

of .5 (Hill, 2011), which means that the variables are suitable to combine into one 

principal component analysis. An oblique rotation method is used in this analysis 

as well, since the correlation between some of the components exceeds .32. 
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Table 8: Extracted components of pca of control variables 

 Component 

 1 2 3 4 5 

% of variance 37.085 18.075 9.096 7.216 4.252 

Cumulative % 37.085 55.160 64.255 71.472 75.723 

Eigenvalue 9.271 4.519 2.274 1.804 1.063 

Percentage of people with a non-western migration 
background in total 

.949 .028 -.001 -.053 -.005 

Percentage of people with a Surinam migration 
background 

.888 -.094 .069 .046 -.054 

Percentage of people with a migration background from 
Netherlands Antilles or Aruba 

.773 -.053 -.089 -.036 -.024 

Percentage of people with a Turkish migration 
background 

.758 .075 .059 .018 .007 

Percentage of people with another non-western migration 
background 

.753 .068 -.141 -.160 .000 

Percentage of people with a Morroccan migration 
background 

.749 .049 .052 -.035 .018 

Percentage of divorced people .620 -.026 -.407 .167 .172 

Percentage of income receivers -.054 -.741 -.176 .033 .407 

Relative number of deaths -.069 .518 -.330 .082 .443 

Percentage of 0 to 14 years old .091 .175 .915 -.124 .134 

Percentage of households with children living at home -.009 -.056 .882 .194 -.056 

Mean household size -.284 -.006 .708 .217 -.031 

Percentage of single person households .171 .094 -.665 -.499 .109 

Percentage of people with a western migration 
background 

.352 -.048 -.470 -.078 .055 

Percentage of unmarried people .113 -.005 -.086 -.894 -.116 

Percentage of 15 to 24 years old -.214 -.196 -.135 -.749 -.101 

Percentage of married people -.239 -.104 .323 .726 -.016 

Percentage of households without children living at home -.237 -.129 -.042 .712 -.132 

Percentage of 25 to 44 years old .289 .070 .013 -.689 .051 

Percentage of 45 to 64 years old -.033 -.345 -.044 .673 -.345 

Percentage of 65 years and older -.178 .247 -.455 .603 .314 

Relative number of births .261 .171 .286 -.421 .327 

Percentage of women .032 -.106 .060 -.025 .974 

Percentage of men -.023 .113 -.057 .007 -.973 

Percentage of widowed people -.150 .371 -.392 .344  .482 

 

The first component consists mainly of variables regarding ethnicity. The 

percentage of people with a non-western migration background in total, the 

percentage of people with a Surinam, Turkish, Moroccan migration background, a 

migration background from Aruba or Netherlands Antilles and other non-western 

migration backgrounds are included. Next to that, the percentage of divorced 
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people is included in this component. All variables have the same sign in the 

component (positive). Ethnicity and divorced people represented in the same 

component is in line with research from Van Huis and Steenhof (2003), who found 

that people with a non-western migration background in the Netherlands divorce 

more often than other people in the Netherlands. The name of the component is 

‘ethnicity’, since this is the main topic of the component.  

 

The second component consists of the percentage of deaths, which has a positive 

sign. The number of income receivers is included with a negative sign. These signs 

are expected, since people who are not income receivers are usually more often 

elderly, and the percentage of deaths is more linked to older people. The relative 

number of deaths has the highest value in the component, therefore the name of 

the component is ‘relative number of deaths’. 

 

In the third pca control group, the age group 0 to 14 years old, households with 

children living at home, mean household size, the percentage of single households 

and the percentage of people with a western migration background included. The 

age group 0 to 14 years old, the percentage households with children and the 

mean household size have a positive value in the component. The same signs for 

these variables are expected, since a higher household size is usually related to 

having children, which explains the youngest age group. The variable households 

with children is based on data of households with children living at home (Statistics 

Netherlands, 2018-c). The percentage of single person households is logically 

negatively represented in this component. The percentage of people with a 

western migration background is negatively related to this component as well, 

which indicates that people with a western migration background more often 

consists of single person households. Most of the variables included in the 

component have to do with the size of the household, therefore the component is 

called ‘household size’.   

 

The fourth component contains the age groups 15 to 24 years old, 25 to 44 years 

old, 45 to 65 years old, 65 and older, the percentage of married people and the 

percentage of unmarried people, percentage of households without children living 

at home and the relative number of births. The age group 15 to 24 years old, 24 

to 44 years old, the relative number of births and the percentage of unmarried 
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people have a negative value. The same sign in these components is expected, 

since the age groups 15 to 24 and 24 to 44 are mostly expected to get children. 

The percentage unmarried people on the other hand is included in this component 

with a negative sign as well, which is in line with information from Statistics 

Netherlands (2018-d), which tells that people in their twenties and thirties are less 

likely to marry nowadays. The age group 45 to 64, and 65 and older and the 

percentage of married people and the percentage of households without children 

living at home have a positive sign. The age groups 45 to 64 and 65 and older are 

more expected to be married and less expected to have children living at home, 

therefore the signs are as expected. The component is called ‘age and marital 

status’, since most of the variables included in the component have to do with 

these subjects. 

 

In the fifth component the percentage of women and the percentage of widowed 

people are included and have a positive value, the percentage of men is included 

with a negative value. These signs are as expected, since women are more often 

widowed than men (Statistics Netherlands, 2018-e). The component is labeled 

‘gender’. 

 

The variables that are represented in the same components of the principal 

component analysis are to a large extent as expected. The signs are mainly as 

expected as well: when variables in a component have different signs, usually a 

negative relationship between these variables exists. The extracted components 

consist of relationships between variables that correspond with logic and existing 

literature to a large extent.  

 

5.3 Regression assumptions of analysis regarding walkability 

Four assumptions of multiple regression are described in this section for the first 

regression analysis: linearity of residuals, equality of variances, multicollinearity 

and multivariate normality. Outliers are removed from the dataset.  

 

Linearity of residuals 

The first assumption is about linearity of residuals, which means that the 

relationship between the independent and dependent variable are in a straight line 
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(Statistics Solutions, 2019). In order to see the linearity of residuals of residuals, 

the scatterplot of the standardized residuals and standardized predicted value are 

taken into account, which is visible in Appendix H. The points together do not form 

a shape that looks like a (curved) line, which means that the assumption of 

linearity is met (Bian, n.d.). 

 
Multivariate normality 

Multivariate normality means normally distributed residuals, and can be tested 

with the frequency and standardized residual histogram (Kim, 2019). Appendix H 

shows the frequency and standardized residuals histogram and Normal P-Plot. The 

histogram shows a distribution that is very close to normality. In the normal P-Plot 

it can be seen that the points closely follow the straight line. Therefore, the 

multivariate normality assumption is met (Uli et al., 2011). 

 

Equality of variances 

In appendix H it is visible that in the standardized residual scatterplot the points 

are divided, which means that the residuals have an equal distribution (Statistics 

Solutions, 2019). No strange shapes are detected and the scatterplot is 

approximately a rectangle, which means that the assumption of equality of 

variances or homoscedasticity is met (Kim, 2019). The points should ideally be 

between -3 and 3, however, in large datasets some outliers are expected. 

 

Multicollinearity 

When the independent variables have a high correlation, this is called 

multicollinearity, which is not allowed in regression (Statistics Solutions, 2019). A 

value of .7 is used as a limit of correlation between predictors in this study. 

Multicollinearity is controlled for by making sure that Pearson’s r is always below 

.7 in the correlation matrix. Multiple principal component analyses are conducted 

to avoid multicollinearity as well, which is described in the previous paragraphs. 

The highest correlations are found between the components ‘ethnicity’ and ‘density 

in general’ (0.695), between the variables ‘safe speeds below 30 km/h’ and ‘safe 

speeds below 50 km/h’ (0.651) and between the components  ‘density of catering 

industry amenities’ and ‘density in general’ (0.623). 
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To conclude, this section explains that all the regression assumptions regarding 

the relationship between built environment aspects and walking behavior are met. 

 

5.4 Relationship between built environment aspects and walking 

frequencies 

To test the relationship between the built environment characteristics, that were 

derived from existing literature, and walking frequencies, a multiple linear 

regression is conducted. The Stepwise method is used with forward selection. 

Furthermore, only postal codes that contain information on all the variables are 

taken into account, since some variables miss too many cases to be replaced by 

the mean. Replacing by the mean would lead to violation of the regression 

assumptions in this analysis. The models are described below. The last model has 

an R squared value of .497, which means that 49.7 percent of the variance of the 

dependent variable is explained by the independent variables. 994 cases are 

included in the regression model. In table 9 the output of the first regression is 

visible. 

 

Table 9: Regression coefficients of the regression analysis between built environment aspects and 

walking frequencies 

 B Beta Significance 

8 (Constant) .143  .000 

Ethnicity .036 .427 .000 

Household size -.016 -.149 .000 

Age and marital status -.001 -.008 .799 

Density of catering industry amenities .020 .197 .000 

Density in general .010 .105 .011 

Distance to less commonly used amenities -.014 -.114 .000 

Distance to common daily or weekly used amenities -.011 -.081 .013 

Distance to public transport -.007 -.063 .023 

 

By using the Stepwise method, eight models are created in SPSS. The last and 

best model is explained. Firstly, the control variables in the model are described. 

