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provide insight into the solution regarding the redundant real estate. However, the more 
I learned about the cure sector, the more I learned about the corresponding level of 
uncertainty regarding long-term real estate plans, and therefore, the lack of it.  

It turned out that there is a knowledge gap about the level of overcapacity in hospital 
organizations, and how it is expected to affect the financial continuity of hospital 
organizations. Therefore, I decided to dedicate my thesis of the master track Urban 
Systems & Real Estate to the research field of overcapacity in hospital organizations, by 
investigating the impact of the level of overcapacity on the financial continuity of hospital 
organizations in the future. 

I would like to thank my supervisors of the graduation committee that have guided me 
throughout the project. At first, Stephan Maussen and Theo Arentze which are both active 
at the Eindhoven University of Technology. They have helped me to define my research 
design and provided me from feedback. Secondly, I would like to thank PVM Advies & 
Management for offering the opportunity to execute my research as an intern at their 
office in Eindhoven. They have helped me a lot with the data gathering and meeting the 
right people in the cure sector that could guide me in the right direction. Therefore, I 
would like to thank Björn van Huijgevoort for his supervision at PVM. I would also like to 
thank Cees van Beukering for offering me a platform in which I could present and discuss 
my thesis with the supervision group  “Gezondheidszorg en ziekenhuis huisvesting 2025 
voor koplopers – (Economie & Ruimte)” that shares and monitors new findings that are 
relevant to the Dutch cure sector.  

I hope this research will provide policymakers with useful insight regarding the potential 
severity of overcapacity in the cure sector.  

 

Silvijn van Rens 

Hegelsom, 18 februari 2019 
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Introduction - Research indicates that 40 percent of Dutch hospital organizations are 
currently dealing with overcapacity. In addition, it is assumed that the need for floor space 
in Dutch hospitals will decrease by 40 percent by 2040, while still being able to provide 
the same quality of care. In 2018, the severity of overcapacity in Dutch hospitals was made 
painfully clear when three Dutch hospitals were declared bankrupt. Something that 
earlier happened only once in the past 25 years. Because of these statements, this 
research is conducted to examine the exact relationship between Key Performance 
Indicators regarding overcapacity and the cost efficiency level of Dutch hospital 
organizations. In this study, the concept of overcapacity indicates the magnitude of what 
a hospital organization is missing out on regarding their production volumes – and 
therefore revenues - while accounting for their real estate volume and capacity. It 
indicates the inefficiency regarding the productivity of a hospital organization. 

Purpose - The goal of this research is to provide new insights regarding the severity of 
the impact of overcapacity on the cost efficiency level of the accommodation costs of 
Dutch hospital organizations in the future. Also, it is intended to use these new insights to 
raise awareness among hospital real estate managers. In order to reach this goal the 
following research question has been answered: To what extent does the level of 
overcapacity affect the proportion of the operational accommodation costs, and therefore, 
the financial continuity of Dutch hospital organizations in the future?  

Methodology – The research question will be answered using two coherent analyses. 
First, it is examined if characteristics of overcapacity are statistically related to the cost 
efficiency level of the accommodation costs, based on quantitative research. After that, a 
qualitative scenario analysis is conducted which indicates how this impact of overcapacity 
is expected to modify in the future and how it will express itself in monetized values. The 
establishment of the scenarios in this analysis is based on a trend analysis, in which the 
Key Performance Indicators regarding overcapacity are modified in multiple scenarios. 

First, a literature study has been executed to provide the research model with the 
necessary background information. After that, the data analysis starts with a quantitative 
research using a Multiple Regression Analysis (MRA). The data sample of the regression 
model is established in the data operationalization of the MRA. The DigiMV-database – 
that contains the annual reports of all Dutch healthcare institutions – was filtered for only 
the general hospital organizations in the Netherlands. The sample consists of 51 Dutch 
general hospital organizations. The corresponding dataset contains information 
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regarding the user-surface-areas, production volumes, capacity numbers, and the 
expenses of the hospital organizations of the year 2017.   

Findings – From the Multiple Regression Analysis, it appeared that one Key Performance 
Indicator related to overcapacity, has a statistically significant relationship with the 
proportion of the accommodation costs of Dutch hospital organizations. This KPI refers 
to the ratio ‘m² per FTE’. This KPI indicates the efficiency level regarding the utilization of 
the floor capacity by the staff of the hospital organization. The KPI concerns the total user-
surface-area of the hospital real estate in square meter and the number of FTE.  

