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Executive summary 
The acute obstetrics (AO) sector in the Netherlands faces challenges caused by recent 

developments. To start with, it is increasingly difficult to find personnel and the number of hard-

to-fill vacancies has seen a new high in 2018. This forces hospitals to sometimes temporarily close 

down parts of their total bed capacity. Furthermore, several hospitals were closed down recently, 

bringing down the number of AO locations from 84 in 2015 to 78 by the end of 2018. These 

developments put pressure on the remaining AO locations as these cannot handle the increasing 

inflow of patients. About two thirds of midwives has reported to call multiple hospitals before 

finding a hospital that has a bed available. Consequently, 80% of pregnant women does not deliver 

at the preferred hospital. These developments have raised questions about the performance of the 

sector and, more specifically, on the accessibility of AO care in the country.  

  

There are several methods in place to assess the geographical accessibility or the spatial 

distribution of AO locations in the Netherlands. The National Institute for Public Health and the 

Environment (RIVM), commissioned by the government, annually publishes a sensitivity analysis 

for the AO sector. In this sensitivity analysis, an accessibility measure that is related to the so-

called minimum distance measure is used. From every location in the Netherlands, the travel time 

to the closest AO location is calculated to keep track of sensitive AO locations. An AO location is 

marked as ‘sensitive’ if, in case of closure, the number of people that cannot reach an AO location 

within 45 minutes by ambulance would increase. The 13 sensitive locations can, by law, not be 

closed down, so the government has to offer (financial) support when needed. However, this 

measure is based on the theoretical assumption that a patient can and does visit the nearest AO 

location. As a consequence of the beforementioned developments, the closest hospital may not be 

an option for a patient. This effect cannot be captured by the accessibility measure in place. There 

seems to be a gap between the accessibility measures and the actual problems in the sector.  

 

Research problem and approach 

To fill this gap, the concept of substitutability as introduced by Van Wee and Van Cranenburgh 

(2017) is used in this study. Substitutability measures the extent to which the preferred alternative 

can be substituted by other less preferred alternatives. Substitutability is based on the well-known 

LogSum accessibility measure. The mathematical model of substitutability offers a possibility to 

evaluate the effect of elimination of the favourite option, or in other words that of the unavailability 

of the preferred AO location. This research aimed at analysing the performance of the spatial 

distribution of AO care by applying this new subject of substitutability. The following research 

question was formulated: 

What are the consequences of including the concept of substitutability in the 

evaluation of the spatial distribution of acute obstetrics locations in the 

Netherlands? 

 

To be able to answer the research question, it was needed to calculate the accessibility and 

substitutability values. The substitutability model requires the following input: estimated travel 

time and travel cost parameters and a travel time and travel cost origin-destination matrix. The 

model parameters can be derived from a discrete choice model. To estimate a discrete choice 

model, it was decided to conduct a stated choice (SC) experiment. Therefore, before being able to 

answer the research question, the following four main steps have been taken.  

 



First of all, a literature study has been performed to get an overview of the current situation in the 

(acute) obstetrics care sector in the Netherlands. Two more literature reviews were conducted, on 

accessibility measures and hospital decision making. The latter review helped shape the SC 

experiment, as it provided an overview of factors women consider when choosing a preferred 

hospital to deliver. The second step of this research was the SC experiment, conducted among 

female residents of the Netherlands. The data obtained by this experiment was used in the third 

step, the estimation of a discrete choice model. The estimation of a linear-additive RUM-MNL 

model resulted in the following parameters: 

𝛽𝑡𝑟𝑎𝑣𝑒𝑙 𝑡𝑖𝑚𝑒 = −0.0924 

𝛽𝑡𝑟𝑎𝑣𝑒𝑙 𝑐𝑜𝑠𝑡 = −0.0683 

As stated before, these two parameters form part of the input required for the substitutability 

model. The travel time and travel cost matrices are based on the usage of the 4059 habited four-

digit zip codes as origins and the 78 AO care locations as destinations. Travel distances and travel 

times are based on Google Maps data. The travel times have been combined with a fixed cost of 

€0.19 per kilometre to create a travel cost matrix. These allowed for the calculations of the 

substitutability values. For the sake of interpretability, the substitutability values have been 

normalised, which concluded the research phase. 

 

Conclusions and recommendations for future research 

The similarities and differences between the outcomes for the traditional accessibility measures 

and the normalised substitutability measure have been evaluated. The measures all show critical 

values for the islands in the north of Netherlands and the province of Zeeland. However, based on 

the additional areas that normalised substitutability marked as critical, the main conclusion was 

drawn. It is suggested to mark the UMC in Maastricht and the Treant Scheper in Emmen as 

sensitive as well. These hospitals do not directly affect the number of women that cannot reach an 

AO location within RIVMs sensitivity threshold. Nevertheless, the two hospitals show to be of 

critical value to the spatial distribution of AO locations. The unavailability of beds in one of these 

hospitals would have severe consequences for the well-being of pregnant females in these regions. 

The results are visualised in Figure 1. The red areas on the map show areas of which the preferred 

AO location cannot easily be replaced by another in case of unavailability. The blue dots represent 

hospitals that are marked as sensitive according to the latest update published by RIVM (Kommer, 

Gijsen, & Giesbers, 2019). The purple dots represent the proposed additional sensitive locations, 

based on the results of the substitutability model.  

 



 

 Figure 1 Normalised substitutability values and suggestions for sensitive locations 

This research is to be viewed as an explorative study, as it is one of the first applications of the 

model to a practical case. It is important to note that the study is based on assumptions made 

throughout the research that may have affected the outcomes. The literature study is based on the 

opinion of the researcher and the sample of the SC experiment may not be representative for the 

population. These assumptions have caused bias on the substitutability results. Nevertheless, the 

study provides preliminary insights in its research field.  

 

The study focused on AO locations, but the substitutability model has shown to have potential to 

be of use in other situations as well. In any situation where unavailability of the preferred 

alternative plays a role, it could help identify critical areas in the spatial distribution. From a more 

general point of view, it has been concluded that substitutability makes for a good complementary 

measure next to other more traditional accessibility measures. Results of both can be compared 

using maps. Together with the ease of application and the flexibility the model offers, 

substitutability is a promising future research subject. Considering the results as found in this 

study, some suggestions for future research are: 

• Exploration of different model formulations for the substitutability calculations, besides 

the LogSum based model; 

• Inclusion of other parameters than just cost and time parameters; 

• Research from the perspective of hospitals, so instead of taking the hospital user as a 

starting point, taking a demand-side perspective; 

• Inclusion of constraints in the substitutability model.  
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1 Introduction  
In the Netherlands, the Ministry of Health, Welfare and Sport (VWS) is responsible for the health 

and welfare of citizens. The ministry seeks to support people who have health problems and tries 

to make sure these people can “call on their general practitioner, the hospital or other forms of 

health care on time” (VWS, 2018, p. 20). The health care system of the Netherlands allows for 

regulated competition (Hoogervorst, 2004). The introduction of competition was aimed at 

enhancing three government-defined goals: quality, accessibility and affordability of the health 

care system (Van den Berg, De Boer, et al., 2014; VWS, 2018). Historically, the Netherlands has 

scored relatively well on accessibility measures when compared to other Organisation for 

Economic Co-operation and Development (OECD) countries (Ruwaard, 2018; Van den Berg, De 

Boer, et al., 2014).  

 

According to the accessibility model developed by the National Institute for Public Health and the 

Environment (RIVM), 99.6% of all citizens can reach an emergency medical department (A&E) 

by car within just 30 minutes (RIVM, 2018b). By ambulance, 99.8% of the citizens can reach an 

A&E within 45 minutes. These relatively good scores on accessibility of health care in the 

Netherlands can partly be explained by the high population density and the distribution of 

ambulance stations. The population density of 509 people per square kilometre is the highest of all 

OECD countries (The World Bank, 2017). Furthermore, the integral approach and the yearly 

revision of the ambulance distribution helps improve the overall system (Kommer & Mulder, 

2018).  

 

However, recent bankruptcies of several hospitals have raised concerns amongst citizens. The 

Medical Centre (MC) Slotervaart in Amsterdam and all four establishments of the MC 

IJsselmeerziekenhuizen in Lelystad, Emmeloord, Dronten and Urk are planned to be closed down 

in the near future (Bruins, 2018). As another 12 out of 68 analysed hospitals turned out to be 

financially unstable, minister for Medical Care and Sport Bruno Bruins asked RIVM to research 

the effect of the closures on the spatial distribution of the national hospital sector (BDO, 2018; 

Bruins, 2018).  

 

Another alarming recent development has put pressure on the health care system. Several hospitals 

struggle to find personnel and the number of hard-to-fill vacancies has seen a new high in 2018 

(BDO, 2018; Leensen, Poulssen, & Weststrate, 2018; Van den Berg, Kringos, Marks, & Klazinga, 

2014). Consequently, hospitals are sometimes forced to temporarily close down parts of their total 

bed capacity (Weeda, 2018a, 2018b). Sometimes the closest hospital simply does not have a bed 

available for a certain patient (Wassenaar, 2017). The accessibility measures in place assume 

patients receive treatment at the nearest hospital (Van den Berg, De Boer, et al., 2014). 

Concludingly, there seems to be a gap between the accessibility measures and the actual problems 

in the hospital sector.  
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1.1 Research problem 
As discussed, there is a need for additional insights in the performance of the Dutch hospital sector 

from an accessibility point of view. Accessibility of health care is one of the three major objectives 

of the Ministry of VWS (VWS, 2018). The yearly updates by RIVM on the performance of the 

hospital sector include accessibility measures such as ‘travel time to the nearest hospital by car’ 

and ‘travel time to the nearest A&E by ambulance’ (Kommer & Mulder, 2018; RIVM, 2018a). 

Furthermore, by law, the government has the obligation to (financially) support hospitals that are 

marked as ‘sensitive’. A hospital is marked as sensitive “if, according to the theoretic model, the 

number of residents that may take more than 45 minutes to be brought to an A&E increases when 

this hospital closes.” (Kommer, Gijsen, De Bruin-Kooistra, & Deuning, 2017, p. 5).  

 

These models and performance measures are all based on the assumption that the patient visits the 

nearest hospital. More importantly, it assumes the patient concerned can receive the required aid 

at the nearest hospital. However, as a consequence of the aforementioned developments, the 

closest hospital may not be an option for a patient. To what extent do patients experience a loss of 

accessibility if the nearest hospital is not available? To fill this gap, the concept of substitutability 

as introduced by Van Wee and Van Cranenburgh (2017) could provide interesting insights for the 

hospital sector in the Netherlands. The mathematical model for substitutability offers a possibility 

to assess the effect of elimination of the favourite option, or in other words that of the unavailability 

of the nearest hospital. The concept is elaborated on further in Section 1.6.4. The next section will 

first zoom in on the scope of this research project. 

 

1.2 Research scope  
The scope of this research is to identify the potential added value of the substitutability concept 

for the spatial distribution of the health care sector in the Netherlands. In some areas, a cross-

border trip to a hospital is a feasible possibility. For example, the General Hospital in Turnhout is 

only 12 km from the Belgium – Netherlands border. However, as basic health insurances solely 

cover health care costs made in the Netherlands, foreign hospitals are outside the scope of this 

research.  

 

The focus of this research project is on acute obstetrics (acute verloskunde (AV) or AO) locations. 

In December 2018, 78 hospitals provided 24/7 AO care (Kommer & Mulder, 2018). Unavailability 

of beds in this department poses a serious threat to the health of both the pregnant woman as well 

as the unborn baby (Muller, 2019). There is no publicly available data on the times bed capacity 

forced a pregnant woman to go to another hospital. However, a survey by the Royal Dutch 

Organisation of Midwives (KNOV) states 80% of pregnant women does not deliver in the 

preferred hospital and about two thirds of the midwives has to call multiple hospitals before finding 

an available bed (KNOV, 2018). This makes for an interesting case for the application of 

substitutability as a spatial distribution concept. 

 

Furthermore, RIVM has thoroughly researched the spatial distribution of AO locations, which 

offers the possibility to compare results. Obstetrics services can be divided into planned and acute 

care (G. J. Kommer, personal communication, January 18, 2019). Transportation for AO is partly 
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done by ambulance, but the majority is done by private transport (Gijsen, Kommer, Bos, & Van 

Stel, 2010). Trips for planned obstetrics care are assumed to be done by private transport. 

Therefore, the focus of this research is on car transport, as it is assumed pregnant women in need 

of (A)O care come to the hospital by car. This again makes results comparable to existing research.  

 

Finally, this research has to be approached as an explorative study, as it includes an early 

application of substitutability. To the best of the authors knowledge, besides the work by Van Wee, 

Van Cranenburgh and Maat (2018), this has not yet been done. Based on the research scope, the 

objective of this thesis project is presented in the next section.  

 

1.3 Research objective 
The main purpose of this thesis is to evaluate the spatial distribution of hospitals, more specifically 

of the AO locations in het Netherlands. There are accessibility measures in place at the moment, 

which is compared to the concept of substitutability as introduced by Van Wee and Van 

Cranenburgh (2017). Substitutability  has the potential to indicate other critical areas in the spatial 

distribution than the other accessibility measures currently in place. These criticalities could lead 

to recommendations regarding the locations to be marked as ‘sensitive’.  

 

Additionally, the focus of the study is on researching the robustness of the spatial distribution by 

means of the substitutability concept. It is tested whether substitutability is better suited for the 

evaluation of the AO location distribution than the measures currently used. It is explored whether 

substitutability could replace measures or should be applied as a complementary measure. To the 

best of the authors knowledge, substitutability has not yet been explored thoroughly, let alone in 

the hospital sector. According to Yin (2014), when the existing knowledge base on a certain topic 

is not sufficient (yet), a new empirical study will most likely be an exploratory study. Therefore, 

the study focuses on exploring the concept rather than on developing general theoretical 

statements. To reach this goal, the next section presents the main research questions and the 

appurtenant sub-questions.  

 

1.4 Research questions 
Considering the research objective and the scope of the thesis project, the main research question 

is defined as follows:  

What are the consequences of including the concept of substitutability in the 

evaluation of the spatial distribution of acute obstetrics locations in the 

Netherlands? 

 

In order to answer this question, it is necessary to define sub-questions on the different topics of 

the main research question. These will be introduced, after which the methodology per question 

will be elaborated on further. 

1. How is the current acute obstetrics care system of the Netherlands organised, and how has 

its spatial distribution developed over the last decade? 

2. Which factors influence the decision for women in the Netherlands when choosing a 

hospital for acute obstetrics care, and to what extent? 
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3. What are the differences between the values for accessibility and substitutability in the 

spatial distribution of the acute obstetrics locations in the Netherlands? 

4. What is the added value of including substitutability in a spatial distribution analysis? 

The main objective of answering the research questions is to provide preliminary insights in how 

substitutability can be a relevant concept when evaluating travel behaviour. The next section will 

briefly elaborate on the relevance of this research, after which Section 1.6 presents the different 

research methods that will guide answering the research questions.  

 

1.5 Relevance of the research 
From a scientific point of view, by comparing substitutability to the accessibility measures, this 

thesis will contribute to spatial distribution research and more generally to travel behaviour 

research. As discussed, the concept of substitutability has barely been researched in a travel 

behaviour context, let alone included in spatial distribution analysis. Therefore, this thesis serves 

as a first exploration of the particular scientific subject. Ideally, the outcomes will help other 

scientists in future research projects on substitutability or other accessibility topics.  

 

The research project is relevant in societal terms as well, as health care is a public good. 

Furthermore, the outcomes might be helpful for governmental research institutions such as RIVM. 

It is however not the intention of the research to come to practical policy advice or 

recommendations. Rather, the focus is on investigating the substitutability subject, the 

consequences of including it in the analysis and its potential added value. 

 

1.6 Research methods 
The intention is to approach the developed research questions with the use of multiple methods. 

To be able to calculate the accessibility and substitutability values, input parameters for the 

substitutability model are needed. These include estimated model parameters, amongst others. The 

study can roughly be divided into five different steps. In the upcoming sections, a short description 

of the different methods used in these steps will be presented. When applied, each method will be 

elaborated on further in the appurtenant chapter.  

 

1.6.1 Literature review 

The first step of the study consists of a literature review. The aim is to answer the first sub-question 

and a part of the second sub-question. A study of existing literature on AO, accessibility measures 

used in the hospital sector and hospital decision making will be performed. For the former subject, 

mostly governmental publications will be used. The review of accessibility measures will be 

narrowed down to hospital spatial distribution measures. For the review of hospital decision 

making, a step-by-step review plan will be attached, as the base of literature on this field is very 

large.  

 

Sub-question 1: What does the current acute obstetrics care system of the Netherlands look like, 

and how has its spatial distribution developed over the last decade? 
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First of all, the hospital sector and more specifically the AO sector of the Netherlands will be 

reviewed. The objective is to get a well-founded understanding of recent developments and the 

current situation. A thorough study of the field will provide an overview of the current spatial 

distribution, which will help answer the first sub-question. The expectation is that most of the 

required information will be found in governmental publications and research done by for instance 

RIVM. The performance measures of the spatial distribution of the health care sector will also be 

included in the review, as these will be helpful for the comparisons to be made in a later stage of 

the research and will help identifying the potential added value of substitutability for this sector. 

 

Sub-question 2: Which factors influence the decision for women in the Netherlands when choosing 

a hospital for acute obstetrics care, and to what extent? 

 

For the second sub-question, a literature study will serve as a base for the answer. A review of 

existing literature on hospital decision making is crucial for the identification of factors that play 

a role for women choosing obstetrics care. The literature review is started from a broad perspective, 

including state-of-the-art hospital decision making research from international journals. Databases 

like ScienceDirect, Scopus and Google Scholar will be used. After completing the literature 

studies, an overview of important decision-making parameters is formulated. However, it is 

expected the existing literature does not include research on parameters for AO decision making 

in the Netherlands specifically. These will have to be found using a survey among female residents 

of the Netherlands. Stated choice experiments are a suitable way to identify a cost and travel time 

parameter, as will be explained in the next section. 

 

1.6.2 Stated choice experiment 

To finalise the answer to the second sub-question, a survey will be used. To identify the preferences 

of women when choosing an AO hospital, a stated choice (SC) experiment will be conducted. As 

stated by Louviere, Hensher and Swait (1998), SC experiments intend to examine behaviour of 

people. The results comprehend trade-offs in their decision-making. In this survey, trade-offs could 

for example be the perceived quality of a hospital or the preference for a general hospital instead 

of an academic hospital (UMC). In a SC experiment, the questioned participant will be asked to 

choose between multiple (hypothetical) choice situations (Train, 2002). By comparing the stated 

choices, the resulting data enable the estimation of user preference parameters (Kroes & Sheldon, 

1988). 

 

As the substitutability model requires travel time and travel cost parameters, another objective of 

the SC experiment is the identification of a Value of Travel Time (VoTT). The VoTT is the 

marginal rate of substitution between travel time and cost in choice models (Brownstone & Small, 

2005; De Jong, Tseng, Kouwenhoven, Verhoef, & Bates, 2007). The VoTT serves as input for the 

next sub-question. It is part of the model that is the base for the substitutability values. SC 

experiments are often applied to derive the VoTT (Brownstone & Small, 2005; Devarasetty, 

Burris, & Douglass Shaw, 2012).  
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It should however be noted that there are a few limitations to the application of the SC method. 

First of all, as the experiments regard stated responses, it is unsure how people will behave in 

reality. One should also be aware of the fact that respondents might behave strategically, aiming 

to influence future policy making (Molin, 2010). A possibility to solve this issue is to validate 

using revealed behaviour studies, instead of SC experiments. This is nevertheless out of scope for 

this research project.  

 

Concludingly, the SC experiment supplements the outcomes of the literature study. Together, they 

provide an answer to sub-question two. Ideally, the outcome of the SC experiment is a discrete 

choice model with significant parameters that can directly be used as input for the substitutability 

model.  

 

1.6.3 Discrete Choice Modelling 

To be able to identify the VoTT and estimate a model to use for substitutability, discrete choice 

modelling will be used. Discrete choice modelling allows for estimation of a model based on 

observed choices of a SC experiment (Molin, 2010). Most discrete choice models are derived 

under the assumption of utility-maximising behaviour by decision-makers (Train, 2002). The 

model and appurtenant parameters will allow for estimation of choice probabilities. Initially, Van 

Wee and Van Cranenburgh (2017) used the logit-formula to predict choice probabilities. This 

method is also used for the data gathered in the SC experiment of this study. 

 

Based on the choice probabilities of the hypothetical hospital alternatives, the different input 

parameters for the substitutability calculations will be gathered. The next section discusses the 

different values for substitutability and accessibility that will be calculated in order to answer the 

third research sub-question.  

 

1.6.4 Results comparison 

Before explaining this fourth step of results comparison, that will help answer the third sub-

question, the obtained results will be discussed briefly. First of all, the accessibility measures. The 

accessibility of AO locations will be calculated, in other words the time it takes to get to an AO 

location. RIVM also frequently assesses the spatial accessibility of different acute departments of 

the health care system of the Netherlands (RIVM, 2018a). These accessibility measures are based 

on car drive time matrices, from origin (home) to destination (hospital). This data is unfortunately 

not publicly available, so it will have to be recalculated in order to make the results comparable.  

 

Secondly, the substitutability calculations. As discussed briefly before, substitutability is a 

relatively new mathematical concept that offers the possibility to value the unavailability of the 

preferred alternative. Substitutability is very closely related to accessibility and Van Wee et al. 

(2018) proposed a definition in the context of travel behaviour. According to Van Wee, Van 

Cranenburgh and Maat (2018, p. 2), substitutability is “the extent to which the preferred travel 

alternative can be substituted by other initially less preferred alternatives.”. More specifically, this 

means it offers a mathematical model to assess the unavailability of the preferred AO care centre. 
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Choice probabilities of different alternatives form the required input. Further explanation of the 

concept and the mathematical formulation can be found in Section 4.1.  

 

Sub-question three: What are the differences between the values for accessibility and 

substitutability in the spatial distribution of the acute obstetrics locations in the Netherlands? 

 

Comparing both measures may offer new insights in the performance of the acute obstetrics spatial 

distribution in the Netherlands. This will be captured in the answer to the third sub-question. The 

fourth and last sub-question includes a more general approach to the substitutability concept. 

Ideally, it offers insights in the potential added value of applying the concept in other areas then 

acute obstetrics. The objective is to capture these insights in the answer to the last sub-question. 

 

Sub-question four: What is the added value of including substitutability in the spatial distribution 

analysis of AO locations? 

 

The use-case to AO locations is to be viewed as an explorative application. Nevertheless, the goal 

is to identify insights in the substitutability concept that may be generalizable. These insights will 

be helpful to future researchers that intend to research substitutability from a travel behaviour 

perspective. 

 

1.6.5 Conclusion 

The last step in this research is to draw final conclusions. After identification of variables that 

influence the choice for a specific AO centre, the choice probabilities are described in a specific 

choice model. The outcomes of the accessibility and substitutability will then be compared. This 

will guide the identification of the potential added value of substitutability, which will answer the 

main research question. This also concludes the final phase of the research report.  

 

1.7 Report structure 
The thesis report is structured based on the steps as explained in Section 1.6. In Chapter 2, the 

(theoretical) background is introduced by means of literature studies. Chapter 3 explains the 

different steps of the SC experiments and the results. In the third chapter, discrete choice modelling 

will help identify the input for substitutability and accessibility. These substitutability steps and 

results will then be discussed in Chapter 4. The last chapter, Chapter 5, takes on the conclusions, 

future research recommendations and a reflection. An overview of the different steps, including 

input, used software packages and output is given in Figure 1.1. 
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Figure 1.1 Steps to be taken in this research, including software to be used 
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2 Theoretical background 
As mentioned in Section 1.6.1, this chapter will elaborate on the background of this research by 

means of a literature review. The chapter will start off by presenting the main characteristics of the 

hospital sector in the Netherlands. The subsequent Sections 2.1.1 and 2.1.2 respectively elaborate 

on recent developments and the spatial distribution of AO locations. In Section 2.2, the relevant 

accessibility indicators currently in use will be presented. The last part of this chapter, Section 2.3, 

will review the variables that influence hospital decision making according to existing literature.  

 

2.1 The hospital sector in the Netherlands 
As discussed in Chapter 1, the Dutch health care system is based on three principles: access to care 

for all, solidarity through the compulsory medical insurance and high-quality healthcare service 

(VWS, 2016). In 2006, the reformed Health Insurance Act (ZVW) was introduced. This implied 

the obligation to pay a monthly fee towards the collective health insurance costs of the country. 

This compulsory insurance package covers basic health care costs. Consequently, the majority 

(83%) of the total expenditures on specialist medical care (msz) (€27.2 billion in 2017) is financed 

by the ZVW. It is possible to supplement the basic insurance package with an insurance for 

additional health care. This additional package is not compulsory. 

 

Despite the private character of the health care sector, the sector is quite strongly regulated. For 

this reason, the government keeps an eye on the spatial distribution of the hospital locations. RIVM 

annually brings out a report on the supply and accessibility of emergency hospital care in the 

Netherlands. In this report, the locations of all A&E and AO departments are analysed to check if 

the distribution requirements are still met. 