The component ‘ethnicity’ is significant and has a positive sign. The variables in 

the component also have a positive sign. The relationship is in line with research 

of Harms (2006), who explains that people with a migration background in the 

Netherlands walk more often, bike less often and have less often the possession 

of a car than other groups. The component ‘household size’ is significant as well. 
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A negative relationship is found. In this component, the number of single person 

households and people with a western migration background are negatively 

represented. This means that these variables are positively related to walking 

frequencies. Single person households are often located in urbanized areas 

(Planbureau voor de Leefomgeving, 2016). People with a migration background 

are related to more walking as well (Harms, 2006), which is explained above. This 

component also represents the age groups 0 to 14 years old, households with 

children and mean household size as well, with a positive sign. The negative 

relationship indicates that households with children, the age group 0 to 14 years 

old, and larger households are walking less often. This might be due to families 

living less often in highly urbanized areas than single person households 

(Planbureau voor de leefomgeving, 2018). The component ‘age and marital status’ 

was added and significant in the third model by using the Stepwise method, but in 

the next models it was not significant anymore.  

 

Next to components regarding control variables, components regarding walkability 

are significant. The components ‘density of catering industry amenities’ and 

‘density in general’ have a positive relation to walking frequencies. The variables 

in the components have positive signs as well. All of the types of amenities within 

one kilometer taken into account are included within one of these two components. 

Next to that, density of addresses, dwelling density, employment density and 

population density are included. Higher levels of urbanity are therefore expected 

to have a positive relationship with walking frequencies.  

 

The component ‘distance to common daily or weekly used amenities’ has a positive 

relationship to walking behavior. This component consists of amenities that can be 

found on a lot of locations in the Netherlands, such as restaurants and 

supermarkets. The direction of the relationship is as expected. The values in the 

component are positive and the regression coefficients are negative. This means 

that the larger the distance to these amenities, the lower the walking frequency. 

 

Next to that, ‘distance to public transport’ has a significant relationship to walking 

frequencies. The regression coefficient is negative and the values in the component 

are positive, which means that when the distance to these amenities increases, 

the mean walking frequency decreases. The results are as expected. Especially 
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train and transfer stations are expected to be the reason for the relationship with 

walking behavior, since these types of transportation are often walked to: on an 

average day 1.3 million individuals in the Netherlands travel by train (NS, 2018) 

and 36 percent of them walks to the train station (KpVV, 2017). 

 

The component ‘distance to less common amenities’ is significant and has a 

negative Beta value, while the variables in the component also have a negative 

value. This means that this component has a positive relationship to walking 

behavior: when the amenities are located further away, walking frequencies 

increase. As explained in section 5.2, the amenities included in this component 

have lower absolute numbers of locations in the Netherlands and are more often 

further away from home. They are used less frequently than amenities in the 

component ‘distance to common daily or weekly used amenities’. The amenities 

included in the component ‘distance to less commonly used amenities’ are likely 

to be a proxy for other amenities or certain types of areas. This can explain the 

significant relationship to walking frequencies.  

 

The results are to a large extent as expected. A positive significant relationship 

was found with the built environment components ‘distance to common daily or 

weekly used amenities’, ‘density of catering industry amenities’, ‘distance to public 

transport’ and ‘density in general’. The component ‘distance to less commonly used 

amenities’, even show a negative relationship to walkability. It can be explained 

by these amenities being usually located outside of urbanized areas, since a higher 

urbanization shows a positive relationship to walking behavior. Below, possible 

explanations for insignificant relationships are explained. 

 

A relationship between walking frequencies and the aspects that relate to 

recreational walking behavior, namely forest and open natural terrain, recreational 

space and park and green space, was not found. This is possibly an indication that 

people in the Netherlands walk more often for functional purposes than for 

recreational purposes. Next to that, green space can be found more often in low 

dense areas, while walkability has a stronger relationship with highly urbanized 

locations. This could explain why the relationship was not found. 
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Land-use mix is another variable that is expected to have a relationship with 

walking frequencies, based on existing literature. However, in this research a 

significant relationship was not found. This may be due to the structure of the used 

variable.  The aspects of land-use mix taken into account were not the same as 

the aspects that are usually taken into account. Two types of land use mix 

variables were tested in this study. Where usually aspects such as residential, 

commercial, office and entertainment are taken into account (Sundquist et al., 

2015), the variable included in this research consists of residential, service 

buildings, land used for traffic, agricultural land and recreational areas. 

Furthermore, only the mixture of residential and service buildings is tested, 

however, it turned out that both variables did not have a significant relationship 

with walking behavior. If the content of the land use mix variable corresponds 

more to the content of land use mix in existing literature, a significant relationship 

would have been more likely. 

 

Lastly, a relationship with variables regarding the infrastructure was not found. 

Intersection density and the percentage of safe speeds within the postal code were 

tested. Most likely this is the case because the data is tested on the four-digit 

postal code level, which might be a spatial level that is quite large for the subject. 

The four-digit postal codes in the Netherlands have a wide range regarding size, 

which might lead to some postal codes being more suitable for measuring 

walkability than others. Unexpected insignificant relationships might have occurred 

due to the relatively large spatial level of some postal codes. Since differences in 

the spatial structure within a four-digit postal code area might be big in some 

cases, the walkability may differ within the postal code as well. However, spatial 

levels for measuring walkability can be too small as well: a street will not include 

all the walkability aspects of an area. Another possible reason for safe speeds being 

not significant in the Netherlands is that the Netherlands does not really have a 

problem with pedestrian safety (Pucher & Dijkstra, 2003). A lot of variables 

possibly relating to walking behavior are derived from studies in the United States, 

while in general in the United States pedestrian safety is much more of an issue 

(Pucher & Dijkstra, 2003), as was pointed out in chapter 2. 
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5.5 Walkability index 

Now that the results of the tested relationship between built environment aspects 

and actual walking behavior are known, a walkability index is created. This index 

is based on the standardized regression coefficient values of the regression 

analysis. The standardized regression coefficient is a value that indicates the 

strength and the relationship between each independent variable with the 

dependent variable, when the variables are standardized. Significant relationships 

are only found with components from the principal component analysis, which are 

standardized groups of variables. The Beta values are used to create the equation. 

In order to explain the relationship between the independent variables and a 

dependent variables, generally the following formula generally is used: 

 

Y = β0 + β * x1 + ε 

 

In this formula, Y is the dependent variable and x is the predictor variable. β0 is 

the Y intercept, the value that the dependent value takes when the dependent 

variables are zero. β is the standardized regression coefficient, which represents 

the strength of the relation of a certain predictor to the dependent variable. ε is 

the error term, since the model does not fully represent the complete relationship 

between the predictors and the dependent variable. Based on the linear regression 

formula, the following equation is used to create a walkability score for each postal 

code: 

 

Walkability score = Distance to common daily or weekly used amenities * -

0.081 + Density of catering industry amenities * 0.197 

+ Distance to public transport * -0.063 + Distance to 

less commonly used amenities * -0.114 + Density in 

general * 0.105 

 

It is visible that especially ‘Density of catering industry amenities’, ‘Distance to 

less commonly used amenities’ and ‘Density in general’ show a strong relationship 

with walking behavior. This means that a strong relationship is found between 

walking behavior and the degree of urbanity. The twenty highest walkability scores 

of the index are checked, and the postal codes related to these scores turned out 

to be postal codes located within or very near to the city center of Amsterdam, 
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Rotterdam, Utrecht, Den Haag, Nijmegen and Haarlem. This confirms the 

statement that most of the variables that have a positive significant relationship 

with walking behavior seem to be variables that have the strongest association 

with city centers. 

 

The walkability index shows the unique strength of the relationship between the 

walkability predictors and walking behavior. Knowing the meaning of each 

component provides insight into characteristics of the built environment that 

actually increase walking of individuals, which is important information for area 

planners and developers.  

 

5.6 Regression assumptions of analysis regarding walkability and 

dwelling values 

The second dataset was already a prepared dataset, since it was used in an existing 

study of Arentze and Stevens (2018) regarding aspects that influence dwelling 

values. Therefore, outliers were already removed. The walkability index is added 

to this dataset and model. The four regression assumptions linearity, normality, 

homoscedasticity and no multicollinearity in the second regression analysis are 

discussed below.  

 

Linearity of residuals 

The scatterplot of the standardized residual and standardized predicted value in 

Appendix I shows that there is linearity of residuals, since the points do not form 

a shape that looks like a (curved) line (Bian, n.d.).  

 

Multivariate normality 

In appendix I it is visible that the points in the Normal P-Plot to some extent 

deviates from the straight line. However, the frequency and standardized residual 

histogram looks close to normality. Therefore, the multivariate normality 

assumption is met (Kim, 2019). 

 

Equality of variances 

In Appendix I it is visible that the points are divided over the scatterplot in a shape 

that looks to some extent like a cone, which means that heteroscedasticity exists 
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in the dataset to some extent (Osborne, 2002). According to Osborne (2002), 

transformations can reduce heteroscedasticity. However, in an earlier study by 

Arentze and Stevens (2018) who used the same dataset, it was established that a 

transformation of the variable does not lead to a better result and that the original 

data values still produce a good prediction of the transaction price.  

 
Multicollinearity 

A multicollinearity limit of .7 is used in this study. Pearson’s r is below .7 in the 

correlation matrix between all of the independent variables, which means that the 

assumption of no multicollinearity is met. The largest correlation between the 

walkability index and another independent variable is -.464, which is the 

correlation with neighborhood type 2 (rental properties, child-rich, non-western 

foreigners). The second largest correlation is -.213 with the variable volume. 

 

To conclude, in this analysis the regression assumptions are met, although 

heteroscedasticity is to some extent present. 

 

5.7 Relationship between walkability and real estate property values 

Walkability scores are calculated for the postal codes. A multiple linear regression 

analysis is conducted again to test the relationship between the calculated 

walkability score for each postal code and individual dwelling values, controlled for 

property and locational characteristics. Since the Enter method was used in the 

original study regarding variables influencing transaction prices, this method is 

used again, because in that way the addition to the model can be measured. A 

dataset is used that already has been optimized to conduct a regression analysis 

regarding aspects that influence the transaction price of a dwelling. Table 10 shows 

the output of the analysis with and without the walkability index. 

