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Abstract 

Decline in the volume of pedestrian traffic in city centers, loss of in-store revenue, 

and a rise in retail vacancy rates over the past decade have led to the 

“abandonment” of city centers ranking highly on policy agendas across Europe. 

Consequently, increasing focus is being placed on retail policy and urban design in 

order to maintain lively city centers. As such, reliable models are necessary to 

comprehend how the built environment influences pedestrians and how they move 

in urban centers. 

This study employs a discrete choice model developed by Borgers and Timmermans 

at the Eindhoven University of Technology to analyze pedestrian movement in the 

Dutch city of Gouda. To this end, route choice data collected through in-person 

surveys is used. The survey data contains pedestrian routes collected in 2014 and 

2017. It is further attempted to expand on the model by measuring whether urban 

green and the presence of water impact pedestrian route choice.  

Keywords: route choice, urban design, pedestrian behavior, city centers, pedestrian 

modeling 
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1.  Introduction 

1.1  High streets in crisis  

European city centers have, as opposed to their North American counterparts, 

generally maintained their role as the most lively place in their respective cities 

despite the mass motorization taking place in the post-war era. This is however in 

recent times being called into question by the decline in city center pedestrian 

traffic and the subsequent drop in consumer demand, which has emerged over the 

last two decades. This has lowered in-store consumption, as such forcing many city 

center stores to shutter. Further, the increasing inclination towards online shopping 

instead of physical shopping has reduced the necessity of going to the city center 

(Hospers, 2017; Kickert & vom Hofe 2017). The number of pedestrians on Dutch 

high streets in 2019 had fallen by more than 25% relative to 2005, measured on 

Saturdays across 71 shopping areas (Locatus, 2019). 

 

Figure 1.1: Index for pedestrian traffic at the point with the most traffic across 71 shopping areas in NL 
(Locatus 2019) 

The Corona Crisis has further decimated physical shopping and activities, and may 

on top of that cause a financial recession in the coming years, which in all likelihood 

will lower consumption. As of September 2020, the index for pedestrian traffic in 

the largest city centers in the Netherlands was around 50% lower than it was at the 

beginning of March 2020; however, the long-term consequences of the Coronavirus 

are still anyone’s guess, and so will not be a focal point of this research (Locatus, 

2020). 
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In the Netherlands particularly hard hit by the decline in pedestrian traffic have 

been mid-sized cities (by Dutch standards) with populations between 50.000 and 

100.000 inhabitants (AD, 2019). As of 2018, store vacancy rates in Dutch mid-sized 

cities averaged 12,2 %, compared to 6,0 % for large cities and 8,7 % for small cities 

(Locatus, 2018). The hardest-hit cities had more than  ⅕  of the shops vacant (AD, 

2019; RTL Z, 2019).  

Mid-sized cities often face the conundrum of having a city center too big for doing 

everyday shopping with ease and not interesting enough to be a recreational 

activity destination. This leads to the inhabitants in the surrounding region of such 

cities preferring either neighboring towns for their everyday needs or larger cities 

for more recreational purposes. As studies have shown that pedestrians are 

attracted to the diversity of shops and opportunities offered by city centers, the 

inability to stem the decline in pedestrian traffic might lead to a negative spiral 

decreasing the numbers of shopping options even further and thus causing ever-

decreasing pedestrian traffic (Mehta, 2008; Hospers, 2017; Kickert & vom Hofe 

2017; Multiscope, 2014).  

This “abandonment” of city centers has led to much debate between local and 

national policymakers, developers, community organizations, and retail 

organizations regarding which measures and policies to implement in order to 

maintain lively city centers. Incentives and priorities vary between cities and actors, 

but it is generally in most parties’ interest to maintain high pedestrian traffic in city 

centers (Gehl & Svarre, 2013; Rapid Transition, 2018). In order to gain a better 

understanding of the impact that different urban design and city center policy 

measures have on pedestrian flows, methods that evaluate such are needed. A 

much-used method as well in academia as commercially is predictive modeling, 

which will be the focal point of this research. As I through the Dual Mode program of 

the Spatial Planning Master’s have worked as a research assistant on a project 

studying pedestrian behavior at the Radboud University, the data from said project 

will be used to test a discrete choice model for analyzing pedestrian route choice 

developed by Borgers and Timmermans at the Eindhoven University of Technology 

- henceforth referred to as “the BT model” (2015). 

To gain insight into the dynamics of pedestrian traffic in the cities hit the hardest by 

the decline in city-center pedestrian traffic, the mid-sized city of Gouda (population: 

72.000) will be used as a case to test the model. Further, it will be attempted to 
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relate the conclusions from the model to the needs of public policy- typically a 

missing link in the academic literature on modeling.  

1.2   Research aim and research questions 

The goal of this research is to examine how the urban environment in city centers 

influences pedestrian movement. The main research question is:  

How can pedestrian movement through city centers be explained? 

This main question has been divided into the following three sub-questions:  

1. What aspects of the urban environment influence pedestrian behavior in city 

centers? 

It is important to initially gain insight into the aspects of the urban environment that 

impact pedestrian behavior and further differentiate pedestrian movement in city 

centers from other forms of pedestrian movement. Next, it will be investigated how 

modeling can be employed in studying pedestrian behavior:  

2.   How can a discrete choice model be used to analyze pedestrian behavior? 

This part will employ the BT model and analyze the results therefrom. This will be 

done through digitalizing 315 surveys collected by the urban consultancy agency 

DTNP that map out the pedestrian routes taken through the inner city of Gouda in 

2014 and 2017. Lastly, the findings from the BT model will be used to reflect on how 

public policy can be informed from such:  

3.   What possible lessons can be learned from studying pedestrian behavior that 

may guide public policy? 

This question seeks to tie the research in with current policy and urban issues and 

evaluate how modeling could be applied in that context.  

1.3   Scientific and societal relevance 

“Among the various modes of transportation, walking is probably the most natural but 

also the most complicated to apprehend from an analyst viewpoint.”1 

                                              
1
  (pp. 1, Bierlaire and Robin, 2009) 
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The irony of studying pedestrian traffic is that although it is the modal choice that 

has dominated human settlements since their founding, pedestrian traffic and route 

choice traditionally have been very under-researched parts of mobility studies. This 

is largely due to the heterogeneous nature of the infrastructure in which it takes 

place (buildings, parks, squares, sidewalks, crossings, etc.) and the more random 

nature of walking as such. Predicting and understanding pedestrian movement is 

however crucial to evacuation planning, street design, facility/building design (train 

stations, airports etc.), pedestrian infrastructure, public spaces and orientation 

systems (Bierlaire and Robin, 2009; Stefano et al, 2014; Ribeiro & Hoffimann, 2018). 

Firstly therefore, this research aims to contribute to the growing literature on 

pedestrian traffic and behavior.  

Secondly, as the impact on human behavior resulting from changes in the urban 

environment, and urban design in particular, is often hard to measure, this study 

will contribute to the understanding of such impacts. Further, it has been remarked 

by several researchers in the field of urban design, that there is a tendency for urban 

design research to end up in “enclosures”, whereby the various disciplines linked to 

urban design (ie. architecture, engineering, spatial planning, real estate) display low 

synergy and produce relatively narrow research. I therefore aim for 

interdisciplinarity between the more technical modeling perspectives on urban 

design and the more public policy-centric perspectives (Carmona, 2016; Carmona, 

2020; Gehl & Svarre 2013). 

Thirdly, cf. the first section of this chapter, the decrease in city center pedestrian 

traffic has led to much debate on how to tackle the issue. Therefore, it is vital to 

develop effective tools for analyzing the impact of policies on pedestrians to 

formulate policies that maintain the city center as a lively and interesting place to 

be. This is particularly important in the Netherlands, as market penetration of 

online shopping is the third highest in the European Union, and in-store shopping is 

therefore likely to suffer (Statista, 2020; CBS 2018). 
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Figure 1.2 (Statista, 2020)  

As the purpose of research within the built environment should ultimately be to 

improve sustainability and quality of life in urban areas, it is crucial to tie research 

to real-world issues as effectively as possible. I therefore aim to keep the writing of 

the research as clear and accessible as possible without compromising depth, as 

well as to limit the quantity of obscure jargon.  

1.4  Thesis Structure  

The second chapter examines the literature within fields central to pedestrian 

movement, lays out the theoretical framework, and seeks to answer the first sub-

question regarding urban environment and pedestrian behavior.  

The third chapter will explain the methodology used in the study, and describe how 

the data was obtained, processed, and analyzed.  

The fourth chapter presents the results from the BT model, and analyzes what they 

reveal about pedestrian behavior and movement in Gouda, thereby answering the 

second sub-question.  
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The fifth and final chapter summarizes the findings from the study, and discusses 

how the findings can be used to inform public policy, therethrough answering the 

third research question. It will also reflect upon the study’s shortcomings and 

consider what challenges the pedestrian movement field faces in the future. 
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2.   Literature review and theoretical framework 

This chapter will first examine the literature relevant to pedestrian movement 

research, laying out three major fields which will be compared and analyzed 

critically. Secondly, the role of pedestrian modeling within the wider field of retail 

planning and retail policy will be debated. Thirdly, the field of discrete choice 

modeling will be laid out, and the BT model will be described, and lastly, it will be 

pondered how to build a combined framework bridging modeling and public policy. 

2.1   Pedestrian literature overview 

Several strands of literature are of key importance to this research. These have here 

been grouped as follows: 1. Pedestrian modeling 2. New Urbanism and 3. Retail, and 

will be outlined below. 

1.    Pedestrian modeling - This strand of literature focuses on developing 

models for studying pedestrian traffic, and forms the theoretical background 

for the BT model. Pedestrian modeling often aims to fill the gap left by 

mobility studies focusing mainly on mechanized transportation modes. The 

field frequently constructs so-called “indices”, which are essentially a 

collection of indicators used to analyze which factors correlate with 

pedestrian movement patterns - this can for instance be land-use patterns, 

demographics, pedestrianization, etc. For a good overview of how these 

indices are constructed see Maghelal and Capp (2011).  