 

The public hospital sector in the Netherlands can be divided into four different categories. Regular 

hospitals, outlying polyclinic facilities (OPFs), academic hospitals and children’s hospitals. RIVM 

regularly updates the online list of hospitals and their locations. The last update dated from June 

2018, so the list has been updated manually based on recent updates about hospital closures, 

merges and moves. The six children’s hospitals as found in the list published by RIVM (2018c) 

are located in Utrecht, Rotterdam, Nijmegen, Amsterdam and Leiden and are connected to one of 

the UMCs. One children’s hospital is found in The Hague but is for unknown reasons not 

recognized in RIVMs list of hospitals as being a children’s hospital. The hospital has nevertheless 

been included in the list as a children’s hospital. The different OPFs belong to either a general or 

an academic hospital (Volksgezondheidenzorg.info, 2018b). The total number per type of facility 

in December 2018 can be found in Table 2.1. Considering the seven children’s hospitals are located 

at either a general or an academic hospital, this brings the total amount of hospital locations to 239.  
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Table 2.1 Types and number of public hospital facilities in the Netherlands, update December 2018 (adapted from RIVM, 2018) 

Type of Hospital Amount 

Academic Hospital (UMC) 8 

General Hospital 100 

Outlying Polyclinic Facility 131 

Children's Hospital 7 

Total 246 

 

Besides the public hospital facilities, the Netherlands also has a large amount of private health care 

centres. The majority of these clinics are specialised in either dermatology or ophthalmology. The 

private health care sector is not very well-documented, but Independent Clinics Netherlands 

(ZKN) has registered 358 clinic locations and the Health and Youth Care Inspectorate (IGJ) 

monitored 418 clinics in 2016 (IGJ, 2016; Zelfstandige Klinieken Nederland, 2018).  

 

About 15.6% of the total jobs in the Netherlands in 2017 were in the health care and welfare sector. 

The total employment in the msz equalled 229,600 full time equivalent (fte), which is about 30% 

of the fte in health care. The total number of employees in the general hospitals was about 211,700 

(Nederlandse Vereniging van Ziekenhuizen, 2018). Concludingly, the health care sector is a very 

important labour sector from two perspectives. On the one hand, hospitals and other health care 

facilities are major employers, which offers employment opportunities. On the other hand, it is of 

social importance to make sure the health care sector works at a sufficient capacity. This latter 

challenge and other important developments will be elaborated on in the next section. 

 

2.1.1 Recent developments 

This section will elaborate on several recent developments in the msz sector. The different bullet 

points are intended to group together some of the developments and the associated consequences. 

All these developments are somehow interrelated and should therefore not be viewed as stand-

alone events.  

 

• Financial developments 

Over the last decade, the annual expenditures on health care have increased by almost 20% to more 

than €90 billion in 2017. While this seems extremely high, the percentage of Gross Domestic 

Product (GDP) spent on health care has stayed relatively stable in the same period as can be seen 

in Figure 2.1. The expenditures are expected to increase to €137 billion in 2040. This is mainly 

due to demographic changes: the life expectancy is increasing which leads to higher elderly care 

costs. The other two third of the increase in expenditures is to be attributed to developments of 

medical technology and economic growth (RIVM, 2018c).  
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Figure 2.1 Annual health care expenditures, 2008 - 2017 (adapted from CBS, 2018) Note: * are estimated figures 

The growing costs prompt pressure on health care providers to work more efficiently. 

Nevertheless, hospitals have struggled to stay financially healthy for years. According to the 

benchmark BDO presents annually, the return of the 66 studied hospitals has been decreasing 

steadily (BDO, 2018). Furthermore, 14 hospitals were on the verge of bankruptcy in June 2018. 

Two of these had to be closed in the end of 2018. Many people in the region have shown their 

worries (Oosterom, 2018; Oosterom & Van de Wier, 2018). Despite the fact that RIVM closely 

monitors the spatial distribution, a major concern is that of accessibility of (acute) health care 

services for citizens. 

 

Finally, the number of hospital mergers has peaked in 2015. The most frequently mentioned 

arguments for mergers are improvement of efficiency by concentrating top clinical specialists and 

quality improvements (NZa, 2015). However, as has been investigated by Batterink, Reitsma, 

Bakker, Pomp and Plu (2016), it is difficult to determine the effects of mergers on quality. BDO 

concluded a decreased solvability, liquidity and return for five of the eight hospitals that merged 

in 2015. Apparently, merging does not guarantee financial stability. Other potential risks are “the 

limitation of choice possibilities for patients, longer travel times, lower quality and higher tariffs” 

(Fusies tussen ziekenhuizen Volksgezondheidenzorg.info, 2018a). The changes in the distribution 

may have a major impact on accessibility of health care for patients, so one could question how 

advantageous mergers really are.  

 

• Personnel and capacity problems 

Another development that puts pressure on the financial outlook of hospitals is the struggle to find 

suitable personnel. The number of hard-to-fill vacancies has peaked in 2018 (BDO, 2018; Leensen 

et al., 2018). Furthermore, the total number of vacancies has doubled in the last four years 

(Nederlandse Vereniging van Ziekenhuizen, 2018). In order to temporarily solve these problems, 
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health care institutions regularly have to hire freelancers. Most institutions have however reported 

this is undesirable, as hiring freelancers does not promote continuity and requires a lot of adaptivity 

of their own personnel (Van den Brink, Herderschee, & Vleugels, 2018). 

 

To gain insights in the opinions and feelings personnel has, several institutions spread surveys 

among nurses such as RIVM and Netherlands institute for health services research (NIVEL). Some 

worrying developments that represent the increasing pressure on nurses are shown in Figure 2.2. 

The effects of the increasing pressure on hospital personnel has led to an absenteeism rate of almost 

6% in 2017. Together with a new five-year high staff turnover of 13.3%, the majority of hospitals 

is now facing challenges in terms of capacity (Leensen et al., 2018). 

 

 
Figure 2.2 Survey results among nurses, 2011 - 2017 (adapted from NIVEL, RIVM and CBS) 

These capacity complications have had an impact in almost every hospital, on both acute as well 

as non-acute services. About half of the hospitals reported they had to postpone planned surgeries 

(Van den Brink et al., 2018). According to the head of the intensive care department at the 

ErasmusMC in Rotterdam, they “sometimes have to postpone an acute heart surgery because there 

is no intensive care bed available.” (Weeda, 2018a, p. 2). In 2018, all UMCs have reported to limit 

their bed capacity. General hospitals also are sometimes forced to temporarily close down parts of 

their total bed capacity (Weeda, 2018a, 2018b). Concludingly, the lack of capacity is two-folded, 

as on the one hand the operation theatres are short-staffed, while on the other hand bed capacity 

sometimes has to be limited. As a consequence, the waiting times for both diagnosis as well as 

treatment have grown to five-year highs (Mediquest, 2019). In recent interviews, the Dutch 

Hospital Association (NVZ), the Netherlands Federation of University Medical Centres (NFU), 
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the minister for Medical Care Bruno Bruins, the Dutch Health Insurers (ZN) and the Dutch 

Healthcare Authority (NZa) stated this is worrisome (Kempes & Bunskoek, 2019). 

 

• Shifts in health care provision 

Several other changes that influence the spatial distribution of health care services have happened 

over the last couple of years. The tremendous growth in OPF locations and the increase in the 

number of private clinics are discussed briefly.  

 

Over the last decade, the amount of OPFs has grown by 120% from 61 in 2009 to 131 in 2018 

(Volksgezondheidenzorg.info, 2018b). Most of these are located on the edge of the catchment area 

of a particular hospital, to compete with hospitals in the vicinity. These developments seem 

positive for the distribution of health care services. It offers patients the possibility to visit a nearby 

OPF location instead of the further located general hospital. One could argue if the purpose of 

OPFs is competing with other hospitals rather than to get closer to their own patients and enhance 

accessibility (Sonneveld & Heida, 2014). However, the effect of opening multiple OPFs is 

expected to improve accessibility of healthcare.  

 

Secondly, private clinics have gained popularity of the last couple of years. The Netherlands has 

also seen an increase in private clinic locations. The growth in this sector is captured in Figure 2.3. 

Despite the fact that most of the clinics are located in the Randstad, the increasing number of 

clinics improves the spatial distribution of healthcare (Zelfstandige Klinieken Nederland, 2018). 

Furthermore, the waiting times for private clinics are usually a lot lower than those of regular 

hospitals. However, private clinics usually focus on one particular discipline. For acute health care, 

the Dutch citizen still has to visit a general hospital.  

 

 
Figure 2.3 Number of (treatments in) private clinics, 2009 - 2016 (adapted from IGJ) 
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Concludingly, the beforementioned developments have all, some to a lesser extent, had their 

influence on the spatial distribution of healthcare in the msz sector. The next section will zoom in 

on the main characteristics and developments of the (A)O care sector specifically.   

2.1.2 The current situation of AO 

Over the last twenty years, the number of women that delivers at home has declined tremendously. 

Only 13 percent of women gave birth at home in 2015, compared to 23 percent in 2005 (Perined, 

2017). The Netherlands is one of the only countries where a delivery at home is this popular. In 

other countries, hospital deliveries are the standard. It seems the Netherlands is shifting to this 

standard as well. The shift towards hospital deliveries could maybe be explained by the fact that 

the Netherlands was one of the six countries with the highest percentage of perinatal deaths in 

Europe in 2010. This percentage has improved from 9 permille to 4.2 permille in 2015 (Euro-

Peristat, 2018).    

 

According to research by TNO, dating from 2008, this shift towards hospital deliveries as the 

standard worries women as they sometimes would need to travel far to the nearest hospital 

(Volkskrant, 2017). Furthermore, it is questionable whether or not the sector can handle this shift. 

To be marked as a hospital that provides AO care, a hospital needs to meet the following three 

requirements: 

1. AO 24 hours a day 7 days a week, 

2. Presence of clinical obstetrician or gynaecologist, and 

3. Gynaecologist, paediatrician, anaesthesiologist, nurse anaesthetist and operating room 

available within 30 minutes (Kommer et al., 2017).  

The number of AO care hospitals that meet these requirements has decreased from 84 in 2015 to 

78 by the end of December 2018 (RIVM, 2018b). The Treant Zorggroep for instance was forced 

to close down two of their AO locations (in Stadskanaal and Hoogeveen) because of the deficiency 

of available paediatricians in the region (RTVDrenthe, 2018). Media reported on the worries of 

people living in the areas next to the hospitals that have either closed down their AO or are on the 

verge of closing down (Muller, 2019; RTVDrenthe, 2018; Van de Wal, 2019; Van Lonkhuyzen, 

2019; Van Steenbergen & Weeda, 2018).  

 

Besides the worries expressed by residents of affected areas, midwives and hospitals have also 

expressed apprehension regarding the current situation for AO. The main concern is regarding 

available personnel. The most hospitals report a sufficient number of beds, but unavailability of 

personnel to actually make use of this capacity. This development comes with an increased 

pressure on midwives (Molenaar, 2018; Van den Brink & Herderschee, 2018). Midwives state 

they often have to call multiple hospitals before being able to bring a woman, who is about to give 

birth, to a hospital (KNOV, 2018; Van den Brink & Herderschee, 2018).  

 

The additional inflow in some hospitals caused by the closure of other AO locations, combined 

with the unavailability of personnel have led to an increase in travel time to AO locations 

(RTLNieuws, 2019; Van Steenbergen & Weeda, 2018). This development has not passed by 

unnoticed by the minister for Medical Care Bruno Bruins. However, theoretically speaking, no 

laws or agreements have been broken yet as the spatial distribution of AO locations in the 
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Netherlands still meets the requirements. The next section will discuss the results of the literature 

study on different accessibility indicators for the spatial distribution of hospitals.   

 

2.2 Accessibility indicators  
There are several methods to assess the performance of a system or a specific spatial distribution. 

Some of these focus on optimization of the hospital location network, such as the covering model. 

This model is based on maximization of the sum of hospital patients covered within a certain 

distance. For example in France, this model has been applied to maternity hospitals by Baray and 

Cliquet (2013). In a case study in New Mexico, a similar approach was used on emergency 

departments (Tokar Erdemir, Batta, Rogerson, Blatt, & Flanigan, 2010). Nevertheless, these 

models rely on simulations: it is often not practically feasible to fully optimize hospital locations 

in a certain area. Although there is a lot more at stake than is used in theoretical models,  

geographical accessibility measures like these have been part of federal health legislation for a 

long time (Smith et al., 1985). However, this research focuses on insights in the current situation 

rather than on optimization of the distribution. 

 

In this light, several types of geographical accessibility measures have been applied to health care 

sectors. Table 2.2 includes a recapitulatory overview of six of these measures based on other 

comprehensive reviews (see e.g. Bhat et al., 2000; Hanson & Schwab, 1987; Joseph & Phillips, 

1984; Love & Lindquist, 1995; Martin & Williams, 1992) 

 
Table 2.2 Summary of accessibility measures for the hospital sector (adapted from Love & Lindquist and Martin & Williams) 

Measure Description 

Choice-set Number of hospitals within a certain distance of location or person 

Extended 

choice-set 

Choice-set, but with additional factors included. E.g. distinction between rural and 

urban areas 

Minimum 

distance 

Distance to closest hospital 

Mean 

distance 

Average of the distances to each of the hospitals weighed by the probability of usage 

Hansen Inclusion of the attractiveness of hospital, reflecting the propensity to travel for 

hospitals 

Log-sum  Hansen measure, with the inclusion of a natural logarithm 

 

In the Netherlands, Statistics Netherlands (CBS) applies the choice-set method as it keeps track of 

the number of hospitals within a certain reach on a provincial as well as a municipal level (CBS, 

2019d). For the AO distribution specifically, there are two measures in place that are related to the 

minimum distance measure as presented in Table 2.2. One is focused on ambulance trips, the other 

is focused on accessibility by car. The former measure also holds for A&E. For emergency care 

(both A&E and AO) the so-called 45-minute rule is used. This means, in case of an emergency, 

any resident of the Netherlands should be able to get to an emergency department within 45 

minutes. The 45 minutes include the 15 minutes it should, to the utmost, take to get to a patient in 

need by ambulance (Kommer et al., 2017). Recently, the minister for Medical Care Bruno Bruins 
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called this rule outdated and advocated for a revision of the rule. He also stated the norm should 

be viewed as a directive rather than a strict rule. These statements lead to insurrection, as the Area 

Health Department of the province of Flevoland recently announced their average ambulance trip 

time to be 51 minutes (Lengton, 2019). As there is no publicly available data on ambulance driving 

times, it is difficult to objectively judge the statements made by minister Bruins.  

 

The focus of this research will also be on driving times by car. The accessibility measures serve 

as a guide for identification of the so-called sensitive hospitals. A hospital is marked as sensitive 

“if, according to the theoretic model, the number of residents that may take more than 45 minutes 

to be brought to an increases when this hospital closes.” (Kommer et al., 2017, p. 5). In April 2018, 

the total number of sensitive hospitals is ten for basic A&E and thirteen for AO (RIVM, 2018b). 

The mentioned theoretical model is the accessibility model, according to which the distribution of 

hospitals covers 99.8% of the residents of the Netherlands (Kommer et al., 2017).  

 

In the case of AO, it is said to cover 99.7% of women in the fertile age, which is from 15-50 years 

according to CBS (2019a). In other words, 99.7% of women in the fertile age can reach a hospital 

by car within 30 minutes. However, as has been described in Section 2.1.2, it has been increasingly 

difficult to find a spot for pregnant women or women already in labour. This is the gap 

substitutability could potentially fill, as it accounts for the unavailability of the preferred 

alternative or the nearby hospital. The next section elaborates on factors that are found to be 

important for pregnant women when deciding on which hospital to go to. 

 

2.3 Hospital decision making 
Not surprisingly, when searching for international literature on hospital decision making or 

bypassing hospitals, most of the literature focuses on rural hospitals. Examples of research come 

from countries like the United States of America or Australia, where rural hospitals have a lot more 

difficulties staying financially healthy than urban hospitals (AIHW, 2017; Australian Bureau of 

Statistics, 2017; Tai, Porell, & Adams, 2004). It is key to view the conclusions in these articles 

from the perspective of the Netherlands. There are several areas in the Netherlands, for instance 

the provinces of Drenthe, Friesland and Zeeland, that have a population density of around 200 

people per square kilometre. When comparing this to for instance South Holland (1,311/km2), this 

is relatively thinly populated (CBS, 2018d). However, when comparing this to Australia’s average 

3 people per square kilometre, one should question if hospitals in these areas should be marked as 

rural (The World Bank, 2017).  

 

For this particular study, three databases were searched, namely Google Scholar, Scopus and 

Science Direct. Only articles published in English were included in the study. Different general 

search keywords gave the following number of hits, as presented in Table 2.3. As can be seen, 

more specific searches were required to narrow down the selection of potential literature. 
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Table 2.3 Number of hits per general search term 

Keywords Google Scholar Scopus Science Direct 

“Hospital choice” 4140 219 301 

“Hospital choice behaviour” 14 5 5 

“Hospital choice behavior" 56 5 5 

“Choice of hospital” 4880 210 794 

 

It was first decided to include only studies that focused on obstetrics care. As deriving a VoTT is 

one of the objectives of the SC experiment, a search for existing literature on this specific matter 

was performed. The used keywords and the number of articles found in the search results are 

presented in Table 2.4. 

 
Table 2.4 Number of hits per specific search term 

Search terms 

Google 

Scholar Scopus 

Science 

Direct 

Obstetrics AND "hospital choice" AND "value of time" 4 0 0 

Obstetrics AND "hospital choice" AND "value of travel time" 3 0 0 

Obstetrics AND “choice of hospital” AND “value of time” 9 0 1 

Obstetrics AND “choice of hospital” AND “value of travel time” 3 0 0 

Obstetrics AND “choice of hospital” 916 8 86 

Obstetrics AND "value of time" 500 0 744 

Obstetrics AND "value of travel time" 28 0 0 

 

For the last three search term combinations, which gave a large number of hits in either Google 

Scholar or Science Direct, it was needed to further narrow the search. This was mainly done based 

on judgement of the title of the article, the abstract and the respective journals. Most of the 

literature found using these terms was on the efficiency of hospitals or efficiency of diagnosis or 

treatment rather than on hospital choice by patients. Therefore, it was decided to apply the forward 

snowballing method to the results found by the first two search term combinations of Table 2.4. 

The different paths taken in snowballing towards the final 30 included articles can be viewed in 

Table 2.5. The articles marked bold were found using the original search terms from Table 2.4. 
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Table 2.5 Snowball method paths for literature study 

Article Articles found by forward snowball method 

Premkumar, Jones, & Orazem (2016) Lin, Allan and Penning (2002) 

He (2011) Jintanakul and Otto (2009) 

Bronstein and Morrisey (1991) 

Bronstein and Morrisey (1990) 

Tai et al. (2004) 

Gourevitch et al. (2017) Maurer et al. (2016) 

Masnick et al. (2016) 

Faber, Bosch, Wollersheim, Leatherman and Grol (2009) 

Victoor, Delnoij, Friele and 

Rademakers (2012) 

Lux et al. (2011) 

Varkevisser, Van der Geest and Schut (2009) 

Kolstad and Chernew (2009) 

Roh, Lee and Fottler (2008) 

Lin et al. (2002) Mayer (1983)  
Jintanakul and Otto (2009) Morgan, Turner and Savitz (1999) 

Radcliff, Brasure, Moscovice and Stensland (2003) 

Adams, Houchens, Wright and Robbins (1991) 

Liu, Bellamy and McCormick (2007) 

Bronstein and Morrisey (1991) Taylor, Zweig, Williamson, Lawhorne and Wright (1989) 

Morgan et al. (1999) Marshall, Javalgi and Gombeski (1995) 

Lane & Lindquist (1988) 

Nesbitt, Connell, Hart and Rosenblatt (1990) 

Savitz, Ricketts and Gesler (1994)  
Kolstad and Chernew (2009) Burns and Wholey (1992) 

Liu et al. (2007) Basu and Cooper (2005) 

Tai et al. (2004) Phibbs et al. (1993) 

Varkevisser et al. (2009) Varkevisser and Van der Geest (2007) 

 

Morgan, Turner and Savitz (1999) provided a short literature review of the factors that influence 

obstetrics care decision making. This study is centred around studies from the United States and 

there is no similar recent work that focuses on obstetrics care. The snowball method did however  

provide a few more studies that reaffirm the study. A number of articles focused on the difference 

between Medicaid and private insurances and the difference between private and public hospitals 

in the USA (e.g. Gaskin, Hadley, & Freeman, 2001; Norton & Staiger, 1994). These are left out 

of this study as everyone in the Netherlands is obliged to have a basic health insurance. Therefore, 

these effects are less relevant in the Netherlands.  

 

The results found for (acute) obstetrics care specifically were very limited. Despite the fact that 

Mayer (1983) found that distance behaviour varies with specific diagnoses, it was decided to take 

a broader perspective by including hospital choice by women in general. The distinction between 

hospital characteristics and patient characteristics, as used by Morgan et al. (1999), forms the base 

for the literature study. An overview of the findings by the other studies that either confirm their 

findings or provide additional factors is given in the next two tables. The review of the patient 
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characteristics is summarised in Table 2.6. The hospital characteristics that are found to be 

important to patients when choosing a hospital, are found in Table 2.7. 

 
Table 2.6 Literature review on patient characteristics that influence hospital choice 

Patient 

characteristic Results for women Results for obstetrics care specifically 

Age Older patients prefer close-by hospitals 

(Adams et al., 1991; Basu & Cooper, 

2005; Buczko, 1992; Radcliff et al., 

2003) 

Younger women more often deliver in the 

close-by hospital (Taylor et al., 1989) 

Older women travel further for care 

(Bronstein & Morrisey, 1990). 

Income Higher income women are more likely 

to bypass the closest hospital (Bronstein 

& Morrisey, 1990; Liu et al., 2007) 

 

(Complexity 

of) diagnosis 

Women are more likely to bypass local 

rural hospitals to seek care for more 

complex services (Adams et al., 1991; 

Basu & Cooper, 2005; Bronstein & 

Morrisey, 1991; Morgan et al., 1999) 

Women are more likely to bypass the 

closest hospital if they expect 

complications in their pregnancy 

(Bronstein & Morrisey, 1991; Morgan et 

al., 1999; Phibbs et al., 1993) 

Education Highly educated women are more likely 

to bypass the closest hospital (Adams et 

al., 1991; Tai et al., 2004) 

Undereducated women are more likely to 

deliver in the close-by hospital (Taylor et 

al., 1989) 

Area of 

residence 

 Women in rural areas with few obstetrical 

facilities are less likely to deliver in a local 

hospital, but this can mainly be explained 

by complications (Morgan et al., 1999) 

Employment Employed women are more likely to 

bypass the hospital closest to home than 

unemployed women (Savitz et al., 

1994) 
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Table 2.7 Literature review on hospital characteristics that influence hospital choice 

Hospital 

characteristic Results for women Results for obstetrics care specifically 

Size of 

hospital 

(number of 

beds) 

Women prefer hospitals with more beds 

(Adams et al., 1991; Tai et al., 2004) 

Number of hospital beds has no 

statistically significant effect on bypassing 

odds for women choosing an obstetric 

hospital (Bronstein & Morrisey, 1991; Roh 

et al., 2008) 

Size of 

hospital 

(number of 

types of 

services) 

Women prefer hospitals with more 

extensive service capacity (Tai et al., 

2004) 

The number of health care services 

provided by a hospital is important to 

women seeking obstetrics care (Roh et al., 

2008) 

Academic 

hospital 

Women prefer a university medical 

hospital (Lux et al., 2011; Varkevisser 

et al., 2009) 

Women do not prefer a university 

medical hospital (Varkevisser & Van 

der Geest, 2007) 

 

Word of 

mouth 

Women view experiences by family or 

friends as an important source of 

information in obstetrics care decision 

making (Gourevitch et al., 2017; 

Maurer et al., 2016) 

For obstetrics patients, recommendations 

from family and friends play an important 

role in choice of hospital (Lux et al., 2011) 

Quality of 

care 

The perception of hospital quality is the 

most important factor in hospital 

selection (Lane & Lindquist, 1988) 

Few women seek quality information in 

the process of selecting an obstetrics 

hospital (Faber et al., 2009; Gourevitch et 

al., 2017; Masnick et al., 2016) 

Satisfaction 

about local 

hospital 

(familiarity) 

Women tend to prefer their local 

hospital if they are satisfied about this 

hospital (He, 2011; Liu et al., 2007; Tai 

et al., 2004; Victoor et al., 2012) 

In obstetrics care, familiarity with a 

hospital and feeling connected to this 

hospital is important to women (Lux et al., 

2011; Marshall et al., 1995) 

 

Generally speaking, besides the findings presented in the tables, the distance and the related travel 

time to a hospital is found to have a strong influence when a woman chooses a hospital in many 

studies (for example Bronstein & Morrisey, 1990, 1991; Liu et al., 2007; Marshall et al., 1995; 

Morgan et al., 1999; Tai et al., 2004). This is in line with the expectations. It should be noted that 

the majority of studies was performed in the United States and these mostly focused on health care 

accessibility in rural areas. However, it can still be concluded travel time plays a very impor tant 

role in obstetrics care decision making.  

 

The literature study shows there is large added value in conducting a SC experiment focused on 

obstetrics care decision making in the Netherlands. The value of time for traveling for obstetrics 

care has not yet been identified in monetary terms in the existing literature. The next section 

discusses the conclusions that have been drawn based on the performed literature studies.  
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2.4 Conclusion 
The purpose of this chapter and its subsequent sections was to provide a (partial) answer to the 

first two sub-questions by means of literature studies. It should be noted that the results of these 

literature studies are prone to subjectivity. The scanning and evaluation of article titles and the 

different journals these studies were published in have played a major role in whether or not to 

include a study in the review. These decisions are based on the researcher’s judgement.  

 

Section 2.1 and 2.2 help answer the first sub-question: What does the current acute obstetrics care 

system of the Netherlands look like, and how has its spatial distribution developed over the last 

decade? The literature review showed that based on the used accessibility performance indicators, 

the AO care distribution has scored relatively well over the last decade. Several developments have 

however forced RIVM to optimize the ambulance distribution, and in the last few years, 

representatives of several AO locations have expressed worries about the situation. These worries 

have to do with the long ambulance trip times in some locations. Furthermore, and maybe even 

more remarkable, the difficulties of finding personnel and the pressure on current personnel have 

led to unavailability of beds and being forced to say ‘no’ to women in labour. These developments 

make it questionable whether the accessibility and spatial distribution measures in place accurately 

capture the performance of the system. A woman in search for an available bed to deliver in, is not 

as a matter of course helped by a single hospital in vicinity of her place of residence.  