 
Table 10: Regression coefficients of regression analysis regarding walkability and dwelling values 

 Model excluding walkability index Model including walkability index 

 B (not 
std.) 

Beta (std.) Sign. B (not 
std.) 

Beta (std.) Sig. 

(Constant) 13033.818  .000 12092.574  .000 

Ground surface 
(square meters) 

120.240 .285 .000 121.045 .287 .000 

Volume (cubic 
meters) 

348.230 .461 .000 346.849 .459 .000 
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 Model excluding walkability index Model including walkability index 

 B (not 
std.) 

Beta (std.) Sign. B (not 
std.) 

Beta (std.) Sig. 

Bay window surface 
(square meter) 

861.433 .093 .000 863.155 .094 .000 

Dormer surface 
(square meter) 

1379.769 .029 .000 1352.816 .028 .000 

Balcony surface 
(square meter) 

1014.907 .054 .000 1013.542 .054 .000 

Basement surface 
(square meter) 

447.305 .024 .000 443.420 .024 .000 

Garage surface 
(square meter) 

417.169 .061 .000 422.563 .062 .000 

Location of the 
dwelling 

25285.867 .088 .000 25324.279 .088 .000 

Quality of the 
dwelling 

13722.190 .064 .000 13876.806 .065 .000 

Maintenance of the 
dwelling 

8676.918 .055 .000 8603.797 .054 .000 

Appearance of the 
dwelling 

11283.872 .035 .000 10971.451 .034 .000 

Efficiency of the 
dwelling 

8839.948 .022 .000 9204.233 .023 .000 

Amenities in the 
dwelling 

14199.269 .102 .000 14165.594 .102 .000 

Dwelling is located 

in Bergen op Zoom 

13924.455 .051 .000 14958.909 .055 .000 

Dwelling is located 
in Etten-Leur 

20919.670 .062 .000 22425.228 .066 .000 

Dwelling is located 
in Oosterhout 

-14343.789 -.049 .000 -12778.510 -.044 .000 

Dwelling is located 
in Dongen 

-28538.333 -.068 .000 -27892.270 -.067 .000 

Detached dwellng 47115.156 .175 .000 47152.594 .175 .000 

Corner house 1389.159 .005 .197 1497.453 .005 .164 

Terraced house 
 

34443.594 .059 .000 34432.429 .059 .000 

Semidetached 
dwelling 

23323.400 .086 .000 23369.031 .087 .000 

Building year before 
1930 

10418.479 .008 .022 8583.757 .007 .059 

Building year 
between 1970-1979 

3514.377 .014 .000 4284.869 .017 .000 

Building year 
between 1980-1989 

16470.920 .053 .000 16946.462 .055 .000 

Building year 
between 1990-1999 

45030.778 .157 .000 45093.156 .157 .000 

Building year 
between 2000-2009 

62011.667 .183 .000 61819.927 .183 .000 

Transaction year 
2016 

12889.295 .061 .000 12863.613 .061 .000 
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 Model excluding walkability index Model including walkability index 

 B (not 
std.) 

Beta (std.) Sign. B (not 
std.) 

Beta (std.) Sig. 

Transaction year 
2017 

25168.830 .108 .000 25184.908 .108 .000 

Number of floors 1535.551 .012 .000 1543.899 .012 .000 

Number of rooms -937.586 -.008 .020 -818.406 -.007 .043 

Very low urbanity -10230.899 -.033 .000 -10481.141 -.034 .000 

Department store 
nearby 

8719.421 .082 .000 8067.302 .076 .000 

Distance to basic 
amenities 

-6143.152 -.051 .000 -5848.946 -.048 .000 

Neighborhood type 
1: family homes, 
owner-occupied 
homes with children 

1405.796 .013 .001 2090.893 .020 .000 

Neighborhood type 
2: rental properties, 
child-rich, non-
western foreigners 

-4564.996 -.042 .000 -4330.113 -.040 .000 

Neighborhood type 
4: young families, 
western foreigners 

-4332.858 -.040 .000 -4826.969 -.045 .000 

Proximity of 
employment 

10137.615 .096 .000 10239.858 .097 .000 

Percentage of park 

area 

520.908 .032 .000 491.355 .030 .000 

Percentage of forest 
and open natural 
terrain 

189.828 .012 .003 216.399 .013 .001 

Walkability index    13894.525 .020 .000 

 

The model excluding the walkability index, visible in table 10, was used before in 

the study of Arentze and Stevens (2018). The R squared value of the first model 

without the walkability index is .840. Except for corner houses, all the variables 

included show a significant relationship to walking behavior. A few aspects are 

negatively related to the transaction price: the number of rooms, located in 

Dongen, located in Oosterhout, a very low degree of urban density, neighborhoods 

type 2 (rental properties, child-rich, non-western foreigners) and 4 (young families 

and western foreigners) and a further distance to basic amenities. 

 

In the second model, the walkability index is added. The variable shows a 

significant relationship with transaction prices with p < .001, which is visible in 

Table 10 as well. The R squared value is increased by a very small amount, to 
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.841. The other variables that were significant before are still significant, except 

for building year before 1930, which has a p-value of .059 in the second model. 

 

The standardized beta value of the walkability index is .020. This means the 

variable has a stronger relationship with dwelling values than six other variables 

included in the model: the number of floors, the number of rooms, building year 

between 1970 and 1979, the percentage of forest and open natural terrain, corner 

house or not and building year before 1930. Appendix J gives an overview of the 

ranking of the variables based on the standardized Beta values. 

 

The unstandardized B value shows how much a dwelling price increases by a score 

increase of 1 in the walkability index. The unstandardized B value of the walkability 

index is 13,894.53 in the model. In the first dataset, that includes a lot of postal 

codes through the whole of the Netherlands, the walkability score ranges from -

.56 for areas with a very low walkability to 4.09 for areas with a very high 

walkability. In the second dataset regarding West-Brabant, big cities are not 

included, which explains that the walkability index only differs from -.22 to .60. 

This means that in West-Brabant, the price difference for the same dwelling in the 

lowest walkable area compared to the highest walkable area is 11,394 euro. For 

the Netherlands as a whole, the price difference would be 64,610 euro based on 

this regression analysis. However, it must be noted that this might be not very 

reliable, since big cities were not measured and the price increase might not be a 

straight line. 

 

Although some variables may seem to have overlap with the walkability index, 

multicollinearity is not present. A higher correlation was expected between the 

walkability index and some variables that overlap with the index: low urbanized 

areas, the variable distance to basic amenities and the proximity of employment. 

However, the largest correlation with another predictor is -.464, which is the 

correlation with neighborhood type 2 (rental properties, child-rich, non-western 

foreigners). The second largest correlation is -.213 with the variable volume. The 

maximum allowed correlation is limited to .7. The low correlation with other 

variables shows that the walkability index is an independent contributor to the 

dependent variable.  
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5.8 Comparison to walkability index of Grasser et al. (2017) 
 

The results are compared to the Graz walkability index (Grasser et al., 2017), 

developed in Austria, to see whether the new walkability index gives a better 

prediction of dwelling values than an existing walkability index does. As stated in 

the literature review, the index of Grasser et al. (2005) consists of the following 

formula: 

 

Walkability index =  z-score of residential density + z-score of 

intersection density + z-score of land use mix 

 

Residential density is included in the new walkability index as well, since this 

variable is included in one of the components that shows a significant relationship 

with walking frequencies. Land use mix and intersection density do not show a 

significant relationship to walking behavior in this study, and are therefore not 

included in the new walkability index. It must be noted that in the study of Grasser 

et al. (2017) the mix of residential, commercial, social, religious and cultural 

services. In this study, the mix of residential and service buildings is used to 

calculate land use mix. Table 11 shows the bivariate correlation of the walkability 

index of Grasser et al. (2017) and walking frequencies and the bivariate correlation 

with the new walkability index. 

 

 

Table 11: Correlation between the Graz walkability index and walking frequencies 

 walkfreq_Bojing Graz 
walkability 

index 

New walkability 
index 

Walking frequencies Pearson Correlation 1 .207** .461** 

Sig. (2-tailed)  .000 .000 

N 2327 2327 2327 

Graz Walkability 
index 

Pearson Correlation .207** 1 .401** 

Sig. (2-tailed) .000  .000 

N 2327 4054 4054 

New walkability index Pearson Correlation .461** .401** 1 

Sig. (2-tailed) .000 .000  

N 2327 4054 4054 

 

A positive significant relationship between the walkability index of Grasser et al. 

(2017) and walking behavior is found. The Pearson correlation value is .207, which 
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means that the Graz walkability index has a lower uncontrolled correlation with 

walking frequencies than the walkability index developed in this study and walking 

frequencies, which is .461. However, the correlation between the new walkability 

index and the index of Grasser et al (2017) is .401 and significant. The highest 

values of the walkability index of Grasser et al. (2017) are found in postal codes 

in different parts of Amsterdam and on the edge of Zwolle, but also in towns such 

as Houten and Berkel en Rodenrijs, whereas the walkability index developed in 

this study has the highest values in city centers. Table 12 shows the walkability 

index of Grasser et al. (2017) added to the regression model of Arentze and 

Stevens (2018). 

 
Table 12: Relationship between walkability index of Grasser et al. (2017) and 

dwelling values 

 B (not std.) Beta (std.) Sig. 