Within pedestrian modeling, various model types are used, with the two most 

commonly used models being discrete choice models and agent-based 

models. The main difference between the two is that agent-based modeling 

usually takes into account the effect that pedestrians have on each other at 

the street level, making them particularly suited for studies where that is of 

central importance, such as evacuation modeling. There are further quite a 

few commercial models for pedestrian behavior in use and development 

(Antonini, Bierlaire & Weber 2006; Antonini, Bierlaire & Weber 2004; 

Kitazawa & Batty 2004; Maghelal & Capp, 2011; Timmermans & Borgers, 

2014). The pedestrian modeling literature will serve as the basis for 

explaining how discrete choice models operate. The intricacies of the BT 

model will be expanded on in section 2.4. 



13 

Although pedestrian movement has traditionally received less focus than 

mechanized transportation, there is an ample body of research within the 

mobility field as well, focusing on walking as a modal choice in competition 

with biking, public transport, and car use (Frank et al., 2010; Ribeiro & 

Hoffimann, 2018; Stockton, 2016). These kinds of studies are however of 

limited use to this research given that the BT model focuses specifically on 

city centers, in which the dynamics at play are fundamentally different 

(Ribeiro & Hoffmann 2018). City centers in the Netherlands are mostly 

completely pedestrianized anyway, thus excluding other modal choices. This 

being said, literature on city-center route choice and pedestrian behavior is 

developing within mobility studies (Mehta, 2008; Kickert & vom Hofe, 2017; 

Hospers, 2017). 

There are several different perspectives on how best to theorize pedestrian 

movement patterns. Some studies focus on it as being similar to the chemical 

properties of gases or fluids (Henderson, 1974; Helbing, 1994), others as 

similar to cellular automata (Bolay, 1998; Muramatsu et al, 1999, Padovani, 

2018), and some liken it to rivers and streams (Arns, 1993). The pedestrian 

modeling literature is more closely affiliated with the natural sciences, such 

as computer science and applied physics, and uses pedestrian movement as a 

case for testing out theories2 and simple principles applied to microscopic 

agents (Timmermans, 2009). The literature most closely affiliated with the 

natural sciences can at times present legibility issues, as from the perspective 

of the social sciences it is often difficult to compare the methodology of the 

various models within the field, and it can be difficult to decipher what 

implications the findings have for real-world formulation of policy.  

The question of how best to comprehend pedestrian motivations has also 

been the subject of debate. For instance, the principle of utility-maximization 

and its implications that pedestrians consider every single factor relating to 

their choice of route being critiqued as an unrealistic assumption. This has in 

part been answered by applying Bounded Rationality Theory, as proposed for 

instance by Zhu and Timmermans (2010). This contribution suggests that 

pedestrians may only consider a number of factors in their decision-making 

process.  

                                              
2
 Complexity theory and multi-agent models among others. See Choi, 2012; Pluchino et al. 2020 
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2.    New Urbanism - This strand of literature focuses on studying pedestrian 

traffic and human life in the public realm and is closely tied to urban design. 

One of the central paradigms is that lively streets are of central importance to 

cities, community building, and human well-being. Extensive focus is 

therefore placed on finding effective ways to study how public policy 

influences human behavior. Central to this literature is an emphasis on non-

motorized forms of transport, and pedestrians in particular. It, therefore, has 

given extensive thought to analyzing the impact of street and urban design on 

pedestrian movement. 

Many contributions to the field have come not just from academics, but many 

practitioners, architects, and public officials. Key “classical” thinkers include 

Jan Gehl, William Whyte, Jane Jacobs, and Kevin Lynch; however, it is a field 

still in development, and newer key contributions come from, among others, 

Matthew Carmona and Peter Calthorpe (Calthorpe, 2010; Carmona, 2018; 

Gehl, 1987; Gehl & Svarre 2013; Jacobs, 1961; Lenzholzer, 2015; Lynch, 1981; 

Victor, 2015; Whyte, 1980). New Urbanism theory focusing on how public 

policy and urban design can best be utilized to create lively urban spaces, is 

central to investigating how the urban environment influences pedestrian 

behavior, and subsequently how to inform public policy from analyzing 

pedestrian behavior. The latter will be expanded on in section 2.4.  

Within this field, there is a general agreement as to the need to reconsider 

city planning towards more human-centric planning; however, the actual 

practicalities of that sometimes clash with private actors' economic interests 

(or perceived economic interests). In city center planning, a constant struggle 

between the practicalities of human-centric planning and economic interests 

is the pedestrianization of streets and the removal of parking facilities, which 

is often vigorously opposed by store owners3. 

From pedestrian modeling and mobility studies, contradictions can also 

emerge compared to New Urbanism. For instance, mobility studies focusing 

on how to improve conditions and safety for pedestrians concluding that 

more “controlled” sidewalks must be developed, would clash with a basic 

principle from Copenhagenize4 that really traffic signals are only necessary 

                                              
3
  For a prime example of this see Sadik-Khan (2016) 

4
  Leading mobility/urban design consultancy based in Copenhagen 
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because of too much of a focus on motorists, and that they do not at all 

contribute to better pedestrian conditions (Ren et al. 2013; Copenhagenize, 

2013).  

Lastly, New Urbanism contains inherent inconsistencies concerning the 

realization of projects. Although centered on the ideals of pluralism and 

citizen engagement, many projects actually require “Soviet-style central 

planning rules”5 in order to be realized. The issue of pedestrianization would 

be a prime example of this. Further contradictions could be found in the 

debate on zoning in city centers - as store vacancy rates in city centers have 

increased, it has in the Netherlands become popular to re-zone areas that 

previously contained stores to for instance housing. From a New Urbanism 

perspective, this would run counter to the idea of having mixed-use 

neighbourhoods if all shops in the central part of the city have to move to the 

shopping streets (Lucka, 2018). 

3.    Retail - This strand of literature focuses on detecting and analyzing 

developments in shopping patterns, as well as suggesting policy initiatives to 

keep shopping areas lucrative and lively. The former usually as a 

consequence of the latter. Asides from academic literature, there is an 

extensive non-academic literature on the subject, stemming from both 

consultancy agencies and government. Looking into the non-academic 

literature is central to investigating the current state of city center planning 

and the core issues central to public policy in that domain. This literature will 

serve as a cornerstone for understanding initiatives taken to combat the 

declining pedestrian traffic in city centers, as insight into the governmental 

levers for shaping city centers is key to analyzing how public policy might be 

informed by modeling. Although much of the retail literature is focused on 

retail policy and measures for keeping city centers lively, there is a lack of 

systematic and quantitative analyses of pedestrian route choice and behavior 

(DTNP, 2018; KSO, 2018; Locatus, 2018; Platform31, 2015; van Leeuwen & 

Rietveld, 2011). As such, this research can help alleviate this issue.  

                                              
5
  R. G. Holcombe (2004: pp. 294–295) 

https://content.sciendo.com/configurable/contentpage/journals$002fudi$002f59$002f1$002farticle-p17.xml#j_udi-2018-0025_ref_015_w2aab2b8c27b1b7b1ab2ac15Aa
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One of the main foci of retail studies concerning city centers in recent years 

has been studies of so-called BIDs (Business Improvement Districts6), which 

are organizations created to further the cooperation between property 

owners in city centers (or other retail areas). BIDs typically collect fees from 

their members, which are used to finance projects within the district in 

question. Such projects can e.g. include security, infrastructure, and 

marketing (Van der Krabben, 2019; Unger, 2016).  

The emergence of BIDs as a common governance organization in city centers 

has raised criticism from New Urbanism as privatization of government, 

which presents serious accountability issues as the public does not have any 

say in the election of its officials (Gross, 2013; Unger, 2016). Similar contrasts 

between New Urbanism-centric writings and the retail field center on zoning 

in the city center, where retail often argues for a concentration of stores, as 

mentioned previously. These examples exemplify a common contrast 

between writings from the two traditions, namely that the retail literature, in 

contrast to New Urbanism, focuses more on the city center's financial aspects, 

in contrast to the more human-centric focus of New Urbanism.7 

Another key theme within the retail literature has been the retention or 

attraction of so-called anchor stores - department stores or the like - to city 

centers, which are argued as being central to attracting customers. The core 

principle is that anchor stores make people go to the city center by 

themselves, and from there, they will consequently visit smaller stores, which 

by themselves do not have the same power to draw people in (Gibbs, 2019). 

Similarly, much attention has been paid to ways to integrate online shopping 

with physical shopping as a way to stem the decline of in-store shopping. 

Examples of this include the possibility to buy something in-store which then 

gets delivered to your door by mail, or the use of phone Apps to provide 

information on the wares sold in the store (WWD, 2021).  

                                              
6
 Originally conceived in Canada in the seventies, the concept has since spread to the US, the UK and more recently 

continental Europe.  
7
 For an interesting contrast see Gibbs’ (2019) presentation on city centers and retail vs that of Gehl (2015), with 

Gibbs focusing mainly on financial incentives, and Gehl focusing mainly on social interaction.  