The output of the MRA provides a regression equation by which the significant predictor 
variable (‘m² per FTE’) can be used to predict outcomes regarding the proportionate 
accommodation costs. The proportionate accommodation costs provide an indication of 
the cost efficiency level and refer to the ratio of the ‘Operational Accommodation Costs’ 
divided by the ‘Total Costs’ (OAC/TC) of a hospital organization. The regression equation 
uses the value of the significant KPI to calculate a new value for the proportionate 
accommodation costs. Therefore, the output of the regression model provided the 
opportunity – by using a scenario analysis - to get insight in the way of how characteristics 
of overcapacity will influence the cost efficiency level of hospital organizations in the 
future. The values regarding ‘m² per FTE’ have been modified for six different scenarios, 
in which the corresponding modifications are based on a qualitative trend analysis. This 
trend analysis evaluated the expected modifications for both components of the 
significant KPI - the ‘user-floor-area’ (m²) and the ‘number of FTE’. These modifications 
have been established separately for the short-term scenarios and the long-term 
scenarios, in which the short-term scenarios refer time span up to 2025, and the long-
term time span up to 2040. Eventually, the results of the scenario analysis represent the 
magnitude of the expected proportionate change in the value of OAC/TC between the 
observations of 2017 and the evaluated year in the corresponding scenario.  

These proportionate changes are then translated into monetized values, to put these 
values in perspective towards the market. After that, these predicted monetized values 
were compared to the yields of the hospital organizations in 2017. Therefore, this 
research provides insight into the expected financial severity based on the value for ‘m² 
per FTE’ per hospital organization, while modifying for future trends in the cure sector. 
Based on the findings of the trend analysis regarding the ‘m² per FTE’ it is expected that 
in the short-term this KPI will decrease with approximately 5 percent on average. In the 
long-term, it is expected that this value will amplify towards a decrease of approximately 
22 percent. Other potential influences and KPIs regarding the OAC/TC were fixed in the 
determination of these values.  

The results of the scenario analysis indicate that the hospital organizations could 
significantly be harmed, as a result of the increasing level of inefficiency regarding the 
utilization of the floor-capacity (‘m² per FTE’). In a long-term scenario, the proportionate 
change of the ratio OAC/TC is greater than a 20 percent stake of the yield in 2017 for 22 
of the – at that moment – 44 profitable hospital organizations in Dutch cure sector. For 
approximately five of these hospital organizations, this value would be even larger than 
the total yield of 2017 (>100 percent). This means that in a scenario of which is assumed 
that the real estate volume remains constant - while the ratio of ‘m² per FTE’ is increasing 
-  this would result into an significant number of potential bankruptcies while accounting 
only for the expected modifications of the KPI ‘m² per FTE’. This means that all other 
possible influences were not even included in the determination of these values.  
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It should be noted that the exact amounts per hospital organization are considered too 
unreliable to make hard claims. This is due to the high sensitivity levels that concern the 
individual predictions. The outcome of the scenario analysis can therefore only be used to 
get insight in the potential severity of overcapacity in the Dutch cure sector.   

Conclusion – Based on the data analysis of this research it is assumed that if one 
compares hospital organizations with other hospital organizations that score twice as 
high on the KPI ‘m² per FTE’, - which means that the efficiency level of the floor-capacity 
will be twice as low - it appears - based on the mean of the modified regression equation 
- that the proportion of the operational accommodation costs regarding the total costs 
(OAC/TC) increases with a value between 20-40 percent. The more extreme the 
compared values for ‘m² per FTE’ are, the greater the predicted difference in OAC/TC.  The 
evaluation of the results also indicates that if the value for ‘m² per FTE’ increases with the 
magnitude of 20, then this will result in an average increase of 19 percent in terms of the 
value for OAC/TC. 

Practical Implications – The findings of this study provide new insights for hospital real 
estate managers that can be used in managing and planning their real estate portfolio. 
Based on these findings it is assumed that the potential overcapacity in the Dutch cure 
sector will ensure critical financial circumstances regarding hospital organizations in the 
future. Therefore, it is recommended to start with monitoring and controlling the KPIs 
regarding overcapacity in order to be able to anticipate in time adequately. Therefore, 
unnecessary expenses – that could grow to significant amounts – may be prevented.  

Originality & value – This research integrates a quantitative analysis in the research field 
of CREM in the Dutch cure sector. Also, this research integrated the user-floor-areas (m²) 
in new measuring units regarding the efficiency levels of productivity and capacity in 
hospital organizations. Furthermore, a statistically significant relationship has been 
detected between the utilization rates of the floor-capacity in Dutch hospital 
organizations and the corresponding cost efficiency level regarding the operational 
accommodation costs. Finally, this study provides insight into the potential (financial) 
severity of overcapacity in the Dutch cure sector. 
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L I ST  O F  A B B R E V I AT I O N S  

 

Abbreviation Definition  Context 

MRA  Multiple Regression Analysis First research method in 
Data analysis 

OAC Operational Accommodation Costs of a hospital organization = 
Component dependent 
variable MRA 

TC Total Costs  of hospital organization 

OAC/TC Operational Accommodation 
Costs/ Total Cost 

The dependent variable in 
the MRA 

GPE Dutch: Gewogen Patiënt Eenheid Measuring unit regarding 
production volumes 

FTE Full-time equivalent 1 unit represents a 38/40 
hour workload 

DTC Diagnose or-/ Treatment 
Combination 

Represents a combination of 
treatments regarding one 
patient, for example, all 
actions regarding a knee 
surgery 

NCC  Normative Cost Component Remuneration component in 
DTC-tariff regarding hospital 
real estate 