 

The base for the answer to sub-question two is formed in Section 2.3. The question reads Which 

factors influence the decision for women in the Netherlands when choosing a hospital for acute 

obstetrics care, and to what extent? The literature review helped identifying a list of hospital 

related factors that are usually considered when choosing a hospital for different purposes as 

presented below.  

• Costs of care 

• Quality of care 

• Size of hospital in terms of care units 

• Size of hospital in terms of number of beds 

• Available facilities 

• Influence on decisions to be made 

• Travel time to hospital 

• Word of mouth / recommendations 

• Satisfaction about a hospital / familiarity 

 

The next chapter will help sharpen the answer to this sub-question by means of a SC experiment 

among women in the Netherlands. The input of the literature review are used as the base for the 

survey.  
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3 Stated choice experiment 
The substitutability model requires travel time and travel cost parameters, so the objective of this 

chapter is to identify parameters for travel costs and travel time. As the concept of VoTT is very 

well-researched, one could base these parameters for travel costs and travel time based on literature 

(Mouter & Chorus, 2016). However, traveling to a hospital is an oftentimes uncommon activity. 

In this specific case, a SC experiment is a suitable method to identify the VoTT for women when 

choosing an obstetrics care location. This chapter will elaborate on the theoretical background of 

SC experiments, on the different characteristics of this research method and on the different steps 

taken to arrive at the final survey. Afterwards, the results of the conducted survey are discussed, 

which will serve as input for the discrete choice model. 

 

The use of questionnaires is viewed as a fairly time-efficient means of gathering data on a large 

scale as they can be sent to a great number of people simultaneously. By using closed-ended, 

structured questions, the intention is to collected identical data that is rather easy to analyse (see 

amongst others Brown, 2001; Gillham, 2008; Lynch, 1996; Robinson, 1991; Seliger & Shohamy, 

1989; Zohrabi, 2013). However, response rates may be very low, especially when sent via email 

or posted online. Another disadvantage is that, when a respondent does not understand a question, 

there is no way this person can ask for help from the research. Ambiguity of questions can also 

lead to inaccurate responses (Brown, 2001; Gillham, 2008; Zohrabi, 2013). Concludingly, 

whenever using questionnaires as a research method, it is very important to determine the goal, 

the audience and the desired number of respondents. Also, it is crucial to pilot the designed 

questionnaire on a potential respondent before sending out the survey (Blaxter, Hughes, & Tight, 

2010).  

 

The next section will shortly elaborate on the theoretical background of SC experiments . 

Afterwards, Section 3.2 describes the survey requirements. In Section 3.3, the construction of the 

SC experiment is explained and Section 3.4 presents the results and discussion. Finally, Section 

3.5 concludes the chapter by answering the second sub-question.  

 

3.1 Theoretical background on SC experiments 
When conducting a SC experiment, one assumes the respondent has a free choice when selecting 

a hospital to go to. Essentially this is the case in the Netherlands: 

 

“From previous research it follows that, in the Netherlands, the decision of which 

hospital to visit is most often made by patients themselves, alone or in consultation 

with their general practitioner. Since Dutch general practitioners do not face 

economic incentives to refer patients to particular hospitals, it is not in their interest 

to neglect patients’ interests when deciding which hospital they should visit.”  

Varkevisser & Van der Geest, 2007, p. 289 

 

Therefore, the idea is to design a simple SC experiment to derive the VoTT for women when they 

decide on an obstetrics location. As SC experiments are quite complicated by nature, keeping it 

relatively short is important in order to ensure unambiguity and prevent respondent-fatigue. 



23 

 

 

 

 

SC experiments for travel behaviour research can roughly be divided into two subcategories, 

conjoint analysis and discrete choice analysis. The former is based on the ranking of alternatives. 

This approach allows a researcher to examine the attractiveness of particular attributes of different 

alternatives. In other words, conjoint analysis offers insights in consumer preferences (Louviere, 

1988). When a researcher wants to take the next step and predict consumer choices based on 

economic theory, discrete choice analysis can be used (Adamowicz, Louviere, & Swait, 1998). 

Discrete choice analysis requires a respondent to choose between presented alternatives. This 

allows for determination of the impact of attributes on alternative utility, like travel cost and travel 

time (Kroes & Sheldon, 1988). From a respondent perspective, it is also easier to pick one 

alternative than to rank several alternatives. This makes discrete choice analysis more suitable for 

behaviour analysis (Molin, 2016b). Discrete choice modelling is therefore used to predict the 

VoTT for women choosing obstetrics care. The details on discrete choice analysis will be discussed 

in Section 3.4.3. 

 

A SC experiment consists of a certain number of choice sets. A choice set includes one or more 

alternatives or options. These alternatives have two or more attributes. Every attribute has two or 

more levels. Based on the number of attributes and the appurtenant attribute levels, the minimum 

number of choice sets to be presented to every respondent can be defined. This is based on the 

experimental design, which is elaborated on in Section 3.3.2. The next section first discusses the 

requirements of the survey. 

 

3.2 Survey requirements 
First of all, it is important to make sure it is easy for the respondent to fill in the survey. Google 

Forms is used, as it provides a very user-friendly interface. Furthermore, it allows respondents to 

fill in the survey on any mobile device. It also offers the researcher the possibility to export 

obtained data to a spreadsheet. 

 

Secondly, the survey should be understandable for the respondent. Female residents of the 

Netherlands form the target audience. As it is likely the majority of women are not familiar with 

SC experiments, it is necessary to include explanation on what is expected from the respondent 

and to demonstrate this using an example. Furthermore, as the focus is on women in the 

Netherlands, the survey is constructed in Dutch.  

 

It is also important to keep assumptions about the alternatives to a minimum. These assumptions 

could lead to uncaptured effects. This means all relevant factors need to be included in the SC 

experiment. However, the literature review as presented in Chapter 2, shows little consensus on 

relative importance of hospital and patient characteristics for patients’ choice of hospital. Different 

research projects found different factors to be the most important to patients. The main objective 

of this SC experiment is to derive travel cost and travel time parameters. To minimize the effect 

of assumptions made by the respondent, it is not necessary to include all potentially relevant 

parameters as attributes. Naming factors like ‘quality of health care’, ‘costs reimbursed by health 

insurance’ and ‘health care facilities’ as context settings works as well. In the explanation page of 
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the online survey, the respondent is asked to consider the factors that are not explicitly mentioned 

to be equal between the different alternatives. The factors that appear in this list are based on the 

literature review and on comments by three potential respondents that were asked to give feedback 

on the initial survey. The entire description attached to the survey can be found in Appendix A. 

The appendix contains the original version in Dutch. This concludes the first part of the survey.  

 

The second part of the survey contains the SC experiments. The respondent is asked to choose 

between the alternatives. It is possible to include a base-alternative (‘I prefer not to use any of 

these options’). If a respondent chooses the base-alternative, this choice set provides no 

information on trade-offs among attributes (Molin, 2016b). An example of research where 

including a base-alternatives is relevant is when studying whether or not people would make use 

of automated vehicles. As conventional cars are the current standard, some respondents might be 

reluctant to ever switch to automated vehicles, as it is something they are not used to. If one would 

in this case leave out a base-alternative that allows a respondent to choose the conventional car 

alternative, model estimations would be unreliable (De Looff, 2017; Molin, 2016b). However, as 

a respondent for this research has to pick a hospital, and it is only provided with information that 

is in the choice set, the inclusion of a base alternative is not necessary. So, the choice sets will only 

include alternatives that have specific attributes and levels. The steps taken in the choice set design 

process are presented in Section 3.3. 

 

The third and last part of the survey contains questions related to the respondents’ socio-

demographic characteristics. Furthermore, several questions have been included regarding 

pregnancy. However, these are non-required questions as they are quite personal, and a woman 

may not be comfortable with sharing this information. All questions can be found in Table 3.1. 

The answers to these questions will guide validation of the representativeness of the sample. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



25 

 

 

 

Table 3.1 General questions included in the survey and the appurtenant variables 

Question Answer 

Socio-demographic 

variable Categories 

How old are 

you? 

… years old Age class <21 

21-25 

26-30 

31-35 

36-40 

41-45 

46-50 

>50 

Have you been 

to a hospital in 

the previous 

year? 

Yes, No, RNA Recent hospital visit Yes 

No 

Have you ever 

given birth? 

Yes, No, RNA Delivery Yes 

No 

At which 

location was 

your last 

delivery? 

At home, In an obstetrics 

clinic, At a hospital, RNA 

Delivery Location At home 

In an obstetrics clinic 

At a hospital 

Other 

What is your 

highest level of 

education? 

Primary school, Secondary 

school: MAVO/VMBO, 

Secondary school: 

HAVO/VWO, MBO, HBO, 

WO 

Education level Low 

Intermediate 

High 

How would you 

describe your 

daily 

participation? 

I work full-time, I work 

part-time, Student, Retired, 

Currently unemployed 

Occupation I work full-time 

I work part-time 

Student 

Retired 

Unemployed / other 

What is your 

yearly net-

income? 

<€10,000, €10,001-€20,000, 

€20,001-€30,000, €30,001-

€40,000, €40,001-€50,000, 

>€50,001 

Net income class <€10,000 

€10,001-€20,000 

€20,001-€30,000 

€30,001-€40,000 

€40,001-€50,000 

>€50,001 

Do you own a 

car? 

Yes, No Car ownership Yes 

No 

What are the 

four digits of 

your zip code? 

_ _ _ _ NA NA 

RNA = I prefer not to answer this question 
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3.3 Design of the choice sets 
This section will discuss the different aspects of designing SC experiments. The environmental 

context of the choice sets has already been discussed in the general description of the survey. The 

respondent has been asked to consider all other factors to be equal between the different 

alternatives. This section first discusses attributes and their subsequent levels. Then it zooms in on 

the different types of experimental designs that are considered, and which will be used.  

 

The number of alternatives in each choice set is set to two. This is sufficient to get valid results, 

and it is easier for respondents to choose between two rather than three alternatives. The next 

section discusses the different attributes and levels. The alternatives are presented in a graphic that 

is easily readable from both mobile as well as computer devices. The theme colour is blue, in order 

to avoid any assumption on which alternative is better than the other, which may happen when 

choosing green or red as a base colour. The attributes and levels are explained in detail in the next 

section.  

 

3.3.1 Attributes and levels 

To objective of this SC experiment is to get an insight in the relative importance of travel time to 

a hospital in the case of AO decision making. To estimate a time parameter, it needs to be compared 

to other relevant factors. As a VoTT is estimated based on travel time and travel costs, at least 

these two attributes had to be included. To make the experiment feel more realistic, another 

attribute is added, namely ‘Recommendation’ or ‘Aangeraden’ in Dutch. All three attributes and 

the appurtenant levels will briefly be discussed.  

 

• Travel time 

Travel time is expected to have the most impact on decision making for obstetrics care in this SC 

experiment. Even if there are no complications during pregnancy, and the woman prefers to deliver 

at home, it is possible she needs to be taken to a hospital for the actual delivery. For the woman 

and potential visitors, it is convenient if a hospital is easy to reach. Consequently, a hospital that 

is close-by is expected to be strongly preferred. The decision on the range of travel times to be 

included in the experiment is made based on the travel times to AO locations as documented by 

RIVM (RIVM, 2018a). The vast majority of the country can reach an AO location within 30 

minutes. Furthermore, when focusing on women in the fertile age range from 15 to 45 year, 99.7% 

of all residents can reach an AO location by car within 30 minutes (RIVM, 2018a). Therefore, the 

maximum travel time to be included in the SC experiment is set to 30. In order to make it possible 

to test for linearity, at least three levels are required. Based on equidistance, the following three 

levels are included: 

 Travel time (minutes): 10, 20, 30.  
 
The parameter value is expected to be negative, as a longer travel time is predicted to have a 

negative effect on utility of an alternative. The parameter is expected to be significant and the 

impact on utility is expected to be the largest of the three parameters. This parameter is from now 

on referred to as 𝛽𝑇𝑇 or 𝛽𝑇. 
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• Travel costs 

The travel costs are roughly based on the travel times. Again, three levels are considered to enable 

linearity calculations if required. Initially, the levels in euros were set to 4.50, 6.00 and 7.50. 

However, after a discussion with a potential respondent, these levels were re-evaluated. To derive 

at suitable values, it is important to balance on the one hand realistic scenarios and on the other 

hand the potential to influence decision making. It was decided to base the maximum travel costs 

on the maximum travel time. On average, costs for car use per kilometre are about €0.19 per 

kilometre (ANWB, 2018). It is assumed one can travel about 45 kilometres in 30 minutes, which 

leads to a cost of €8.50. Ensuring equidistance, the following levels have been chosen. 

 Travel costs (€): 3.50, 6.00, 8.50. 

 

The travel cost parameter is from now on also referred to as 𝛽𝑇𝐶 or 𝛽𝐶 . It is predicted the travel 

costs have a negative impact on utility, so the expected sign of the parameter is a minus. However, 

it is possible the SC experiment results in an insignificant parameter for travel costs. In AO location 

decision making, it is expected women in the SC experiment find costs a lot less important than 

travel time.  

 

• Recommendation 

The third and last attribute included in the SC experiment is ‘recommendation’. Initially, the idea 

was to include the levels ‘yes’ and ‘no’. However, including these levels implied a risk of non-

trading behaviour. Non-trading behaviour occurs when a respondent always chooses an alternative 

based on one specific attribute and for one specific level, regardless of the other attributes and 

levels. It is possible a respondent would never choose a ‘not-recommended’ hospital. 

Consequently, after re-evaluation, it was decided to use a 5-star scale, and the following levels 

were included:  

 Recommendation (out of 5 stars): 2, 3, 4. 

 

The recommendation parameter is from now on also referred to as 𝛽𝑅 or 𝛽𝑅𝐸𝐶𝑂𝑀 . It is expected 

the effect of an extra star is significant and positive. However, the main objective of the SC 

experiment is to derive accurate travel time and travel costs parameters for women in AO decision 

making. So, the value for 𝛽𝑅 may be neglected in the end. The main objective of the experiment 

also shapes the experimental design used, which is discussed in the next section. 

 

3.3.2 Experimental design 

To maximise the chances of retrieving reliable parameters from a SC experiment, there are several 

ways the different alternatives and choice sets can be designed. These options are referred to as 

experimental designs. For this SC experiment, two factors play a major role in the decision on 

which type of design to use. On one hand, the number of choice sets should not be too large to 

prevent respondent-fatigue and on the other hand it is important to minimise correlations between 

alternatives. Zero correlations between attributes lead to smaller standard errors which in turn leads 

to more reliable parameter estimations. However, it is difficult to avoid multicollinearity and 

achieve zero correlations between attributes without including a large number of choice sets. 

Technically speaking, the standard error is an indicator of the reliability of an estimated parameter 
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value (Chorus, 2018). A low standard error leads to higher statistical significance. The 

mathematical background to this can be found in Appendix B. Three types of experimental designs 

will now be discussed briefly, namely full factorial, fractional factorial and efficient designs. 

 

Full factorial designs include all possible combinations of attribute levels. The number of 

alternatives is equal 𝐿𝑁, in which 𝐿 is the number of levels and 𝑁 denotes the number of attributes 

(Molin, 2016a). For the chosen attribute levels, this would lead to 33 or 27 alternatives. One could 

now randomly select a few alternatives to present to the respondents. However, this is very 

inefficient.  

 

A better option is to use fractional factorial designs. This type of design can be retrieved by hand 

or by using software, such as Ngene (ChoiceMetrics, 2018). The use of basic plans enables a 

researcher to select an orthogonal fraction by hand (Addelman, 1962). Orthogonality means the 

correlations between attributes are equal to zero, which increases efficiency when estimating 

models. Some orthogonal designs also reach attribute level balance. This means all attribute levels 

are used an equal number of times in the alternatives. Attribute level balance is a desirable 

characteristic, as it results in equal standard errors for every parameter. However, attribute level 

balance is not required as it does not affect the validity of the estimated parameters. An advantage 

of fractional factorial designs is orthogonality. However, it is possible the number of alternatives 

gets very high, which is undesirable from the perspective of the respondent. 

 

The last and third type of designs is efficient designs. The major advantage of efficient designs is 

that the alternatives are constructed in a way that minimizes the number of respondents needed to 

obtain significant parameters. A disadvantage of efficient designs is that they are dependent on 

priors. Priors are estimates of the parameters used in the model. If the wrong priors are used, the 

design would be inefficient which may result in unreliable parameters. There are two well-known 

ways to get priors. Priors can be based on existing literature. Secondly, priors can be calculated by 

distributing a pilot among about 30 respondents (Molin, 2016c). The latter method is used in this 

research. The different steps taken to get the priors are described in Appendix C. 

 

Ngene accommodates various types of efficient designs, dependent on the discrete choice model 

the researcher is planning to use later on. In this research, the Multi Nominal Logit (MNL) 

Bayesian Mean D-efficient design is used. This design accounts for uncertainty of parameters and 

at the same time creates an efficient design (Aloef, 2015). As there existed uncertainty about the 

travel cost prior value, this design was used. For an in-detail description of how it was applied, see 

Appendix C. Coherent to the decision on which type of design to use, comes the decision on the 

method of choice set construction. This is briefly elaborated on in the next section. 

 

3.3.3 Choice set construction 

There are two well-known ways to construct a choice set. The first method is sequential 

construction. This method is generally used when all alternatives have the same attributes and 

levels and unlabelled alternatives are used (Molin, 2016b). Unlabelled alternatives refer to 

alternatives that have names that do not represent a characteristic (Bliemer, Rose, & Chorus, 2017). 

An example of labelled alternatives is a choice set that contains a “car” option and a “bike” option. 
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After the creation of all alternatives, the researcher decides how many options should be in each 

choice set. If this is two, one makes two piles that both include all alternatives and a choice set is 

created by randomly drawing one alternative from a pile. A redraw happens when two draws give 

the same alternative or when a choice set is replicated (Molin, 2016b). Sequential construction will 

lead to correlations between alternatives. This does not have to be problematic, but low 

correlations are preferred as it minimizes standard errors (see Appendix B). It is possible to reduce 

correlations by endless random drawing. However, usually correlations between attributes are not 

too problematic when using unlabelled alternatives (Molin, 2016b). 

 

The second choice set construction method is the simultaneous method. Contrary to sequential 

construction, this method is usually preferred when using labelled alternatives. This way, when 

using Ngene for example, a row of a design constructs two alternatives simultaneously and 

represents a choice set. This way, the correlations between alternatives are equal to zero. A 

disadvantage is that oftentimes, more choice sets are needed (Molin, 2016b). In this research, for 

the pilot design, the sequential method is chosens as unlabelled alternatives are used. For the 

application, see Appendix C. The next section contains a summary of this appendix and presents 

the final SC experiment details.  

 

3.3.4 The final SC experiment 

Using an orthogonal sequential design, the pilot survey was constructed. This helped in testing the 

understandability of the description added to the survey and enabled the estimation of prior values. 

33 relatives filled out the pilot survey. The description was reshaped a bit after some comments. 

As 𝛽𝑇𝐶 was insignificant on a 99% confidence level, it was decided to use a Bayesian mean D-

efficient design for this parameter. See Appendix C for an extensive description of the process. 

 

The final 9-row design included three dominant alternatives. Two of these choice sets were deleted 

and one was kept and added as a last choice set. Keeping it as the second question could have led 

to respondents questioning the quality of the survey and eventually dropping out. It is safer to add 

a dominant alternative as the last question. The dominant choice set will be used as a check to see 

if every respondent fully understood the SC experiment. Concludingly, the following seven choice 

sets are used for the final survey, as presented in Table 3.2. 

 
Table 3.2 Choice sets used in the final survey 

Choice situation alt1.time alt1.costs alt1.recom alt2.time alt2.costs alt2.recom 

1 10 3.5 2 30 8.5 3 

2 20 3.5 3 10 6 3 

3 10 6 3 20 6 4 

4 20 6 4 30 3.5 4 

5 10 8.5 4 30 6 2 

6 30 3.5 4 20 8.5 2 

7 30 6 2 10 3.5 2 
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The final survey had the following outline: 

• Description on the survey and on the SC experiment in particular (Appendix A), 

• the SC experiment (7 choice sets of 2 alternatives each), 

• and the general demographic questions (either 8 or 9 questions, dependent on answers). 

The latter two can be found in Appendix D. The next section will elaborate on the results of the 

survey. 

 

3.4 Results and discussion 
As the outcomes of the survey are used for the substitutability calculations for AO locations in the 

Netherlands, only Dutch females were eligible for the survey. The final survey was filled out by 

155 people. The sample is drawn using the non-probability method of convenience sampling. 

Using online tools such as personal email and Facebook distribution, people who are easy to reach 

filled out the survey (Etikan, Musa, & Alkassim, 2016). As several closely related people further 

distributed the survey using their personal networks, the snowball method helped gathering 

respondents (Goodman, 1961). All responses were gathered within a time span of 16 days, from 

29 March to 14 April 2019. The response rate of the people approached using personal email is 

unknown, as the respondents were not asked how they came across the survey. 

 

The fact that a non-probability sampling method was used does not directly imply the sample is 

not representative for the population (Yeager et al., 2011). The representativeness will be 

elaborated on in Section 3.4.2. However, the data of the SC experiment first need to be prepared 

for analysis. This section therefore first discusses the data preparation steps taken. Section 3.4.2 

then zooms in on the sample characteristics. This will give more information on to what extent the 

sample was representative for the population. In Section 3.4.3, a model estimation will be 

presented. The last section contains a discussion and presents the limitations of the SC experiment 

and its outcomes.  

 

3.4.1 Data preparation 

Before all else, all men were removed from the dataset, bringing the total responses to 151. All 

female respondents fully completed the survey. The Google Forms output was exported in a 

spreadsheet. The collected data of the 155 responses are prepared for analysis using R. The most 

important steps will be described in this section. To start with, the SC data is processed. The script 

used is Script 5, which can be found in Appendix E. It was first checked whether respondents had 

chosen solely hospital A or hospital B. This could imply respondents did not fill in the survey 

honestly and with attention. This was not the case, so no removal happened in this stage. All SC 

preferences of the 151 respondents can be found in Figure 3.1.  
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Figure 3.1 The 151 SC responses of the final survey (after deletion of male respondents) 

Next, a dominance check was performed. As described in Section 3.3.4, one of the choice sets 

contained a dominant alternative. However, when checking for dominance, the replies for this 

choice set showed two erroneous choices. It was assumed these respondents either did not fully 

understand the SC experiment or did not carefully read the seven choice sets. Therefore, all replies 

by these respondents were removed from the data, bringing the total number of respondents to 149. 

The dominance check revealed dominance in another choice set, as can be seen in Figure 3.1. For 

choice set 5, all respondents chose Hospital A. Choice set 5 is given in Figure 3.2. Apparently, the 

very low recommendation rating and the very long travel time to hospital B made all respondents 

choose Hospital A, despite the slightly lower travel costs of Hospital B. While the second 

alternative was not strictly dominant (see Appendix C for an in-detail explanation on dominance), 

it turned out to be dominant to the sample. The replies to the choice set will still be kept in the 

dataset. 

 

 
Figure 3.2 Choice set 5, in which Hospital A was dominant 

This brings the total number of completely filled-out and usable surveys to 149. The number of 

observations is therefore equal to 745. The next section will discuss the sample characteristics and 

the representativeness of the group of respondents. 
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3.4.2 Sample characteristics and representativeness  

This section will elaborate on the demographic characteristics of the 149 respondents in the final 

data set. Of the 149 responses, two four-digit zip codes were not filled out correctly. Furthermore,  

some people did not provide all information regarding hospital visits and net income. However, 

all available data are used for the evaluation of the representativeness of the sample. It is expected 

the sample will not be representative for women in the Netherlands, due to the distribution methods 

used. Most probably, highly educated women will be overrepresented in the sample. Furthermore, 

it is expected that respondents from remote areas will be underrepresented. These expectations 

arise because the survey was distributed using Facebook and personal emails. With the use of 

Excel and data provided by CBS Statline, it is possible to compare the sample to the population. 

A summary of data that is publicly available and can therefore be compared to the survey statistics 

is given in Table 3.3. The year reported for each variable represents the year the latest statistics for 

the female population of the Netherlands were available.  

 

The age categories show the age group between 21-25 years is overrepresented as well as, to a 

smaller extent, the 41-45 years category (CBS, 2018b). This is in line with expectations. The age 

categories are chosen this way because they represent the fertile age of women according to CBS 

(2019). The age category 15-20 is left out of this research due to underrepresentation, as the 

youngest respondent was 19 years old. 

 

The last delivery location of the 99 respondents that had ever given birth is fairly similar to the 

population (Perined, 2017). The number of at home deliveries is a little overrepresented. However, 

this can be explained by the fact that the majority of respondents that reported to have ever given 

birth were over 40 years old. This implies they have probably given birth 10 to 20 years ago. A 

little over a decade ago, 23% of all deliveries in the Netherlands happened at home (Stichting 

Perinatale Registratie Nederland, 2005). 

 

The education levels have also been adapted using the definition of CBS. Low education includes 

primary school, pre-vocational education (MAVO, VMBO) and vocational education to the entry 

level. Intermediate education comprehends general secondary education (HAVO, VWO) and 

vocational education (MBO). The high education contains all education at tertiary level, such as 

for example academic bachelors and masters (HBO, WO) (CBS, 2019a). The number of highly 

educated respondents is a lot higher than the population statistics (CBS, 2019c). Consequently, the 

sample is not representative on the base of education level. The overrepresentation of highly 

educated women in the sample can be explained by the way of recruiting respondents, mainly 

based on the personal network of the author. 