17 

2.2   Retail planning and public policy  

Beyond analyzing the literature relevant to pedestrian movement, it is important to 

ponder the larger picture within which city center pedestrian movement fits - retail 

planning - as that is ultimately the field that can benefit from a better understanding 

of pedestrian movement. Retail planning is here understood as the field focusing on 

the public policy applied in urban areas. To gain an overview of the field, the main 

policy foci are listed here, based on (Evers, Kooijman & van der Krabben, 2011): 

1. Governance: BIDs, government-retail collaboration, national/regional 

regulations, building regulations 

2. Commercial: retail quality, retail mix, public market, special shopping days,  

3. Zoning: retail concentration/dispersion, licenses, noise levels  

4. Mobility: route quality, parking, public transportation, route quality, 

pedestrianization, bicycle facilities  

5. Design: spatial quality, public seating, urban green, architectural norms and 

regulations, street design,  

6. Marketing: tourist office, commercials, city promotion, target groups, 

As will be argued at the end of this chapter, there is a missing link between the more 

quantitative research on pedestrian modeling and the public policy-focused 

research. Although much research within New Urbanism makes very compelling 

arguments as to why the urban environment influences pedestrians and citizens in 

certain ways, a quantitative side of this research is often absent. For prime examples 

of this see the work of for instance Gehl (1987) and Jacobs (1961), two key works 

within the field. Simultaneously, public policy decisions, particularly those 

influencing non-motorized traffic, are often not built on statistical causal 

relationships but on more subjective judgments (faod, 2020).  

Therefore, this research, contributing to the expanding literature on pedestrian 

movement, can play a key role in informing retail policy through working towards 

quantifying the effect that different policy initiatives have. Specifically, the BT model 

can analyze the impact that initiatives from the policy areas commercial, mobility, 

and urban design have on pedestrian behavior. Further, as laid out in the previous 

chapter, mid-sized cities have been particularly affected by the decline in pedestrian 

traffic, and Gouda will serve as a good case study in looking to understand how to 

combat this issue. 
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2.3   Discrete choice modeling 

As this research aims to analyze pedestrian movement through the BT model, I will 

here briefly explain the theoretical underpinnings for discrete choice models and 

subsequently lay out the foundation for the model.  

Discrete choice models have been in use for some 50 years and have been employed 

to forecast a wide range of behaviors, most prominently in the field of economics. 

The use of “discrete” in the name used to describe this kind of model as a synonym 

to separate or distinct. The models are so named due to models being based upon 

mutually exclusive choices: there is no way of choosing more than one 

simultaneously. It is however possible for the decision maker to choose other 

alternatives subsequently. Within mobility studies, discrete choice models have 

been widely applied for travel demand analysis, with the goal of e.g. predicting 

changes in public transportation use (Bierlaire and Robin, 2009). In modeling 

pedestrian behavior they are used to model the very large range of choices that 

pedestrians face when moving about in cities. This includes for instance route 

choice, which shops to visit, what exits and entrances to use, etc. (Young, 2007; Li, 

2006; Kickert & vom Hofe, 2017; Hospers, 2017). 

Discrete choice models aim to model the choices a consumer faces by presenting a 

finite set of alternatives - different services, destinations or products. These sets of 

alternatives are called choice sets. If the model works with just two alternatives 

(say, taking the train or taking the bus) it is called a binary choice model. Models 

with more than two alternatives are called multinomial discrete choice models. As 

will further be elaborated upon in 2.3, the BT model is a multinomial model, as the 

range of choices for the individual pedestrian regarding where to go and which 

shops to visit is potentially every shop and every destination in the city center. 

Discrete choice models are based on random utility theory, and involve a decision 

maker (pedestrian in this case) who examines a choice set, evaluates the utility of 

each alternative, and subsequently chooses the alternative with the highest utility 

(Borgers, Kemperman & Timmermans, 2009; Borgers & Timmermans, 2014). What 

produces the most utility differs per consumer and takes into consideration 

personal characteristics of the decision maker, depicted by the independent 

variables in figure 2.1. Exemplifying the predictive power of personal characteristics 

in discrete choice models, Mazzarola and Kemp (1996) found that gender played a 

significant role in predicting university exchanges - females being more likely to 

choose Australia over the US, and males being more likely to go on exchange in 
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general (Antonini, Bierlaire & Weber, 2006; Mazzarola and Kemp, 1996). Similar 

studies have been done demonstrating significant differences in shopping behavior 

according to gender, and socio-economic differences (Wharton, 2007; Friedman & 

Lowengart 2018) 

 

 

Figure 2.1: simplified depiction of a discrete choice model employed to predict students’ choice of destination 
for their exchange semester (Mazzarola and Kemp 1996) 

The early discrete choice models ran on the assumption that pedestrians generally 

had their routes planned out when entering a shopping area (see  Helbing et al., 

2001; Borgers & Timmersmans, 1986; Zhu & Timmermans, 2010). The BT model on 

contrast assumes a more spontaneous nature of route choice when traversing a 

shopping area - although it is assumed that a pedestrian has an idea of where he 

would like to go shopping, he may then get “pulled” towards changing his route or 

entering other stores through influences that he receives on his way to his final 

destination. The different shops and destinations in the city center have different 

“gravitational” pulls, depending on their utility to a particular shopper (Borgers, 

2019). 

Pedestrian modeling is, as mentioned previously, a somewhat more complex 

operation than other types of travel modeling. It e.g. contrasts with travel demand 

analysis where travel behavior is broken down into: 1. Location choice, 2. 

Destination choice, 3. Mode choice, and 4. Route choice. This logic cannot be applied 

to pedestrians in the same manner due to the more random movement patterns of 

pedestrian traffic (Vidana-Bencomo et al. 2018). Further, the more spontaneous 
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nature of choices made by pedestrians is also a more complicated operation to 

model. This makes data collection more of a concern, due to the more “intricate” 

routes taken by pedestrians. The degree of complexity also makes it a challenge to 

construct models which can be applied to real-life scenarios. (Bierlaire and Robin, 

2009; Borgers & Timmermans, 2014). 

2.4 The BT model  

The first attempt to employ discrete choice modeling to pedestrian behavior was 

made by Borgers and Timmersmans (1986) and aimed to develop a destination 

choice model to predict demand for retail facilities in city center shopping areas. It is 

a newer and further developed version of this same model that will be worked with 

in this study. The data collected for the model in previous studies consisted of on-

site interviews whereby pedestrians describe the route they have taken through a 

city center and provide personal information. How this was dealt with 

methodologically relative to the data collection for this research will be explained 

further in section 3.2 of the following chapter. 

In order to process the data the model assumes a network of links and points that 

simulate the urban environment in the city center, as depicted by figure 2.2 below. 

The route choice data collected from pedestrians is digitalized through a digital 

information system which processes the data to fit this format - in previous studies 

TransCAD was used. As evident from figure 2.2, the model simplifies route data 

somewhat by depicting movements along (parts of) streets in straight lines, and 

does not take street width into account.  
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Figure 2.2: theoretical depiction of pedestrian network. Quadrants are shops, circles are decision points, and 
lines represent streets (Borgers, 2019). 

In order for the model to “read” the digitalized routes they need to be converted into 

csv-files, which are essentially long lists of GPS coordinates. From the digitalized 

route choice data the model firstly calculates a range of indices with parameters 

describing characteristics of pedestrian behavior in the given city. This is depicted 

below in table 2.1, showing results for Eindhoven.  

“Length” describes the length in metres of the pedestrians’ paths through the 

shopping area. “Segments” describes the number of segments entered on the 

pedestrians’ paths through the shopping area. “Angle” the mean absolute angle 

between segments, and “Correlation” the correlation between consecutive angles. 

“PrForward” describes the percentage of pedestrians who move straight on when 

reaching a primary node, which are the larger of the two types of circles depicted on 

figure 2.2. “PrRight”, “PrLeft”, and “PrBack” measure the same but for movement in 

their respective directions. “PrSegmF”, “PrSegmD”, and “PrSegmR” describes 

whether segments are fully traversed, or retraced. “DG”, and “DL” describe the 

efficiency of shopping trips, comparing the shortest possible path for the shops 

visited to the actual path where a value of 1.0 indicates the most optimal route. 
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“DG2” describes the same phenomenon, but a value of 0.0 indicates the most 

optimal route. “PrNDO” and “PrFDO” measure the inclination of pedestrians to plan 

their routes according to “nearest destination orientation” and “farthest destination 

orientation”, where NDO means that the first visited outlet is the one closest to the 

pedestrian’s entry point, and FDO being that the first visited outlet is the one 

farthest from the entry point.  

 

Tabel 2.1: indices describing movement patterns in Eindhoven across different data sets (Borgers, 2019) 

Given the parameters to predict individual choices at intersections and in front of 

outlets the model can further generate a prediction of the total flow of pedestrians 

through the city center, which is done through a Monte Carlo simulation. The 

simulation first calculates the likelihood of visiting a shop, or going in a new 

direction at each point along which the simulated pedestrian passes. The likelihoods 

are calculated via the discrete choice model and are based on the estimated 

parameters from the observed population of pedestrians, and the Monte Carlo 

simulation is subsequently employed to determine which segments are chosen or 

which shops are visited. 

Hereby individual characteristics can also be taken into account if the route data 

input contains a sufficient population, for instance modeling how the routes of 

women differ from those of men. The projection also generates a simulation of the 

shops visited. Some 130 factors make up the model (characteristics of shops and 
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other destinations, distances relative to the pedestrian, traffic conditions, etc.) 

making them too many to list, however the below table summarized the main 

categories present in the model. 

Factor Category 
 

Consists of 

Outlets Opening hours of the shop, type of outlet, number 
of floors, in/outdoor, size of outlet 

Movement  Distance, line of sight, traversed distance, 
right/left turn 

Path heuristics Previous outlets visited, street segments already 
taken 

Urban design  Traffic conditions, pedestrianization, street 
environment, in/outdoor, level changes, public 
squares 

 

Tabel 2.2: overview of factors used to predict pedestrian route choice in the BT model (own creation, based 
on Borgers, 2019) 

For additional information on the technical details of the model see Borgers (2019).  