SAZ Dutch: Samenwerkende Algemene 
Ziekenhuizen 

Represents the (relatively 
small) general hospitals 

STZ Dutch: Samenwerkende 
Topklinische Ziekenhuizen 

Represents the top clinical 
(relatively large) hospitals  

OvA Dutch: Overige Algemene 
(Ziekenhuizen) 

'Other' general hospitals  

(nr. Of) BEDs Number of beds / treatment-
diagnose places  

available for clinical capacity 
and day / part-time 
treatment 

m² User-surface-area of a hospital 
organization 

Dutch: Gebruiks Oppervlak 
(GO) van ziekenhuis 
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Independent variables Multiple Regression Analysis   

'GPE per FTE' nr. GPE / nr. FTE of hospital 
organization 

Average Production volume 
per FTE 

'GPE per m²' nr. GPE / nr. User-surface-area (m²) 
of hospital organization 

Average Production volume 
per m² user-surface-area 
(Dutch: Gebruiks Oppervlak) 

'GPE per Bed' nr. GPE / nr. BEDs of hospital 
organization 

Average Production volume 
per bed/treatment place 
(*Number of BEDs) 

'm² per FTE' nr. User-surface-area / nr. FTE of 
hospital organization 

Average nr. user-surface-
area per employee 

'm² per Bed' nr. User-surface-area / nr. BEDs of 
hospital organization 

Average nr. user-surface-
area per bed/treatment 
place 

'FTE per Bed' nr. FTE / nr. BEDs of hospital 
organization 

Average nr. Of fte per 
bed/treatment place 
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1 .  I N T RO D U C T I O N  

“The ultimate objective of every organization is survival, no matter its form,” (den Hartog 
2013, p. 2). This  also accounts for hospital organizations in the Netherlands in the year 
2018. In the past twenty-five years, only four hospitals were declared bankrupt in the 
Netherlands. Therefore it is safe to say that this is a rare occasion (NOS, 2013). In addition, 
all of these four bankruptcies happened in the past five years. This is a direct consequence of 
the legal developments in the healthcare sector. Because of the introduction of the market 
mechanism in the cure sector, hospitals organizations are forced into a competitive cure 
market. This also led to hospital organizations starting to bear their own financial risk in 
terms of real estate. Something that previously was guaranteed by the Dutch government. 
These new developments led to a ‘survival of the fittest’ environment in the cure sector, 
especially in highly populated areas. The financial pressure on hospital organizations is 
being driven by multiple catalysts. One of these drivers is overcapacity in the cure sector 
(Barské, Matijssen, 2017). A problem that is currently too little of a priority in the directional 
boards of hospital organizations. This study will investigate the impact of the level of 
overcapacity in terms of the financial continuity of hospital organizations.  

The introduction of this research contains the following sections: 1.1 Motivation – in which 
will be discussed why this research has been executed in the first place, including the drivers 
that served as a trigger. 1.2 Cure vs. Care will explain the basics of the main concepts in the 
healthcare sector. Then, the problem will be analyzed in chapter 1.3. This implies the 
problem definition, the research goal, and the research questions. Section 1.4 will explain the 
scientific relevance of this research, and how it contributes to the research field of the Dutch 
cure sector. Section 1.5 defines the scope of this research. Eventually, an overview of the 
research design will be displayed in the research model in chapter 1.6. This model will also 
indicate the mutual relations between the components of this study. This will include all the 
research methods that are used in this research, and how they relate to answering the sub-
questions. 

1.1 MOTIVATION 

The Dutch cure sector is facing a certain price pressure that endangers the financial 
continuity of hospital organizations. During the writing of this thesis, two hospital 
organizations (representing four hospital locations) in the Netherlands have been declared 
bankrupt (NOS, 2018). This section will explain the urgency call regarding overcapacity in 
the cure sector, and its corresponding real estate issues. 
 
Barské and Matijssen (2017) published a report - entitled to the consultancy bureau 
ARCADIS - which showed the urgency of the price pressure in the cure sector due to 
decreasing production volumes. As a result, this leads to a relatively increasing cost 
burden regarding the accommodation costs of a hospital organization. This cost burden 
endangers the financial continuity of hospital organizations in the Netherlands, even 
though the aging population is causing an increase in terms of the healthcare demand 
(Brancherapport NVZ, 2017).  

ARCADIS also reported that Dutch hospitals are dealing with increasing sizes of 
overcapacity regarding their real estate volumes. On average, the production per square 
meter in the cure sector fell by 16 percent in the past five years (Barské, Matijssen, 2017). 
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The main reason for this research is the growing inefficiency in terms of the use of space 
in the cure sector, which ensures an increase in the average costs per treatment while the 
industry is evolving rapidly. Therefore, the hospitals are not able to build up a reserve 
fund that can pay for the desired investments to keep up with the competition. The 
current situation has emerged from the introduction of the market mechanism in the 
cure-sector, which ensured competition between hospital organizations. In addition, 
current and future trends are expected to amplify this problem.  