 

The sample distributions based on employment show an overrepresentation of working women 

and students compared to the population (CBS, 2015a, 2018c, 2018b). This can be explained by 

the high education level of the sample and the large number of respondents in the aged 21-25.  

 

The different income classes in the sample are fairly comparable to the population (CBS, 2019b). 

The sample contains a relatively high number of people in the lowest income class. However, the 

vast majority (29 out of 31) of the respondents in this class are students. The overrepresentation of 
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the highest income class can most probably be explained by the high education levels and the 

number of respondents that is over 40 years of age. Furthermore, it is possible people assumed the 

income question to refer to the net income of their household instead of their personal net income. 

 

The numbers for car ownership of the female population in the Netherlands are outdated and the 

actual numbers are expected to be higher at this point in time (CBS, 2015b). Furthermore, it is 

possible respondents understood the question as whether or not they have a car available, instead 

of car ownership. The skewness of the comparison is therefore neglected. 

 
Table 3.3 Comparison survey sample and population on demographics 

Variable Range Sample Population Difference (point) 

Age class (2018) <21 2.0% 21.5% -19.5% 

 21-25 22.5% 6.1% 16.4% 

 26-30 4.6% 6.3% -1.7% 

 31-35 3.3% 6.0% -2.7% 

 36-40 6.0% 5.9% 0.0% 

 41-45 18.5% 6.0% 12.5% 

 46-50 11.3% 7.3% 3.9% 

 >50 31.8% 40.8% -9.0% 

Delivery location (2017) At home 27.3% 12.7% 14.6% 

 In a hospital 68.7% 71.5% -2.8% 

 Clinic 1.0% 15.1% -14.1% 

 Other/unknown 3.0% 0.7% 2.3% 

Education (2018) Low 0.7% 29.5% -28.8% 

 Intermediate 19.2% 39.0% -19.8% 

 High 80.1% 31.6% 48.6% 

Occupation (2017, 2018) Full-time work 31.3% 12.6% 18.7% 

 Part-time work 41.3% 35.2% 6.1% 

 Student 20.7% 7.1% 13.6% 

 Retired 1.3% 19.7% -18.4% 

 Other 5.3% 25.4% -20.1% 

Net income class (2017) Less than €10,000 24.4% 18.4% 6.0% 

 €10,001 - €20,000 11.8% 35.0% -23.2% 

 €20,001 - €30,000 22.0% 19.8% 2.2% 

 €30,001 - €40,000 15.0% 12.3% 2.7% 

 €40,001 - €50,000 8.7% 6.6% 2.1% 

 More than €50,001 18.1% 7.9% 10.2% 

Car ownership (2015) Yes 73% 37% 36% 

 No 27.2% 63.1% -35.9% 
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Besides the general personal questions, the respondents were also asked to fill in their four-digit 

zip code. Two respondents did not complete this question. The geographical distribution of the 

remaining respondents is shown in Figure 3.3 which is created using BatchGeo (“BatchGeo,” 

2019). The only conclusion to be drawn from this map is that the most northern and southern 

regions are underrepresented in the sample.  

 

 
Figure 3.3 Geographical locations of residency of all respondents (Source: BatchGeo) 

By means of the measure of urbanity, as indexed by CBS, it is possible to divide the municipalities 

of the Netherlands into five categories from rural to extremely urbanised (CBS, 2018d). The 

obtained zip codes have been linked to the list of municipalities and this results in the distribution 

of the sample in these five categories. Combined with the number of female residents of each 

municipality, the distribution for the population can be calculated as reported in Table 3.4. 

 

As can be seen, no respondents live in rural or not urban areas. Moreover, the ‘very urban’ category 

is underrepresented while ‘extremely urban’ is overrepresented. When one would combine these 

categories, the share of sample (55%) and share of population (54.7%) would be approximately 

equal in size. The major problem therefore lies within the lack of respondents from rural areas, 

which maybe even is the most important target group when focusing on spatial distribution of AO 

locations. This subject and other limitations of the survey are discussed in Section 3.4.4. 
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Table 3.4 Sample and population compared on extent of urbanization 

 Survey 

Survey 

share Population 

Population 

share 

Difference 

(point) 

Rural 0 0.0% 681,754 7.9% -7.9% 

Little urban 26 17.4% 1,862,057 21.5% -4.1% 

Moderately urban 41 27.5% 1,381,091 16.0% 11.6% 

Very urban 27 18.1% 2,644,389 30.6% -12.4% 

Extremely urban 55 36.9% 2,084,752 24.1% 12.8% 

Total 149 100% 8,654,043 100%  

 

3.4.3 Model estimation 

There are several discrete choice models a researcher can use. The most well-known model 

families are the traditional Random Utility Maximization (RUM) model family as introduced by 

McFadden in 1974 and the Random Regret Minimization (RRM) models. Both are based on 

fundamentally different assumptions. The most-commonly applied methods come from the RUM 

family. The base model is the MNL model. Several extensions have been added to overcome the 

limitations of the MNL model, such as the Nested Logit (NL), Mixed Logit (ML), and Latent Class 

(LC) models. For an overview of different types of discrete choice models and their main 

characteristics, see for instance Ben-Akiva et al. (2002) and McFadden & Train (2000). For a 

detailed discussion of the underlying assumptions of RUM and RRM models see for example 

Chorus (2012).  

 

The decision on which model to use strongly depends on the objective of the research or the 

research questions. The SC experiment has been executed with the aim to identify a VoTT for 

female inhabitants of the Netherlands when choosing a hospital with AO facilities. Therefore, a 

RUM-MNL model is used. It is assumed that respondents chose the alternative from which they 

derived the most utility (RUM assumption) rather than from which they derived the least regret 

(RRM assumption). Furthermore, the MNL model is suitable for the derivation of the VoTT and 

can easily be applied when the dependent variable is unordered like the decision on a hospital to 

visit (Chorus, 2018). 

 

For the substitutability calculations, the outcomes of the MNL model estimations are used. The 

outcomes of the PythonBiogeme model estimations are presented in Table 3.5. 
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Table 3.5 Estimation report MNL model 

Name Value Std err t-test p-value 

𝛽𝑅 1.6 0.141 11.39 0.00 

𝛽𝑇𝐶 -0.0683 0.0261 -2.62 0.01 

𝛽𝑇𝑇 -0.0924 0.00935 -9.88 0.00 

Number of estimated parameters: 3 

Sample size: 894 

Excluded observations: 0 

Init log likelihood: -619.674 

Final log likelihood: -416.458 

Likelihood ratio test for the initial model: 406.431 

Rho-square for the initial model: 0.328 

 

All three βs are of the expected sign as elaborated on in Section 3.3.  

 

To get an insight in the effects of the different parameters on the utility functions the parameter 

values are multiplied by the attribute level range. 

 

𝛽𝑅 ∗ (𝑚𝑎𝑥
𝑅

− 𝑚𝑖𝑛
𝑅

) =  1.6 ∗ (4 − 2) = +3.2 

𝛽𝑇𝐶 ∗ (𝑚𝑎𝑥
𝑇𝐶

− 𝑚𝑖𝑛
𝑇𝐶

) =  −0.0683 ∗ (8.50 − 3.50) =  −0.3415 

𝛽𝑇𝑇 ∗ (𝑚𝑎𝑥
𝑇𝑇

− 𝑚𝑖𝑛
𝑇𝑇

) =  −0.0924 ∗ (30 − 10) =  −1.848 

 

In contrast to the pilot outcomes, the utility effect of 𝛽𝑅 is now the largest of all three parameters. 

This goes against the expectations of the importance of the travel time. As expected, the impact of 

𝛽𝑇𝐶 is smallest. Apparently, travel costs are relatively unimportant to women who choose a 

hospital for AO care. The standard errors of all three parameters are sufficiently small, which 

implies significance of all three parameters.  

 

The exploratory power of a model can be assessed by the likelihood ratio statistic (LRS) as reported 

in Table 3.5 as well. The LRS tests whether the estimated model is the statistically ‘better’ model 

than the null model. The LRS is chi-square distributed, based on the number of parameters 𝑘 used 

and the critical value 𝑝: 𝜒2(𝑝, 𝑘). The LRS can be calculated using equation (1). A model fits the 

data statistically better when 𝐿𝑅𝑆 > 𝜒2(𝑝, 𝑘) (Van Cranenburgh, 2016).  

 

𝐿𝑅𝑆 =  −2 (𝐿𝐿𝑛𝑢𝑙𝑙 − 𝐿𝐿𝑀𝑁𝐿) (1) 

  
The critical 𝜒2 value for three parameters and 𝑝 = 0.01 is 11.341 (Wilson & Hilferty, 1931). Using 

(1), the following value for LRS is found. 

 

𝐿𝑅𝑆 =  −2 (−619.674 − −416.458) = 406.431 
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As 𝐿𝑅𝑆 > 𝜒2(𝑝, 𝑘) or 406.431 > 11.341, it is concluded the estimated model fits the data 

significantly better than no model. Using the parameter values as presented in Table 3.5, the 

following model for the utility of alternatives is created: 

 

𝑉𝑖 = 𝑟𝑒𝑐𝑜𝑚𝑖 ∗ 𝛽𝑅 + 𝑡𝑟𝑎𝑣𝑒𝑙 𝑐𝑜𝑠𝑡𝑖 ∗ 𝛽𝑇𝐶 + 𝑡𝑟𝑎𝑣𝑒𝑙 𝑡𝑖𝑚𝑒𝑖 ∗  𝛽𝑇𝑇 

 

𝑉𝑖 = 𝑅𝑖 ∗ 1.6 + 𝑇𝐶𝑖 ∗ −0.0683 + 𝑇𝑇𝑖 ∗ −0.0924 

 

The VoTT is a central element in the substitutability model. Therefore, it is assumed both 𝛽𝑇𝐶 and 

𝛽𝑇𝑇 are linear. Consequently, the VoTT can be calculated using equation (2). Note that this value 

for VoTT is in euro/min, so it will need to be multiplied by 60 to retrieve the more commonly 

reported €/hour value. 

 

𝑉𝑜𝑇𝑇 =
𝛽𝑇𝑇

𝛽𝑇𝐶
=

[
𝑢𝑡𝑖𝑙
𝑚𝑖𝑛]

[
𝑢𝑡𝑖𝑙
𝑒𝑢𝑟𝑜

]
= [

𝑒𝑢𝑟𝑜

𝑚𝑖𝑛
] (2) 

 

The VoTT for the sample is therefore equal to 81.71 €/hour: 

 

𝑉𝑜𝑇𝑇 [
€

hour
] =

−0.0924

−0.0683
∗ 60 = 81.17 [

€

hour
]   

 

This value is extremely high compared to other research literature. For instance, the VoTT used 

by the Ministry of Infrastructure and Water Management of the Netherlands for non-commute or 

business travel is equal to 7.50 €/hour (Kouwenhoven et al., 2014). Furthermore,  Ramjerdi, Flügel, 

Samstad and Killi (2010) identified the range of acceptable VoTT based on Norwegian data to be 

10.37 - 19.67 €/hour. 

 

However, none of these studies take urgency or acute situations into account. The SC experiment 

as executed in this research serves as an attempt to fill this gap by capturing both the regular 

obstetrics care hospital visits as well as an eventual emergency visit. By adding this to the 

description of the survey, respondents were made aware of this assumption. Therefore, the found 

high VoTT of 81.17 €/hour is accepted, as travel time is extremely important when it comes to 

eventual emergency situations. However, the difference between the VoTTs found in other studies 

and this VoTT is bigger than expected. This and other issues will be discussed in the next section.  

 

3.4.4 Discussion 

The previous section presented the results of the SC experiment. These results are discussed in this 

section. Remarkable parameter outcomes are discussed first. Afterwards, the focus will be on 

discussion of the model. Finally, some general remarks are made that may affect the ability to draw 

conclusions from the SC experiment.  
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• Parameters 

First of all, the parameters. The value and the utility effect of 𝛽𝑟𝑒𝑐𝑜𝑚𝑚𝑒𝑛𝑑𝑎𝑡𝑖𝑜𝑛  are larger than 

expected. The expectations for this parameter were based on personal communication with some 

of the prior estimation study respondents and on the outcomes of the prior estimation study. There 

is no literature that specifically discusses the effects of recommendations in hospital situations . 

However, for example Liu, Bellamy and McCormick (2007) and Tai et al. (2004) found significant 

effects on hospital choice based on the satisfaction about a certain hospital. The effect of 

satisfaction about a hospital might be comparable to whether a friend had recommended a hospital  

strongly or this friend was less satisfied. If the magnitude of this effect would have been known 

beforehand, the outlook of the SC experiment would have been different. The attribute and its 

levels would have probably been revised and maybe even removed. The fact that this did not come 

forward in the pilot study may be due to the fact that most of the pilot respondents are relatively 

young and never had a baby. This may have caused these respondents to care less about 

recommendations as they may have been more rational when it comes to AO care.  

 

The cost parameter 𝛽𝑡𝑟𝑎𝑣𝑒𝑙𝑐𝑜𝑠𝑡  was of the expected sign and the utility effects were, as expected, 

the smallest of all three parameters. One of the respondents of the final survey mentioned she 

thought the prices (in other words, the attribute level range) were way too small and they had 

absolutely no effect on her decision making. This may have caused the less significant effects of 

the cost parameter. This could have probably been prevented by using higher prices and a larger 

price range. However, a side effect of this would have been that it would have made the alternatives 

and therefore the choice sets a lot less realistic.  

 

The parameter for travel time 𝛽𝑡𝑟𝑎𝑣𝑒𝑙𝑡𝑖𝑚𝑒  was expected to have the highest utility effect. However, 

it turned out this attribute was less important to the respondents than 𝛽𝑟𝑒𝑐𝑜𝑚𝑚𝑒𝑛𝑑𝑎𝑡𝑖𝑜𝑛 , relatively 

seen. This could potentially have been caused by the chosen attribute level range. However, the 

results also show travel time to be an important factor in AO location decision making. This is in 

line with literature in other hospital care sectors in both The Netherlands as well as other countries. 

(Beukers, Kemp, & Varkevisser, 2014; Sivey, 2012; Smith Gooding, 2005). It is nevertheless 

complicated to assess the correctness of the amplitude of the estimated parameter, due to a lack of 

research with similar settings. The only factor that can directly be compared to other studies is the 

found VoTT. 

 

The VoTT found for this sample study is very high. As mentioned before, several studies identified 

lower VoTTs. For example Ramjerdi et al. (2010) identified the range of acceptable VoTT based 

on Norwegian data to be 10.37 - 19.67 €/hour. De Borger and Fosgerau (2008) found a similar 

range for Danish data. The high level of the found VoTT in this particular study can potentially be 

explained by the fact that the SC experiment focused on AO decision making. This may cause 

people to behave and respond differently than when filling in larger surveys that have multiple 

subjects such as the research by Kouwenhoven et al. (2014). Another explanation could be one of 

the general limitations of SC research. People may behave strategically in these experiments as the 

research method does not represent actual decision-making behaviour. However, as no study 

similar to this one has been published yet, it is impossible to draw general conclusions on the 

validity of the found VoTT. 
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• Model 

The usage of a RUM-MNL model comes with several limitations. The general limitations of MNL 

models include first the inability to accommodate for the panel structure of the obtained data. In 

the SC experiment, individuals make 7 choices and these choices are correlated. A respondent that 

is very sensitive for travel time is assumed to make all 7 choices accordingly. This cannot be 

accounted for by MNL models (Chorus, 2018). Furthermore, the Independence from Irrelevant 

Alternatives property is key to the MNL model. This assumption states that the choice probability 

ratio of any two alternatives is unaffected by the presence of a third alternative (Chorus, 2012). 

However, this assumption could lead to unrealistic substitution patterns (Van Cranenburgh, 2017). 

The MNL model does not allow for modelling heterogeneity within choice data. These limitations 

reflect rather unrealistic behavioural assumptions underlying the model (Van Cranenburgh, 2016). 

The limitations could have been solved partially by using for example ML, NL or LC models. 

 

Secondly, the RUM-MNL model does not allow accounting for the fact that different people may 

use different decision rules, as it only estimates a model based on the RUM theory. The theorem 

assumes fully compensatory behaviour, and this implies the absence of any choice set effects. 

However, in practice, choice set effects do often exist. The evaluation of a certain alternative is 

dependent on the other alternatives available in the same choice set (Chorus, 2018). The RUM-

MNL is in line with the assumptions made for substitutability and is therefore the chosen model. 

Moreover, the McFadden 𝜌2 = 0.328 indicates reasonable explanatory power, so the RUM-MNL 

model is considered sufficient for this purpose. 

 

Finally, the linearity assumption may not hold true for all parameters. For example, it is reasonable 

to assume that a bonus of €100 is more valuable for a student than for someone with a net annual 

income of €100,000. More specifically, in the case of AO locations, one may experience more 

disutility of an extra 10-minute drive when this location is at 40 minutes or at 10 minutes. To 

explore this, the time parameter was tested for linearity. By adding a new parameter 𝛽𝑇𝑇2
2 , a new 

model was estimated. Without considering the changes in the rest of the model, this led to a 

significant estimation of 𝛽𝑇𝑇2 = -0.0514 and 𝛽𝑇𝑇2
2  = -0.00124. The new parabolic utility function 

for travel time is plotted in Figure 3.4, as well as the initial linear utility function for travel time. 

Consequently, it can be concluded there is a chance the travel time parameter is not linear. 

Nevertheless, for the sake of estimating the VoTT and that of simplicity, it is assumed to be linear.  
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Figure 3.4 Linearity check for time parameter 

• General remarks 

More generally speaking, the SC experiment has another limitation. It cannot be concluded that 

respondents did not make any assumptions other than the information given in the choice sets. 

Inclusion of a list of ‘equal factors’ in the description page of the survey was an attempt to keep 

the assumptions to a minimum (see Appendix A). Nevertheless, it is possible respondents did still 

make some assumptions about the different alternatives. For example, they may have associated a 

hospital at 10 minutes travel time to be their local hospital, while another at 30 minutes travel time 

may have been associated with the hospital in the next town. 

 

Another limitation of the performed SC experiment is the fact that choice set 5 included an 

alternative that was dominant. It was not strictly dominant, but 100% of all respondents chose the 

same alternative. This problem could have easily been avoided if the final survey would have been 

tested again before distribution.  

 

Finally, the composition of the sample is not representative for the population. This composition 

is partially caused by the usage of the non-probability convenience sampling method and snowball 

sampling. The overrepresentation of highly educated, high-income females in the sample may have 

had its effects on the estimations. A high income may imply indifference for travel costs in this 

particular range or maybe any range. It is however not possible to assess the severity of the effects 

of over- or underrepresentation of certain types of respondents in the sample. This makes 

generalizability of conclusions difficult and risky. The sample could have been more representative 

for the population if different distribution methods would have been used, such as panels. 
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3.5 Conclusion 
The objective of this chapter was to answer sub-question two: Which factors influence the decision 

for women in the Netherlands when choosing a hospital for acute obstetrics care, and to what 

extent? Section 2.4 provided a base for the answer. Including the factors as described in the section, 

as either the factors to be considered equal or as attributes to the alternatives, was done to keep the 

assumptions made by respondents to a minimum. Furthermore, it allowed for estimation of the 

parameters that serve as input for the substitutability method in the next chapter.  

 

Despite the limitations as described in Section 3.4.4, the RUM-MNL model has an acceptable level 

of explanatory power. The significance of all three parameters included in the survey indicate the 

literature review provided a sound base for the SC experiment. Moreover, i t can be concluded 

travel time plays a major role in the decision of which location to go to for AO care. Women are 

aware of the fact that being pregnant may imply multiple visits to the hospital. Even if there are 

no complications related to the pregnancy period or the delivery, the check-ups will happen at the 

hospital. Also, in case a woman would like to deliver at home according to Dutch traditions, she 

finds it a lot more comfortable to choose a hospital that is close-by. This can be explained by the 

fact that, in case of an emergency, this woman may need to be taken to a hospital anyways.  

 

Based on the SC experiment as described in this chapter, the extent to which women find travel 

costs important is relatively small. In the prior estimation study, the travel cost parameter was not 

significant on a 99% confidence interval. In the final survey the parameter was found to be 

significant to a 99% confidence level. However, as the utility effect of the parameter (parameter 

value multiplied by attribute range) is very small, it can be concluded that for this sample, travel 

costs are viewed to be relatively unimportant. 

 

It is uncertain if these conclusions hold for women all around the world, or even for women in the 

Netherlands. This research however provides the best guesses for travel time and travel cost 

parameters for women in AO decision making, so the following parameters are used as the input 

parameters for the substitutability calculations: 

𝛽𝑡𝑟𝑎𝑣𝑒𝑙𝑡𝑖𝑚𝑒 = −0.0924 

𝛽𝑡𝑟𝑎𝑣𝑒𝑙𝑐𝑜𝑠𝑡 = −0.0683 
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4 Substitutability  
This chapter discusses the substitutability measure and its implications for AO locations in the 

Netherlands. It first explains the formal model behind the measure, based on the work by Van Wee 

et al. (2018). Section 4.2 then elaborates on the data collection and preparation phase. Section 4.3 

presents the results and aims at giving a visual representation of the insights of substitutability. 

The subsequent Section 4.4, deals with limitations of the application and results. The last section 

of this chapter will answer the third sub-question and thereby conclude the chapter on 

substitutability.  

 

4.1 The formal model 
In the conference paper in which Van Wee and Van Cranenburgh (2017) introduce substitutability, 

they build on accessibility as an assessment method for the quality of land use. Following the 

definition as used by Geurs and Van Wee (2004, p. 128), accessibility is “the extent to which land-

use and transport systems enable (groups of) individuals to reach activities or destinations by 

means of a (combination of) transport mode(s)”. Substitutability is very closely related to 

accessibility and they proposed a definition in the context of travel behaviour. Following the 

definition of Van Wee, Van Cranenburgh and Maat, substitutability evaluates the quality of the 

other available options relative to the most preferred option. In their work, Van Wee et al. (2018) 

compared LogSum accessibility and substitutability. The different formulas that form the 

mathematical model will be explained using an example of planning a restaurant visit.  
 

The substitutability model is based on the assumption that decision-makers behave rationally and 

maximize their utility when choosing an alternative. Equation (3) gives the formula for the well-

known LogSum measure. 𝑉𝑗𝑛 equals the observed utility of alternative 𝑖 from available alternatives 

𝐽 for a certain decision-maker 𝑛. 𝐶 is an unknown constant which indicates that absolute utility 

cannot be measured. However, in decision-making, the main objective is comparing alternatives 

and identifying the best alternative in a certain choice set. Absolute values and therefore constant 

𝐶 are irrelevant in this case (Van Wee et al., 2019). 𝐿𝑆𝑛 increases when more alternatives are 

available to the decision-maker. Hence if accessibility is high this means there are attractive 

alternatives available to the decision-maker. For the example holds, if there are many good 

restaurants in the vicinity, accessibility is high. 

 

𝐿𝑆𝑛 = ln (∑ 𝑒𝑉𝑗𝑛

𝐽

) + 𝐶 (3) 

 

Based on the beforementioned definition of substitutability, equation (4) shows how to calculate 

substitutability from an ex-ante perspective. Ex-ante implies the researcher assumes a certain 

probability estimation on the likelihood a decision-maker chooses a certain alternative. Therefore, 

probability 𝑃𝑖  is incorporated in the equation and represents the probability that alternative 𝑖 is 

chosen by decision-maker 𝑛. 𝐿𝑆𝑛
𝑌=𝑖 equals the accessibility (LogSum) without the preferred 

alternative 𝑖. By weighing this with 𝑃𝑖 , less preferred alternatives have a smaller impact on the 

value for substitutability 𝑆𝑛.  
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𝑆𝑛 =
1

𝐿𝑆𝑛 − ∑ 𝑃𝑖 ∗ 𝐿𝑆𝑛
𝑌=𝑖

𝑖=1…𝐽

 (4) 

 

To make the substitutability values for different decision-makers comparable to one another, Van 

Wee et al. (2018) proposed to normalise the value for 𝑆𝑛 using equation (5). 

 

𝑆̂𝑛 = 1 −
1

1 + 𝑆𝑛
 (5) 

 

• Example: restaurant choice  

For the example it is assumed two decision-makers 𝑛 and 𝑚 are analysing which restaurant to go 

to. Mr 𝑛 lives in city 𝐴  and Ms 𝑚 lives in town 𝐵. A visual representation of the restaurants both 

can choose from and where these are located is given in Figure 4.1. The numbers indicate the travel 

time to each respective restaurant. 

 

 
Figure 4.1 Visual representation substitutability example 

As can be seen, Mr 𝑛 has a lot more options available within 10 minutes reach than Ms 𝑚. Now 

to calculate the substitutability values for both, the probabilities 𝑃 for all alternatives need to be 

calculated. It is assumed everything but the travel time and travel costs for the alternatives are 

equal. Then, to calculate 𝑃𝑖 , equation (6) is used. This equation is based on the RUM assumption 

of an MNL model, as explained in Section 3.4.3. The required input for the probability is the utility 

values of all alternatives available in set 𝐽 which can be derived using equation (7). 