2.5 The Missing Link? A framework for modeling and public policy 

As the astute reader may have noticed, there is relatively little overlap between a) 

the objectives of pedestrian modeling which focus mainly on technical details and 

models for predicting pedestrian movement, and b) the more public policy-centric 

objectives of New Urbanism and the retail field. New Urbanism further dedicates 

significant energy to theorizing how urban planning can be employed as a tool for 

creating a healthier and more sustainable society. This stands in fairly stark contrast 

to most modeling literature, where studies connecting pedestrian modeling to 

public policy are to the author’s knowledge very scarce. Even the studies that aim to 

do so, end up touching lightly upon the subject as a sort of afterthought to the study. 

This can for instance be exemplified by Zhou et al.’s study (2009) of pedestrian 

flows for the 2010 World Expo Shanghai. The study identified several bottlenecks in 

the design of the exposition through a simulation using the proposed design, 

however beyond the findings of bottlenecks little thought is put into how to improve 
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the urban quality of the area in which the exposition is taking place. For a further 

example see Kurose, Deguchi & Zhao (2009). It will in this study be attempted to 

remedy this issue by connecting the more public-policy centric tradition of New 

Urbanism and retail research to pedestrian route choice modeling.  

In spite of their differences however, both New Urbanism, as well as the modeling 

literature operate on the basic premise that a wide variety of influences from the 

built environment affect pedestrian behavior and route choice. As such a fairly 

straight-forward causality regime forms the basis of the theoretical structure: 

Figure 2.3: causality regime pedestrian behavior (own creation) 

Much of the literature on urban issues does not always agree as to where the 

difference between conscious and unconscious lies (see Harms et al. 2019, Sussman 

& Ward 2016; Choi, 2012; Choi, 2014). However as it is not of central importance to 

this research, it will suffice to stick with the assumption that whether unconscious 

or conscious, the built environment through which the pedestrian moves influences 

the decisions of the pedestrian in terms of the route taken, the time spent in 

different spaces, the shops entered and so on. The causality regime depicted in 

figure 2.3 can be further extended upon by examining how “structure” is 

theoreticized in studies on pedestrian behavior, which follows in the next 

paragraph. 

As touched upon in the literature review, a large part of the literature on pedestrian 

behavior is mainly focused on walkability as seen from a modal choice perspective 

and use theoretical frameworks which are designed for analyzing walking seen 

mainly as a modal choice, or for the city as a whole (Gori et al. 2014, Ribeiro & 

Hoffiman 2014, Maghelal 2011). This literature mainly sets out to measure the 
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walkability of different neighborhoods by focusing on population density, design of 

street and transit networks, destination accessibility, and mix of land uses. These 

indices are however of limited use in analyzing the intricacies of city centers, seeing 

as the majority of the users in city centers do not actually reside there, combined 

with the fact that most city centers in the Netherlands are completely 

pedestrianized anyway so other modal choices are generally unavailable. 

Essentially, the macro-scale approaches of examining modal choice in a whole city 

do not lend themselves well to examining the dynamics at play in the city center, 

necessitating a more meso-level approach. 

Many of the indices from modeling however do provide clues as to how a theoretical 

framework might be constructed, as two distinct types of variables can be identified 

- retail quality and spatial quality. Thirdly, an influence which I have here named 

“route quality” can be theorized - mainly from the retail field.  

 Retail quality: describes the characteristics of the outlets in the shopping 

area. Private enterprise is the main actor, and malleability is therefore relatively 

limited. (see Maghelal & Capp, 2011; Timmermans & Borgers, 2014). 

 Spatial quality: describes characteristics of the built environment in the 

shopping area. Local government is the main actor for change; however, with a 

multitude of other actors involved (national government, retail organizations, civic 

society) change can be complicated and slow. Further complications can arise from 

the high costs related to infrastructure changes. 

 Route quality: describes how logical and inviting the routes in the city center 

are. Is it easy for pedestrians to find their way? Do the routes naturally influence 

pedestrians to explore the next block? Route quality is an issue fairly underexplored 

in academic literature as of yet, however is often present in local discussions and 

retail literature, and overlaps with studies of route optimization (Chen, Li & Hu, 

2015).  

A prime example of this can be found in Nijmegen, where recently a massive debate 

kicked off due to the municipality painting an 8 km line of paint in and around the 

city center in order to create a “Walk of the Town” (Gelderlander, 2020) 
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Figure 2.4: The “Green Stripe” drawn through the city center of Nijmegen (Gelderlander, 2020)  

Table 2.2 below summarizes the attributes of the three different types of influence. 

Malleability has here been described from a government perspective, given that 

government usually is the main actor when discussing public policy 

Type of influence  Consists of Key actors  Malleability 

Retail quality Retail mix, outlet 
size, building-
street interaction, 
opening hours, 
vacancy 

Market, retail 
organizations, 
(local government) 

Low - mainly 
determined by the 
private sector, as 
such somewhat 
arbitrary 

 Traffic conditions, Local government, Medium - high 
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Spatial quality 
 

pedestrianization, 
urban green, urban 
design, land use 
patterns 

national 
government, local 
civic society, 
(retail 
organizations) 

degree of 
government 
influence, however 
expensive and high 
public interest 

Route quality Links to public 
transport and 
other 
transportation 
modes, signage, 
urban design 

Local government, 
retail 
organizations 

High - fairly 
easy/cheap to 
impact  

 

Tabel 2.3: key types of influence on pedestrian behavior in city centers (own creation, based on Maghelal & 
Capp, 2011; Gehl & Svarre, 2013; Borgers, 2019; Van Leeuwen & Rietveld, 2011) 

Table 2.3 provides an apt prism through which to interpret the results, as it lays out 

clearly what main types of influence are present in the city center environment. As 

this study investigates the influence that the built environment has on pedestrians, 

the main focus will be on spatial quality.  

In summary, the theoretical framework for this study combines the theoretical 

underpinnings of the discrete choice model well as concepts garnered from the New 

Urbanism literature regarding pedestrian behavior and how public policy is 

managed in the city centers. To investigate whether urban green and canals impact 

pedestrian behavior, “urban green” and “water” will be added to the model as well, 

which will be expanded upon in the following chapter.  
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3.      Methodology 

As laid out in the first two chapters, this research aims to investigate how the built 

environment impacts pedestrian behavior by use of the BT model (2019), and 

subsequently whether public policy can be informed through it. This is investigated 

using a data set of 315 pedestrian routes from Gouda, 150 of which collected in 

2014, and 165 of which collected in 2017. 

This chapter will give a brief overview of the methodology applied, the data 

collection, analysis, and finally reflect on the limitations, validity and reliability of 

the research. 

3.1   Research strategy 

This research has been carried out as part of the dual mode master’s program in 

conjunction with my work as a research assistant on a project set up by the Faculty 

of Geography, Planning and Environment of the Radboud University in collaboration 

with the Faculty of the Built Environment at TU Eindhoven. The collaboration 

between the two faculties has been set up to gain insight into the behavior of 

pedestrians in city centers. The project has access to some 12.000 surveys 

describing pedestrian route choice in 30 Dutch cities, which have been collected by 

the urban consultancy agency DTNP located in Nijmegen.  The surveys used in this 

study were collected in late March 2014 and in late April 2017, and asides from a 

map showing the route taken contain information on shops visited, motivation for 

visiting the city center, frequency of visiting the city center, duration of visit, modal 

choice, money spent, age, residence, shopping habits, evaluation of the city center, 

education and income. 
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Figure 3.1: route choice survey showing a route traversed in the city center of Gouda 

Said survey data has been used by DTNP for gaining insight into shopping behavior 

as well as to depict pedestrian flows, however the routes have not been digitalized 

in a form that makes it possible to analyze in a model8. As the 12.000 surveys 

present too much material to be able to process in the scope of a master’s thesis, this 

research will focus on the city of Gouda. Gouda being a city of some 72.000 

inhabitants falls squarely in the category of a mid-sized city. Therefore, it stems 

from the category of cities that have been hit the hardest by the decline in 

pedestrian traffic, making it a prime candidate for this kind of study.  

                                              
8
 See DTNP (2015) and DTNP (2018). 
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The city center of Gouda contains some office space as well as living functions but 

mainly functions as an open-air shopping area. There is also an indoor shopping 

arcade (Nieuwe Markt). Particularly the areas around the central square, and the 

main street (Kleiweg) are almost entirely occupied by either retail or catering 

facilities. Most streets in the city center are pedestrianized, with motorized traffic 

mainly allowed on the peripheral streets surrounding the city center. Gouda was an 

important trading city in the 16th and 17th century and has preserved a lot of its 

historical buildings, making the city an important tourist destination. The railway 

station is located just outside of the city center, some 300 meters from the entrance 

to the city center.  

The surveys were collected via on-street interviews through questionnaires and 

drawing on a map shown by figures 3.1 and 3.2. The overall method used is very 

similar to the one used by Borgers and Timmermans (2014) in previous studies of 

pedestrian route choice in city centers, and therefore lends itself well to 

comparisons to the earlier studies done on the cities of Eindhoven and Maastricht. 

The surveys were collected between the hours of 9:30 and 17:30, on Thursdays and 

Saturdays in both 2014 and 2017. 
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Figure 3.2: personal information survey following on the route choice survey used in Gouda 

In order to digitalize the routes, the first phases of this research centered on the 

construction of a network of lines and points in QGIS necessary for fitting the format 

of the BT model laid out in the previous chapter (see figure 2.2). Secondly, a method 

was developed with the programming language Python for using said network to 

digitalize the survey data in QGIS9. Thirdly this combination was used for 

digitalizing the data, which was then passed on to Aloys Borgers for analysis in the 

model.  

                                              
9

 The software TransCAD had been used in order to process the route choice data for previous studies, however it 

was for a variety of reasons desirable to develop a new workflow.  
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During the construction of the GIS model data from other sources was used as well. 