(Constant) 11781.371  .000 

Ground surface (square meter) 120.127 .285 .000 

Volume 348.219 .461 .000 

Bay window surface (square meter) 862.812 .093 .000 

Dormer surface (square meter) 1382.335 .029 .000 

Balcony surface (square meter) 1016.031 .054 .000 

Basement surface (square meter) 447.507 .024 .000 

Garage surface (square meter) 417.450 .061 .000 

Location of the dwelling 25232.337 .088 .000 

Quality of the dwelling 13699.959 .064 .000 

Maintenance of the dwelling 8680.625 .055 .000 

Appearance of the dwelling 11407.082 .036 .000 

Efficiency of the dwelling 8864.795 .023 .000 

Amenities in the dwelling 14173.156 .102 .000 

Dwelling is located in Bergen op Zoom 13804.378 .050 .000 

Dwelling is located in Dongen -26426.345 -.063 .000 

Dwelling is located in Oosterhout -12809.302 -.044 .000 

Dwelling is located in Etten-Leur 21365.382 .063 .000 

Detachted dwelling 47190.345 .175 .000 

Semi-detached dwelling 23328.176 .086 .000 

Terraced dwelling 34520.798 .059 .000 

Corner dwelling 1365.497 .005 .205 

Building year before 1930 10634.075 .008 .019 

Building year between 1970-1979 3344.713 .013 .001 

Building year between 1980-1989 16400.573 .053 .000 

Building year between 1990-1999 44912.929 .157 .000 
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 B (not std.) Beta(std.) Sig. 

Building year between 2000-2009 61856.092 .183 .000 

Transaction year is 2016 12908.597 .061 .000 

Transaction year is 2017 25216.661 .109 .000 

Very low urban density -8885.361 -.028 .000 

Department store nearby 8565.045 .081 .000 

Distance to basic amenities -6271.701 -.052 .000 

Neighborhood type 1: family homes, owner-occupied homes with 
children 

1209.629 .011 .007 

Neighborhood type 2: rental properties, child-rich, non-western 
foreigners 

-4612.751 -.043 .000 

Neighborhood type 4: young families, western foreigners -4151.303 -.038 .000 

Number of floors 1524.150 .012 .000 

Number of rooms -936.098 -.008 .020 

Proximity of employment 9649.742 .092 .000 

Percentage of park area 521.988 .032 .000 

Percentage of forest and open natural terrain 182.728 .011 .004 

Walkability index Graz 718.598 .009 .035 

 
 

The Graz walkability index shows a positive significant relationship with dwelling 

values, with a p-value of 0.035, which is a lower significance level than the p-value 

of below .001 of the new walkability index. The standardized Beta coefficient is 

.009, which is lower compared to the value of .020 of the new walkability index, 

which indicates that the Graz walkability index has a less strong relationship to 

dwelling values. The unstandardized beta value is low compared to the 

unstandardized beta value of the new walkability index: 718.60. This means that 

a score of each point extra in the walkability index is related to a price increase of 

718.60 euro. For the whole of the Netherlands, the scores of the index of Grasser 

et al. (2017) vary from -2.60 to 8.09. So, for the whole of the Netherlands the 

price range of the same house in the lowest walkable postal code compared to the 

highest walkable postal code would be 7,682 euro. For West-Brabant, the index 

ranges from –2.49 to 3.61, which indicates a total price range of 4,383 euro. This 

is much lower compared to the ranges of the new walkability index of 64,610 and 

11,394 for respectively the whole of the Netherlands and West-Brabant. Next to 

that, it is striking that in the index of Grasser et al. (2018) West-Brabant is to a 

larger extent represented in the total walkability score range, namely 6.10 on a 

total range of 10.69 compared to 0.82 on a total range of 4.65. This means that 

the areas of West-Brabant included in the dataset probably have a variety in land 

use mix, intersection density and residential density that correspond more to the 
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variety of these aspects in the whole of the Netherlands, compared to the built 

environment aspects that are present in the new walkability index. The R squared 

value of the model remains .840, which is the same value that the model has 

without the walkability index. The relationship between the Graz walkability index 

and transaction prices is still stronger than the relationship between transaction 

prices and building year before 1930, number of rooms and corner houses.  

 

5.9 Comparison to existing walkability index of Frank et al. (2005) 

The results are compared to the existing walkability index of Frank et al. (2005) 

as well, which was created in the United States. As is visible in section 2.3, the 

index of Frank et al. (2005) consists of the following formula: 

 

Walkability index =  z-score of residential density + z-score of 

intersection density + 6 * z-score of land use mix 

 

Land use mix did not show a significant relationship in this study, while it has a 

heavy weight in the index of Frank et al. (2005). In this study the mix of residential 

and service buildings is used, in the study of Frank et al. (2005) the mix of 

residential, office and retail space is used. High scores of the walkability index of 

Frank et al. (2005) are found in towns and on the edge of cities in the Netherlands, 

while the new walkability index has the highest scores in city centers. Table 13 

shows the bivariate correlation with walking frequencies and the new walkability 

index.  

 

Table 13: Correlation between walkability index of Frank et al. (2005) and walking 

frequencies 

 Walking frequencies Walkability index 
Frank et al. (2005) 

New walkability 
index 

Walking frequencies Pearson Correlation 1 -.106** .461** 

Sig. (2-tailed)  .000 .000 

N 2327 2327 2327 

Walkability index Frank 
et al. (2005) 

Pearson Correlation -.106** 1 -.012 

Sig. (2-tailed) .000  .447 

N 2327 4054 4054 

New walkability index Pearson Correlation .461** -.012 1 

Sig. (2-tailed) .000 .447  

N 2327 4054 4054 
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It is visible that the index of Frank et al. (2005) has a negative correlation with 

walking behavior in the Netherlands, with a correlation value of -.106. This might 

be due to the large differences in the built environment structure between the 

Netherlands and the United States (Sundquist et al., 2011). The correlation with 

the new walkability index is low: -0.12, and insignificant. The relationship between 

the walkability index of Frank et al. (2005) and residential values is tested as well, 

which is visible in Table 14. The same model of Arentze and Stevens (2018) is 

used again, and the walkability index of Frank et al. (2005) is added to the original 

model.   

 
Table 14: Relationship between walkability index of Frank et al. (2005) and transaction prices 

 B (not std.) Beta (std.) Sig. 

(Constant) 12982.098  .000 

Ground surface 120.230 .285 .000 

Volume 348.123 .461 .000 

Bay window surface 864.365 .094 .000 

Dormer surface 1392.046 .029 .000 

Balcony surface 1015.439 .054 .000 

Basement surface 447.101 .024 .000 

Garage surface  416.969 .061 .000 

Location of the dwelling 25188.051 .088 .000 

Quality of the dwelling 13707.149 .064 .000 

Maintenance of the dwelling 8698.834 .055 .000 

Appearance of the dwelling 11430.395 .036 .000 

Efficiency of the dwelling 8722.496 .022 .000 

Amenities in the dwelling 14177.375 .102 .000 

Dwelling is located in Bergen op Zoom 13424.071 .049 .000 

Dwelling is located in Dongen -27778.142 -.066 .000 

Dwelling is located in Oosterhout -13746.928 -.047 .000 

Dwelling is located in Etten-Leur 20819.165 .061 .000 

Detachted dwelling 47153.344 .175 .000 

Semi-detached dwelling 23276.453 .086 .000 

Terraced dwelling 34540.544 .059 .000 

Corner dwelling 1374.170 .005 .202 

Building year before 1930 10715.562 .008 .018 

Building year between 1970-1979 3468.339 .013 .001 

Building year between 1980-1989 16565.660 .054 .000 

Building year between 1990-1999 44923.074 .157 .000 

Building year between 2000-2009 61963.583 .183 .000 

Transaction year is 2016 12906.000 .061 .000 
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 B (not std.) Beta (std.) Sig. 

Transaction year is 2017 25245.858 .109 .000 

Very low urban density -9729.228 -.031 .000 

Department store nearby 8908.808 .084 .000 

Distance to basic amenities -6212.170 -.051 .000 

Neighborhood type 1: family homes, owner-occupied homes with 
children 

1216.372 .012 .006 

Neighborhood type 2: rental properties, child-rich, non-western 
foreigners 

-4480.005 -.042 .000 

Neighborhood type 4: young families, western foreigners -4162.633 -.039 .000 

Number of floors 1507.494 .012 .001 

Number of rooms -937.342 -.008 .020 

Proximity of employment 9743.269 .092 .000 

Percentage of park area 519.166 .032 .000 

Percentage of forest and open natural terrain 183.614 .011 .003 

Walkability index of Frank et al. (2005) 197.002 .009 .014 

 

The index of Frank et al. (2005) shows a positive significant relationship to dwelling 

values, with a p-value of 0.014, which is a lower significance level than the p-value 

of below .001 of the new walkability index. The standardized Beta coefficient is 

.009, which is lower compared to the value of .020 of the new walkability index, 

which indicates a less strong relationship. The unstandardized beta value is low 

compared to the unstandardized beta value of the new walkability index: 197. This 

means that a score of each point extra in the walkability index is related to a price 

increase of 197 euro. For the whole of the Netherlands, the scores of the index of 

Frank et al. (2005) varies from -7.70 to 16.49. This means that for the whole of 

the Netherlands the price range of the same house in the lowest walkable postal 

code compared to the highest walkable postal code would be 4,765 euro. For West-

Brabant, the index ranges from -7.59 to 12.42, which indicates a total price range 

of 3,942 euro. This is again much lower compared to the ranges of the new 

walkability index of 64,610 and 11,394 for respectively the whole of the 

Netherlands and West-Brabant. In the index of Frank et al. (2005), West-Brabant 

is to a much larger extent represented in the total walkability score range than the 

new walkability index: 20.01 on a total range of 24.19 compared to 0.82 on a total 

range of 4.65. As stated in section 5.8, this means that the areas of West-Brabant 

included in the dataset have a variety in land use mix, intersection density and 

residential density that correspond more to the variety of these aspects in the 

whole of the Netherlands, compared to the built environment aspects that are 
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present in the new walkability index. The R squared value of the model remains 

.840, which is lower than the R squared value of the model with the new walkability 

index (.841). The relationship between Frank’s walkability index and transaction 

prices is still stronger than the relationship between transaction prices and building 

year before 1930, number of rooms and corner houses, which is the same as for 

the Graz walkability index. However, since the bivariate analysis even shows a 

negative relationship between the index of Frank et al. (2005) and walking 

behavior, the difference in dwelling values do not exist through the differences in 

walking opportunities. 