 

𝑃𝑖 =
exp(𝑉𝑖 )

∑ exp(𝑉𝑗 )𝐽

 (6) 

 

𝑉𝑖 = 𝛽𝑡𝑖𝑚𝑒 ∗ 𝑡𝑟𝑎𝑣𝑒𝑙 𝑡𝑖𝑚𝑒𝑖 + 𝛽𝑐𝑜𝑠𝑡 ∗ 𝑡𝑟𝑎𝑣𝑒𝑙 𝑐𝑜𝑠𝑡𝑖 =  𝛽𝑡 ∗ 𝑇𝑇𝑖 + 𝛽𝑐 ∗ 𝑇𝐶𝑖  (7) 

 

For the sake of simplicity, it is assumed 𝛽𝑡 and 𝛽𝑐 are equal for both 𝑛 and 𝑚.  The travel time to 

each restaurant is given in Figure 4.1. For the travel costs, it is assumed 𝑛 can walk to every 

restaurant while 𝑚 travels by car at a cost of 10 cents per minute. The calculations are given step 

by step in Figure 4.2. 
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Restaurant Travel time (min) Travel cost (€) 

A1 6 0 

A2 8 0 

A3 8 0 

A4 7 0 

A5 9 0 

A6 8 0 

   
 

 
 

Restaurant Travel time (min) Travel cost (€) 

B1 1.5 0.15 

B2 5 0.5 

B3 4.5 0.45 
 

Utilities (assume 𝛽𝑡 = −0.2 and 𝛽𝑐 = −0.1)  
𝑉𝐴1 = −0.2 ∗ 6 + −0.1 ∗ 0 = −1.2 
𝑉𝐴2 = −1.6 

𝑉𝐴3 = −1.6 
𝑉𝐴4 = −1.4 

𝑉𝐴5 = −1.8 
𝑉𝐴6 = −1.6 

 

𝑉𝐵1 = −0.2 ∗ 1.5 + −0.1 ∗ 0.15 =  −0.315 
𝑉𝐵2 = −1.05 

𝑉𝐵3 = −0.945 

Choice probabilities  

𝑃𝐴1 =
𝑒−1.2

𝑒−1.2 + 𝑒−1.6 ∗ 3 + 𝑒 −1.4 + 𝑒−1.8
= 0.228 

𝑃𝐴2 = 0.153 

𝑃𝐴3 = 0.153 
𝑃𝐴4 = 0.187 

𝑃𝐴5 = 0.125 
𝑃𝐴6 = 0.153 

 

𝑃𝐵1 = 0.497 

𝑃𝐵2 = 0.238 
𝑃𝐵3 = 0.264 

 

 

LogSums  

𝐿𝑆𝑛 = ln(𝑒−1.2 + 𝑒−1.6 ∗ 3 + 𝑒−1.4 + 𝑒−1.8) = 0.277 

𝐿𝑆𝑛
𝑌=𝐴1 = ln(𝑒−1.6 ∗ 3 + 𝑒−1.4 + 𝑒 −1.8) = 0.017 

𝐿𝑆𝑛
𝑌=𝐴2 = 0.111 

𝐿𝑆𝑛
𝑌=𝐴3 = 0.111 

𝐿𝑆𝑛
𝑌=𝐴4 = 0.070 

𝐿𝑆𝑛
𝑌=𝐴5 = 0.143 

𝐿𝑆𝑛
𝑌=𝐴6 = 0.111 

 

𝐿𝑆𝑚 = 0.384 

𝐿𝑆𝑚
𝑌=𝐵1 = −0.303 

𝐿𝑆𝑚
𝑌=𝐵2 = 0.112 

𝐿𝑆𝑚
𝑌=𝐵3 = 0.077 

 
 

(Normalised) Substitutability  
𝑆𝑛 = 1/ (0.277 − ((0.277 ∗ 0.017) +((0.153 ∗

0.111) ∗ 3) +(0.187 ∗ 0.070) +(0.125 ∗ 0.143)))  
𝑆𝑛 =  5.235 

𝑆𝑛 = 1 −
1

1 + 5.235
= 0.84 

𝑆𝑚 = 2.050 

𝑆𝑚 = 0.67 

 

Figure 4.2 Example substitutability calculations 
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The example shows that a higher LogSum value or a higher accessibility does not mean the 

substitutability value is higher. Because 𝑚 lives very close to a restaurant, her accessibility value 

is higher than 𝑛’s. However, if restaurant B1 would go bankrupt and would no longer be available, 

the other alternatives for 𝑚 are a lot less attractive. This is represented in the value for the 

normalised substitutability 𝑆̂𝑚, which is lower than 𝑆̂𝑛. The example is a simplification of a real-

life situation but shows the added value of substitutability as a measure of how attractive a certain 

location is. It helps to identify the extent to which the other options available to someone can 

substitute the preferred option. The upcoming sections will focus on the substitutability in the 

scope of this research. The next section first discusses the data collection and preparation process. 

 

4.2 Data preparation 
Before it is possible to calculate the normalised substitutability values, different input values and 

parameters need to be obtained. In Chapter 3, the process of gathering parameter values 𝛽𝑡 and 𝛽𝑐 

has been discussed. The values as reported in Table 3.5 are used for the substitutability calculations 

for AO locations in the Netherlands, so 𝛽𝑡 = 𝛽𝑇𝑇 = −0.0924 and 𝛽𝑐 = 𝛽𝑇𝐶 = −0.0683. 

 

Travel costs are generalized per kilometre travelled. Modal choice will not be included in the 

research project using car as the default option. When traveling to a hospital, the car is the most-

used option (Ravelli et al., 2011). Even when the person that needs to go to the hospital does not 

own a car, they will most of the times be driven by a friend or family member (Jones et al., 2008). 

The average distance travelled of Dutch cars is 13,000 kilometre per year per car (CBS, 2018e). 

The differences between fixed costs for different types of cars are disregarded. An average sized, 

priced and used car then costs about €0.19 per kilometre (ANWB, 2018). In order to calculate 

travel costs, one needs travel distances. The same goes for travel times and therefore origins and 

destinations need to be identified. These will be elaborated on further.  

 

The Google Distance Matrix is used to retrieve travel times and travel distances. An API key is set 

up and R was used to program and save the travel times and distances for the origin-destination 

matrix. The package in R that is used to retrieve travel times and distances from the Google 

Distance Matrix API is called ‘gmapsdistance’ by Azuero Melo, Rodriguez and Zarruk (2018). 

Version 3.4 of the package is used. It requires at least an API key, an origin and a destination. The 

package furthermore allows the user to for example specify the travel mode, the type of traffic 

model (pessimistic, optimistic or best guess), the departure/arrival time and departure/arrival date. 

There are several format of origin and destination input this package accepts. It can handle 

longitude - latitude combinations or specific addresses (Azuero Melo et al., 2018). For the origins 

or departure locations in this research, a detailed description is given in Section 4.2.1. The 

destinations will be discussed in Section 4.2.2, and Section 4.2.3 will describe a few of the data 

preparation steps taken.  

 

4.2.1 Origins 

For the substitutability calculations, the origins are represented by houses in the Netherlands, as 

people mostly travel to hospitals from their homes. Especially when focusing on AO specifically, 

most women are at home when in need of AO care. The Netherlands works with a zip code system 
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of the following format: 1234XX. For accessibility calculations, RIVM uses four-digit zip codes 

(Geodan, 2018). The starting point for calculations will include all habited four-digit zip codes in 

the Netherlands where the number of residents per zip code as reported by CBS (2018a) are used. 

For example, the so-called ‘postbus’ numbers are filtered out as these are solely used for corporate 

mailboxes. Furthermore, there are a few locations, such as the Maasvlakte in the harbour of 

Rotterdam, that do not have any official residents. These will therefore be removed as well.  

 

As stated, several forms of input are accepted for the origins in the R package. There are three 

methods that could be used to specify the location of a zip code, which are all three elaborated on 

before deciding on which to use. 

1. ZipCode. 

The input for an origin would look as follows: “1011 Amsterdam The Netherlands”. This method 

is fairly easy to use as this information is readily available.  

2. Geocode 

Geocoding means converting addresses into long-lat combinations. Kahle, Wickham and Jackson 

(2019) created an R package called ‘ggmap’ which includes the function ‘geocode’ that allows a 

programmer to convert a list of addresses. It requires a location in any type accepted by Google 

Maps and a Google API key. This method requires one extra step in preparing the input data for 

the ‘gmapsdistance’ package. 

3. Average 

The Dutch governmental institution Cadastre, Land Registry and Mapping Agency (Kadaster) 

collects and registers data on property (Kadaster, n.d.). They also keep track of the zip codes and 

addresses in the basic registration of addresses and buildings or Basisregistratie Adressen en 

Gebouwen (BAG). This database however is only available at a high cost and therefore it was 

decided to use the latest freely available update, dating from 2010. These data are assumed to be 

suitable on an aggregated zip code level. The publicly available table with full zip codes, 

geolocations, street names and municipalities can be downloaded in several formats like excel and 

SQL (Kraijesteijn, 2016). The average method will calculate the average long-lat combination for 

all four-digit zip codes on the geolocations of the six-digit zip codes as reported in the table. It will 

put extra emphasis on areas in a four-digit zip code area that have more registered addresses. This 

method requires a few extra steps before the locations can be used as input for the ‘gmapsdistance’ 

package.  

 

Beforehand, it is uncertain which method would give the most accurate output. Therefore, all  

three methods are tested on six origins in Amsterdam and three randomly chosen destinations. 

The results produced using R are presented in Table 4.1 and Table 4.2. 
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Table 4.1 Test of methods - distance matrix for six origins and three destinations 

Distance 

(km) 

E du Perronlaan 420, 

2624NC, Delft 

Oude Stadsgracht 32, 

5611DG, Eindhoven 

Laan van Tolkien 181, 

5661AB, Geldrop 

Origin/ 

Method 1 2 3 1 2 3 1 2 3 

1011 71.5 71.5 71.1 124.3 124.3 123.9 136.1 136.1 135.7 

1012 70.0 70.0 71.1 126.6 126.6 126.7 138.4 138.4 138.5 

1013 70.6 70.6 68.1 123.4 123.4 132.9 135.2 135.2 144.7 

1014 70.6 70.6 64.4 123.4 123.4 130.3 135.2 135.2 142.1 

1015 70.6 70.6 65.7 123.4 123.4 130.6 135.2 135.2 142.4 

1016 70.6 70.6 66.1 123.4 123.4 125.5 135.2 135.2 137.2 

 
Table 4.2 Test of methods - time matrix for six origins and three destinations 

Time 

(min) 

E du Perronlaan 420, 

2624NC, Delft 

Oude Stadsgracht 32, 

5611DG, Eindhoven 

Laan van Tolkien 181, 

5661AB, Geldrop 

Origin/ 

Method 1 2 3 1 2 3 1 2 3 

1011 58 58 54 92 92 90 93 93 91 

1012 62 62 59 97 97 96 96 96 97 

1013 54 54 50 88 88 93 89 89 94 

1014 54 54 45 88 88 88 89 89 90 

1015 54 54 51 88 88 94 89 89 95 

1016 54 54 54 88 88 97 89 89 99 

 

As can be seen, all outcomes for method 1 and 2 or the ZipCode and Geocode method are the 

same. After thoroughly researching the information attached to the ‘gmapsdistance’ package, it 

became clear this package uses the same geocode script to convert a zip code into a geolocation 

(Azuero Melo et al., 2018). Therefore, the results produced by these two methods are exactly the 

same. However, even more notable is the fact that the results for method 1 and 2 for the latter four 

origins are the same. To check what has caused this problem, the locations provided by ‘geocode’ 

and the Average method are displayed on a map. This map, created using Google Maps as a 

background, can be viewed in Figure 4.3. The map shows were it wrong with the travel distance 

and travel time calculations by Google API. The red pin located in the middle of the ‘1011’ area 

represents the geocode output for 1011. The red pin with a four next to it, in the bottom right of 

the same area, indicate the geocodes for 1012 to 1016. Consequently, all calculations from these 

four zip code areas resulted in the same travel times and distances. Clearly, the blue pins show a 

better representation of the zip code areas.  
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Figure 4.3 Test of methods - Location specifications for two methods 

Concludingly, method 3 or the average method is used. Despite the fact that the retrieved database 

is almost 10 years old, this seems the best option based on the test illustrated above. To achieve 

and simplify the use of this method, the zip code table as retrieved from SQLblog is prepared using 

R. The outcome is a table that contains the four-digit zip codes and the averages of longitude 

latitude combinations. 

 

4.2.2 Destinations 

The travel times ware calculated from these four-digit zip codes to the AO locations in the 

Netherlands. The available destinations are the 78 AO locations that were open in December 2018, 

as presented in Figure 4.4. The full list of hospitals can be found in Appendix F. The acquisition 

of the travel times and distances is done using the data available in Google Maps. This way, the 

travel times by car and distances between locations come as close to the reality as possible. The 

script that is used to attain these values using R is given in Appendix G, just as the other scripts 

used for data preparation. The most important steps taken will be described in the upcoming 

sections. 
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Figure 4.4 The 78 AO locations, updated December 2018 (adapted from RIVM) 

4.2.3 Data checks and preparation 

The most important steps taken in data preparation have to do with the required format of the input 

of the Google Distance API. The origins are converted into a vector of ‘long+lat” combinations, 

given in degrees. The destinations are converted into a vector based on full addresses, also 

separated by a ‘+’ sign. As running the script can take approximately 48 hours for 20 destinations, 

this would cause variation in traffic situation for instance during rush hours. The departure time is 

therefore set to 11:00 am on June 16, 2020, to make sure the travel times do not differ due to 

congestion.  

 

The ‘gmapsdistance’ package did not work properly for some of the zip codes on the islands 

located in the north of the Netherlands. The Google Distance Matrix API was not able to find a 

route between zips ‘8899’ on Vlieland and ‘9166’ on Schiermonnikoog. The boat routes between 

these islands and the mainland are not officially registered in Google Maps. These have been 

adapted manually, using the travel time to the closest port. The boat time was then added to this 

and finally the travel times and distances were copied from the arrival ports. This is also explained 

in the scripts individually. The next section discusses the results of the substitutability model.  

 

4.3 Results 
Using R, the values for minimum travel time, LogSum accessibility and (normalised) 

substitutability have been calculated. The script used is Script 11, found in Appendix H. Gephi, an 

open-source and free network visualization program is used to visualise the results  (Bastian, 

Heymann, & Jacomy, 2009). It allows users to colour code figures based on a certain value. By 

means of the GeoLayout package, the geolocations have been plotted (Jacomy, 2019). The 

upcoming sections will briefly discuss the results for the different measures. 
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4.3.1 Minimum travel time 

The first measure that is discussed is the minimum travel time or the travel time to the AO location 

that is closest to the given zip code, calculated by car. The minimum value is 0.93 minutes, found 

for four-digit zip code 3015 in Rotterdam, in which the ErasmusMC is located. The highest or 

maximum value is 178.73 minutes, for four-digit zip code 8897 on Terschelling. Due to the long 

boat travel time from Terschelling, the twelve highest values are found on this island.  

 

Figure 4.5 gives a visual representation of the found values. However, this figure does not provide 

much information as most zip codes are coloured green in the map. This is caused by the fact that 

Gephi automatically uses the equal interval classification method when grouping values into 

classes.  This method is based on the 
(𝑚𝑎𝑥𝑖𝑚𝑢𝑚 −𝑚𝑖𝑛𝑖𝑚𝑢𝑚)

𝑛𝑢𝑚𝑏𝑒𝑟  𝑜𝑓 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑖𝑒𝑠
 formula. The formula results in equally 

sized groups in terms of range, but certainly not in group sizes. This way of dividing values into 

groups does provide insights in how a certain area scores relative to others, as long as there are no 

very extreme values and the data is fairly evenly distributed (Congalton, 1991). Gephi does not 

accommodate for other ways of classifying the data. The data will be explored by temporarily 

removing the extreme values. 

 

As can be seen in Table 4.3, the share of zip codes in each equally sized box of minimum travel 

times is extremely uneven. To get a better insight in the distribution of the travel time to the closest 

AO location, the values over 45 minutes have been removed temporarily. The division of travel 

times for the remaining 4034 zip codes is presented in Table 4.4 and visually pictured in Figure 

4.6. 

 
Table 4.3 Split in minimum travel times 

 

Cat Range Share Share (%) 

1 < 26.3 3785 93.25% 

2 26. 3 -   51.7 251 6.18% 

3 51.7 -   77.1 5 0.12% 

4 77.1 - 102.5 4 0.10% 

5 102.5 - 127.9 2 0.05% 

6 127.9 - 153.3 0 0.00% 

7 > 153.3 12 0.30% 
 

Table 4.4 Split in minimum travel times (after removal of 
highest 25) 

Cat Range Share Share (%) 

1 < 6.45 289 7.16% 

2 6.45 - 12.0 1066 26.43% 

3 12.0 - 17.5 1274 31.58% 

4 17.5 - 23.0 882 21.86% 

5 23.0 - 28.5 369 9.15% 

6 28.5 - 34.0 130 3.22% 

7 > 34.0 24 0.59% 
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Figure 4.5 Minimum travel time 

 
Figure 4.6 Minimum travel time (after removal of highest 25 
values) 

As expected, some regions in Zeeland, Flevoland and Friesland show critical travel times. 

Furthermore, a few spots in the border areas report longer travel times to the closest AO location 

in the Netherlands. As elaborated on before, only locations in the Netherlands have been taken into 

account, even if a hospital in Belgium or Germany would be closer. This phenomenon occurs in 

many studies and is often referred to as the boundary problem or boundary effect. This effect will 

be discussed in the Section 4.4.  

 

To make the results, found by means of the Google Distance Matrix API and the ‘gmapsdistance’ 

package in R, comparable to the results published by RIVM, another split in travel times was 

required. As Gephi automatically divides the colour groups into equally sized ranges, this had to 

be done manually. This resulted in Figure 4.7. As shown, this map is very similar to Figure 4.8, as 

published by RIVM in their accessibility analysis (RIVM, 2018a). The biggest difference between 

the two maps is seen on the island, in particular on Texel, the leftmost island on the map. In this 

research, the travel time by fast boat and the travel time to the departure port have been summed 

with the travel times from the arrival port to the AO locations. As the most efficient travel times 

(assuming no waiting time at the departure port and arrival port) have been used, it is unclear where 

the difference between both maps comes from. RIVM has not reported on the way the minimum 

travel times from the islands are calculated. Furthermore, there is no insight in how the data found 

by RIVM have been aggregated to a full map. 
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Figure 4.7 Minimum travel times using RIVM ranges 

 
 

 
Figure 4.8 Travel time to closes AO 2018. Reprinted from 

Acute zorg: Regionaal & Internationaal: SEH, by RIVM, 
November 14 2018, retrieved from 
https://www.volksgezondheidenzorg.info/ 

4.3.2 LogSum 

Just as the minimum distance values, the LogSum outcomes show almost every region in the 

Netherlands is fairly well-covered, when compared between all 4059 values. The minimum value 

is -16.73, found for four-digit zip code 8897 on Terschelling. The maximum value is 1.06, in the 

north of Rotterdam at zip code 3039.  

 

As can be seen in Table 4.5, the share of zip codes in each equally sized box of LogSum values is 

very uneven. To get a better insight in the distribution of LogSum values, the values under -4.03 

have been removed temporarily. The division of the remaining 4034 zip codes is presented in Table 

4.6. The visual representation on the map is found next to the initial figure, in Figure 4.10. 

 
Table 4.5 Split in LogSum values 

Cat Range Share Share (%) 

1 > - 1.49 3500 86.23% 

2 -1.49 -   -4.03 534 13.16% 

3 -4.03 -   -6.57 7 0.17% 

4 -6.57 -   -9.11 3 0.07% 

5 -9.11 - -11.65 3 0.07% 

6 -11.65 - -14.19 0 0.00% 

7 < -14.19 12 0.30% 
 

Table 4.6 Split in LogSum values (after removal of lowest 25) 

Cat Range Share Share (%) 

1 > 0.38 476 11.80% 

2 0.38 - -0.29 946 23.45% 

3 -0.29 - -0.97 1393 34.53% 

4 -0.97 - -1.64 829 20.55% 

5 -1.64 - -2.31 302 7.49% 

6 -2.31 - -2.97 78 1.93% 

7 < -2.97 10 0.25% 
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Figure 4.9 LogSum 

 
Figure 4.10 LogSum (after removal of lowest 25) 

Figure 4.10 provides a bit more information on the division of LogSum values and therefore the 

accessibility of the AO locations. Critical areas are again located in Zeeland, while the Randstad 

area scores above average. This has got everything to do with demand and supply. For comparison, 

the population densities of South Holland and North Holland are 1,311  and 1,062 people/km2 

respectively, while that of Zeeland is only 215 people/km2 (CBS, 2018d). A higher demand for 

health care makes it easier to maintain hospitals in certain regions, which leads to better 

accessibility in this particular area. 

 

4.3.3 Substitutability 

Just as the minimum travel time and the LogSum values, the substitutability outcomes show similar 

results in terms of division based on equally sized ranges, as can be seen in Table 4.7. As elaborated 

on before, a high value for substitutability means the alternatives available in a certain area are 

good substitutes for the preferred alternative. The highest value found is 20.6, for zip code 2421 

in Nieuwkoop. The lowest value for substitutability is found for zip 1789, located next to Den 

Helder in North Holland: 0.3. As the map in Figure 4.11 does not provide much information at 

first sight, it is needed to remove a few values. As the majority of the zip codes fall into the bottom 

four categories, the values over 11.9 have been removed. In other words, the highest 129 values 

(3.15% of the total share) have been removed from the overview map and these results are 

presented in Figure 4.12. 

 

The ‘empty spot’ in the map is located in the Randstad, the area in the Netherlands with the highest 

levels of population density and many AO locations. The map clearly shows critical areas that 

have only one AO hospital in its vicinity. It also indicates that in several areas (south in Limburg, 

most of Zeeland and many areas in the north of the country) the next option is usually not a suitable 

substitute. The next section elaborates on the normalised substitutability values, which are easier 

to compare to one another. 
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Table 4.7 Split in substitutability values 

 

Cat Range Share Share (%) 

1 > 17.7 14 0.34% 

2 17.7 - 14.8 39 0.96% 

3 14.8 - 11.9 76 1.87% 

4 11.9 - 9.00 399 9.83% 

5 9.00 - 6.10 682 16.80% 

6 6.10 - 3.20 1030 25.38% 

7 < 3.20 1819 44.81% 
 

Table 4.8 Split in Substitutability values (after removal of 
highest 129) 

Cat Range Share Share (%) 

1 > 10.2 1723 4.40% 

2 10.2 - 8.56 323 8.22% 

3 8.56 - 6.92 384 9.77% 

4 6.92 - 5.26 409 10.41% 

5 5.26 - 3.61 617 15.70% 

6 3.61 - 1.95 1128 28.70% 

7 < 1.95  896 22.80% 
 

 

 
Figure 4.11 Substitutability 

 

 
Figure 4.12 Substitutability (after removal of highest 129) 

 

4.3.4 Normalised substitutability 

Finally, Figure 4.13 presents the map with normalised substitutability values. The minimum value 

is 0.230, found for four-digit zip code 1789 which is located in Den Helder, in the far north of the 

province of North Holland. This makes sense as the only hospital in this area is located here while 

the next AO location is in Alkmaar, which is 40 minutes or 44 kilometres away. The highest or 

maximum value is 0.954 for four-digit zip code 2421 in Noordwijk. This is mainly due to the fact 

that there are about 7 hospitals within 20 minutes from Noordwijk. All of these alternatives are 

easily substituted by another AO location.  
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Figure 4.13 Normalised Substitutability 

Maybe the most striking thing to the normalised substitutability map is found in the province of 

Flevoland. A lot of media reported on the problems in this area due to the long travel times to 

hospitals and the unavailability of beds and personnel. However, the fact that these areas score 

relatively high in normalised substitutability is in the nature of this measure: it compares the 

available options instead of rating them. It does not capture the long travel time to the 4 hospitals 

within an hour of Urk, it just states that whenever someone in this area needs AO care, there are 4 

options that could easily be substituted by one another.  

 

Other critical areas are, as expected, found on Texel, in Zeeland and in border areas. Traveling by 

boat and car and then having just one AO location relatively close by, brings the scores for Texel 

to a minimum. The people in Zeeland are very dependent on the very few hospitals in this area. If 

the closest hospital does not have bed or personnel available, a woman in labour will have to travel 

lengths to the next location. The border areas are difficult to evaluate in a sense that, theoretically 

speaking, a woman in an emergency situation could go to a cross-border AO location. This so-

called boundary effect and other issues are discussed in the next section. 

 

4.4 Discussion 
The methodology and the results as presented in the previous sections require revision. This section 

elaborates on some limitations and critical points of both. It starts by discussing the methodology 

itself. The chosen application of the substitutability model is based on a linear-additive RUM-

MNL model. Consequently, the limitations as discussed in Section 3.4.4, also hold true for this 

chapter. 

 

The substitutability calculations are based on several other input parameters. On the one hand, the 

travel times and travel distances are fairly straightforward and not subject to change on the short 
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term. It is expected that the unavailability of up to date data on zip codes may have caused some 

minor discrepancies in the obtained times and distances. This could have been solved by the 

purchase of up to date data, but it is considered to have only a neglectable effect on the end results. 

On the other hand, the cost and time parameters are based on a SC experiment. The substitutability 

values hold true for the sample, but it is questionable whether the results would be the same for 

the entire female population. In other words, the substitutability outcomes are very dependent on 

the validity of the cost and travel time parameters. This makes the results subject to reliability and 

validity issues. 

 

Furthermore, the unexpected importance of the recommendation parameter in the SC experiment 

makes it questionable whether the usage of only cost and time parameters provide a sound base 

for substitutability. It is uncertain whether the factors that have been neglected in the utility and 

therefore probability estimations of the substitutability calculations would have resulted in 

completely different outcomes. The high utility effect of 𝛽𝑟  does put pressure on the validity of 

the substitutability results.  