In order to test out the effect of urban green, GIS data with information on the 

location of street trees in Gouda was obtained from the municipality of Gouda and 

was linked to the road network drawn up in QGIS. Data on the characteristics of 

shops was mainly obtained through Locatus10, which was then linked to the point 

layer. A variety of other GIS data was also obtained through the QGIS plugin Open 

Street Map, eg. the total area of shops.  

3.2   Research methods, data collection, and data analysis 

The research methods and data collection firstly focused on digitalizing the route 

choice surveys from DTNP, as described in the previous section. To this end, a 

collaboration was set up with a research assistant (Marjolijn Hordijk) from the 

Eindhoven University of Technology to build up the workflow for doing so through 

QGIS and Python. Due to the indirect choice model operating on the basis of nodes 

(points) to simulate the different choices pedestrians face, it was necessary to build 

a system consisting of nodes into which the surveys could be digitalized, visible 

from below figure 3.3. Two different models had to be constructed for the 

digitalization of the routes - one for 2014 and another for 2017 - due to changes in 

the city center in the three years separating the data (closure of shops, streets being 

redirected etc.) 

                                              
10

 Dutch consultancy agency which focuses on retail.  



33 

  

Figure 3.3: drawn up network of the Grote Markt and surroundings in Gouda for digitalizing surveys in QGIS 

The data contained 180 routes from 2014, of which 150 were digitalized. For 2017 

165 out of 233 routes were digitalized. The routes that were discarded was mainly 

due to the route being badly drawn, the route being incoherent with the shops 

visited, or the beginning or the end of the route being incoherent. The demographic 

information on the survey respondents is evident from table 3.1 below.  
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Tabel 3.1: population statistics Gouda per dataset 

I paid a site visit to Gouda in May of 2020, which- although the circumstances were 

somewhat different due to the onset of the Corona epidemic- was an interesting 

opportunity to get an idea of the dynamics at work in the city center. I had contacted 
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a former council member to meet up for a cup of coffee, and he gave me a short 

guided tour of the city center and an introduction to the public policy debates at 

play.  

 3.3   Validity and reliability 

A number of assumptions and potential pitfalls must be recognized. Firstly, as the 

surveys collected are self-reported, it is assumed that the recollection pedestrians 

have of their route choice and the time spent in the city center are fairly accurate. 

Together with the fact that some of the surveyors did not exactly do an excellent job 

when drawing in the routes, assumptions as to the exact geography of the route 

sometimes had to be made in order for it to make sense during the digitalization 

process. The gravest examples of this were discarded in order to improve the 

reliability of the data, as mentioned above. Further debates on other and more 

modern methods for tracking pedestrian routes can be found in (Borgers, 2019; 

Crociani et al. 2016; Yoshumora, 2017) 

A further potential pitfall is that the discrete choice models do not incorporate the 

influence a high or low quantity of pedestrians on a given street might influence the 

likelihood of other pedestrians in choosing that street, as opposed to agent-based 

behavioral models. As the complexity of constructing such a factor would require a 

research project in of itself, I will leave this as a subject for further research. The 

somewhat limited amount of surveys for Gouda (315) could result in having a 

sample that does not necessarily cover the variations caused by weather, the 

surveyed days being market days, stochastic variation, etc. 

External validity is ensured through the relative simplicity of the survey and 

research design. As the surveys are fairly simple to replicate, identical studies could 

be performed in other cities or countries testing out similar models, although the 

most obvious comparison would be similarly sized Dutch cities. Internal validity is 

ensured by working with methods applied in various other studies of pedestrian 

behavior (see Beirlaire & Thomas, 2009; Timmermans & Borgers, 2014; and Kurose, 

Deguchi & Zhao, 2009), as such adopting a tried and tested method.  

Having laid out the methodological framework, the results from the model will 

subsequently be presented and analyzed. 
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4. Analysis 

 

This chapter focuses on how the BT model can be used to analyze pedestrian 

behavior. The BT model results obtained from the route choice data in Gouda will be 

presented, and it will subsequently be attempted to discern what the results reveal 

about pedestrian behavior in the city center of Gouda and therethrough public 

policy. 

 

The output of the model has been divided into two major parts: the first presents 

the outcome of the multinomial model, and the second part presents the projections 

generated by the model and compares them to the actual route choice of the 

pedestrians observed in Gouda. In order to put the findings into perspective, the 

results for Gouda will subsequently be compared to earlier studies by Borgers 

(2019) studying pedestrian route choice in Eindhoven and Maastricht through the 

same model.  

 

In order to make the analysis as accessible as possible, the mechanism behind the 

parameter will be laid out first, followed upon which the implications the result has 

for the city center will be discussed. As the full list of factors is relatively long it has 

here been split into parameters relating to general movement patterns, and 

secondly parameters relating to outlets and shopping. 

 

4.1 General movement patterns 

 

In order to gain an overall understanding of pedestrian movement patterns in 

Gouda, the general movement patterns of pedestrians in Gouda will be examined 

first. The parameter values based on 315 routes follow below in table 4.1. The 

parameters are estimated from observed choices and related independent variables. 

The product of a parameter and its corresponding variable score add to the utility of 

a choice alternative. These contributions to utility can be compared across all 

variables.   
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Variable Symbol Parameter Sig z 

Central α1 .7065184    0.003      2.97 

Dist α2 .0007694    0.000      17.58 

Square α4 -2.453484    0.000        -16.39 

Length line of sight α5 .0258704    0.000      3.63 

Before α6 -.3799752 0.176     -1.35 

Retrace α7 1.513714   0.000      10.92 

Forward α8 4.620798    0.000      30.23 

Turn right α9 3.755105    0.000      23.65 

Turn left α10 3.553223     0.000      22.41 

Return  α11 .2583632    0.000      3.66 

Exit=Entrance α12 .5424258    0.004       2.92 

     

Traversed distance γ2 10.31334 0.000     16.66 

Intended exit γ3 -5.384321 0.000     -9.05 

     

Traffic δ1 -.0019246   0.103      -1.63 

Indoors δ2 .0492455    0.000     5.94 

Water δ3      -.0032824 0.000 -4.90 

Trees per 100m δ4       .0002527 0.000 4.08 

 

Tabel 4.1: Estimated parameters - movement patterns  

Starting from the top, the “central” parameter is strongly positive, indicating that 

pedestrians are strongly attracted to the central areas of Gouda, and generally move 

from less central to more central parts of the city at the start of their trip. This result 

conforms with the general tendencies in European cities, where the “center of the 

center” generally is where the pedestrian traffic is the heaviest. As a consequence 

more central locations generally have higher real estate prices (Duarte, 2017). The 

higher concentrations of pedestrians in more central areas cause them to be more 

profitable places for stores. In the Netherlands a system of A, B and C locations is 

used to classify storefronts, with the A locations being the ones with the heaviest 

pedestrian traffic  (Dynamis, 2019). 

 

A positive value for the parameter “distance” indicates that there is a tendency to 

move towards the exit of the shopping area as the walked distance increases. This is 

fairly intuitive, as it suggests that the pedestrian gets tired. On the other hand, the 

distribution of time spent in the city center can be modeled as exponential decay 

with a half time of around 60 minutes, cf. fig. 4.1. This implies that the probability of 

exiting the city center for a given pedestrian during the next minute is constant 

throughout (‘exponential decay’)- thus devoid of a tiring-effect.- It seems unclear if 

these two facts are in contradiction, so this will be left open for further study.  
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Figure 4.1: Time spent by pedestrians in the city center of Gouda. Survey data, N = 411, surveys with illegible 
routes included. With a halftime of 60 minutes (cf. chart), the fraction of shoppers remaining after t minutes is 
then approximately : N(t) = N(0)*exp(-.69*t/60).  

Regarding the attractiveness of squares (“square”), the parameter is negative, 

meaning that pedestrians are effectively repulsed by squares. This is in itself a rather 

strange result given that urban spaces such as squares are often heralded as being 

central to lively cities (Gehl, 2010;  Hospers, 2017). An explanation for this perplexing 

result can probably be found in the way the surveys and the GIS model were 

constructed. Firstly, surveys were collected on Thursdays and Saturdays, which are 

the days when the market fair is being held in Gouda. As such, the vast majority of 

respondents crossing the central square (Grote Markt) would almost inevitably visit 

the market stands. These market stands were represented by two outlets, one located 

north, and one located south of the townhall. Everybody visiting a market stall was 

digitized as visiting one of these outlets, therefore not visiting the square. If almost no 

one visits the square, the corresponding parameter will be negative. 
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Figure 4.2: QGIS structure used to digitalize routes on the Grote Markt square, links crossing the square 
marked in yellow. Links leading to the market as an outlet in red. 

Therefore, in analyzing the influence of squares and similar urban spaces on 

pedestrian behavior in future studies, it should be attempted to change the research 

design to work around this.  

The parameter “Line of Sight” is positive, indicating that streets with longer lines of 

sight are preferred vis-a-vis streets with shorter lines of sight. The effect is quadratic: 

(length of line of sight / 100)2. This fits well with most New Urbanism research on the 

subject, indicating that longer sight lines generally lead to more interesting walks, as 

pedestrians can see points-of-interest further down the street (Gehl, 2010; Hall, 

2001). In Gouda, the streets with long lines of sight are also generally the ones that 

contain the most outlets (particularly Kleiweg); as such, the question arises as to 

whether the existence of many points-of-interest on streets with long sightlines could 

bias the Line of Sight parameter.  
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In terms of route preferences, “Before” indicates that pedestrians shy away from 

entering the same segment multiple times, however retracing a segment that they 

have previously walked does not seem problematic to most pedestrians (“Retrace”). 

This finding would seem to suggest that, for instance, the “winkelachtjes” (literally 

“store eighths”) that aim to increase route quality in Dutch inner cities by designing 

streets to form loops that “lead” pedestrians on logical routes through the city are not 

that necessary after all given that pedestrians do not seem to mind retracing their 

steps (Gemeente Zwolle, 2015). 