The goal of this research is to provide an indication of the severity of the increasing level 
of overcapacity in the future, and how it will influence the financial continuity of hospital 
organizations. As the scientific relevance will point out, the cure sector is too ignorant in 
terms of the potential of the problem regarding overcapacity. That is why it is essential to 
raise awareness. Therefore, this matter needs to be clarified. Especially, if it turns out that 
indeed 40 percent of the current hospital real estate portfolio in the Netherlands will be 
redundant by 2040 (Barské et al., 2017). Eventually, it is also the intention to provide 
managers in the cure sector with managerial implications, which will make clear how to 
prevent unnecessary expenses regarding overcapacity. 

 

1.2 CURE VS CARE 

The Dutch healthcare sector is divided into the cure- and care sector. The cure sector is 

defined as ‘cure institutions where the primary goal is to heal/advance the recovery with 

the associated nursing and care. In the Netherlands, there are various forms of cure 

institutions, namely general hospitals, academic hospitals, and specialist (outpatient) 

clinics’ (Jukito, 2012). Care institutions are aiming to minimize the disadvantages of 

diseases, disorders, and limitations. The associated activities are nursing, supervision, 

and care. Care institutions can be very diverse, for example; care for the disabled, home 

care, elderly care and often chronical or long-term care (Jukito, 2012).  

The central government of the Netherlands (Rijksoverheid, 2018) distinguishes three 

levels of healthcare in the Dutch healthcare sector. The concerning care services per level 

are assigned based on their level of expertise. 

• Firstline healthcare or primary healthcare is healthcare where one can go without 
a referral. For example, treatments by the general practitioner, dentist, 
physiotherapist, social worker or district nurse(Rijksoverheid, 2018). 

• Second-line healthcare or secondary healthcare is facilitated by care providers 
who are consulted after some referral. For example, a specialized doctor to which 
the General Practioner (GP) refers, or a therapist psychologist to which a 
consultancy bureau applies (Drs. van Reedt Dortland, 2008) 

• Third-line care or tertiary healthcare is the service that professional care 
providers can call upon for their care, such as specialized laboratories or an 
expertise center of an academic hospital (van Hoof & Wouters, 2012). 
 

The research field regarding this study will only focus on second-line care in the cure 
sector of the Netherlands. Thus, when the cure sector is discussed in this research, it refers 
to the medical-specialist industry, also known as the hospitals. The medical-specialist 
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sector is divided into four divisions; General hospitals, Categorical hospitals (focused one 
expertise), Academic medical centers, and ‘Expensive medicins’. The target group 
regarding this research, general hospitals, represents 61 percent of the total expenditures 
in the medical-specialist sector (Nederlandse Vereniging van Ziekenhuizen, 2017). 

The stakeholders regarding the cure sector are divided into three major groups. These 
three key players are healthcare users, which represent all the patients, healthcare 
providers, and healthcare buyers. All mutual and conflicting interests, including cash 
flows between these three key players, will be discussed more elaborately in the literature 
review.  

 

HEALTHCARE USERS 

Everyone in the Netherlands is obliged to 
have insurance. The citizens of the 
Netherlands are labelled as the ‘users’ in 
this report, also named as the care 
recipients or consumers. The users are one 
of the three key players in the Dutch cure 
system. The other two key players in the 
cure sector are the healthcare providers 
and healthcare buyers. Together they form 
a ‘trias sanitas’, which is shown in figure 1 
(De Vries & Kossen, 2015).  

 

HEALTHCARE PROVIDERS 

The healthcare providers or suppliers are all healthcare institutions like hospitals, 
academic hospitals, specific clinics, GP practices and so forth. The healthcare providers 
that concern this research will consist of the general hospitals. According to the 
definitions of the Dutch Central Bureau of Statistics (CBS) a General Hospitals is defined 
as ‘A medical-specialist center for treatments and nursing activities with the presence of 
accommodation possibilities, not meant for a specific population group and / or a physical 
illnesses or mental illnesses’ (CBS, 2018).  

 

HEALTHCARE BUYERS 

The healthcare buyers represent all the parties that purchase the treatments and care for 
all the providers in the cure sector. Several parties in the Netherlands purchase healthcare 
in the cure sector. The range of different parties can vary from healthcare insurers to 
employers to national governments and municipalities. The insurers buy care services for 
their insured consumers, municipalities for their residents, and employers for their 
employees. In the Netherlands, there are three major healthcare buyers. First, healthcare 
insurers. They buy care that is facilitated by the Health Insurance Law (Dutch: 
Zorgverzekeringswet, Zvw). This law makes health insurance mandatory for each citizen 
in the Netherlands. These care services are provided by the law of Long-Term Care (LTC) 
and are purchased by care offices, which are exporters of the LTC. The third party is the 

FIGURE 1 - KEY PLAYERS IN THE CURE SECTO R (DE 
VRIES & KOSSEN, 2015) 
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municipality, which acquires the care services regulated by the Social Support Act (Dutch: 
Wet maatschappelijke ondersteuning 2015, Wmo). This law makes municipalities 
responsible for supporting the self-reliance and participation of people with disabilities, 
chronic psychological or psychosocial problems (Zorgvisie, n.d.). Besides these three 
parties, there is a central government that buys care for detainees and the healthcare 
consumer themselves, which purchases uninsured healthcare through a personal budget 
(Dutch: persoonsgebonden budget). The purchase of healthcare is different for every 
country. For example, in the USA it is more common that the responsibility for healthcare 
purchases lies with the employers.  