 

Another critical point is the strong influence the beta and cost parameters have on the results. This 

can be shown using a sensitivity analysis. Multiplication of the value for 𝛽𝑇𝑇 by two to 𝛽𝑇𝑇 =
−0.1848 and keeping 𝛽𝑇𝐶 = −0.0683 means 𝑉𝑜𝑇𝑒𝑥𝑡𝑟𝑒𝑚𝑒1 is 162.34 €/hour. The corresponding 

substitutability values are shown in Figure 4.14. Keeping the 𝛽𝑇𝑇 = −0.0924 and multiplying 

𝛽𝑇𝐶  by two to 𝛽𝑇𝐶 = 0.1366 so 𝑉𝑜𝑇𝑒𝑥𝑡𝑟𝑒𝑚𝑒2 is 40.59 €/hour, leads to the outcomes as shown in 

Figure 4.15. As can be seen, the results look very different, despite the small change in parameter 

values. Hence, the results as discussed in the previous section are vulnerable. 
 

 
Figure 4.14 Normalised Substitutability Extreme VOT 1 

 
Figure 4.15 Normalised Substitutability Extreme VOT 2 
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Another limitation of the research and maybe the substitutability model in itself is that it only 

accounts for the unavailability of the most-preferred option. But, as has been reported by multiple 

media sources, midwives sometimes have to call multiple (up to 7) hospitals before finding an 

available bed for their pregnant client. The inclusion of multiple unavailability would probably 

have led to different results. 

 

Finally, the analysis is based on the geographical boundaries of the Netherlands. This leads to the 

same results as when the Netherlands would have been an island: the hospitals just across the 

border are not considered. For many other applications, one should handle the boundary effect 

very carefully. An example can be found for a supermarket visit, as someone living close to the 

country border is not restricted by this border. The chosen boundaries are however neglected in 

this study, as it is assumed that for obstetrics care decision making, very few people will visit a 

hospital in Belgium or Germany. This is assumed because the language barrier and insurance 

regulations are expected to play a role. Furthermore, the Dutch government should aim to create 

an accessible health care system within their own boundaries. Nevertheless, in for example 

emergency situations, a woman in need could still decide to visit an AO location on the other side 

of the country border.  

 

4.5 Conclusion 
The purpose of this chapter was to answer sub-question three: What are the differences between 

the values for accessibility and substitutability in the spatial distribution of the acute obstetrics 

locations in the Netherlands? The commonly used LogSum method has been used to assess 

accessibility. Furthermore, the minimum travel times have been identified as these are used for the 

identification of sensitive AO locations by RIVM (Kommer et al., 2017). The minimum travel 

times have ground in the minimum distance method as presented in the literature study in Section 

2.2. The normalised substitutability outcomes have been compared to these two measures. The 

first part of this section elaborates on the general differences, while Section 4.5.2 discusses the 

differences from an aggregated perspective. 

 

4.5.1 Major differences in measure values 

It was expected that the differences between minimum travel times and substitutability values 

would be large. A short travel time may lead to a low substitutability value, in case an AO location 

very close-by may have relatively unattractive substitutes. It does however not necessarily have 

to, as a certain zip code may be surrounded by a few AO locations at a 10 minute drive. The highest 

minimum travel times are found on the islands, caused by the long travel time by boat. The lowest 

normalised substitutability values are however not found on the islands.  

 

To see whether or not there exists a relationship between the minimum travel time and normalised 

substitutability value, the scatterplot as shown in Figure 4.16 has been created. The Pearson 

correlation is 0.074, so only 0.0742 or 0.5476% of the variance of the normalised substitutability 

can be explained by the minimum travel time. Consequently, there is no reason to assume a strong 

linear relationship. When looking at the scatterplot, it can be concluded there is no clear 

relationship between the two variables. 
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Figure 4.16 Scatter plot with minimum travel time and normalised substitutability 

As stated, the minimum travel time and normalised substitutability values show different patterns. 

A high or low minimum travel time does not directly mean a high or low substitutability value. A 

very low minimum travel time might even lead to a very low substitutability value. Having one 

AO location close-by is attractive only when this particular AO location has a bed and personnel 

available. This grabs the exact thing substitutability helps to identify: the (un)availabil ity of 

substitutes. 

 

Secondly, the LogSum values. When looking at the mathematical model of substitutability, one 

might expect the critical areas for substitutability values to be the same as for the LogSum model. 

The formulation of substitutability is closely related to LogSum and based on the same 

assumptions. Again, a scatterplot is used to determine the existence of a relationship between the 

two variables. This scatterplot is shown in Figure 4.17. The p-value indicates the significance of 

the relationship, and the Pearson correlation coefficient is equal to 0.29. As expected, there is a 

relationship between the LogSum value and the normalised substitutability values.  
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Figure 4.17 Scatter plot with LogSum and normalised substitutability 

However, the normalised substitutability values show different critical areas when plotted on a 

map. Where the LogSum method marks all islands as critical, normalised substitutability marks 

only Texel as critical. The province of Zeeland is worse off when looking at normalised 

substitutability, rather than the LogSum values. The border area of the province and the areas next 

to it score very low for normalised substitutability. Furthermore, the southern part of Limburg, the 

area of Winterswijk (next to the German border) and the Emmen and Winschoten areas further 

north have critically low substitutability scores. The lowest value for normalised substitutability is 

found for zip ‘1789’ in an area next to Den Helder in the far north of North Holland, while the 

highest value is found for zip ‘2421’ in Nieuwkoop in South Holland. The next section discusses 

aggregated values, namely for municipalities and provinces.  

 

4.5.2 Differences on an aggregated level 

To get a little more insight in the differences between the accessibility and normalised 

substitutability values, a comparison between the values on a municipality level is made. The 

values for all zip codes have been aggregated and averaged to their respective municipality. Next, 

the municipalities have been ranked from 1 to 355 on all three measures, 1 representing the best 

score and 355 representing the worst score. The five top and bottom rankings are presented in 

Table 4.9. The ranking in the last column of Table 4.9 is based on a combined score. The rankings 

have been summed and the ‘overall’ rank is built on this summed score. The scores are not 

weighted but solely based on the three ranks. 
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Table 4.9 Rankings for aggregated measures on a municipality level 

Rank MinTime LogSum NormSubst Overall 

1 Beverwijk Diemen Nieuwkoop Oostzaan 

2 Geldrop-Mierlo Oostzaan Woerden Amsterdam 

3 Leiderdorp Amsterdam Uithoorn Delft 

4 Weert Schiedam Alphen aan den Rijn Diemen 

5 Oegstgeest Ouder-Amstel De Ronde Venen Schiedam 
|    

 

351 Texel Texel Hulst Delfzijl 

352 Vlieland Schiermonnikoog Winterswijk Ameland 

353 Ameland Vlieland Terneuzen Veere 

354 Schiermonnikoog Ameland Den Helder Sluis 

355 Terschelling Terschelling Texel Texel 

 

The bottom rankings for both minimum travel time as well as the average LogSum values are 

represented by the five islands. Only Texel also appears on the bottom rankings for normalised 

substitutability, the others do not. This difference can be explained by the fact that the available 

options for Vlieland, Ameland, Schiermonnikoog and Terschelling are all equally far away. So 

even though the possibilities are further away (the high minimum travel time and the low LogSum 

value) the possibilities are good substitutes for one another.  

 

The worst scores for substitutability on a municipality level are found in the border areas with 

Germany or Belgium, as well as in Den Helder and Texel. Apparently, Den Helder is very 

dependent on the availability of the Gemini location of the Noordwest Ziekenhuisgroep in Den 

Helder. The highest scores for substitutability are on the other hand all located in or next to ‘het 

Groene Hart’, a thinly populated area located in the middle of the Randstad. When looking at the 

overall rankings, all municipalities in the top five are also located in the Randstad area. The bottom 

values are all located in the north of the country, either on the islands or in the province of 

Groningen or Friesland. These results are in line with the expectations, as one would expect the 

densely populated areas in de Randstad (provinces of South Holland, North Holland and Utrecht) 

to get good scores on all three measures. 

 

Next, Table 4.10 presents the average minimum travel times, LogSum and normalised 

substitutability values, aggregated to a provincial level. The average of the province is based on 

the average of all municipalities in this particular province. The averaged values and the respective 

ranks are both displayed. As can be seen, Zeeland is on the bottom of the overall rank, while Zuid-

Holland scores best. 
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Table 4.10 Ranking average minimum travel time, LogSum and normalised substitutability values on a provincial level 

Province 

Average 

MinTime 

Average 

LogSum 

Average 

Norm. 

Subst. 

Rank 

MinTime 

Rank 

LogSum 

Rank 

Norm. 

Subst. 

Drenthe 18.521 -1.1791 0.6961 8 9 7 

Flevoland 19.977 -0.8144 0.8613 11 6 3 

Friesland 22.756 -1.6608 0.6708 12 11 9 

Gelderland 15.022 -0.5522 0.7703 6 5 6 

Groningen 18.899 -1.2134 0.6797 9 10 8 

Limburg 14.479 -0.8608 0.6366 5 7 11 

Noord-Brabant 14.375 -0.4762 0.7917 4 4 5 

Noord-Holland 13.259 -0.0845 0.8313 2 3 4 

Overijssel 16.781 -1.1177 0.6411 7 8 10 

Utrecht 13.380 0.1225 0.8871 3 2 1 

Zeeland 18.998 -1.6705 0.4878 10 12 12 

Zuid-Holland 12.279 0.2328 0.8807 1 1 2 

 

The biggest difference is seen for the province of Limburg in the south of the country, which scores 

a lot lower in normalised substitutability than in LogSum and minimum travel times. This can be 

explained by the fact that the AO locations in Limburg are of vital importance to the people living 

in the southernmost regions. Another large difference is seen for Friesland, which scores better in 

normalised substitutability. This can be explained by the fact that the very few options available 

are far away (the low LogSum and high minimum travel times) are acceptable substitutes for one 

another (hence the relatively high normalised substitutability score).  

The different patterns for all three measures as elaborated on in this section, serve as a guide 

towards answering the main research question. The next chapter concludes the study by presenting 

conclusions, future research recommendations and a reflection.   
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5 Conclusion, recommendations and reflection 
The main objective of this study was to explore the substitutability concept and to identify the 

consequences of including it in the evaluation of the spatial distribution of AO locations in the 

Netherlands. The research was structured along four sub-questions and a main research question. 

The remaining sub-question is answered in this chapter. Furthermore, an answer to the main 

research question is formulated. A suggestion for the spatial distribution of AO locations is done, 

despite it not being an objective of this research. The second section provides some ideas and 

recommendations for future research subjects. Finally, Section 5.3 presents a reflection on the 

quality of the research and a personal reflection on the research and the process.  

 

5.1 Main conclusions 
Before being able to answer the main research question, one remaining sub-question needs to be 

answered. The fourth sub-question was formulated as follows: What is the added value of including 

substitutability in a spatial distribution analysis? Based on the conclusion of Chapter 4, the added 

value of substitutability can be found in that it offers new insights in the performance of a spatially 

distributed system. The upcoming section briefly elaborates on the potential of the concept. Section 

5.1.2 then concludes the study by answering the main research question. 

 

5.1.1 The potential of substitutability in spatial distribution analysis 

This research focused on the current distribution of AO locations in the Netherlands. As it has been 

shown there are significant differences in the outcomes for the traditional accessibility measures 

and the substitutability measure, it has the potential to be insightful in other situations as well. In 

this section, the concept is projected on similar subjects and other subjects. Afterwards, some 

general conclusions that can be drawn about the substitutability model are discussed.  

 

• Application of substitutability on similar subjects 

This study focused on the spatial distribution of AO locations. The substitutability model can also 

be applied in similar situations, such as the evaluation of spatial distribution of the A&E locations 

in the Netherlands. When looking at the accessibility of A&E locations by car, the expectation is 

that the results would be similar to the results found in this study. The results are not directly 

applicable to the accessibility by ambulance. However, the substitutability model may provide 

important insights in critical areas for the spatial distribution of ambulance care. The decision on 

which hospital to go to is made in the ambulance, based on the care the patient is expected to need 

and on availability of beds and personnel. Substitutability would help assess critical areas in 

situations where sometimes a bed is unavailable. 

 

Additionally, applying the substitutability model for A&E locations in emergency situations may 

help release pressure of the A&E system. Imagine the substitutability model has been applied for 

different specialisations. In some area, substitutability is high: there are three excellent substitutes 

for the closest A&E location for basic emergency care. At a certain point in time, the ambulance 

picks up a patient that has broken a leg. Five minutes later, another ambulance comes to the same 

area for a patient that may have suffered severe brain damage. The substitutability model has 

shown that only one of the four hospitals in this area has a specialised neurology department. In 
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this situation, the patient with the broken leg should not be brought to this particular hospital, but 

to one of the other three substitutes. Even if these are located a little further away: the performance 

of the A&E system would improve. Naturally, additional research is required before drawing 

conclusions. Amongst others, ethical issues may rise. However, is recommended to further 

research this matter. Related to the evaluation of AO and A&E spatial distribution, substitutability 

may also be of use in non-emergency situations. As stated before, the identification of critical 

locations in terms of substitutability may help improve the performance of the overall system.  

 

• Application of substitutability on other subjects 

The substitutability model can also be applied in other fields than the health care sector. For any 

subject in which the unavailability of the preferred alternative may play a role, substitutability 

values could lead to other insights than the traditional accessibility measures. This study took the 

perspective of residential locations as a starting point. From this point of view, substitutability 

could be used to assess the attractiveness of a neighbourhood. High substitutability values for 

public transport alternatives would make a neighbourhood a lot more attractive for someone 

planning to use public transportation for daily travels. Substitutability offers a possibility to capture 

the effects of planned maintenance work on the train network, while regular accessibility measures 

would not be able to evaluate the effects properly.  

 

Moreover, substitutability has the potential to be useful from the perspective of planners in for 

example relocation decision making. Instead of taking residential locations as a starting point, one 

could approach substitutability from a demand side perspective. This way, substitutability could 

assess attractiveness of a certain location based on the substitutes that are available for potential 

clients, as these substitutes would affect demand.  

 

• General conclusions on the substitutability concept 

The ease of application makes for an attractive future research subject. This study focused on the 

comparison of the minimum distance method and the LogSum method with the substitutability 

method. However, by means of mapping the results, the substitutability values can also easily be 

compared to other accessibility measures. Examples include, amongst others, the choice-set 

method or the Hansen method (see Table 2.2). Furthermore, the substitutability concept is very 

flexible. This particular research used the LogSum method as a base of the mathematical 

formulation. However, one could explore the results of other types of models, as will be elaborated 

on in Section 5.2.  

 

The substitutability measure should mainly be viewed as a complementary measure. In most 

accessibility or spatial distribution analyses, other factors that are not included in the 

substitutability model play a role. It is recommended to apply the substitutability model after 

applying the traditionally used accessibility methods and see if the results provide different 

insights. Another possibility would be to incorporate constraints in the substitutability model. In 

this study for example, this would mean including the rule that for every area, at least one AO 

location should be within 45 minutes reach. This way, both the minimum distance as well as the  

substitutability model could be applied at once.  
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Finally, the substitutability method allows for testing shifts in parameter values. One could 

therefore easily get different results for the effects of a new bus service for young people living in 

urban areas compared to elderly people living in rural areas. It can be concluded that the 

substitutability measure as introduced by Van Wee & Van Cranenburgh (2017) has at the very 

least opened up a new sector of the spatial distribution research field and potentially even more. 

 

5.1.2 Concluding the study 

As all sub-questions have been answered, the main research question can now be answered. The 

main research question was formulated as follows: 

What are the consequences of including the concept of substitutability in the 

evaluation of the spatial distribution of acute obstetrics locations in the 

Netherlands? 

 

Based on the comparison of the outcomes for the minimum travel time to the closest hospital, the 

LogSum values and the substitutability values new critical areas have been indicated. RIVM has 

very recently updated the list of hospitals marked as ‘sensitive’ for AO care. Due to the closure of 

the AO in Lelystad, there were some shifts in the list of sensitive hospitals (Kommer et al., 2019). 

The following areas, besides the sensitive locations as identified by RIVM, should be handled with 

care when reconsidering the spatial distribution of AO locations: the southern region of Limburg 

and the Emmen area.  

 

Hence, it is suggested to mark the UMC in Maastricht and the Treant Scheper in Emmen as 

sensitive as well. These hospitals do not directly affect the number of women that cannot reach an 

AO location within the maximum ambulance trip time of 45 minutes. However, when considering 

the additional insights offered by the substitutability values, these hospitals show to be of critical 

value to the spatial distribution of AO locations. The unavailability of beds in one of these hospitals 

would have severe consequences for the well-being of pregnant females in these regions. The 

normalised substitutability values, the sensitive locations and the additional suggestions for 

sensitive locations are visualised in Figure 5.1. The red areas on the map show areas of which the 

preferred AO location cannot easily be replaced by another in case of unavailability. It is important 

to note that for this figure, a different cartography method has been used. For the sake of 

interpretability, the natural breaks method has been applied to create a map that shows a larger 

contrast between the different normalised substitutability values (Congalton, 1991). The blue dots 

represent hospitals that are marked as sensitive according to the latest update published by RIVM 

(Kommer, Gijsen, & Giesbers, 2019). The purple dots represent the proposed additional sensitive 

locations, based on the results of the substitutability model.  
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Figure 5.1 Normalised substitutability values and suggestions for sensitive locations 

Following the abovementioned considerations, the spatial distribution of the AO locations in the 

Netherlands is of an acceptable standard. The fact that the Netherlands is very densely populated 

makes the system manageable. These statements hold true for when any AO location has a bed 

available for a pregnant woman. However, the sector has been facing two major challenges: the 

difficulties to find personnel and the increasing concentration on current AO locations caused by 

the decreasing number of locations. These challenges have led to unavailability of beds for women 

at the verge of delivery. This unavailability has been captured in this research by means of the 

substitutability concept.  

 

The substitutability values have been calculated based on an SC experiment among mostly highly 

educated females in the Netherlands. Based on the comparison of the normalised substitutability 

values and the accessibility measures in place, it can be concluded the substitutability concept shed 

a new light on the spatial distribution of AO locations in the Netherlands. A suggestion has been 

done on the usage of substitutability for the sensitivity analysis. The next section discusses some 

research recommendations that may help improve the quality of the results obtained by this study.  
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5.2 Research recommendations 
As has been discussed in the previous section, the concept of substitutability has opened up a new 

path in accessibility as well as spatial distribution research. It has already been mentioned that this 

study merely serves as a first exploration of substitutability for the spatial distribution of AO 

locations. This section includes just a few remarkable recommendations related to this research 

project, as the list of possibilities for future research would otherwise be almost endless. The first 

four research ideas are related to substitutability, while the latter four have to do with SC 

experiments. 

 

1. Inclusion of more parameters than just cost and time 

The model in this research project focused on the travel cost and travel time parameter. However, 

for other types of research objectives, it might be relevant to include other parameters. For the case 

of AO locations in particular, one could for instance consider a quality measure, waiting times, 

reputation or the chance of bed-unavailability.  

 

2. Usage of a different base model 

For this research, the linear-additive RUM-MNL model served as the basis. The usage of another 

model, based on different parameters, may influence the substitutability values. A comparison 

between different types of models and the subsequent outcomes for substitutability may offer new 

insights in the power of substitutability 

 

3. Different model formulations 

The LogSum served as a base for this research project. The substitutability values were therefore 

also related to the LogSum formulation. An interesting future research direction is that of other 

mathematical formulations. A topic could be the differences between the substitutability outcomes 

for different types of formulations. Van Wee et al. (2018) already proposed an alternative that 

compares the utility of the second-best option compared to the first best option. Another 

formulation could be one that takes the unavailability of more than one preferred alternative into 

account.  

 

4. Research from the perspective of hospitals 

The substitutability calculations in this research were performed from the perspective of the 

hospital user. The origins in the model were represented by potential obstetrics care seekers. In 

other words, it took the supply side approach. An interesting direction for future research is that 

from the demand side perspective. Destinations and origins could be swapped, so for example a 

commercial party could investigate substitutability values. It is expected substitutability could 

complement for instance the coverage model when estimating demand after relocation.  

 

5. Extended SC experiment for AO decision making, with a larger and representative 

sample of the female population of the Netherlands 

The SC experiment as conducted for this research was kept fairly simple. As the identification of 

reliable travel cost and travel time parameters was the major objective of the experiment, this was 

a sufficient approach. However, as shown by the limited exploratory power of the estimated model, 

there is room for improvement. Researchers should make sure to test their research on respondents 
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in order to avoid dominance in choice set. Future research for AO decision making among women 

in the Netherlands should furthermore carefully consider the representativeness of the sample. The 

inclusion of lower educated women, retired women and women living in rural areas would help 

improve the validity of the parameters. 

 

6. Assessment of choice set and awareness effects 

An important point to take into consideration has already been introduced by Chorus (2018). Is a 

decision-maker always aware of the available options? How does this effect decision making? For 

the current research specifically, all AO locations were considered to be alternatives to a decision-

maker. However, in practice, someone would not seriously consider a hospital on the other side of 

the country. The assessment of choice set effects on the one hand and on the other hand awareness 

effects is therefore an interesting future research direction. 

 

7.  Exploration of additional models for AO decision making 

Comparable to recommendation 1, the usage of other models next to the used RUM-MNL model 

such as ML, NL or LC models would help improve the validity of the parameters. Future research 

could focus on finding the statistically seen best model to explain the behaviour of women in AO 

decision making 

 

8. Revealed preference experiments 

Revealed preference experiments into AO decision making would improve the validity of the 

estimation parameters. The major disadvantage of revealed preference experiments compared to 

SP experiments is that they are very time consuming and require many respondents. However, it 

is a way to assess real-life decision making and could potentially be conducted based on data that 

is already tracked in hospitals at this point. 

 

5.3 Reflection on the quality of the results 
Throughout this study, many limitations and discussion points have already been addressed. This 

section will provide a short review on the quality of the research results that have not been 

presented yet.  

 

The reflection on the quality of the results is done by reflecting on reproducibility and validity of 

the results. The literature study that describes empirical background of the distribution of AO 

locations is difficult to reproduce and may, due to its qualitative character, induce bias on the 

review. The same goes for the literature study on accessibility measures. These two studies are 

dependent on the researcher, as the researcher decides which findings are relevant. Therefore, the 

studies reflect the opinion of the researcher. On the other hand, the literature study for hospital 

decision making was more structured. The different steps and decisions taken are elaborated on 

extensively, which makes the literature review reproducible. 

 

The next step in the study consisted of the SC experiment. The results of the SC experiment are 

dependent on a number of assumptions. The attributes, the attribute levels, the choice set 

construction, the used priors, the way of distributing and the sample all have an influence on the 
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obtained data. Moreover, the way of handling this data can cause bias on the results. The inclusion 

or exclusion of dominant alternatives and the choice for a certain model lead to biased outcomes. 

The process of the SC experiment and the subsequent data preparation phases are conducted in a 

structured way. Still, the SC experiment is prone to reproducibility issues, as other researchers may 

have different views on the taken decisions throughout the process.  

 

The final step of the study included the substitutability calculations. Again, the choice for a specific 

discrete choice model and the found input parameters influence the outcomes. However, the 

different steps in the application are described and argued for extensively. Another researcher can 

easily use the provided scripts to retrieve the exact same numerical results. A ready-to-use script 

for the substitutability model is presented in Appendix H (Script 11). 

 

A validity issue was risen by a few pilot respondents. It was questioned whether people really 

consider travel costs when deciding in an acute or emergency situation. The answer to this question 

probably is no. In an emergency situation, especially in the case of obstetrics care, a woman would 

most probably want to be taken care of as soon as possible. This issue raised questions in terms of 

validity: why would it be relevant to include a cost parameter in the assessment of the spatial 

distribution of AO locations? In the description of the final survey, it was attempted to overcome 

this issue. The respondents were told to assume there was no direct need for AO care, as there 

were no complications during pregnancy. They were asked to choose a hospital, knowing they 

would have to visit this hospital multiple times. This assumption made it unnecessary to pick the 

closest hospital. It was shown this description worked, as there were no non-traders in the data set. 

No respondent solely picked the alternative with the shortest travel time.  

 

Consequently, one could question the decision as to why only AO locations (so hospitals that meet 

the AO requirements by RIVM) were considered in the substitutability calculations. This decision 

was made based on the assumption that there is always a certain chance a pregnant woman has to 

deliver at a hospital, due to sudden complications in the labour phase. In that case, the only 

hospitals this woman could choose from would have to be official AO hospitals. Therefore, it was 

decided to focus on AO locations, as these form the key locations in the spatial distribution of the 

obstetrics care sector in the Netherlands. One could question the acceptability of using the time 

and cost parameters retrieved from the SC experiment for the substitutability calculations. Future 

researchers are very welcome to improve the validity of the parameters in any way they consider 

appropriate, as this would definitely be of added value from a scientific perspective.    

 

Concludingly, based on the aforementioned considerations, there are several implications that put 

pressure on the quality of the results of this study. All steps taken in the research contain a certain 

level of subjectivity and influence from the researcher. Consequently, there is room for 

improvement on different aspects and additional validation studies are recommended. 
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Appendix A Survey description 
This appendix contains the general parts of the preliminary as well as the final survey. The original 

version (in Dutch) as sent out to the respondents is presented.  

 

Welkom pagina 

Welkom 

 

Bedankt dat u de tijd wil nemen om deze vragenlijst in te vullen. De resultaten worden gebruikt 

bij het schrijven van een scriptie als onderdeel van mijn master aan de Technische Universiteit 

Delft. Uw hulp wordt dan ook zeer gewaardeerd! Belangrijk om te weten is dat het invullen van 

de vragenlijst volledig anoniem is. Het verspreiden van de vragenlijst onder bekenden is 

uiteraard toegestaan. 

 

Het invullen van de vragenlijst zal ongeveer 5 minuten in beslag nemen. Mocht u vragen of 

opmerkingen hebben, dan kunt u altijd contact met mij opnemen. 