Regarding directional movement patterns, pedestrians in Gouda are most likely to 

move forward at intersections (“Forward”). Turning left or right is more or less 

equally likely (“Turn right” and “Turn left”). The parameter “Return” is positive, 

meaning that as pedestrians exit an outlet and have to choose a new walking 

direction, they tend to move towards the direction that they came from. For shops 

with multiple exits/entrances the entrance used to enter the shop is preferred to exit 

the shop (“Exit=Entrance”), which logically occurs if the shopper came to the city 

center to visit a certain store and subsequently goes back the way  he/she  came from.  

The “Traffic” parameter is negative, which indicates that pedestrians prefer 

pedestrianized segments. However, it could be pondered if a sort of chicken-or-the-

egg effect might be present here - are the pedestrianized streets actually the streets 

that initially had the most pedestrianized traffic, and were therefore pedestrianized? 

As such, it might be that correlation does not confirm causality if pedestrianization is 

correlated with other urban factors.  

The parameter “Indoors” indicates that pedestrians have a preference for indoor 

shopping segments. However, given that there is only one indoor shopping district in 

Gouda (Nieuwe Markt) other cities might present better cases for studying this effect.  

The parameter “water” is negative, indicating that streets next to water do not 

particularly attract pedestrians. This is a somewhat counterintuitive result given that 

water in urban areas is often viewed as a very attractive element in urban design 

(Gehl, 2010; Costa & Silva 2015). The fact that the streets next to channels in the city 

center of Gouda are somewhat peripheral might partly explain this result, as those 

streets are in part used by cars, and secondly contain few shops and destinations of 

importance to pedestrians. 
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Figure 4.3- Links in Gouda along water flows marked in yellow. 

The parameter “trees” is positive, indicating that the presence of trees along streets 

makes the urban environment more attractive, which fits well with how among 

others New Urbanism often finds that urban green increases the spatial quality of the 

city (Hall, 2001; Gibbs, 2012). This is a key result, as it shows clearly that urban green 

does have a positive effect, a measurability often lacking in urban planning, as 

discussed in the theoretical chapter.  

4.2 Shopping behavior 

Here follows the parameters detailing the results from the BT model in regards to 

pedestrian movement and shops. Parameters not significant at the 5% level were 

excluded.  

Variable Symbol Parameter Sig z 
Supply:     
-Groceries βGr .1361912    0.000     12.20 
-Department stores βDS .0351162    0.000     3.79 
-Fashion stores βFa .0873052    0.000     16.66 
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-Beauty βBe .132237    0.000     7.50 
-Home and Household 
stores 

βHH 
.1203535    0.000     

8.08 

-Electronics stores βEl .1053632    0.000     6.43 
-Other retail stores βOt .0290209    0.235 1.19 
-Market stalls βMa .2534003    0.001     3.21 
-Culture βCu .0225704    0.685     0.41 
-Catering βCa -.1209337    0.000     -5.59 
-Vacant  βVa -.062568    0.013     -2.48 
     
     
Supply not in sight:     
-Groceries βGr

nlos -.0829999    0.000 -5.09 

-Department stores βDS
nlos        -.0304268                   0.217                                        -1.23 

-Fashion stores βFa
nlos -.0251144    0.003 -2.95 

-Beauty βBe
nlos   .0818169 0.003 2.99 

-Home and Household 
stores 

βHH
nlos 

  .01265 0.543 
0.61 

-Electronics stores βEl
nlos -.0566981 0.005                                    -2.79 

-Other retail stores βOt
nlos -.1243814 0.000 -4.43 

-Market stalls βMa
nlos .1085889    0.138 1.48 

-Culture βCu
nlos -.1300501    0.024 -2.26 

-Catering βCa
nlos .0276498 0.061 1.88 

-Services βSe
nlos -.0642685 0.007 -2.70 

-Vacant βVa
nlos .0011991 0.946 0.07 

     
     
Supply passed:     
-Groceries βGr

p
 -.1196248    0.000 -4.63 

-Department stores βDS
p

 -.0379241 0.000 -5.28 

-Fashion stores βFa
p

          -.055217                0.000                                        -7.84 

-Beauty βBe
p

 -.120133 0.000 -4.61 

-Home and Household 
stores 

βHH
p

 
-.074886 0.001 

-3.23 

-Electronics stores βEs
p

 .0131709 0.575 0.56 

-Other retail stores βOt
p

 -.037192 0.388 -0.86 

-Market stalls βMa
p

 -.3169126 0.000 -12.81 

-Culture βCu
p

 -.1830816 0.075 -1.90 

-Catering βCa
p

 .0312098 0.182 1.33 

-Services βSe
p

 .0074032 0.835 0.21 

     
     
Supply n-i-s/passed:     
-Groceries βGr

nlos,p
 .1100891    0.000 3.71 

-Department stores βDS
nlos,p

 .0324205 0.335 0.96 

-Fashion stores βFa
nlos,p

 .0331859             0.001 3.39 

-Beauty βBe
nlos,p

        -.0732194                0.091                                        -1.69 

-Home and Household 
stores 

βHH
nlos,p

 
.0596016 0.094 

1.67 
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-Electronics stores βEs
nlos,p

 .064823 0.055 1.92 

-Other retail stores βOt
nlos,p

 -.0131989 0.843 -0.20 

-Market stalls βMa
nlos,p

 -.0890348 0.336 -0.96 

-Culture βCu
nlos,p

 .4029278 0.004 2.91 

-Catering βCa
nlos,p

 -.0298132 0.341 -0.95 

-Services βSe
nlos,p

 -.1069863 0.019 -2.35 

     
     
Supply visited:     
-Groceries βGr

v  -.1532479    0.077 -1.77 
-Department stores βDs

v  -.1094528 0.000 -3.92 
-Fashion stores βFa

v  -.0893047 0.000 -3.56 
-Beauty βBe

v  -.0494192              0.380 -0.88 
-Home and Household 
stores 

βHH
v  

       -.1120437                0.380 
                                       -0.88 

-Electronics stores βEs
v  -.1178118    0.535 -0.62 

-Other retail stores βOt
v  -.5736492    0.349 -0.94 

-Market stalls βMa
v  -.5453452    0.000 -6.06 

-Culture βCu
v  -.3069032    0.601 -0.52 

-Catering βCa
v  .4582505     0.001 3.24 

-Services βSe
v  -.6152445    0.346 -0.94 

     
     
Base enter outlet:     
-Groceries βGr

visit -4.47312 0.000 -21.79 

-Department stores βDs
visit -2.61886   0.000 -6.06 

-Fashion stores βFa
visit -5.367378 0.000 -30.30 

-Beauty βBe
visit -5.151784 0.000 -14.51 

-Home and Household 
stores 

βHH
visit 

-5.528479 0.000 
-17.09 

-Electronics stores βEs
visit -5.867075 0.000 -15.93 

-Other retail stores βOt
visit -4.877435 0.000 -11.44 

-Market stalls βMa
visit -2.770051 0.000 -3.51 

-Culture βCu
visit -3.970665 0.000 -5.70 

-Catering βCa
visit -4.933466 0.000 -11.69 

-Services βSe
visit -5.896962 0.000 -10.84 

     
     
Times passed:     
-Groceries βGr

Ơp
 -.0421042    0.034 -2.12 

-Department stores βDs
Ơp

 -.2412138 0.224 -1.22 

-Fashion stores βFa
Ơp

 -.0259307 0.000 -4.60 

-Beauty βBe
Ơp

 -.0379962 0.193 -1.30 

-Home and Household 
stores 

βHH
Ơp

 
-.017274 0.574 

-0.56 

-Electronics stores βEs
Ơp

 -.0646591 0.085 -1.72 

-Other retail stores βOt
Ơp

 -.0118303 0.823 -0.22 

-Market stalls βMa
Ơp

 -.0929512 0.102 -1.63 

-Culture βCu
Ơp

 .2689405 0.117 1.57 
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-Catering βCa
Ơp

 .0738456 0.000 4.01 

-Services βSe
Ơp

 -.0359809 0.650 -0.45 

     
     
Times visited:     
-Groceries βGr

Ơv .2514616    0.330 0.97 

-Department stores βDs
Ơv .1900439 0.604 0.52 

-Fashion stores βFa
Ơv .8991752 0.000 8.02 

-Beauty βBe
Ơv -.2055553 0.635 -0.47 

-Home and Household 
stores 

βHH
Ơv  

-.2100578 0.778 
-0.28 

-Electronics stores βEs
Ơv   .6402025 0.380 0.88 

-Other retail stores βOt
Ơv -14.34044 0.994 -0.01 

-Market stalls βMa
Ơv  .2943605 0.311 1.01 

-Culture βCu
Ơv 1.194215 0.114 1.58 

-Catering βCa
Ơv -14.10485 0.984 -0.02 

-Services βSe
Ơv 2.059499 0.042 2.03 

     
     
Agglomeration:     
Beauty βBe

aggl
 -.0357706 0.066 -1.84 

Catering βCa
aggl

 .0211737 0.014 2.46 

Vacant βVa
aggl

 .0457443 0.001 3.43 

     
Supply indoors βindr -.0470509    0.005 -2.81 

 

Tabel 4.2: parameters pedestrians and outlets 

The results shown in table 4.2 are divided into nine categories, each containing eleven 

store-type sub-categories as evident from the table. The categories each measure 

different aspects of store attractiveness, as will be outlined here.  