 

1.2.1  THE CUR E S ECTO R  IN  FI GUR ES  

Every year the Dutch Hospital Association 
(DHA) publishes a branch report that gives 
insight in all the facts and figures of the Dutch 
cure sector. This section will discuss the most 
critical statistics regarding this research 
(Nederlandse Vereniging van Ziekenhuizen, 
2017). In the Netherlands there are 66 hospital 
organizations (BDO Accountants, 2018), 
together they own 105 general hospitals (RIVM, 
2018). In the last few years, this number is 
decreasing. Mostly because of the rising 
number of mergers in the cure sector. Since 
2015, 21 mergers, acquisitions (take-overs) and 
cooperative formations in which general 
hospitals were involved have taken place. 
Another four acquisitions are in the pipeline 
(Limburg, 2017). Medical-Specialist care is 
defined by the NVZ as the branch that 
represents all the hospital related activities. 
Figure 2 shows the division of the total 
expenses in this branch. The general hospitals, 
which will be the target group of this study is 
representing 61 percent of the total 
expenditures, which accounts for 17.4 billion 
euros (NVZ branch report, 2017 (figure 3)). 
This amount of money has increased by 2.5 
percent in 2016 (including price increases), 
which is a significant increase compared to the 
average increase of 2.2 percent since 2012. This 
average increase is in line with the growth of 
the Gross Domestic Product (Dutch: BBP) in the 
Netherlands, in contrast to neighboring 
countries, in which the 
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cure expenditures exceeded the growth of the concerned GDP (Nederlandse Vereniging 
van Ziekenhuizen, 2017). The average Dutchman spends 4.0 percent of his GDP on 
healthcare, which is equal to €4.716, -. From this amount €1.797, - is spent on medical-
specialist care in the medical-specialist sector. These numbers are in line with the average 
for Europe. Finally, the growth in de medical-specialist sector has decreased in the past 
20 years. Figure 4 shows the downtrend in the growth of hospitals in the Netherlands. 
The financial trends are further discussed in chapter 3 ‘Context of the cure sector’.  

1.2.2  INT ERN ATION AL  H EALT HCAR E EXP EN DIT UR ES   

The quality of healthcare in the Netherlands is one of the best in the world. The 
Netherlands is placed at the ninth spot in the world ranking, based on a global study of 
the medical-scientific journal the Lancet (2017). The Dutch healthcare- and health 
insurance system is even 
rated best in Europe 
(Björnberg, 2018).  In 
contrast to the Dutch 
care quality, the costs for 
care relative to the gross 
national product (GNP) 
in the Netherlands has 
increased less than other 
European countries 
(Nederlandse Vereniging 
van Ziekenhuizen, 2017). 
The related expenditures 
for medical-specialist 
care purposes in the 
Netherlands (4.0% of 
GNP, which is €1.797,- 
(figure 5)) are therefore 
nevertheless in line with 
other European 
countries.  

FIGURE 5 –  INTERNATIONAL HEALTHCARE EXPENSES PER CIVILIAN 
(NVZ BRANCH REPORT, 2017)  
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1.2.3  OV ERVI EW  O F A HO SPI TA L OR GANI ZATI ON  

The board of directors is 
ultimately responsible for the 
business. A supervisory 
committee often advises a 
board of directors. In the 
corporate world, this is known 
also known as the Board of 
Commissioners. In the non-
profit sector, it is often called 
the Regulatory Council. The 
Regulatory Council has the right 
to appoint or dismiss the 
members of the board of 
directors. The governing 
council also plays a role in 
important management 
decisions, for example in 
determining budgets or 
significant investments. 

The staff services contain work proceedings like secretarial, communication, financial, 
staff, and computerization services. The advisory services consist of several councils, each 
with specific expertise. For example, the assembly of medical specialists, work council, 
nursing advisory board, complaints committee, and the client council. The staff and 
advisory councils serve as an intermediary between the directional board and the 
executive and supportive units.  

 

  

FIGURE 6 - BASIC MODEL HOSPITAL ORGANIZATION (DE GOEIJ,  
2017) 
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1.3 PROBLEM ANALYSIS 

The initial moment that served as the driver of conducting this research in the first place 
was the ARCADIS report (2017) that claims that the production per square meter has 
decreased by 16 percent between 2011 and 2015 (figure 7). The argumentation in this 
report is supplemented with the reasoning behind future trends that are causing an 
increase in the level of overcapacity in the 
Dutch cure sector, and a decrease in terms of 
production volumes. These trends have 
emerged from the transition of the healthcare 
system to a privatized healthcare system. 