 

5.10 Conclusion 

This chapter started by explaining the results of the two conducted principal 

component analyses that were conducted, in order to avoid multicollinearity and 

to reduce the number of variables in the analysis. After that, the regression 

assumptions for the first analysis are discussed: linearity, normality, 

homoscedasticity and no multicollinearity. The first analysis meets the regression 

assumptions. The results of the regression analysis regarding built environment 

aspects and walking behavior show that different types of density, the distance to 

a lot of amenities and public transport and the number of amenities within one 

kilometer have a significant relationship to walking behavior. Based on these 

variables and their standardized Beta scores, a walkability index was developed. 

Scores per postal code were calculated by using the walkability index for the 

second analysis. The discussion of regression assumptions of the second analysis 

makes it clear that the regression assumptions are met in the second analysis as 

well, although heteroscedasticity is to some extent present. The second regression 

analysis shows a significant relationship between walkability and transaction 

prices. A small increase in the R squared value in the final model is the result of 

the analysis. The unstandardized Beta value shows a price increase of 11,394 euro 

per point higher in the score of the walkability index. The comparison to with the 

walkability indices of Grasser et al. (2017) and Frank et al. (2005) show that the 

new walkability is a better predictor of dwelling values. 
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6. Conclusion, discussion and recommendations 

In this chapter the final conclusion and policy implications are described. Next to 

this, the discussion and limitations of this research are explained. Lastly, 

implications for further research are given. 

 

6.1 Conclusion  

In this study the relationship between walkability and dwelling values is 

investigated. A significant relationship could stimulate urban planners and 

developers more to actually create walkable places, which increases walking (King 

et al., 2003; Owen et al., 2007; Leslie et al., 2007; Gilderbloom et al., 2015; Ewing 

and Cervero, 2010; Frank et al., 2005; Badland & Schofield, 2005-b; Saelens et 

al., 2003) and therefore improves the health of individuals (Cunningham & 

Michael, 2004; Badland & Schofield, 2005) and has benefits for the climate as well. 

Next to this, the research is conducted in an attempt to gain more insight in the 

structure of dwelling values and to improve the explanation of differences in 

dwelling values.  

 

The study consists of two parts. In the first part the relationship between different 

built environment aspects, derived from existing literature, and actual walking 

frequencies of individuals is investigated. A multiple linear regression analysis is 

conducted to measure the relationship, controlling for socio-demographic and 

socio-economic control variables. A statistically significant result is found between 

walking and the components ‘distance to common daily or weekly used amenities’, 

‘density of catering industry amenities’, ‘distance to public transport’, ‘distance to 

less commonly used amenities’ and ‘density in general’. The different types of 

densities and the distance to amenities that can often be found in urbanized areas 

show the highest positive relationship with walking behavior. The postal codes with 

the highest walkability scores are located within or very near to the city centers of 

larger cities. This confirms the statement of the significant variables and their signs 

pointing to a positive relation between walkability and urbanity. The unique 

strength of the relationship between the walkability predictors and walking 

behavior provides insight into characteristics of the built environment that actually 

increase walking frequencies of individuals. 
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The second part focuses on the relationship between the walkability scores of a 

postal code and the transaction values of individual dwellings. Data is on the spatial 

level of the individual dwelling, whereby the postal codes of the dwellings are 

known. For each dwelling a score is added based on the postal code the dwelling 

is located in. The second regression analysis shows that dwelling values have a 

significant relationship with the created walkability index, controlled for other 

variables. For West-Brabant a maximum difference in transaction price of 11,394 

euro based on walkability score is found, for the whole of the Netherlands a 

maximum difference 64,610 euro. The standardized Beta score indicates a 

relationship that is higher than 6 of the 39 other variables included in the model. 

However, a very high relationship was not expected, since a lot of primary dwelling 

characteristics are expected to influence dwelling values mainly, and since 

locational variables were already in the model. The earlier developed walkability 

indices of Frank et al. (2005) and Grasser et al. (2017) were used to test whether 

the new walkability index has an added value. The new walkability index turned 

out to explain the differences in dwelling values in a better way.  

 

Since a higher willingness to pay for dwellings in highly walkable neighborhoods 

seems to exist among individuals, urban planners and area developers might be 

stimulated to invest more in these kind of areas in the future. Walking can be 

stimulated more and more through the built environment. The final result will be 

benefits for individuals and a sustainable transport mode used more often. 

 

6.2 Policy implications 

As was stated in the introduction, walking more often has a lot of advantages for 

individuals as well as for the climate. Therefore, it is important that walking is 

actually stimulated in useful ways. The research shows a relationship between 

characteristics of the built environment and actual walking behavior of individuals, 

which confirms the expected usefulness of built environment aspects in stimulating 

walking behavior of individuals. A significant relationship between walking 

frequencies and different types of densities and the distance to a lot of different 

amenities and public transport was found. These significant relationships can 

stimulate urban planners and area developers to actually invest in walkable places, 

as long as the investment does not exceed the extra willingness to pay for a higher 
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walkability. This makes it possible for provinces and municipalities to focus on 

integrating walkable places in structure visions and destination plans to a greater 

extent and to collaborate with developers to realize walkable areas. The focus of 

area development should especially be the creation of high dense areas with a lot 

of amenities nearby, as became clear in this research. The creation of high dense 

areas goes hand in hand with possibilities for realizing a lot of amenities nearby in 

those areas, since large enough catchment areas for the amenities are created. 

This advice requires large changes in the built environment in some areas, 

therefore it is expected that the only possible way to realize these changes is to 

take the implications into account in long-term visions of provinces and 

municipalities. 

 

Next to this, it is important to take into account that the disappearance of 

amenities in shrinking regions in the Netherlands might lead to unfavorable price 

developments in those areas. The price development in these areas is currently 

less favorable than in the rest of the Netherlands (Rijksoverheid, 2019). Amenities 

disappear in shrinking areas because the catchment areas for these amenities are 

not large enough anymore, and this research showed that this has a negative 

influence on dwelling values. The mean distance to amenities is higher in shrinking 

regions compared to other regions (Stuart-Fox et al., 2018), and although 

residents of shrinking areas are currently as satisfied about the availability of 

amenities as other people, their expectations for the future regarding this subject 

are usually less positive (Rijksoverheid, 2019). The expected decrease in dwelling 

values in these regions must be taken into account in the decision making process 

of removing amenities within these areas. 

 

Final results of higher walking frequencies will be increased health and increased 

sustainability. A logical consequence of walking more often is lower use of other 

transport modes. Walking can replace other transport modes on short distances. 

In area development of higher dense areas with a lot of amenities, shorter travel 

distances are created. It is especially advised to combine walkable areas with strict 

parking policies. A recent report of Strategy Development Partners (2019) shows 

that parking policies using limited free parking and applying parking fees 

discourage car use to a large extent. Currently, as stated above, cars are even 

often used for short distances below 1 kilometer and between 1 and 5 kilometer 
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(Strategy Development Partners, 2019). Next to that, according to Strategy 

Development Partners (2019), if the public transport system is attractive, a strict 

parking policy generates more demand for public transport. Since shorter 

distances to train stations and transfer stations show a positive significant 

relationship to walking frequencies, it is advised to invest in good public transport 

systems and walkable distances to stations. Increasing public transport use is 

currently a goal of a lot of organizations, mainly because of the problems regarding 

climate change and traffic congestion on roads. 

 

6.3 Discussion and limitations 

A lot of built environment variables that were expected to have a relationship with 

walking behavior turned out to be significant in the regression regarding 

walkability and walking frequencies. Some relationships between built 

environment variables and walking behavior were not significant, and possible 

reasons are mentioned for this. Firstly, the size of the postal codes differs, but this 

spatial level is usually quite big to measure walkability. Therefore, some 

relationships could have been measured more accurately on a lower spatial level. 

Furthermore, built environment aspects that are important for walkability 

according to research in the United States might have less influence in the 

Netherlands, because the aim of the United States is usually more focused on 

making places more safe for pedestrians (e.g. Lo, 2009; Saelens et al., 2003; 

Khan et al., 2009), while in the Netherlands this is less of an issue (Pucher & 

Dijkstra, 2003). Thirdly, especially regarding green space, insignificant 

relationships occurred likely because the characteristics of these variables are 

usually found in areas with lower densities, while higher densities have a 

relationship to walking behavior. Lastly, the content and structure of some of the 

variables used might differ from the structure of variables used in existing 

literature. 

 

Furthermore, it must be noted that this study measured walkability objectively and 

some aspects that relate to walkability according to existing research, but were 

more suitable to measure in a subjective way, were not taken into account in this 

study. 
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The results of the second regression analysis, that indicate that in West-Brabant 

dwelling values have a statistically significant relationship with the walkability 

index, show a plausible price increase in dwelling values explained by a higher 

walkability. In West-Brabant, the price range between dwellings in the lowest and 

highest walkable areas is lower compared to the price range of the whole of the 

Netherlands. This might be due to the fact that the used dataset with transactional 

data and control variables regarding housing and environmental characteristics 

large cities are not included. The absence of large cities in the dataset might also 

limit the reliability of extrapolating the results to the rest of the Netherlands. The 

walkability effects are found to be the highest in city centers with a high degree of 

urbanity. In a dataset that includes more higher dense areas, a higher significant 

effect and a larger price increase in dwellings values is expected due to a higher 

walkability. 

 

A more general statement is that cycling as a mode of transport is to a large extent 

integrated in the Dutch culture. Cycling is likely to be often used as an alternative 

of walking, and not taken into account in this study. The degree to which built 

environments are suitable for cycling might therefore have a relationship to 

property values as well in the Netherlands. The areas that are suitable for walking 

also are expected to differ from areas that are suitable for walking. 