● Supply: The “supply” parameters measure the attractiveness of different 

types of outlets, and are in Gouda all positive except for the “catering” and 

“vacant” outlet categories. Regarding vacant outlets, this is fairly intuitive, 

as a street filled with empty shops probably does not present any particular 

appeal. However, why catering ends up with a negative value seems 

somewhat mysterious, given that the buzz and life created by catering 

facilities usually is perceived as being a bonus to augmenting the 

attractiveness of a street (Gibbs, 2012). That the rest of the outlet categories 

have positive parameters is to be expected, as whichever points-of-interest 

are inherently more attractive to pedestrians than other zoning functions, 

housing for instance. 
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● Supply not in sight: Measures the attractiveness of stores while not along 

the line of sight of a given pedestrian. Parameter values are negative or low, 

indicating that stores not in sight do not have the same effect on pedestrians 

as shops in sight - a fairly intuitive result.  

● Supply passed: In terms of the effect that the route already taken has on 

future route choice during the visit to the city center, the parameters in 

“supply passed” indicate that outlets the pedestrians already have passed 

subsequently become less attractive. 8 of 11 parameters are negative, and 

“catering” has the highest positive value. This might be explained by 

pedestrians noticing a catering facility on their way to something else and 

then returning when hungry/thirsty. Most outlet categories having 

negative values is fairly logical, seeing as if a pedestrian is not attracted to 

an outlet when passing for the first time, he/she probably will not be 

interested when passing for the second time.  

● Supply n-i-s/passed: measures the attractiveness of stores which are not in 

sight, but have been passed previously along the route of the pedestrian. 

The negative parameters make the stores even less attractive, while 

positive parameters alleviate the combined effect of being passed but not 

being in sight. 

● Supply visited: Similarly, the attractiveness of shops already visited drops 

significantly, indicated by the negative values of parameters in supply 

visited. For some reason though, walking past catering establishments that 

pedestrians have already visited does not seem to be unattractive. A 

possible explanation for this finding could be that as people generally are 

interested in people (Gehl 2010, Gehl & Svarre, 2013), passing by catering 

facilities has the function of “people-watching”, whereby going past the 

same facility twice presents the opportunity of checking out whether the 

band is still playing, or whatever other human activity of interest.  
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Figure 4.4 - catering facilities in Gouda next to Grote Markt  

● Base enter outlet: indicate that for all outlet types pedestrians have a 

relative low probability of visiting the shop they pass. This makes sense as 

a shopper only visits a limited number of stores. 

● Times passed: Having passed other outlets of the same type decreases the 

probability of entering an outlet, shown by parameter “times passed”. These 

parameters have quite low values, however given that they will be 

multiplied by the number of passed other outlets of the same type the 

aggregate effect will be significant, particularly for shop types that are more 

frequent. If a shopper passed stores of the same type, the probability 

increases to not visit such a store. Apparently, he/she is not interested in 

that type of shop. 

● Times visited: For some types of stores the parameter is positive, indicating 

that if the shopper already visited such a store, the probability of visiting 

another store of the same type increases. Maybe, the shopper is comparing 

stores. This is not true for store types with negative parameters. Especially 

for ‘other retail stores’ and ‘catering’, the parameters are very negative, 

indicating that these types will probably be visited only once. This could be 
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explained by shoppers often going shopping for a specific kind of 

merchandise, and so in order to compare wares they will naturally be more 

likely to visit several shoe-stores instead of just one.  

● Agglomeration: The parameters set to investigate the attractiveness of 

concentrations (clusters) of a certain type of outlet were estimated for 

“Beauty”, “Catering” and “Vacant”. For “Beauty” the parameter is negative, 

meaning that clusters of beauty-related outlets are not attractive to 

pedestrians, and for “Catering” and “Vacant” the parameter is positive. 

“Catering” being positive is intuitive, given that an area that is known for its 

lively sphere probably is likely to attract pedestrians looking for that 

specific type of atmosphere. Regarding the “Vacant” category this is 

however a fairly strange result, as why pedestrians would be attracted to 

clusters of emptiness does not seem very intuitive. 

● Supply indoors: For technical reasons only one generic factor - “supply 

indoors” - was used for measuring the attractiveness of indoor shopping as 

opposed to outdoor shopping. This parameter is negative which indicates 

that pedestrians do not have a particular preference for indoor shopping. It 

should be noted that there is really only one area with indoor shops in 

Gouda (Nieuwe Markt), and that therefore Gouda might not be the ideal 

case study for testing exactly this parameter.  

4.3 Pedestrian movement Gouda in perspective  

As mentioned in the methods section, Gouda is a city of around 73.000 residents, 

and as such a fair bit smaller than Eindhoven and Maastricht (120.000), although 

slightly closer logarithmically in size to Maastricht than Maastricht is to Eindhoven 

(230.000), and as such comparable. Examining the total length of the routes in 

Gouda, it is evident that the pedestrian routes are markedly shorter (760 meters on 

average) than in Eindhoven (1.1 km) and Maastricht (1.5 km). This most likely has 

to do with the fact that the city center of Gouda simply is not as large as either 

Maastricht or Eindhoven. Paradoxically however, the average route length in 

Maastricht is significantly longer than in Eindhoven in spite of Eindhoven being a 

larger city. As concluded by Borgers (2019), this is probably due to the fact that the 

central station is a fair way away from the city center in Maastricht, as well as the 

city center being divided in two by the river Maas. In addition, Maastricht has 

significantly more outlets in the downtown shopping area than Eindhoven, and 

attracts many tourists due to its historical character. 
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Interestingly, when calculating an index for the average distance traversed within 

the city center across the three cities, it becomes evident that when considering the 

size of the city center of Gouda, the average route in Gouda actually is fairly long. 

Although this result will differ depending on the exact definition of the city center 

and the survey design, it seems safe to say that smaller city centers seem to have an 

advantage in terms of getting the most out of the pedestrians that do visit, due to 

them covering more of the city center relative to larger cities11. 

 

● Average length traversed/1 km2 Gouda = 2516 meters 

● Average length traversed/1 km2 Eindhoven = 1428meters 

● Average length traversed/1 km2 Maastricht = 1102 meters 

4.4 Projections / Simulation 

Here the projection generated from the BT model will be presented, as well as 

compared to the actual distribution of pedestrian routes. The underlying 

mechanisms for the simulation is laid out in 2.2 of the theory chapter. It should be 

noted that the number of routes used as a basis for making the projection is on the 

low side, therefore making the projection somewhat experimental.  

 

 

 

 

 

 

 

 

 

 

 

 

 

                                              
11

 Measurement of the size of the respective city centers done through calculating the total area of the city center, as 

opposed to the official area of the “binnenstad” district - which does not provide a very representative view of the 

actual size - particularly in the case of Maastricht. The following total areas were reached through this method: 

Gouda = 0.302 km2, Eindhoven = 0.77 km2, Maastricht = 1.36 km2. Calculated via Daftlogic (2021).  
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Simulation 2014 
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Figure 4.5: Simulation of pedestrian routes and shops visited in Gouda for the 2014 data. Above figure is 
observed from the survey data, below is projected via the BT model. Width of links according to number of 
pedestrians. Diameter of circles (shops) according to number of visitors. Links connecting streets to shops 
and links across Grote Markt removed to improve legibility.  
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Simulation 2017 
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Figure 4.6: Simulation of pedestrian routes and shops visited in Gouda for the 2017 data. Above figure is 
observed from the survey data, below is projected via the BT model. Width of links according to number of 
pedestrians. Diameter of circles (shops) according to number of visitors. Links connecting streets to shops 
and links across Grote Markt removed to improve legibility.  

 

The most evident difference is the more equal distribution of shop visits - where the 

observed distribution has quite a few shops depicted that were not visited at all, the 

projection has a more equal distribution. This is probably due to the projection 

being subject to less statistical variation, which occurs when having a relatively 

small sample size.  

 



53 

In the 2014 figures - both the simulation and the actual figure – the very crucial role 

that department stores and the market play in the city center of Gouda is evident 

from the three large circles. The two largest circles in the 2014 somewhat to the 

north of the center are two department stores. This shows a key difference to 2017, 

where one of the two circles are missing - this is due to the department store VD 

being shut down in the time between the two observations (deGouda, 2016). It is 

often difficult to find another retailer which will take over so large a property, and 

the property has as of June 2020 yet to be fully repurposed. This may indicate the 

importance retaining of “anchor stores”, which it is often argued is of special 

importance to city centers in smaller cities (Gibbs, 2019). Although anchor stores 

have been on the decline, partly due to the rise of big internet retailers such as 

Amazon, new ways of integrating the advantages of online shopping within in-

person shopping are emerging, which could help retain anchor stores in smaller 

cities (IBTimes, 2021; AD, 2020).  
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5. Conclusion and Discussion 

 

This chapter summarizes the findings and further discusses the implications for 

public policy resulting from such. Shortcomings and potential errors will be 

discussed as well, followed upon which future perspectives and areas of research 

for pedestrian movement and the study of the city centers will be pondered. 

 

5.1 Summary of findings 

 

Investigating what aspects of the urban environment influence pedestrian behavior, 

a literature review was conducted wherefrom it was concluded that three main 

factors condition pedestrian movement: retail quality, spatial quality and route 

quality. Following upon this, a theoretical framework was constructed mixing the 

theoretical foundations for discrete choice models from the pedestrian modeling 

literature with the public policy focus from the New Urbanism literature. This mix 

was so devised in order to increase the societal relevance of pedestrian modeling 

and ultimately help answer the question as to how pedestrian modeling can be 

applied to guide public policy.  

 

The methodological framework was created from scratch using QGIS to build up a 

network of lines and points for digitalizing the route data. The data collection was 

similar to previous studies by Borgers and Timmermans and therefore easily 

comparable. 

 

The key findings from the BT model analyzing pedestrian movement patterns in 

Gouda are as follows: 

 

- Canals with running water do not seem to have a positive impact on the 

likelihood of pedestrians choosing a given street. This finding may be 

influenced by the canals in Gouda mainly running along the periphery of the 

city center. 

- The existence of street trees along streets has a measurable positive impact 

on the tendency of pedestrians to choose a given street. This finding fits very 

well with other research within urban design.  