The problem is that this decrease in the 
production volumes does not influence the 
cost component of the accommodation costs, 
as this value remained constant. In percentile 
terms, this means that the proportion of the 
accommodation costs is growing faster 
compared to the overall costs of the hospital 
organization. As a result, this means that the 
average costs for providing healthcare are relatively increasing. In 2015, the overall costs 
increased by 2.4 percent while the corresponding yield was only 1.3 percent. This value 
represented the lowest yield of the entire sector for the preceding five years at the 
moment of the publication. This downtrend exerts financial pressure on the continuity of 
the hospitals’ reserve fund, which is intended to fund necessary future investments. 

The decrease in the production volumes is not influencing the accommodation costs 
because of the inflexible aspect of hospital real estate. Because of this, accommodation 
costs remained constant. Figure 8 displays the relative growth of the accommodation 
costs regarding the overall costs of a hospital organization, due to the decreasing 
production volumes while the accommodation costs remain constant. In figure 8, DTC 

FIGURE 7 –  DECLINE IN PRODUCTION VOLUMES PER 
SQUARE METER IN PERC ENTAGES (BARSKÉ ET. AL.  
2017) 

10%
11%

12%

2014 2017 2020

Price pressure on DTCs, while costs per DTC increases due to 
constant accommodation costs

Accommodation costs

Staff expenses

Procurement of care

DTC
volume
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stands for Diagnosis-Treatment Combinations, which is a measuring unit regarding the 
production volumes of a hospital organization.  

Before the introduction of the market mechanism in the Dutch cure sector, the funding of 
hospital real estate was regulated by the Dutch Committee of Healthcare Real estate. This 
committee determined the maximum of hospital real estate based on the a ratio of square 
meter per hospital bed, and the maximum permitted construction costs per square meter. 
As a result, hospital organizations searched the limits of these regulations which led to 
maximum floor space and organizations paring little attention regarding possible savings. 

After the privatization of the Dutch cure sector which started in 2006, hospital 
organizations started to bear the financial risk regarding their real estate, which causes 
overcapacity in the current hospital real estate, and therefore, financial pressure on the 
hospital organization.  

This problem is also reinforced by the staff shortage problem in the Dutch healthcare 
sector. By 2022, it is expected that 120.000 job vacancies will arise in the overall 
healthcare sector (ANP, 2018). The shortage of staff is already causing empty bed in the 
cure sector as it appears that the workforce is too small (de Kruif, 2018).  

The question now is how will the trend of the increasing level of overcapacity influence 
the accommodation costs, and therefore, the financial continuity of the hospital 
organization. It is unknown what the magnitude of the potential severity will be in the 
future.  

Therefore, the research goal of this thesis is to provide insight in the severity of the impact 
of overcapacity regarding the cost efficiency level of the accommodation costs of Dutch 
hospital organizations. Also, it is intended to find out how this impact is likely to modify 
in the future. Before defining the research question of this study, overcapacity needs to be 
defined. The level of overcapacity indicates the magnitude of what the hospital 
organization is missing out on regarding their production volumes, while accounting for 
their size and capacity. It indicates the inefficiency regarding the productivity of a hospital 
organization. In order to reach this goal, the following research question has been defined: 

  

RESEARCH QUESTION: 

To what extent does the level of overcapacity affect the proportion of the operational 
accommodation costs, and therefore, the financial continuity of Dutch hospital 

organizations in the future? 
 

To be able to answer this research question in detail, several sub-questions will be 
defined. These sub-questions provides the opportunity to create a structure that answers 
the primary research question step by step. Together, all the sub-questions cover the main 
question and will contribute to the main conclusion of this research. The following sub-
questions are distinguished.   

RESEARCH SUB-QUESTIONS: 

1. How should overcapacity be defined to evaluate the level of overcapacity in hospital 
organizations? 
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2. How does overcapacity relate to the cost efficiency level of a Dutch hospital 
organization? 
 

3. Is there a statistically significant relationship between the level of overcapacity and 
the proportion of the accommodation costs?  

Follow-up question: To what extent is the level of overcapacity currently influencing 
the proportion of the accommodation costs? 

 
4. To what extent will trends in the cure sector influence the magnitude of 

overcapacity in the future? 
 

5. In what way will the future developments regarding the level of overcapacity 
influence the financial continuity of hospital organizations. 
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1.4 SCIENTIFIC RELEVANCE  

There are currently many uncertainties in the cure sector referring to all the developments 
that are currently active in the Dutch cure sector. The user-needs and demands of the 
healthcare market are constantly changing. Except for the practical relevance - which is 
already adressed in the problem analysis - there are also scientific knowledge gaps 
regarding the research field that concerns overcapacity in the cure sector. Scientific research 
in the cure sector from after the privatization of the market is scarce, referring to all the 
dynamic changes and the transition phase that has only ended in 2015. Also, people often 
state that a new hospital is often already outdated at the time of when the construction of 
the hospital is completed, as it can take ten years between design-phase and finishing the 
project. To be able to put this research into perspective with the research field, it is discussed 
how it will contribute to the latest findings of the research field regarding the added value 
of real estate. After that, the usability of this study will be compared with international 
literature regarding overcapacity in healthcare systems. 