 

Lastly, it is expected that changes in the fuel supply will lead to structurally higher 

costs of transport in the Netherlands (Jacobs-Crisioni, 2011). Currently, cars are 

even used for short distances below 1 kilometer and between 1 and 5 kilometer 

(Strategy Development Partners, 2019). Discouraging unsustainable transport 

modes will probably lead to an increase in popularity of walking. Therefore, it is 

expected that walkability leads to higher price changes of dwellings in the future. 

 

6.4 Implications for further research 

Firstly, a suggestion for further research is to use a combination of subjective and 

objective methods, to obtain information about walkability variables that are not 

possible to obtain with objective data. The walkability aspects that are more 

suitable to measure in a subjective way include visual interest, barriers, and 
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sidewalk availability, quality and maintenance. Information about the retail floor 

area ratio can be tested as well, which was not investigated in this study. 

 

Another implication for further research is to use a smaller spatial scale than the 

four-digit postal code in the Netherlands, because spatial differences within postal 

codes might be large. A smaller spatial scale may lead to more accurate results, 

and perhaps to more significant relationships between actual walking behavior and 

walkability aspects, and dwelling values and walkability aspects. However, spatial 

levels must not be too small to avoid neglecting walkability aspects. Six-digit postal 

codes might be more suitable to use. Since existing research mentions maximum 

walking distances of 0.4 and 1.6 kilometer (depending on the amenity) (City of 

Portland, 1998) or 2.5 kilometer (Walk Score, 2018), radiuses of these sizes 

around dwellings might be very suitable. 

 

Furthermore, a more precise influence of walkability on dwelling values could be 

obtained by a dataset regarding transaction prices that includes large cities. As 

explained above, the significant relationships show that especially the degree of 

urbanity plays a role in the determining the level of walkability. Therefore, 

including highly urbanized areas as well as areas with a low urbanity may lead to 

the most accurate results. 

 

As explained in section 6.3, cycling is to a large extent integrated in the Dutch 

culture. Cycling might have a relationship to property values as well, and might as 

well be a solution for health problems due to physical inactivity and for climate and 

traffic congestion problems due to car use.  

 

Although more research is needed, this study showed that different walkability 

aspects mentioned in existing literature have a significant relationship with walking 

behavior, and that the developed walkability index based on this relationship has 

a significant relationship with residential values in the Netherlands. 
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Appendix A: Descriptives of dependent variable walking 

frequencies 
 

 

 
Descriptives 

 Statistic Std. Error 

Walking 
frequencies 

Mean .1651 .0033 

95% Confidence Interval for Mean Lower Bound .1587  

Upper Bound .1715  

5% Trimmed Mean .1591  

Median .1500  

Variance .011  

Std. Deviation .1031  

Minimum .0000  

Maximum .6429  

Range .6429  

Interquartile Range .1299  

Skewness 1.028 .077 

Kurtosis 1.660 .155 
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Appendix B: Information about walkability variables  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Item Source Initial spatial level of data 

Number of travel destinations within 1 kilometer Statistics Netherlands Neighborhood 

Proximity of travel destinations Statistics Netherlands Neighborhood 

Distance to public transport Statistics Netherlands Neighborhood 

Land use density  Statistics Netherlands Neighborhood 

Employment density Statistics Netherlands Neighborhood 

Residential density Statistics Netherlands Neighborhood 

Population density Statistics Netherlands Neighborhood 

Intersection density / Street connectivity /  
Size of street blocks 

OpenStreetMap Postal code 

Land use mix Statistics Netherlands Neighborhood 

Green space / visual interest / aesthetics Statistics Netherlands Neighborhood 

Traffic safety Geofabrik (OpenStreetMap) Postal code 
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Appendix C: Information about walkability control variables 
 
 
 

Item Source Initial spatial level of data 

Gender Statistics Netherlands Neighborhood 

Mean household size Statistics Netherlands Neighborhood 

Household status Statistics Netherlands Neighborhood 

Marital status Statistics Netherlands Neighborhood 

Age Statistics Netherlands Neighborhood 

Ethnicity Statistics Netherlands Neighborhood 

Births and deaths Statistics Netherlands Neighborhood 

Income Statistics Netherlands Neighborhood 

Vehicles Statistics Netherlands Neighborhood 

Water Statistics Netherlands Neighborhood 
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Appendix D: Number of dwelling areas per municipality in the 

dataset of West-Brabant 
 
 
 

Municipality Number of dwellings Percentage of total 

Bergen op Zoom 2,580 17.9 

Dongen 972 6.8 

Etten-Leur 1,550 10.8 

Halderberge 980 6.8 

Moerdijk 1,402 9.7 

Oosterhout 2,208 15.4 

Roosendaal 3,024 21.0 

Woensdrecht 937 6.5 

Zundert 730 5.1 

Total number of dwellings 14,383  
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Appendix E: Descriptives of dependent variable transaction 

price 
 

 
Descriptives 

 Statistic Std. Error 

Transaction 
price 

Mean 235248.52 875.452 

95% Confidence Interval for Mean Lower Bound 233532.53  

Upper Bound 236964.52  

5% Trimmed Mean 225564.23  

Median 205000.00  

Variance 11023357689.094  

Std. Deviation 104992.179  

Minimum 61000  

Maximum 820000  

Range 759000  

Interquartile Range 111000  

Skewness 1.631 .020 

Kurtosis 3.477 .041 
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Appendix F: Principal component analysis of walkability 

variables 
 

 
KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .962 

Bartlett's Test of Sphericity Approx. Chi-Square 155909.168 

df 820 

Sig. .000 

 
 

 
Communalities 

 Initial Extraction 

Distance to the nearest general practice 1.000 .812 

Distance to the nearest pharmacy 1.000 .744 

Distance to the nearest including outpatient clinic 1.000 .773 

Distance to the nearest excluding outpatient clinic 1.000 .846 

Distance to the nearest supermarket 1.000 .809 

Distance to the nearest other food stores 1.000 .778 

Distance to the nearest department store 1.000 .807 

Distance to the nearest cafe 1.000 .579 

Distance to the nearest cafeteria 1.000 .742 

Distance to the nearest restaurant 1.000 .628 

Distance to the nearest hotel 1.000 .409 

Distance to the nearest child care facility 1.000 .706 

Distance to the nearest after school care facility 1.000 .733 

Distance to the nearest primary school 1.000 .648 

Distance to the nearest secondary school 1.000 .896 

Distance to the nearest vmbo school 1.000 .883 

Distance to the nearest havo/vwo school 1.000 .804 

Distance to the nearest swimming pool 1.000 .703 

Distance to the nearest ice rink 1.000 .806 

Distance to the nearest library 1.000 .627 

Distance to the nearest cinema 1.000 .751 

Distance to the nearest sauna 1.000 .441 

Distance to the nearest tanning facility 1.000 .650 

Distance to the nearest attraction park 1.000 .574 

Distance to the nearest stage 1.000 .703 

Distance to the nearest pop stage 1.000 .512 

Number of general practices within 1 km 1.000 .866 

Number of supermarkets within 1 km 1.000 .904 
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Communalities   

 Initial Extraction 

Number of other daily food stores within 1 km 1.000 .946 

Number of cafes within 1 km 1.000 .928 

Number of cafeterias within 1 km 1.000 .948 

Number of restaurants within 1 km 1.000 .936 

Number of child care facilities within 1 km 1.000 .832 

Number of after school care facilities 1.000 .831 

Number of primary schools within 1 km 1.000 .874 

Distance to the nearest train station 1.000 .662 

Distance to the nearest transfer station 1.000 .800 

Residential density 1.000 .930 

Population density 1.000 .923 

Employment density 1.000 .927 

Density of addresses 1.000 .951 

 

 
 

 
Total Variance Explained 

Component Initial Eigenvalues Extraction Sums of Squared 
Loadings 

Rotation 
Sums of 
Squared 

Loadingsa 

Total % of 
Variance 

Cumulative 
% 

Total % of 
Variance 

Cumulative 
% 

Total 

1 20.514 50.035 50.035 20.514 50.035 50.035 15.268 

2 5.050 12.317 62.352 5.050 12.317 62.352 9.171 

3 2.431 5.930 68.282 2.431 5.930 68.282 8.051 

4 1.429 3.486 71.768 1.429 3.486 71.768 9.278 

5 1.134 2.765 74.533 1.134 2.765 74.533 10.211 

6 1.065 2.598 77.132 1.065 2.598 77.132 14.604 

7 .893 2.179 79.311     

8 .690 1.683 80.994     

9 .644 1.570 82.564     

10 .600 1.463 84.027     

11 .551 1.344 85.371     

12 .515 1.257 86.627     

13 .449 1.094 87.722     

14 .422 1.029 88.751     

15 .371 .906 89.657     

16 .347 .847 90.504     

17 .322 .786 91.290     

18 .317 .773 92.064     
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Total Variance Explained 

Component Initial Eigenvalues     

 Total % of 
Variance 

Cumulative 
% 

    

19 .302 .737 92.800     

20 .277 .675 93.475     

21 .268 .654 94.129     

22 .240 .586 94.715     

23 .228 .557 95.272     

24 .217 .530 95.802     

25 .205 .500 96.302     

26 .186 .454 96.756     

27 .178 .433 97.189     

28 .171 .418 97.607     

29 .162 .394 98.002     

30 .154 .376 98.378     

31 .143 .349 98.727     

32 .111 .270 98.996     

33 .095 .232 99.229     

34 .087 .212 99.440     

35 .068 .165 99.605     

36 .042 .103 99.708     

37 .040 .098 99.806     

38 .033 .081 99.887     

39 .021 .052 99.939     

40 .019 .047 99.986     

41 .006 .014 100.000     

 
 