 

Alvast hartelijk bedankt! 

 

Charlotte Giesbers (charlottegiesbers@live.nl) 

 

Pagina 1 

 Wat is uw geslacht? 

a. Man   → doorgestuurd naar laatste pagina 

b. Vrouw   → doorgestuurd naar uitlegpagina 

 

Uitleg pagina 

Ik doe onderzoek naar de bereikbaarheid van Verloskundige ziekenhuiszorg in Nederland. Het is 

echter geen vereiste om ervaring te hebben met verloskundige zorg. U kunt de vragenlijst dus 

ook invullen als u (nog) nooit zwanger bent geweest, of daar geen plannen toe hebt.  

 

De vragenlijst is wellicht iets anders dan wat u gewend bent qua enquetes. Neemt u daarom even 

rustig de tijd deze pagina door te lezen. De vragenlijst zelf zal maximaal 5 minuten van uw tijd 

in beslag nemen. Het eerste deel beslaat een zgn. keuze experiment. U krijgt telkens twee opties 

te zien, en aan u de vraag om uw favoriete optie te kiezen. Zie onderstaand voorbeeld: 

 

mailto:charlottegiesbers@live.nl
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In bovenstaande keuze-optie staan drie elementen centraal: 

1. Reiskosten: Dit kan bijvoorbeeld gaan om benzine-kosten, taxi-kosten, of parkeerkosten. 

Ga ervanuit dat deze kosten voor eigen rekening zijn. 

2. Reistijd: Dit is de tijd die het kost om van thuis naar het desbetreffende ziekenhuis te 

rijden met de auto.  

3. Aangeraden: Een bekende van u is reeds in dit ziekenhuis geweest voor een 

zwangerschapsbehandeling. Deze dame heeft u verteld wat zij ervan vond. 1 ster is de 

slechtste score, wat betekent dat zij een slechte ervaring heeft met dit ziekenhuis. 5 

sterren is de beste score, wat betekent dat zij een erg goede ervaring heeft met dit 

ziekenhuis. Dit hoeft niks af te doen aan de kwaliteit van zorg. Het gaat om de ervaring 

van een bekende van u. 

 

Het kan zijn dat u liever thuis zou bevallen. Deze optie valt echter buiten het onderzoeksgebied. 

Daarom het verzoek toch een keuze te maken. Ga ervan uit dat u de mogelijkheid heeft met de 

auto naar het ziekenhuis te gaan. 

 

In totaal krijgt u 7 keuzes in het eerste deel. Het tweede en laatste deel bevat vragen over uw 

persoonlijke situatie.  

 

NB: zoals u kunt zien zijn niet alle elementen die een rol spelen bij de keuze voor een ziekenhuis 

meegenomen in het voorbeeld. Neemt u daarom aan dat de rest van de factoren voor beide opties 

gelijk is, voor bijvoorbeeld: 

• Uw zorgverzekering heeft met beide ziekenhuizen een contract en vergoedt een gelijk 

bedrag, ongeacht uw keuze; 

• De kwaliteit van zorg in ziekenhuizen is gelijk volgens onafhankelijke websites (zoals 

Zorgkaart of Kiesbeter); 

• Het maakt voor de geboorteplaats op het paspoort van uw kind niet uit welk ziekenhuis u 

kiest; 

• Beide ziekenhuizen bieden dezelfde zorgfaciliteiten (bijvoorbeeld voor wat betreft 

eventuele pijnstilling privebadkamers, een bevalkruk, etc.); 

• Beide ziekenhuizen geven u evenveel ruimte voor inspraak in de behandeling, zoals 

beslissingen over pijnstilling; 

• … 
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Appendix B Standard errors and significance of estimations 
For the estimation of model parameters, it is key to check for significance. This appendix contains 

a short explanation on how to derive whether or not parameters are significant. It helps in 

understanding why a researcher should try to achieve small standard errors, or why this is done in 

this research project. If one is looking for more background information, the book A Modern 

Introduction to Probability and Statistics by Dekking, Kraaikamp, Lopuhaä and Meester is 

recommended (2005).  

 

When estimating models, it is assumed there is a parameter 𝛽 that accounts for the mean in the 

population. So, when drawing a sample, this gives an indirect measurement of the sample mean of 

this 𝛽. The objective then is to find “the set of parameters that make the data the most likely” 

(Chorus, 2018, p. 33).  

 

To test to what extent an estimated parameter 𝛽̂ is a valid representation of the population 

parameter 𝛽, one can use a test-statistic called the t-value. It is assumed that standard errors of 𝛽̂ 

are normally distributed for a sample bigger than 30, which is the case in this research (Chorus, 

2018). A t-test is used to test a null hypothesis in the following form: 

𝐻0: 𝛽 = 𝛽0 =  0 

So, in this case, it means that the null-hypothesis means the parameter for the population is equal 

to 0, and the t-test will help derive the probability that this is true. First one needs to derive the 

standard error, as shown in equation (8). 

 

𝑠𝑒𝑏 𝑖 =
𝑠𝑒

√(1 − 𝑅𝑋𝑖 𝐺𝑘
2 ) ∗ 𝑠𝑋𝑖

2 ∗ (𝑁 − 1)

(8)
 

 

In which 𝑠𝑒 is the standard error of the estimate, 𝑅𝑋𝑖 𝐺𝑘
2  is the explained variance of all other 

variables 𝐺𝑘 , so therefore (1 − 𝑅𝑋𝑖 𝐺𝑘

2 ) equals the unexplained variance. 𝑆𝑋
2

𝑖
 is the variance of 

predictor 𝑋𝑖 and 𝑁 denotes the number of observations (Molin, 2016a). There are a few steps to 

be taken before one can calculate 𝑠𝑒𝑏𝑖
.  

 

First of all, one needs the total sum of squares related to the variance of 𝑌, which is the total 

variance. Assuming 𝑌 is the estimated regression parameter, this is the sum of the squares of the 

difference between the actual value for 𝑌 for case 𝑖. It can be calculated by adding the sum of 

squares of the regression variance to the sum of squares of the error variance, as presented in  

equation (9). In which 𝑌̅ is the mean of 𝑌, 𝑌𝑖 is the value of for 𝑌 for case 𝑖 and 𝑌𝑖̂ is the predicted 

value for 𝑋𝑖 by regression. 

 

∑( 𝑌𝑖 − 𝑌̅)2 =  ∑( 𝑌̂𝑖 − 𝑌̅)
2

+ ∑( 𝑌𝑖 − 𝑌̂𝑖 )
2

 (9) 
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Now, the explained variance 𝑅𝑋𝑖 𝐺𝑘

2  can be obtained using equation (10). 

 

𝑅𝑋𝑖 𝐺𝑘
2 =

∑(𝑌𝑖̂ − 𝑌̅)
2

∑( 𝑌𝑖 − 𝑌̅)2
(10) 

 

The last input parameter needed for the 𝑠𝑒𝑏𝑖
, is 𝑠𝑒 or the standard error of the estimate. To derive 

𝑠𝑒, take the square root of the error as shown in equation (11) in which 𝑘 equals the number of 

parameters.  

 

𝑠𝑒 = √
∑( 𝑌𝑖 − 𝑌̂𝑖)

2

(𝑁 − 𝑘 − 1)
 (11) 

 

Based on this standard error, the t-value test statistic can be calculated using equation (12) 

(Dekking et al., 2005). 

 

𝑡𝑏𝑖
=

𝛽̂ − 𝛽0

𝑠𝑒𝑏 𝑖

=
𝛽̂

𝑠𝑒𝑏𝑖

 (12) 

 

The obtained t-value 𝑡𝑏𝑖
 is then tested against a threshold 𝑇 . This threshold is chosen by the 

researcher based on the desired confidence level or significance level 𝛼 (Dekking et al., 2005). 

The rule of thumb is 𝛼 = 0.05, which leads to a threshold of 1.96 (Chorus, 2018). However, the 

higher the t-value, the better. The t-test of 𝑡𝑏𝑖
 against 𝑇 results in a p-value, as shown in equation 

(13). Colloquially speaking, 𝑝 represents the probability that null hypothesis is true, or that the 

population value 𝛽 is equal to 0 (Chorus, 2018). 

 

𝑝 = 𝑃(𝑡𝑏𝑖 ≥ 𝑇) (13) 

 

Consequently, ideally the p-value should be as close to 0 as possible. This implies high t-values 

are desired, as this leads to highly significant 𝛽̂ parameters for the sample. To obtain high t-values, 

the standard errors should be as low as possible.  
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Appendix C Pilot survey and prior derivation 
To be able to use efficient designs, priors are obtained based on a pilot survey among 33 

respondents. Note that these respondents are not randomly chosen but are all filled in by women 

known by the researcher. Therefore, the obtained priors may not be a correct representation of the 

population. 

 

The choice set used in this pilot study has been constructed based on a fractional factorial design, 

using Ngene. However, when using this type of designs on unlabelled alternatives, dominant 

alternatives are very likely to be included. As pointed out by Huber and Zwerina (1996), dominant 

alternatives should be avoided, as they provide no information about parameters. An alternative is 

viewed as “dominant if it is better than (or equal to) any other alternative in the choice set with 

respect to all alternatives.” (Bliemer, Rose, & Chorus, 2017, p. 84). The presence of dominant 

alternatives can lead to biased parameter estimates (Huber, Payne, & Puto, 1982).  

 

The orthogonal design for the different choice sets has been generated using Ngene, with the syntax 

as shown in Script 1. The outcome for the design of the first run can be seen in Table C.1. 

 
Script 1 Orthogonal sequential design - Ngene 

 
 
Table C.1 Choice sets for run 1 

Choice 

situation alt1.time alt1.costs alt1.recom alt2.time alt2.costs alt2.recom 

1 10 3.5 2 10 6 3 

2 30 6 2 30 3.5 4 

3 20 8.5 2 20 6 4 

4 30 8.5 3 10 3.5 2 

5 20 3.5 3 30 6 2 

6 10 6 3 30 8.5 3 

7 20 6 4 10 8.5 4 

8 10 8.5 4 20 8.5 2 

9 30 3.5 4 20 3.5 3 

 

When zooming in on the different choice sets, it is easy to identify dominant alternatives. For 

example, the second choice set would look as previewed in Figure C.1. Because the travel time to 

both hospitals is 30 minutes, the costs to get to Hospital A are €6.00 and higher than Hospital B’s 
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€3.50, and Hospital A’s recommendation rating is only 2/5 while Hospital B scores 4/5, there is 

no reason a fully rational respondent would choose Hospital A. In other words, Hospital B is 

dominant over Hospital A in choice set 2.  

 

 
Figure C.1 Choice set 2 of run 1 

In order to check for dominance, it is possible to use hypothetical parameter values. In case of an 

expected positive impact on utility, one can use 𝛽 = 1. Then for a negative impact, a value of 𝛽 =
−1 is suitable (Bliemer et al., 2017). For the utility of the hospital, higher travel time and travel 

costs are expected to have a negative impact, while a higher recommendation score is supposed to 

have a positive impact (Pilny & Mennicken, 2014) The utility function, as has been defined in the 

syntax as well, would now look as equation (14). 

 
𝑉ℎ𝑜𝑠𝑝𝑖𝑡𝑎𝑙 =  −1 ∗ 𝑇𝑟𝑎𝑣𝑒𝑙𝑡𝑖𝑚𝑒 + −1 ∗ 𝑇𝑟𝑎𝑣𝑒𝑙𝑐𝑜𝑠𝑡𝑠 +  1 ∗ 𝑅𝑒𝑐𝑜𝑚𝑚𝑒𝑛𝑑𝑒𝑑 (14) 

 

When taking the definition for dominance into account, run 1 contains a dominant alternative for 

five of the nine choice sets. This is shown in Table C.2. 

 
Table C.2 Dominance check for run 1 

Choice 

Situation 

Score1 

Time 

Score1 

Costs 

Score1 

recom 

Score2 

time 

Score2 

Costs 

Score2 

recom 

Alt 1 

dominant? 

Alt 2 

dominant? 

1 -10 -3.5 2 -10 -6 3 FALSE FALSE 

2 -30 -6 2 -30 -3.5 4 FALSE TRUE 

3 -20 -8.5 2 -20 -6 4 FALSE TRUE 

4 -30 -8.5 3 -10 -3.5 2 FALSE FALSE 

5 -20 -3.5 3 -30 -6 2 TRUE FALSE 

6 -10 -6 3 -30 -8.5 3 TRUE FALSE 

7 -20 -6 4 -10 -8.5 4 FALSE FALSE 

8 -10 -8.5 4 -20 -8.5 2 TRUE FALSE 

9 -30 -3.5 4 -20 -3.5 3 FALSE FALSE 

 

As dominant alternatives provide no information for taste parameters and may as well be deleted 

from choice sets, this first orthogonal design is not very useful. Therefore, Script 1 is rerun several 

times to see if it is possible to get ‘better’ designs, in other words, designs that contain a fewer 
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number of dominant alternatives. The results of the first 10 runs can be found in Table C.3. As can 

be seen, some runs score way worse than others. However, all runs contain at least three dominant 

alternatives in their choice sets.   

 
Table C.3 Dominance in the first 10 runs of Script 1 

Run 

Dominance 

Alt 1 

Dominance 

Alt 2 Ratio 

1 3 2 56% 

2 2 2 44% 

3 2 2 44% 

4 2 2 44% 

5 2 1 33% 

6 2 2 44% 

7 2 2 44% 

8 0 3 33% 

9 3 3 67% 

10 2 2 44% 

 

For the pilot, design number 5 is chosen. The choice sets in this design are shown in Table C.4. As 

can be seen, in choice situation 2 the first alternative is dominant while for choice situation 6 and 

7 the second alternative is dominant. These are kept in to make sure the way a SC exper iment 

works is understood by all respondents. Usually, dominant alternatives should be deleted as it may 

lead to respondents not taking the survey seriously. But as all the pilot respondents are closely 

related, it is certain they will fill out the entire survey anyways.  

 
Table C.4 Choice sets for run 5 

Choice 

situation alt1.time alt1.costs alt1.recom alt2.time alt2.costs alt2.recom 

1 10 3.5 2 10 8.5 4 

2 30 6 2 10 6 3 

3 20 8.5 2 30 6 2 

4 30 8.5 3 10 3.5 2 

5 20 3.5 3 20 6 4 

6 10 6 3 20 8.5 2 

7 20 6 4 30 8.5 3 

8 10 8.5 4 30 3.5 4 

9 30 3.5 4 20 3.5 3 

 

The survey description as presented in Appendix A and the choice sets are added to the pilot survey 

using Google Forms. An overview of the output of the SC pilot is visually shown in Figure C.2. 

As can be seen, every respondent understood the SC experiment because choice set 2, 6 and 7 all 

have either only A or only B as their response. Therefore, it is assumed the description of the pilot 
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survey is easy to understand, not too long and correctly formulated. Moreover, the other choice 

sets did not have any alternative that was chosen by all 33 respondents. However, in choice set 8 

and 9, Hospital A is chosen by the majority of respondents. This does not necessarily mean this 

will lead to trouble later on. 

 

 
Figure C.2 Responses to pilot SC experiment 

Based on the outcomes of the pilot survey, it is possible to estimate prior values for the different 

parameters. However, to make it possible to use the data obtained from the spreadsheet of Google 

Forms in PythonBiogeme, a bit of data preparation is needed. Therefore, the following Script 2 is 

run in R. It makes sure all dominant alternatives are deleted as well. 
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Script 2 Google Forms to PythonBiogeme data file - R 

 



87 

 

 

 

Now that the data is prepared, one needs to define a python file that contains the model, to serve 

as input for PythonBiogeme. The model can be viewed in Script 3. 

 
Script 3 MNL model definition for pilot - PythonBiogeme 

 

 

As can be seen, the same column names have been used in Script 2 and Script 3, as these files are 

combined automatically by PythonBiogeme. Running the scripts in this program gives the output 

as shown in Table C.5. As can be seen, the value estimation for 𝛽𝑇𝐶 is insignificant while 𝛽𝑅 and 

𝛽𝑇𝑇 are both significant on a 99% confidence scale (please see Appendix C for more background 

information on standard significance).  
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Table C.5 Estimation report pilot MNL model 

 
 

All three 𝛽s are of the expected sign. To get an insight in the effects of the different parameters on 

the utility functions the parameter values are multiplied by the attribute level range:  

𝛽𝑅 ∗ (max
𝑅

− min
𝑅

) =  0.736 ∗ (4 − 2) =  +1.472 

𝛽𝑇𝐶 ∗ (max
𝑇𝐶

− min
𝑇𝐶

) =  −0.0599 ∗ (8.50 − 3.50) = −0.2995 

𝛽𝑇𝑇 ∗ (max
𝑇𝑇

− min
𝑇𝑇

) =  −0.0749 ∗ (30 − 10) =  −1.498 

 

The utility range of the parameter for travel time is the most important, which was expected. 

However, the impact of 𝛽𝑅 is bigger than expected. Apparently, recommendation values are 

viewed as important in the pilot. As expected, the impact of 𝛽𝑇𝐶 is smallest. 

 

Because of the lower significance of the parameter estimate 𝛽𝑇𝐶, it would be imprudent to use this 

value as a prior. Therefore, it is decided to use a Bayesian distribution to create an efficient design 

for the final survey. Ngene can easily handle this by adding the expected value and the standard 

deviation. The standard deviation can be calculated as follows, and in order to implement this in 

Ngene, Script 4 is run. 

𝜎𝛽𝑇𝐶
= 𝑠𝑒𝛽 𝑇𝐶

∗ √𝑛 = 0.0277 ∗  √198 = 0.389774 

 
Script 4 Bayesian efficient design including pilots’ priors - Ngene 
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As can be seen, the estimated 𝛽 values for travel time and recommendation have been used. A 

normal distribution is used for 𝛽𝑇𝐶, using the estimated pilot parameter value as the mean and the 

calculated value for the standard distribution as input. The number of rows is set to 9. It could have 

been done by 6, but it is expected the efficient design will still contain some dominant alternatives 

in the choice sets. As these dominant alternatives will be removed, 9 rows have been designed. 

This design is a d-efficient design, which is why Ngene will run indefinitely while it tries to find 

the lowest D-error. Therefore, the run has to be stopped manually. After evaluating 80,000 values, 

the D-error of evaluation number 1876 was still the lowest, so the run was determined. 

 

The output values are presented in the following tables. As can be seen in Table C.6, the D-error 

found is 0.0440, which is very close to 0. Then when looking at Table C.7, the output is as 

expected. The Sp estimates give an indication of the number of respondents required to be able to 

estimate reliable parameter values. 𝛽𝑇𝐶 or bc shows the highest value, which implies Ngene 

recognized the insignificance of the parameter in the pilot.  

 
Table C.6 Output Bayesian Mean D-efficient evaluation 1876 

 
 

Table C.7 Output Bayesian Mean D-efficient evaluation 1876 - 2 

 
 

Concludingly, the design as created by evaluation 1876 in the MNL Bayesian Mean D-efficient 

design is suitable for usage.  
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Appendix D Final survey questions list 
The first part of this appendix contains the seven choice sets of the SC experiment, while the 

second part contains the general personal questions that were added to the survey. The survey was 

conducted in Dutch so the rest of this appendix is in Dutch as well. Google Forms was used to 

conduct the survey as it is user-friendly and allows the researcher to access the results in a simple 

spreadsheet format.  

 

Nogmaals:  

Het betreft een hypothetisch onderzoek. Probeer dus de vragen te beantwoorden met de 

informatie die gegeven wordt. Probeer de ideeën die u heeft, over bijvoorbeeld het ziekenhuis in 

uw buurt, even te laten varen. Neem aan dat de factoren die niet beschreven staan voor beide 

ziekenhuizen gelijkwaardig zijn. 

 

Welk ziekenhuis zou uw voorkeur hebben? (1/7) 

 
 

Welk ziekenhuis zou uw voorkeur hebben? (2/7) 
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Welk ziekenhuis zou uw voorkeur hebben? (3/7)

 
 

Welk ziekenhuis zou uw voorkeur hebben? (4/7)

 
 

Welk ziekenhuis zou uw voorkeur hebben? (5/7)
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Welk ziekenhuis zou uw voorkeur hebben? (6/7) 

 
 

Welk ziekenhuis zou uw voorkeur hebben? (7/7) 

 
 

Bedankt voor uw medewerking! Nu volgen nog enkele vragen die betrekking hebben op uw 

persoonlijke situatie. Het beantwoorden van deze vragen draagt bij aan de validiteit van het 

onderzoek. 

 

Wat is uw leeftijd? 

___________________________________ 

 

Bent u het afgelopen jaar in het ziekenhuis geweest? 

Let op: he tgaat hierbij om een ziekenhuisbezoek voor uzelf. Dus niet het bezoeken van een 

bekende oid. 

o Ja 

o Nee 

o Hier geef ik liever geen antwoord op 

 

Bent u zelf wel eens bevallen? 

o Ja 

o Nee 

o Hier geef ik liever geen antwoord op 

 



93 

 

 

 

(Indien ‘Ja’ op vorige vraag) Op welke locatie vond uw laatste bevalling plaats? 

o Thuis 

o In een verloskunde kliniek 

o In een ziekenhuis 

o Hier geef ik liever geen antwoord op 

o Anders … 

 

Wat is uw hoogst genoten (of huidige) opleiding? 

o Bassischool 

o Middelbare school: MAVO, VMBO 

o Middelbare school: HAVO, VWO 

o MBO 

o HBO 

o WO 

 

Hoe zou u uw dagelijkse bezigheid omschrijven? 

o Ik werk full-time 

o Ik werk part-time 

o Student 

o Gepensioneerd 

o Ik heb momenteel geen baan 

o Hier geef ik liever geen antwoord op 

o Anders … 

 

Wat is uw jaarlijkse netto-inkomen? 

o Minder dan €10,000 

o €10,001 - €20,000 

o €20,001 - €30,000 

o €30,001 - €40,000 

o €40,001 - €50,000 

o Meer dan €50,001 

o Hier geef ik liever geen antwoord op 

 

Bent u in het bezit van een auto? 

o Ja 

o Nee 

 

Wat zijn de vier cijfers van uw postcode? 

___________________________________ 

 

Heel erg bedankt voor uw medewerking! Mocht u nog dames kennen die eventueel bereid 

zouden zijn om de vragenlijst in te vullen, wordt het delen van de vragenlijst erg gewaardeerd. 

Mocht u geïnteresseerd zijn in mijn scriptie, dan kunt u hier uw emailadres achterlaten. Ik zal u 

dan na mijn afstuderen het rapport toesturen. 
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Appendix E Data preparation using R 
This appendix contains the script that is used for the data preparation of the SC experiment. Script 

5 is self-explanatory. 

 
Script 5 Data preparation form Google Forms to PythonBiogeme - R 
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Appendix F List of acute obstetrics locations 
This appendix contains the full list of hospitals that have AO care available, updated in December 

2018 based on data provided by RIVM (2018d). In order to be marked as a hospital that provides 

AO care, a hospital needs to meet the following three requirements: 

1. AO 24 hours a day 7 days a week, 

2. Presence of clinical obstetrician or gynaecologist, and 

3. Gynaecologist, paediatrician, anaesthesiologist, nurse anaesthetist and operating room 

available within 30 minutes (Kommer et al., 2017).  

 

The addresses of the 78 locations were provided by personal communication (H. Giesbers, 

February 6, 2019). The full list can be found in Table F.1. 