1.4.1  RES EAR CH FI ELD  

Due to the introduction of the market mechanism in the Dutch cure sector, more room is 
created in the decision-making process regarding the construction and exploitation of 
hospital real estate. Until recently, the Specification of Demands (Dutch: Programma van 
Eisen) represented a sum of the functional building standards which were regulated by 
the Governmental Committee of the Dutch Hospital Real Estate (Dutch: Bouwcollege). 
Now, the Specification of Demands challenges hospital boards to define a real estate 
strategy that includes a risk analysis (Van der Voordt, 2007). Considerations regarding 
the organization of facilities, designing and managing hospital real estate, maintenance, 
the exploitation of real estate, future renovations, demolition or new construction, and 
ownership structures, require extensive knowledge of hospital real estate and its internal 
and external developments. The research field that involves these matters is Corporate 
Real Estate Management (CREM), or, in the public sector, Public Real Estate Management 
(PREM). This research field deals with questions like: ‘does the real estate portfolio fit the 
demands of the organization in the future? What implementations are required to reduce 
discrepancies between demand and supply in terms of real estate? Moreover, how does 
real estate add value to the primary business processes? In order to investigate the 
severity of overcapacity in the Dutch cure sector, it first must be clear what the current 
literature is regarding the research field of CREM in the Dutch cure sector. 

The fact that there is still much to be gained in terms of PREM in the cure sector appears 
from a study by van Hasselt (2005). This study labels real estate as a new (fifth) corporate 
asset, next to people, capital, information, and technology. Real estate as a corporate asset 
refers to its contribution regarding the overall performance of the hospital organization. 
Van Hasselt tried to implement hospital organizations in the concept of CREM based on 
interviews and an analysis regarding long-term real estate plans of several Dutch hospital 
organizations. Therefore, she developed her so-called ‘CREM thermometer’. This 
assessment framework combines strategic, tactical and operational levels (van Driel, 
2003) with the evolutionary stages of real estate which are used to understand the 
position of real estate decision making in an organization (Joroff et al.,1993).  

Research studies regarding the - then still relatively new research field - was formerly 
most conducted in business enterprises and government-related studies (Van Hemmen 
2005; Kooman 2006). Besides, the research field of CREM in the cure sector has hardly 
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developed due to the earlier budget system - in which the funding of hospital real estate 
was guaranteed by the government - and the lack of incentives regarding effective real 
estate management. Therefore, research regarding CREM in the healthcare sector is 
scarce (Olthoff-van Paassen, 2007). 

The study of van Hasselt (2005) is considered to be one of the earlier studies that 
connected CREM to hospital real estate. Also, her CREM thermometer served as input 
regarding the doctoral study of van der Zwart (2015).  

Van der Zwart conducted a literature study in which he has built on the work of Nourse 
and Roulac (1993), De Jonge (2002), Lindholm and Levainen (2006), Lindholm (2008), 
De Vries et al., (2008) and Jensen (2010). All authors use different lists of possible added 
values concerning CREM. Based on similarities between these references, the added value 
of hospital real estate can be defined as the contribution of real estate to organizational 
performance in terms of nine fields of performance. Table 1 provides an overview of the 
way that hospital real estate can add value to hospital organizations.  
 
Van der Zwart retrieved data by performing literature study and interviewing CEOs, 
project leaders, facility managers, and real estate managers working in Dutch hospitals. 
As his research progressed, he finds in his final paper (2015) that end-user satisfaction, 
stimulating innovation, and increasing productivity are most prioritized.  
 

TABLE 1 – ADDED VALUE OF HOSPITAL REAL ESTATE (VAN DER VOORDT & VAN DER ZWART, 2011)   

organisational culture & 

innovation

Encouraging communication and innovation by 

improving interpersonal relationships within the 

organisation.

patient satisfaction & 

healing environment

Positively influencing the healing process by 

pleasant accommodation facilities for patients.

employee satisfaction Functional, enjoyable and comfortable workspace 

for employees.

reduce accommodation 

costs

Reduction of accommodation costs such as 

investment, capital, operating and maintenance 

costs.

increase productivity Increasing productivity through more effective and 

efficient use of the accommodation

use flexibility Spatial and technical flexibility to adapt the 

accommodation to changes in healthcare processes.

support image Propagating organisational values by using the 

building as an icon of the organisational culture.

reduce risk and increase 

financial possibilities

Anticipating future technical and financial risks by 

considering real estate as an asset.

sustainability Reducing energy, water and materials usage to 

maintain affordable healthcare with increasing 

commodity prices.

Cluster Definition hospital real estate added value
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It was also stated that the operationalization into concrete design choices and strategic 
management of buildings-in-use is still underdeveloped (van der Zwart & van der Voordt, 
2015). Nevertheless, the findings of the report still provide inside in the potential 
measures per definition to create added value in hospital organizations.  