 
 

Component Matrix 

 Component 

1 2 3 4 5 6 

Density of addresses -.877 .404 -.022 .002 -.002 .132 

Population density -.838 .388 .004 -.014 .008 .265 

Residential density -.832 .443 -.010 -.002 .005 .202 

Number of supermarkets within 1 km -.822 .474 .023 -.002 .000 .057 

Number of primary schools within 1 km -.809 .271 .080 -.052 .024 .368 

Number of after school care facilities within 1 km -.808 .284 .025 -.036 .046 .306 

Number of general practices within 1 km -.787 .456 .006 -.033 .006 .192 

Distance to the nearest supermarket .783 .232 -.327 .166 -.067 .054 

Distance to the nearest general practice .776 .246 -.320 .203 -.070 .039 



 113 

Component Matrix 

 Component 

 1 2 3 4 5 6 

Distance to the nearest pharmacy .764 .212 -.307 .146 .001 .016 

Distance to the nearest secondary school .762 .293 -.100 -.197 .424 -.029 

Distance to the nearest other daily food store .761 .241 -.333 .127 -.075 .090 

Distance to the nearest after school care facility .759 .308 -.158 .055 -.185 .011 

Distance to the nearest child care facility -.758 .450 -.018 -.026 .029 .232 

Distance to the nearest department store .752 .327 -.032 -.248 .265 .036 

Distance to the nearest vmbo school .752 .289 -.105 -.200 .426 -.049 

Distance to the nearest cafeteria  .747 .275 -.293 .054 -.062 .125 

Distance to the nearest child care facility .742 .278 -.204 .109 -.152 .033 

Number of other daily food stores within 1 km -.741 .623 -.042 .038 -.013 -.074 

Employment density -.741 .601 -.068 .040 -.013 -.104 

Distance to the nearest primary school .715 .162 -.242 .170 -.045 -.143 

Distance to the nearest havo school .708 .324 .165 -.372 .166 -.075 

Distance to the nearest restaurant .702 .164 -.234 .156 -.116 .124 

Distance to the nearest swimming pool .698 .304 -.063 -.264 .223 .002 

Distance to the nearest cinema .695 .284 .348 -.092 -.230 .070 

Distance to the nearest stage .689 .283 .320 -.139 -.153 .044 

Distance to the nearest library .686 .262 -.237 .091 .039 .149 

Distance to the nearest hospital including outpatient clinic .676 .294 .180 -.420 -.134 -.062 

Distance to the nearest hospital excluding outpatient clinic .669 .276 .340 -.286 -.352 -.029 

Distance to the nearest cafe .662 .146 -.315 .062 -.053 .113 

Number of cafeterias within 1 km -.658 .617 -.072 .072 -.021 -.352 

Distance to the nearest transfer station .628 .242 .500 .306 -.040 .051 

Distance to the nearest tanning facility .609 .296 .198 -.246 -.303 .017 

Distance to the nearest pop stage .583 .206 .241 .178 -.181 .087 

Distance to the nearest hotel .558 .080 -.135 -.062 .179 .192 

Distance to the nearest sauna .542 .118 .232 .250 .103 .078 

Distance to the nearest amusement facility .524 .250 .461 .139 .065 -.012 

Distance to the nearest train station .515 .269 .497 .223 .167 .007 

Number of cafes within 1 km -.599 .656 -.080 .071 -.020 -.356 

Number of restaurants within 1 km -.576 .646 -.088 .082 -.025 -.414 

Distance to the nearest ice rink .404 .148 .507 .508 .324 -.017 
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Component Correlation Matrix 

Component 1 2 3 4 5 6 

1 1.000 -.273 .386 -.453 .570 -.522 

2 -.273 1.000 -.180 .151 -.185 .596 

3 .386 -.180 1.000 -.421 .313 -.318 

4 -.453 .151 -.421 1.000 -.404 .314 

5 .570 -.185 .313 -.404 1.000 -.353 

6 -.522 .596 -.318 .314 -.353 1.000 
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Appendix G: Principal component analysis of control variables 
 
 

 
KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .699 

Bartlett's Test of Sphericity Approx. Chi-Square 112191.421 

df 300 

Sig. .000 

 
 

 
Communalities 

 Initial Extraction 

Percentage 0 to 14 years old 1.000 .838 

Percentage 15 to 24 years old 1.000 .542 

Percentage 25 to 44 years old 1.000 .760 

Percentage 45 to 64 years old 1.000 .780 

Percentage 65 years and older 1.000 .888 

Percentage single person households 1.000 .936 

Households without children living at home 1.000 .778 

Households with children living at home 1.000 .868 

Percentage unmarried people 1.000 .922 

Percentage married people 1.000 .913 

Percentage divorced people 1.000 .663 

Percentage widowed people 1.000 .822 

Percentage people with a western migration 
background 

1.000 .450 

Percentage people with a non-western migration 
background 

1.000 .958 

Percentage people with a Moroccan background  1.000 .597 

Percentage people with a migration from 
Netherlands Antilles or Aruba 

1.000 .636 

Percentage people with a Surinam migation 
background 

1.000 .710 

Percentage people with a Turkish background 1.000 .580 

Percentage people with another non-western 
background 

1.000 .779 

Relative number of births 1.000 .555 

Relative number of deaths 1.000 .745 

Percentage of income receivers 1.000 .652 

Mean household size 1.000 .777 

Percentage men 1.000 .888 

Percentage women 1.000 .894 
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Total Variance Explained 

Component Initial Eigenvalues Extraction Sums of Squared 
Loadings 

Rotation Sums 
of Squared 
Loadingsa 

Total % of 
Variance 

Cumulative 
% 

Total % of 
Variance 

Cumulative 
% 

Total 

1 9.271 37.085 37.085 9.271 37.085 37.085 7.437 

2 4.519 18.075 55.160 4.519 18.075 55.160 1.821 

3 2.274 9.096 64.255 2.274 9.096 64.255 4.506 

4 1.804 7.216 71.472 1.804 7.216 71.472 6.404 

5 1.063 4.252 75.723 1.063 4.252 75.723 3.947 

6 .954 3.816 79.539     

7 .890 3.560 83.100     

8 .720 2.880 85.980     

9 .545 2.179 88.159     

10 .492 1.966 90.126     

11 .400 1.599 91.725     

12 .356 1.422 93.147     

13 .299 1.198 94.345     

14 .269 1.078 95.422     

15 .233 .933 96.356     

16 .222 .886 97.242     

17 .191 .764 98.006     

18 .160 .639 98.645     

19 .127 .510 99.155     

20 .099 .396 99.551     

21 .056 .226 99.776     

22 .034 .136 99.913     

23 .014 .056 99.968     

24 .006 .026 99.994     

25 .002 .006 100.000     
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Component Matrixa 

 Component 

1 2 3 4 5 

Percentage of married people -.894 .107 .209 .230 .080 

Percentage of people with a non-western migration background in 
total 

.864 -.141 .192 .393 .024 

Percentage of people with another non-western migration 
background 

.838 -.056 .075 .259 -.025 

Percentage single person households .834 .312 -.334 -.162 -.078 

Percentage without children living at home -.782 .279 -.072 .285 .044 

Percentage 25 to 44 years old .782 -.318 .002 -.218 -.017 

Percentage unmarried people .746 -.445 -.248 -.325 -.010 

Percentage people with a background from Netherlands Antilles or 
Aruba 

.710 -.076 .062 .343 .072 

Mean household size -.697 -.391 .367 -.056 .028 

Percentage 45 to 64 years old -.696 .056 -.248 .446 .179 

Percentage people with a Moroccan background .669 -.126 .206 .300 .007 

Percentage people with a Surinam background .668 -.191 .156 .436 .113 

Percentage people with a Turkish background .638 -.110 .228 .330 -.018 

Percentage divorced people .627 .401 .000 .324 .068 

Relative number of births .568 -.183 .387 -.220 -.014 

Percentage of people with a western migration background .555 .284 -.205 .134 .042 

Percentage of 65 years old and older -.255 .880 .088 .105 -.175 

Percentage of 65 years old and older .017 .846 .226 -.073 -.223 

Percentage widowed people .273 .669 .278 -.166 -.343 

Households with children living at home -.530 -.587 .481 .057 .090 

Percentage of men -.307 -.586 -.484 .293 -.361 

Percentage of women .328 .576 .488 -.299 .356 

Percentage 0 to 14 years old -.110 -.601 .667 -.133 -.039 

Percentage 15 to 24 years old .340 -.325 -.396 -.384 .130 

Percentage of income receivers -.024 .291 -.237 -.050 .713 

 

 
 

 
Component Correlation Matrix 

Component 1 2 3 4 5 

1 1.000 .171 -.160 -.450 .186 

2 .171 1.000 -.001 -.029 .236 

3 -.160 -.001 1.000 .032 -.281 

4 -.450 -.029 .032 1.000 .002 

5 .186 .236 -.281 .002 1.000 
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Appendix H: Regression results of walkability and walking 

frequencies 
 

 

Descriptive Statistics 

 Mean Std. Dev. N 

Walking frequencies .165110754291325 .103091536542136 996 

‘Ethnicity’ .3218710 1.20912145 996 

‘Relative number of deaths’ .1591043 .73114967 996 

‘Household size’ -.1494796 .98734622 996 

‘Marital status and age’ -.1765241 .99974099 996 

‘Gender’ .3434809 .73069170 996 

‘Distance to common daily or weekly used 
amenities’ 