- Squares seem to actively repulse pedestrians. This is a peculiar finding, as 

most research as well as conventional wisdom in urban design points to 
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squares as being important urban spaces that improves the vitality of the 

street. This finding is probably explained by the method used to digitalize the 

routes in QGIS, which often omits the links connecting the square if the 

market outlet is visited.  

- Time spent by pedestrians in the city center of Gouda fits perfectly as an 

exponential distribution, with a half time of 60 minutes. It is unclear if a 

“tiring” effect is present.  

- The vast majority of the supply parameters showed very intuitive results, 

indicating that the model works very well in understanding the interplay 

between pedestrians and shopping. Surprising mainly related to the vacant 

category of shops, indicating that the dynamics at play for this category differ 

from the other categories.  

- Comparing pedestrian movement in Gouda to pedestrian movement in 

Maastricht and Eindhoven, the length of the routes is shorter, but relative to 

the size of the city center, routes in Gouda are longer. 

 

A visualization was created comparing the observed movement of pedestrians in 

Gouda to the projected movement patterns by the BT model. It was concluded that 

the simulation results probably produce more evenly distributed frequencies in 

terms of visits to links and nodes, however due to the relatively low number of 

routes being used as input in the model this might be a finding that should be 

investigated further. The importance of anchor stores was further highlighted by the 

visualization.  

 

5.2 Discussion and shortcomings 

 

In concluding this research it is important to recognize a number of caveats and 

shortcomings. Firstly, as discussed in the literature review, discrete choice models 

do not take into account the impact that pedestrians have on the movement patterns 

of other pedestrians. Taking into account how pedestrians influence other 

pedestrians is of key importance in times in which pedestrian traffic is declining, as 

city centers with low traffic volumes might appear lifeless, thus further exacerbating 

the problem. Interestingly, having models that simulate the impact that other 

pedestrians have on each other in the city center could be very useful in handling 

pandemics, although the dynamics involved are going to differ fundamentally from 

the non-pandemic scenario. 
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As opposed to more micro-scale modeling we have not taken pedestrian movement 

at the individual street level into account. It is assumed that pedestrians walk in 

straight lines along streets, as the questionnaire/digitalization in QGIS 

methodological design does not include that level of detail. This may obscure 

important movement patterns, for instance across squares, where the whole 6500 

m2 square Grote Markt is often treated as being traversed linearly in the 

digitalization process. Further, along streets with sidewalks it is not determinable 

along which side of the street the pedestrian walked, and as such straight lines are 

assumed as well.  

 

The data collection and digitalization method of the routes themselves also pose 

potential issues in terms of the validity of the results. Given that questionnaires 

were collected by interviewing pedestrians at the end of their route, this assumes 

that most people actually remember accurately which route they took. From 

processing the drawn-on-paper maps it was obvious that this often was not the case, 

or that the interviewers simply did not know how to draw it well. As such, a 

significant amount of data had to be discarded, and for some of the routes educated 

guesses had to be made in order to make sense of the routes, due for instance to 

incoherence between shops visited and the route.  

 

In working with digitalization of route data in future research, I would therefore 

make a case for a system producing digitalized routes from the get-go. Having the 

interviewers use tablets seems like the obvious choice if continuing with the in-

person interview data collection method.  The process of working out firstly how to 

digitalize the routes in QGIS, and then secondly have QGIS produce files that fitted in 

the BT model was exceedingly time consuming, partly as the model had been set up 

to use the Transcad files used for earlier research. The original idea for this research 

was to make a multi-city comparison of movement patterns, but as the process of 

constructing the method for digitalizing the surveys turned out to be significantly 

more time-consuming than expected, the decision was made to go for a more 

straightforward research design in order to not compromise analytical depth.  

 

Another caveat worthy of mention when interpreting modeling results is the debate 

on causation and correlation. As touched upon in the previous chapter in relation to 

the impact that water and trees have on route choice, this does not necessarily 

indicate causation. In the case of water being negatively correlated, it is likely that 
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this may simply be the cause of the main streets surrounding the city center in 

Gouda being surrounded by water, and not so much a negative effect from water 

itself. In future studies, it would therefore be of interest to explore the 

causation/correlation conundrum in depth.  

 

The BT model produces a very nuanced analysis of the effects of the different retail 

outlet categories through having some 130 individual parameters, however this can 

be somewhat of a double-edged sword. The multitude of parameters made it 

somewhat hard to analyze thoroughly the individual parameters, as the time/space 

it would take to investigate each parameter becomes excessive. If varying authors 

were to interpret the same results it might therefore appear somewhat random 

what parameter the different authors choose, and so different conclusions could be 

reached through looking at the same data. This quantity of parameters might also 

present problems with compatibility and uniformity, and hinder the general 

applicability of the model to other countries or cities. Further, as outlet types are not 

directly influenceable through public policy anyway, it remains somewhat obscure 

exactly what to do with the information that beauty stores are more attractive to 

pedestrians than fashion stores.  

 

5.3 Future research & Recommendations  

 

As I am putting the final touches to this research the world is still in the midst of a 

global pandemic, putting severe restrictions on freedom of movement across the 

globe. As such, how the Corona crisis will ultimately affect city centers is still an 

open question, however so far indications seem to point towards one of the 

consequences being that internet shopping becomes even more popular 

(DigitalCommerce360, 2021). As a consequence, methods aimed to analyze city 

centers will become of even more importance, to which this research contributes by 

expanding case studies within the pedestrian modeling field.  

 

As touched upon briefly in the methods chapter, I believe that improving the 

legibility and accessibility of the writing style in modeling research could go a long 

way to making pedestrian modeling more accessible. As a case in point, the city-

center consultancy agency, whose data was used in this research, was generally 

somewhat at a loss regarding how to make something of the academic writings on 

pedestrian modeling. A possible way forward for this might be to work towards 



58 

making the model results somewhat more tangible, for instance using the model to 

answer concrete policy questions such as how pedestrian movement patterns will 

be influenced by re-zoning parts of the city center for housing, a policy initiative 

often discussed in middle-sized cities.  

 

More case-oriented use of pedestrian modeling would further help concretize how 

best to apply the findings from the model. For instance the finding that pedestrians 

prefer streets which are lined with trees - what is one to do with that when making 

public policy decisions? Just plant as many trees as possible on every street? From 

having lived in Brasilia, I can testify to the fact that just having as much urban green 

as possible does not make for great pedestrian conditions. Similarly, the results 

regarding the different types of outlets could be used to investigate how to find the 

right retail mix, and how to distribute various kinds of shops in the city center, a 

much debated issue in the Netherlands. Applying the results from pedestrian 

modeling to this issue has to the authors’ knowledge not been attempted and may 

present an excellent opportunity for further research.  

 

Advanced in pedestrian modeling can further help fill a gap in the retail planning in 

the Netherlands. Where DPO12 analyses usually cover the macro-level of shopping 

behavior within a given geographical area, the meso-level is often ignored. DPO 

analyses have often been criticized as being too dependent on the underlying 

assumptions on shopping flows, and malleable to fit the conclusions wanted by the 

party commissioning them. In order to alleviate the dependency on DPO analysis, 

pedestrian modeling could therefore provide a more objective assessment method 

(Van der Krabben, 2011). For that to take place though, it is my impression that 

additional work is needed on the theoretical and methodological part of modeling, 

in order to extract the full potential of the modeling results. This should aim to 

expand the analysis of the different parameter values - what does a parameter value 

of .0258704 for “Length line of sight” really tell us about how the city center should 

be structured? 

 

As I have discussed with Professor Borgers the goal of pedestrian modeling is to 

eventually be able to predict pedestrian flows based solely on data input which 

describes the built environment and the retail environment. Given that the 

                                              
12

 Distributie-Planologisch Onderzoek - a type of analysis usually undertaken by consultancy agencies set out to 

determine the effect on spending patterns new retail developments will have within a given area 
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dynamics regarding influences on pedestrians can differ from city to city, it is 

probable that a mechanism could be developed which projects pedestrian routes 

based on observed behavior in cities most like the city in question. This could be 

calculated from parameters such as population size, tourist visits, educational 

backgrounds, size of the city center and so on. Given the rather underdeveloped 

state of pedestrian movement in city centers it still remains to be seen whether 

models will be easily adaptable universally. Does pedestrian movement in 

Amsterdam really correlate well with how people move in São Paulo or Beijing? 

Even across societies that in terms of socio-economic factors would look rather 

similar, the general applicability might be low, as for instance the radical differences 

between the role of city centers in North America and city centers in Europe could 

indicate.  

 

Another area where further would be beneficial is city center route quality, and its 

effects on pedestrian route choice as discussed in chapter 2. As mentioned, some 

work has been done on this by Metro-Roland (2011) and Zhou et al. (2009), but 

overall this area of research has generally been somewhat overlooked. As such, to 

what extent route quality in Gouda serves to condition the route choice of 

pedestrians has not played a key role in this research, and must be acknowledged as 

a caveat.  

 

On a summary note, it still remains to be seen what the “home-office revolution” 

sparked by the pandemic will mean for mid-sized cities such as Gouda. Will the ease 

with which it is now possible to work online mean that mid-sized cities become 

more attractive, when it is not necessary to show up at the office as often? This 

would increase the population, and therethrough increase pedestrian traffic in the 

city center. Or will such gains be outweighed by the increased tendency for online 

shopping, thereby aggravating further the crisis that mid-sized cities were already 

in? Time will tell. In any case, as cities the world over are slowly emerging from the 

pandemic and many outlets have been cast into financial ruin by lockdown 

measures, much thought will be given to reinvigorating city centers. It is therefore 

my hope that pedestrian modeling can be used as a tool to help guide policy 

initiatives in the future, and that this research has contributed to that pursuit.  
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