 
Table F.1 List of AO locations updated December 2018 (adapted from RIVM) 

Nr Hospital Name Address Place Zip code 

1 Noordwest Ziekenhuisgroep Wilhelminalaan 12 Alkmaar 1815 JD 

2 Ziekenhuisgroep Twente Zilvermeeuw 1 Almelo 7609 PP 

3 Flevoziekenhuis Hospitaalweg 1 Almere 1315 RA 

4 Meander Medisch Centrum Maatweg 3 Amersfoort 3813 TZ 

5 BovenIJ Ziekenhuis Statenjachtstraat 1 Amsterdam 1034 CS 

6 OLVG Jan Tooropstraat 164 Amsterdam 1061 AE 

7 OLVG Oosterpark 9 Amsterdam 1091 AC 

8 VU Medisch Centrum de Boelelaan 1117 Amsterdam 1081 HV 

9 Academisch Medisch Centrum Meibergdreef 9 Amsterdam 1105 AZ 

10 Gelre Ziekenhuizen A Schweitzerlaan 31 Apeldoorn 7334 DZ 

11 Rijnstate Ziekenhuis Wagnerlaan 55 Arnhem 6815 AD 

12 Wilhelmina Ziekenhuis Assen Europaweg Zuid 1 Assen 9401 RK 

13 Bravis Ziekenhuis Boerhaaveplein 1 Bergen Op Zoom 4624 VT 

14 Pantein Dokter Kopstraat 1 Beugen 5835 DV 

15 Rode Kruis Ziekenhuis Vondellaan 13 Beverwijk 1942 LE 

16 Tergooi Rijksstraatweg 1 Blaricum 1261 AN 

17 Amphia Ziekenhuis Langendijk 75 Breda 4819 EV 

18 IJsselland Ziekenhuis Prins Constantijnweg 2 Capelle aan de Ijssel 2906 ZC 

19 Stichting Reinier Haga Groep Reinier de Graafweg 3 Delft 2625 AD 

20 Noordwest Ziekenhuisgroep Huisduinerweg 3 Den Helder 1782 GZ 

21 Deventer Ziekenhuis Nico Bolkesteinlaan 75 Deventer 7416 SE 

22 

Stichting het Van Weel-

Bethesda Ziekenhuis Stationsweg 22 Dirksland 3247 BW 

23 Slingeland Ziekenhuis Kruisbergseweg 25 Doetinchem 7009 BL 

24 Albert Schweitzer Ziekenhuis A Schweitzerplaats 25 Dordrecht 3318 AT 

25 Nij Smellinghe Compagnonsplein 1 Drachten 9202 NN 

26 Ziekenhuis Gelderse Vallei Willy Brandtlaan 10 Ede 6716 RP 

27 Catharina Ziekenhuis Michelangelolaan 2 Eindhoven 5623 EJ 
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28 Treant Zorggroep Boermarkeweg 60 Emmen 7824 AA 

29 Medisch Spectrum Twente Koningplein 1 Enschede 7512 KZ 

30 St. Anna Zorggroep Bogardeind 2 Geldrop 5664 EH 

31 Admiraal De Ruyter Ziekenhuis s Gravenpolderseweg 114 Goes 4462 RA 

32 Rivas Zorggroep Banneweg 57 Gorinchem 4204 AA 

33 Groene Hart Ziekenhuis Bleulandweg 10 Gouda 2803 HH 

34 

Universitair Medisch Centrum 

Groningen Hanzeplein 1 Groningen 9713 GZ 

35 Martini Ziekenhuis Van Swietenlaan 1 Groningen 9728 NT 

36 Spaarne Gasthuis Boerhaavelaan 22 Haarlem 2035 RC 

37 Saxenburgh Groep Jan Weitkamplaan 4a Hardenberg 7772 SE 

38 Ziekenhuis St. Jansdal Weth Jansenlaan 90 Harderwijk 3844 DG 

39 De Tjongerschans Thialfweg 44 Heerenveen 8441 PW 

40 Zuyderland H Dunantstraat 5 Heerlen 6419 PC 

41 Elkerliek Ziekenhuis Wesselmanlaan 25 Helmond 5707 HA 

42 Spaarne Gasthuis Spaarnepoort 421 Hoofddorp 2134 TM 

43 Westfries Gasthuis Fr Maelsonstraat 3 Hoorn 1624 NP 

44 Medisch Centrum Leeuwarden H Dunantweg 2 Leeuwarden 8934 AD 

45 

Leids Universitair Medisch 

Centrum Albinusdreef 2 Leiden 2333 ZA 

46 Alrijne Ziekenhuis Simon Smitweg 1 Leiderdorp 2353 GA 

47 Maastricht UMC+ P Debijelaan 25 Maastricht 6229 HX 

48 St. Antonius Ziekenhuis Koekoekslaan 1 Nieuwegein 3435 CM 

49 Canisius-Wilhelmina Ziekenhuis Weg door Jonkerbos 100 Nijmegen 6532 SZ 

50 Radboudumc G Grooteplein Zuid 10 Nijmegen 6525 GA 

51 Waterlandziekenhuis Waterlandlaan 250 Purmerend 1441 RN 

52 Laurentius Ziekenhuis Mgr Driessenstraat 6 Roermond 6043 CV 

53 Erasmus Medisch Centrum Gravendijkwal 230 Rotterdam 3015 CE 

54 Franciscus Gasthuis & Vlietland Kleiweg 500 Rotterdam 3045 PM 

55 Ikazia Ziekenhuis Montessoriweg 1 Rotterdam 3083 AN 

56 Maasstad Ziekenhuis Maasstadweg 21 Rotterdam 3079 DZ 

57 Franciscus Gasthuis & Vlietland Vlietlandplein 2 Schiedam 3118 JH 

58 Stichting Reinier Haga Groep Leyweg 275 Den Haag 2545 CH 

59 MCH-Bronovo Lijnbaan 32 Den Haag 2512 VA 

60 MCH-Bronovo Bronovolaan 5 Den Haag 2597 AX 

61 Jeroen Bosch Ziekenhuis Henri Dunantstraat 1 Den Bosch 5223 GZ 

62 Antonius Ziekenhuis Bolswarderbaan 1 Sneek 8601 ZK 

63 Zorgsaam Wielingenlaan 2 Terneuzen 4535 PA 

64 Ziekenhuis Rivierenland Pres Kennedylaan 1 Tiel 4002 WP 

65 

Elisabeth-TweeSteden 

Ziekenhuis Hilvarenbeekseweg 651 Tilburg 5022 GC 

66 Bernhoven Nistelrodeseweg 661 Uden 5406 PT 

67 St. Antonius Ziekenhuis Soestwetering 1 Utrecht 3543 AZ 
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68 Diakonessenhuis Bosboomstraat 1 Utrecht 3582 KE 

69 

Universitair Medisch Centrum 

Utrecht Lundlaan 6 Utrecht 3584 EA 

70 Máxima Medisch Centrum de Run 4600 Veldhoven 5504 DB 

71 VieCuri Medisch Centrum Tegelseweg 210 Venlo 5912 BL 

72 St. Jans Gasthuis Vogelsbleek 5 Weert 6001 BE 

73 

Ommelander Ziekenhuis 

Groningen Gassingel 18 Winschoten 9671 CX 

74 

Streekziekenhuis Koningin 

Beatrix Beatrixpark 1 Winterswijk 7101 BN 

75 Zaans Medisch Centrum Koningin Julianaplein 58 Zaandam 1502 DV 

76 LangeLand Ziekenhuis Toneellaan 1 Zoetermeer 2725 NA 

77 Gelre Ziekenhuizen Den Elterweg 77 Zutphen 7207 AE 

78 Isala Dokter van Heesweg 2 Zwolle 8025 AB 
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Appendix G R scripts used to gather and prepare data 
This appendix contains all scripts that have been used in R. The scripts are presented in the order 

of usage. All scripts are written in a way that it should be rather easy to reproduce the calculations. 

Moreover, the descriptive lines (#) ensure the scripts are self-explanatory.  

 
Script 6 Preparation of the departure locations - R 
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Script 7 Preparation of the destination data - R 
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Script 8 Acquisition of travel distances and travel times - R 
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Script 9 Preparation of travel time and travel distance matrices - R 
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Appendix H Substitutability scripts 
This appendix contains a script that can be used by any researcher seeking substitutability values 

for any situation. Script 10 requires a distance and a time matrix and should be self-explanatory.  

 
Script 10 Substitutability value script, reproducible example - R 
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Finally, Script 11 is the script that has been used for this particular study. It contains a few data 

preparation steps as well, for example for the costs and travel times for the islands in the far 

north of the Netherlands. 

 
Script 11 Script used for substitutability and data preparation - R 
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Appendix I Scientific article 

Empirical research on the distribution of hospitals in the Netherlands 
Substitutability of hospital locations: the case of obstetrics care 
 

Charlotte Giesbers 

Complex Systems Engineering and Management, Faculty of Technology, Policy & Management, Delft 

University of Technology, The Netherlands. 

 

Abstract  The acute obstetrics (AO) sector in the Netherlands faces two challenges. The increasing 

difficulty to find personnel and the closing down of several locations have put a major 

pressure on the existing AO locations. This has led to questions about the quality of the 

spatial distribution. The measures currently in place are based the travel time to the closest 

hospital. However, the recent developments have forced AO locations to say ‘no’ when 

asked to take care of a woman in labour. In other words, the unavailability of beds in the 

nearest hospital. The current accessibility measures cannot capture this and therefore the 

concept of substitutability is introduced. The mathematical model for substitutability offers 

a possibility to assess the effect of elimination of the preferred option. The input parameters 

for the substitutability calculations have been derived from a stated choice experiment 

among 151 female residents of the Netherlands. The cost and time parameters were 

estimated using a multi nominal logit model. A comparison between minimum travel time, 

LogSum accessibility values and normalised substitutability values guided the assessment 

of the spatial distribution. This comparison provided insights in new critical areas of the 

network. The study serves as an exploration of substitutability and it has proved it to be a 

promising concept for future research. 

 

Key words Acute obstetrics; hospital decision making; stated choice experiment; substitutability. 

 

1. Introduction 

The high population density of the Netherlands 

makes spatial distribution of key services such as 

hospital care a relatively manageable problem. 

The performance of the spatial distribution of 

hospitals is assessed using accessibility 

measurements such as the travel time to the 

closest hospital. Furthermore, there are legal 

agreements in place that state a hospital cannot be 

closed down if it is a ‘sensitive’ hospital. A 

hospital is marked as sensitive if “if, according to 

the theoretic model, the number of residents that 

may take more than 45 minutes to be brought to 

an increases when this hospital closes.” 

(Kommer, Gijsen, De Bruin-Kooistra, & 

Deuning, 2017, p. 5).  

Recent developments in the hospital care and 

in particular the acute obstetrics (AO) sector have 

put an increasing pressure on the system. First, it 

is increasingly difficult to find personnel and the 

number of hard-to-fill vacancies has seen a new 

high in 2018 (BDO, 2018; Leensen, Poulssen, & 

Weststrate, 2018). This has forced hospitals to 

sometimes temporarily close down parts of their 

total bed capacity (Weeda, 2018a, 2018b).  

Furthermore, the closing down of some 

hospitals, bringing down the number of AO 

locations from 84 in 2015 to 78 by the end of 

December 2018. This has put pressure on the 

remaining locations as these have to take over the 

treatments. Even if the hospital has beds 

available, there is no personnel to take care of 

new patients. Consequently, 80% of pregnant 

women does not deliver in the preferred hospital 

and about two thirds of the midwives has to call 

multiple hospitals before finding an available bed 

(KNOV, 2018; Wassenaar, 2017).  

The performance measures in place and the 

theoretical models underlying these are all based 

on the assumption that a patient visits the nearest 

hospital. More importantly, it assumed the 

patients concerned can actually receive the 

required aid at the nearest hospital. However, as 

a consequence of the aforementioned 

developments, this nearby hospital may not be an 

option for a patient. This effect cannot be 
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captured by the accessibility measures currently 

in place. To fill this gap, the concept of 

substitutability as introduced by Van Wee and 

Van Cranenburgh (2017) is proposed. 

Substitutability can capture “the extent to 

which the preferred travel alternative can be 

substituted by other initially less preferred 

alternatives.” (Van Wee, Van Cranenburgh, & 

Maat, 2018, p. 2). In other words, the 

mathematical model for substitutability offers a 

possibility to assess the effect of the 

unavailability of the nearest hospital. This could 

provide interesting insights for the spatial 

distribution of the AO sector in the Netherlands. 

To the best of my knowledge, substitutability has 

not yet been thoroughly researched. Therefore, 

this paper serves as an explorative study. 

The remainder of this paper is structured as 

follows. Section 2 summarizes the current 

situation in the AO sector in the Netherlands and 

the types of measurements often used to assess 

accessibility. The section also presents a list of 

factors that are expected to be important to AO 

location choice for females in the Netherlands. In 

Section 3, the methodology is briefly discussed. 

The results are presented in Section 4 while 

Section 5 contains a discussion of these results. In 

the final section, Section 6, the conclusions and 

some recommendations for future research are 

presented. 

 

2. Literature review 

The public hospital sector in the Netherlands can 

be divided into four different categories. 100 

general hospitals, 8 academic hospitals, 7 

children’s hospitals and 131 outlying polyclinic 

facilities. 78 of these are officially recognised as 

hospitals that provide AO care (RIVM, 2018b). 

Theoretically speaking, 99.7% of women in the 

fertile age (15-50 years) can reach an AO location 

within 30 minutes by car (CBS, 2019a; RIVM, 

2018a). The spatial distribution of the locations, 

the sensitive hospitals and the travel time to the 

closest hospital are visualised in Figure 1. The 

sensitivity of hospitals is based on June 2018. 

Critical areas are found in the coastal areas of 

Zeeland, Friesland and Groningen, on the islands 

and, because of recent bankruptcy of the Lelystad 

hospital, in the northern part of Flevoland.  

 
Figure 1 Travel time to closest AO location, update 
December 2018 (adapted from RIVM)  

There are several methods to assess geographica l 

accessibility. For the spatial distribution of 

hospitals, some methods are applied often. 

Several researchers have given comprehensive 

reviews of these assessment methods (e.g. Bhat et 

al., 2000; Hanson & Schwab, 1987; Joseph & 

Phillips, 1984; Love & Lindquist, 1995; Martin 

& Williams, 1992). A recapitulatory overview of 

six of these measures is given in Table 1. CBS 

applies the choice-set method by keeping track of 

the number of hospitals within a certain reach on 

a provincial and municipal level (CBS, 2019d).  

 
Table 1 Accessibility measures for the hospital sector 
(adapted from Love & Lindquist and Martin & Williams) 

Measure Description 

Choice-set Number of hospitals within a 

certain distance 

Extended 

choice-set 

Includes additional factors such 

as a distinction between rural 

and urban areas 

Minimum 

distance 

Distance to closest hospital 

Mean 

distance 

Average of the distances to each 

of the hospitals weighed by the 

probability of usage 

Hansen Includes attractiveness of 

hospital, reflecting the 

propensity to travel for hospitals 

LogSum Hansen including a natural 

logarithm 
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For AO distribution specifically, there are two 

measures in place, both related to the minimum 

distance measure. One tracks ambulance trips 

while the other is focused on accessibility by car 

(Kommer et al., 2017). The focus of this research 

is on driving times by car. Before being able to 

calculate the substitutability values, the next step 

is identification of travel time and travel cost 

parameters. 

In order to make a correct assessment of the 

cost and time parameters for females in AO 

decision making, a stated choice (SC) experiment 

has been conducted. The experiment is kept 

simple as the main objective is to identify a 

significant Value of Travel Time (VoTT). Other 

factors that have been included are based on 

existing literature. Quality of care, diagnosis (e.g. 

Basu & Cooper, 2005; Bronstein & Morrisey, 

1991), size of hospital (e.g. Adams, Houchens, 

Wright, & Robbins, 1991; Tai, Porell, & Adams, 

2004), satisfaction about a hospital (e.g. Liu, 

Bellamy, & McCormick, 2007; Tai et al., 2004), 

income (Liu et al., 2007) and travel time have 

been proved to be important factors in hospital 

decision making. Concludingly, it is important to 

consider these factors for the SC experiment. This 

and the rest of the methods will be elaborated on 

in the next section. 

 

3. Methodology 

The different steps of the study will be discussed 

in this chapter. After the literature review as 

presented in the previous section, a SC 

experiment is conducted. Based on the outcomes 

of this survey, the input parameters for 

substitutability are estimated. The substitutability 

calculation steps will briefly be discussed in this 

section as well.  

 

Stated Choice experiment 

The target group is females in the Netherlands. 

Distribution via Facebook and personal email 

communication reached 151 female respondents. 

By means of a pilot study and a Mean Bayesian 

D-efficient design, 7 choice sets were constructed 

in Ngene (ChoiceMetrics, 2018). One choice set 

included a strictly dominant alternative, to see 

whether or not the respondents correctly 

understood the task. The choice sets can be 

viewed in Table 2. 

Table 2 Choice sets used in the final survey 

CS T1 C1 R1 A2 C2 R2 

1 10 3.5 2 30 8.5 3 

2 20 3.5 3 10 6 3 

3 10 6 3 20 6 4 

4 20 6 4 30 3.5 4 

5 10 8.5 4 30 6 2 

6 30 3.5 4 20 8.5 2 

7 30 6 2 10 3.5 2 

 

CS represents the number of the choice sets. The 

other columns include T for travel time (10, 20, 

30 minutes), C for travel costs (3.5, 6, 8.5 euros) 

and R for recommendation (2, 3, 4 out of 5 stars).  

The description page of the survey stated to 

assume every other factor (listed in the previous 

section) to be equal among the two alternatives. 

The survey also included personal questions on 

age, income, education, recent hospital visits, 

delivery, car ownership and four digit zip code. 

Based on the data obtained, the cost and time 

parameters have been estimated.  

 

Substitutability 

After estimation of the parameters, the 

substitutability values have been calculated. The 

mathematical model for substitutability as 

introduced by Van Wee et al. (2018), uses the 

following equations. The formulation is based on 

the well-known LogSum measure, as it is very 

closely related to accessibility as defined by 

Geurs and Van Wee (2004). So first, the value for 

LogSum 𝐿𝑆𝑛  is 

𝐿𝑆𝑛 = ln (∑ 𝑒𝑉𝑗𝑛

𝐽

) + 𝐶 (1) 

In which 𝑉𝑗𝑛  equals the observed utility of 

alternative 𝑖 from available alternatives 𝐽 for a 

certain decision maker 𝑛. 𝐶 is an unknown 

constant that indicates that absolute utility cannot 

be measured. However, in decision-making, the 

main objective is comparing alternatives and 

identifying the best alternative in a certain choice 

set. Absolute values and therefore constant 𝐶 are 

irrelevant in this case (Van Wee et al., 2019).  

From an ex-ante perspective, the value for 

substitutability can now be calculated using the 

equation (2) in which 𝑃𝑖   is incorporated in and 

represents the probability that alternative 𝑖 is 
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chosen by decisionmaker 𝑛. 𝐿𝑆𝑛
𝑌=𝑖  equals the 

value for LogSum without preferred alternative 𝑖. 
By weighing this with 𝑃𝑖 , less preferred 

alternatives have a smaller impact on the value 

for substitutability 𝑆𝑛 . 

𝑆𝑛 =
1

𝐿𝑆𝑛 − ∑ 𝑃𝑖 ∗ 𝐿𝑆𝑛
𝑌=𝑖

𝑖=1…𝐽

 (2) 

To make substitutability values for different 

decisionmakers comparable to one another, Van 

Wee et al. (2018) proposed to normalize the value 

for 𝑆𝑛  using equation (3). 

𝑆𝑛 = 1 −
1

1 + 𝑆𝑛

 (3) 

The input for this model is the choice probability 

of different alternatives 𝑃𝑖 , which in turn requires 

the utility values 𝑉𝑖  for each alternative as shown 

in equation (4). 

𝑃𝑖 =
exp(𝑉𝑖 )

∑ exp(𝑉𝑗 )𝐽

 (4) 

The required 𝛽 values to obtain utility values 𝑉 

are estimated using the SC data and the linear 

additive RUM-MNL model. These results are 

presented in the next section after discussing the 

sample characteristics. 

 

4. Results 

In total, 155 respondents started the survey, of 

which 151 females finished it. Two respondents 

were removed from the data set after analysis of 

the choice made in the seventh choice set, which 

included a dominant alternative. The sample 

characteristics, based on the personal questions 

about demographics, have been compared to the  

females population of the Netherlands (CBS, 

2015, 2019c, 2019b; Perined, 2017).  

In the sample, highly-educated, high-income 

females who live in (very) urban areas are 

overrepresented. Moreover, the peak in age 

groups in the sample is found in 20-25 and >50 

years old. These overrepresentations can be 

attributed to the fact that the survey was 

distributed via the personal network. 

The parameter estimation and model 

statistics based on the linear-additive RUM-MNL 

model are shown in Table 3. This model is 

estimated using PythonBiogeme (Bierlaire, 

2018). McFadden’s 𝜌2 = 0.328 which indicates 

an acceptable level of explanatory power 

(McFadden, 1974). All estimated parameters are 

significant on a 99% confidence level. 

Table 3 Estimation report RUM-MNL model 

Name Value Std err t-test p-value 

𝛽𝑅  1.6 0.141 11.39 0.00 

𝛽𝑇𝐶 -0.0683 0.0261 -2.62 0.01 

𝛽𝑇𝑇 -0.0924 0.00935 -9.88 0.00 

Number of estimated parameters: 3 

Sample size: 894 

LL null: -619.674 

Final LL: -416.458 

LRS: 406.431 

Rho-square: 0.328 

 

The utility effect of 𝛽𝑅  is bigger than expected. 

Nevertheless, based on the outcomes of the 

RUM-MNL model, the following parameters are 

assumed to be suitable for the substitutability 

calculations. 

𝛽𝑇𝐶 = −0.0683 

𝛽𝑇𝑇 = −0.0924 

 

Substitutability 

Besides the cost and time parameters as presented 

above, travel time and travel cost matrices are 

needed. These are captured in two origin-

destination matrices, in which the origins are 

represented by all 4059 habited four-digit zip 

codes in the Netherlands and the destinations are 

the 78 AO locations. Using R and a Google 

Distance Matrix API, the travel times and travel 

distances between these can be obtained (Azuero 

Melo, Rodriguez, & Zarruk, 2018; Kahle, 

Wickham, & Jackson, 2019). As it is assumed 

women travel to AO locations by car, the cost of 

usage are assumed to be €0.19 per kilometre 

(ANWB, 2018). This transforms the travel 

distance matrix into a travel cost matrix.  

As it is difficult to judge the added value of 

substitutability relative to the other accessibility 

measures merely based on a table, Gephi is used 

to visualize the outcomes. Gephi allows the user 

to colour the geocoded locations according to a 

certain value. For reasons of interpretability, the 

bottom 25 values are left out of the visualizat ion 

in Figure 2. The normalised substitutability map 

is shown in Figure 3. The minimum travel time 

evaluation is based on a map similar to that of 

RIVM (RIVM, 2018a, p. 7). 
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Figure 2 LogSum (after removal of the lowest 25) 

Critical values for the measurements are found on 

the islands and in border areas. The map for 

substitutability clearly shows areas that have only 

one AO hospital in its vicinity, and indicates that 

in several areas (south in Limburg, most of 

Zeeland and many areas in the North of the 

country) the next option is usually not a suitable 

substitute.  

Probably the most striking thing to the 

normalised substitutability map is found in the 

province of Flevoland. A lot of media reported on 

the problems in this area due to the long travel 

times to hospitals and the unavailability of beds 

and personnel. However, the fact that these areas 

score relatively good in normalised 

substitutability is in the nature of this measure: it 

compares the available options instead of rating 

them. It does not capture the long travel time to 

the four hospitals within an hour of Urk, it just 

states that whenever someone in this area is in 

need of AO care, there are 4 options that could 

easily be substituted by one another. 

Based on the comparison of the calculated 

LogSum values, the travel time to the nearest 

hospital, the locations of the hospitals that are 

viewed as sensitive hospitals by RIVM and the 

new substitutability application as presented in 

this study, a suggestion for the spatial distribution 

of AO locations are presented in Section 6. First,  

the next section presents a discussion of the used 

methods and results. 

 

 
Figure 3 Normalised substitutability 
 

5. Discussion 

The discussion of this study refers to both the SC 

experiment as well as the substitutability 

calculations.  

First, the SC experiment. One of the 

alternatives in the choice sets of the final survey 

(CS5) turned out to be dominated. This could 

have been prevented by testing the final survey 

on several respondents. Furthermore, the 

parameter for recommendation turned out to be 

more important than expected. This makes the 

validity of the estimated cost and time parameters 

vulnerable. The found value for travel time of 

€81.71 is a lot higher than the VoTTs found in 

existing literature. It is uncertain if the VoTT is 

valid and reliable.  

Secondly, the model used for the estimation. 

The usage of a RUM-MNL model comes with 

several limitations. It does not allow to 

accommodate for the panel structure of the 

obtained data, as the 7 decisions made by one 

respondent are expected to be correlated. Another 

limitation is the fact that and MNL model does 

not allow for modelling heterogeneity within 

choice data. Furthermore, the estimation of a 

RUM-MNL model does not allow accounting for 

the fact that different people may use different 

decision rules (such as regret minimization, as 

explained by Chorus (2012)).  

Moreover, the sample is not representative 

for the female population in the Netherlands. 

 



 
 

113 

 

For the substitutability calculations, the most 

important point of discussion is the fact that it is 

based on the parameters found by the model on 

the SC data. As the validity of the cost and time 

parameters is questionable, the substitutability 

results are prone to validity issues as well.  

Furthermore, the fact that the values for 

normalised substitutability are very sensitive to 

the values of the input parameters, puts pressure 

on the reliability of the results.  

The discussion as presented in this section 

should be viewed as potential future research 

directions. As this study was merely a first 

explorative study, there is room for improvement 

on many subjects. Some recommendations are 

presented in the next section, after the 

conclusions have been presented.  

 

6. Conclusions and recommendations 

The objective of this study was to evaluate the 

spatial distribution of the AO locations in the 

Netherlands. This is done by comparing the well-

known LogSum values and the minimum travel 

time values to the substitutability model as 

proposed by Van Wee et al. (2018). A stated 

choice experiment was conducted to find reliable 

parameters to base the substitutability 

calculations on.  

As expected, a relatively high value of travel 

time of €81.71 per hour was found. As there is no 

research yet that defines value of travel time in 

emergency situations such as acute obstetrics 

care, there is no reason to reject the found 

parameters. It is assumed travel time is the most 

important factor for acute obstetrics location 

decision making for females in the Netherlands. 

Based on the results of the comparison of the 

minimum travel times, the LogSum values and 

the substitutability values, it is suggested to mark 

the UMC in Maastricht and the Treant Scheper in 

Emmen as sensitive as well. This is visualised in 

Figure 4. These hospitals do not directly affect the 

number of women that cannot reach an AO 

location within the maximum ambulance trip 

time of 45 minutes. However, when taking into 

account the insights offered by the substitutability 

values, these hospitals show to be of critical value 

to the spatial distribution of AO locations. The 

unavailability of beds in one of these hospitals 

would have severe consequences for the well-

being of pregnant females in these regions.  

 
Figure 4 Proposed sensitive locations 

Concludingly, the added value of substitutability 

can be found in that it offers new insights in the 

performance of a spatially distributed system. 

This research focused on the current distribution 

of AO locations. As it has been shown there are 

significant differences in the outcomes for the 

traditional accessibility measures and 

substitutability, it has the potential to be 

insightful in other situations as well.  

Interesting future research directions are for 

instance the development of different model 

formulations, such as the unavailability of more 

than one preferred alternative. Another 

possibility is the application of substitutability to 

more complex hospital care sectors. One could 

think of applications in an area where the level of 

emergency is lower so that the value of travel 

time would be lower.  

Related to this value of travel time, it is 

recommended to further research the cost and 

time parameters in health care for emergency 

situations. It is expected that the validity of the 

model as used in this study can be improved.  
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