-.5237167 .74813031 996 

‘Density of catering industry amenities’ .0984509 .99975548 996 

‘Distance to public transport’ -.2211461 .95418051 996 

‘Distance to less commonly used amenities’ .3357174 .81453461 996 

‘Distance to secondary schools’ -.3144751 .88740374 996 

‘Density in general’ .3295213 1.11601571 996 

Percentage park and green space 4.276726906743040 5.821394396953218 996 

Percentage sports fields 2.374019981022657 3.894619576056184 996 

Percentage recreational terrain .451714622462481 1.543114288866795 996 

Percentage of forest and open natural terrain 7.780703157886420 12.195653257468908 996 

Percentage of water 4.003632268337376 6.229736763101936 996 

intersection_dens 212.29 152.086 996 

Land use mix (all land uses) .465603598278546 .182164316317370 996 

Land use mix (buildings) .286922952538927 .291617057201302 996 

Speed limits below 50 km/h 86.53274362016 14.274313909437 996 

Speed limits below 30 km/h 59.941385775287344 19.569303135592385 996 

 
 

 
Model Summary 

Model R R Square Adjusted R Square Std. Error of the 
Estimate 

1 .605 .366 .366 .082097564605711 

2 .658 .433 .432 .077708194264642 

3 .668 .446 .445 .076833594037652 

4 .692 .480 .477 .074522199303126 

5 .697 .486 .483 .074117024139910 

6 .700 .490 .487 .073860970653625 

7 .703 .495 .491 .073532343485067 

8 .705 .497 .493 .073376089318970 
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ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 3.875 1 3.875 574.948 .000 

Residual 6.700 994 .007   

Total 10.575 995    

2 Regression 4.578 2 2.289 379.099 .000 

Residual 5.996 993 .006   

Total 10.575 995    

3 Regression 4.719 3 1.573 266.431 .000 

Residual 5.856 992 .006   

Total 10.575 995    

4 Regression 5.071 4 1.268 228.284 .000 

Residual 5.504 991 .006   

Total 10.575 995    

5 Regression 5.136 5 1.027 187.002 .000 

Residual 5.438 990 .005   

Total 10.575 995    

6 Regression 5.179 6 .863 158.230 .000 

Residual 5.395 989 .005   

Total 10.575 995    

7 Regression 5.233 7 .748 138.249 .000 

Residual 5.342 988 .005   

Total 10.575 995    

8 Regression 5.261 8 .658 122.135 .000 

Residual 5.314 987 .005   

Total 10.575 995    

 

 
Excluded Variablesa 

Model Beta In t Sig. Partial 
Correlation 

Collinearity 
Statistics 

Tolerance 

8 ‘Relative number of deaths’ -.013i -.563 .574 -.018 .915 

‘Gender’ .069i 2.452 .014 .078 .636 

Percentage park and green 
space 

-.041i -1.514 .130 -.048 .683 

Percentage sport fields -.032i -1.335 .182 -.042 .897 

Percentage recrational 
terrrain 

.026i 1.161 .246 .037 .978 

Percentage forest and open 
natural terrain 

.015i .613 .540 .020 .844 

Percentage water .020i .883 .377 .028 .963 

Intersection density .011i .481 .631 .015 .950 

Land use mix (land uses) -.013i -.496 .620 -.016 .762 

Land use mix (buildings) -.004i -.140 .889 -.004 .810 

Speed limits below 50 km/h -.049i -1.662 .097 -.053 .592 

Speed limits below 30 -.041i -1.359 .175 -.043 .562 

‘Distance to secondary 
schools’ 

.032i 1.088 .277 .035 .603 
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Residuals Statisticsa 

 Minimum Maximum Mean Std. Deviation N 

Predicted 
Value 

.041537597775459 .504188477993012 .157060835714669 .066533191219582 1508 

Residual -.216603815555573 .432627767324448 .001788229213859 .074513898788245 1508 

Std. 
Predicted 
Value 

-1.699 4.663 -.111 .915 1508 

Std. Residual -2.952 5.896 .024 1.016 1508 
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Histogram 
Dependent variable: walking frequencies 

Regression standardized residual 
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Observed Cum Prob 

Normal P-Plot of regression standardized residual 
Dependent variable: walking frequencies 
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Regression Standardized Predicted Value 

Scatterplot 
Dependent Variable: walking frequencies 
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Appendix I: Regression results of walkability and dwelling 

values 
 

 
Descriptive Statistics 

 Mean Std. Deviation N 

Transaction price 235248.52 104992.179 14383 

Ground surface 264.23 248.971 14383 

Volume 381.71 138.993 14383 

Bay window surface 4.63 11.376 14383 

Dormer surface 1.03 2.196 14383 

Balcony surface 1.22 5.546 14383 

Basement surface .58 5.639 14383 

Garage surface 9.86 15.334 14383 

Number of floors 2.44 .826 14383 

Number of rooms 4.61 .951 14383 

Location of the dwelling -.0364 .36595 14383 

Quality of the dwelling .0106 .49122 14383 

Maintenance of the dwelling .0882 .66071 14383 

Appearance of the dwelling .0193 .32836 14383 

Efficiency of the dwelling -.0444 .26679 14383 

Amenities in the dwelling .0149 .75696 14383 

Dwelling is located in Bergen op Zoom .1794 .38368 14383 

Dwelling is located in Dongen .0676 .25103 14383 

Dwelling is located in Etten-Leur .1078 .31010 14383 

Dwelling is located in Oosterhout .1535 .36050 14383 

Detached dwellng .1867 .38972 14383 

Corner house .1529 .35989 14383 

Semidetached dwelling .1856 .38877 14383 

Terraced house .0334 .17979 14383 

Building year before 1930 .0068 .08227 14383 

Building year between 1970-1979 .2096 .40705 14383 

Building year between 1980-1989 .1333 .33989 14383 

Building year between 1990-1999 .1599 .36654 14383 

Building year between 2000-2009 .1078 .31010 14383 

Percentage of forest and open natural 
terrain 

2.0315 6.38530 14383 

Percentage of park area 4.8776 6.47576 14383 

Transaction year 2016 .4388 .49626 14383 

Transaction year 2017 .2857 .45176 14383 

Very low urbanity .1301 .33641 14383 

Distance to basic amenities -.0874211 .86484503 14383 
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Descriptive Statistics    

 Mean Std. Deviation N 

neighborhood type 1: family homes, 
owner-occupied homes with children 
 

-.0308407 .99734916 14383 

neighborhood type 2: rental 
properties, child-rich, non-western 
foreigners 

.0493167 .97422208 14383 

neighborhood type 4: young families, 
western foreigners 

-.0222484 .97349195 14383 

Proximity of employment .0000000 .99592411 14383 

City facilities nearby .0281968 .98848535 14383 

Walkability index -.0005611 .15474394 14383 

 

 
 

 
Model Summary 

Model R R Square Adjusted R Square Std. Error of the 
Estimate 

1 .917 .840 .840 42017.500 

2 .917 .841 .840 41985.390 

 

 

 

ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 133215789179888.440 39 3415789466150.985 1934.776 .000b 

Residual 25322141104656.000 14343 1765470341.257   

Total 158537930284544.440 14382    

2 Regression 133256240449254.120 40 3331406011231.353 1889.867 .000c 

Residual 25281689835290.310 14342 1762772962.996   

Total 158537930284544.440 14382    

 

 
 

Excluded Variables 

Model Beta In t Sig. Partial 
Correlation 

Collinearity 
Statistics 

Tolerance 

1 Walking 
frequencies 

.020b 4.790 .000 .040 .609 

 

 
  



 124 

 
Residuals Statisticsa 

 Minimum Maximum Mean Std. Deviation N 

Predicted Value 7512.30 1029668.94 235248.52 96257.402 14383 

Residual -512894.063 353381.875 .000 41926.963 14383 

Std. Predicted Value -2.366 8.253 .000 1.000 14383 

Std. Residual -12.216 8.417 .000 .999 14383 
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Regression standardized residual 

Histogram 
Dependent variable: transaction price 
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Observed Cum Prob 

Normal P-Plot of Regression Standardized Residual 
Dependent variable: transaction price 
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Regression Standardized Predicted Value 

Scatterplot 
Dependent Variable: walking frequencies 
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Appendix J: Ranking of second model variables based on 

standardized Beta values 
 
 

Rank based on 
standardized Beta 

Variable Standardized Beta 

1 Volume   .459 

2 Ground surface .287 

3 Building year between 2000-2009 .183 

4 Detached dwellng .175 

5 Building year between 1990-1999 .157 

6 Transaction year 2017 .108 

7 Amenities in the dwelling .102 

8 Proximity of employment .097 

9 Bay window surface .094 

10 Location of the dwelling .088 

11 Semidetached dwelling .087 

12 City facilities nearby .076 

13 Dwelling is located in Dongen -.067 

14 Dwelling is located in Etten-Leur .066 

15 Quality of the dwelling .065 

16 Garage surface .062 

17 Transaction year 2016 .061 

18 Terraced house .059 

19/20 Dwelling is located in Bergen op Zoom .055 

19/20 Building year between 1980-1989 .055 

21 Balcony surface .054 

22 Maintenance of the dwelling .054 

23 Distance to basic amenities -.048 

24 neighborhood type 4: young families, western 
foreigners 

-.045 

25 Dwelling is located in Oosterhout -.044 

26 neighborhood type 2: rental properties, child-rich, 
non-western foreigners 

-.040 

27/28 Appearance of the dwelling .034 

27/28 Very low urbanity -.034 

29 Percentage of park area .030 

30 Dormer surface .028 

31 Basement surface .024 

32 Efficiency of the dwelling   .023 

33/34 Walkability index .020 

33/34 neighborhood type 1: family homes, owner-
occupied homes with children 

.020 

35 Building year between 1970-1979 .017 

36 Percentage of forest and open natural terrain .013 
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Rank based on 
standardized Beta 

Variable Standardized Beta 

37 Number of floors .012 

38/39 Number of rooms -.007 

38/39 Building year before 1930 .007 

40 Corner house .005 

 