To conclude, there are recent studies regarding hospital real estate that contain real estate 
strategies and their corresponding measures. These studies are often focusing on 
increasing flexibility, as this can be seen as the overall solution to anticipate on the fast 
developing characteristic of the cure sector. These studies include management models 
and decision-making frameworks that can help to consider different possibilities (van der 
Zwart, van der Voordt, 2011; van Reedt Dortland, Voordijk, & Dewulf, 2012). Therefore, 
the real estate strategies are not unknown in the research field. However, it appears that 
value parameters and measuring units regarding the organizational performance are still 
underdeveloped. Also, in the specification of adding value through increasing 
productivity, it is not indicated how to measure the level of overcapacity in hospital 
organizations, as the level of overcapacity has never been a severe issue for hospital 
organizations before. Since, the hospitals were financed based on output funding (Janssen, 
2018). Therefore, the financial aftereffects of overcapacity regarding the financial 
continuity of hospital organizations is still unknown too. Consultancy bureaus have been 
addressing the problem already. However, these private publications of these consultancy 
bureaus did not provide any insight in the extent of how overcapacity could impact the 
financial continuity of hospital organizations either. Therefore, it is hard to respond to 
these statements. Thus, based on the existing literature it appears that it is necessary to 
define a method in order to get a representation of the level overcapacity in the Dutch 
cure sector. Other findings and recommendations of the existing literature towards the 
research topic of this master thesis will be discussed in the knowledge gap regarding 
overcapacity. 
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1.4.2  KNOW LEDGE GAP   

The concept of overcapacity can be appointed to the – by van der Zwart defined – 
‘production values’ (Table 2). The production values refer to:  ‘Functional suitability and 
effectiveness in use means that a building is effective in a functional sense and meets the 
desired usage’ (van der Zwart, 2011). These production values refer to three possibilities 
of how real estate can add value to the 
hospital organization, (i) reduce 
accommodation costs, (ii) Increase 
productivity, (iii) Use flexibility. The 
research topic regarding this 
graduation project concerns both 
productivity and reducing the 
accommodation costs. Instead of 
evaluating from a solution-oriented 
perspective – like the real estate added 
values – this research will investigate 
how overcapacity will hurt the hospital 
organization. Therefore, it is intended 
to find out how overcapacity retracts 
value from the hospital organization. 
Table 2 visualizes how overcapacity 
orients towards the research field of 
CREM in the Dutch cure sector, based 
on the definitions of van der Zwart 
(2015).  

Earlier research studies did not provide insight into the severity of overcapacity in the 
Dutch cure sector. The ARCADIS publication (Barské, et al., 2017) is considered to be at 
the forefront of the introduction of overcapacity in the research field of CREM in the Dutch 
cure sector. They have indicated how overcapacity could result in shrinking hospitals. 
This is because the Dutch cure sector was still in a period of transition between the budget 
system and the new performance-based reimbursement system, that went into full effect 
since 2015 (Jaques, 2016). As a result, research regarding the real estate related 
consequences of the earlier budgeting system is still underdeveloped. Therefore, this 
thesis tries to provide new insights regarding several knowledge gaps and limitations 
regarding the van der Zwart study. In addition, it will provide the first insights in 
determining the exact severity of overcapacity regarding the cost efficiency levels of 
Dutch hospital organizations. This will include findings regarding more specific drivers 
and value parameters that can measure the expected levels of overcapacity in the Dutch 
cure sector. 

Another critical factor that makes this study relevant are the integrated user-surface-
areas of the Dutch hospital organization. No scientific research has been found regarding 
CREM in the Dutch cure sector that integrated surface areas. This is due two main reasons: 
(i) There is a lack of reliable data, as too many hospital organizations do not possess up-
to-date figures regarding this topic. (ii) Surface areas in square meter has never been a 
top priority in the period of the budgeting system, as the size of hospital organizations 
was always expressed in the number of beds.  

The practical urgency regarding the concept of overcapacity is confirmed once again, as it 
appears that almost half of the healthcare managers think that overcapacity will be a 

TABLE 2 - CONTRIBUTION OF RESEARCH TO RESEARCH 
FIELDS  
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significant issue in cure sector, and 25 percent even believes that in the coming years 
hospital organizations will go bankrupt because they are chained to their generously 
sized real estate (Berger & ten Katen, 2016). At the moment of writing (February 2019) 
these fears turned out to be correct, as tree hospitals were declared bankrupt in 2018.  

 

1.4.3  RECO MMEN DATION S OF EXI STIN G LIT ER AT UR E   

Van der Zwart & Van der Voordt (2015) found that there is still a lack of a widely agreed 
taxonomy of added values and how to measure and manage these values. They state that 
ongoing international collaboration between researchers and practitioners is needed to 
build a common framework and to develop standardized measurement methods. 
Although much work has been done to operationalize the added value of corporate real 
estate and building related facilities, there is still a lack of a widely agreed taxonomy of 
added values and how to measure and manage these values. An ongoing international 
collaboration between researchers and practitioners is needed to build a common 
framework and to develop standardized measurement methods (van der Zwart & van der 
Voordt, 2015). This means that the KPIs regarding overcapacity – that will emerge from 
this research - will serve the research field with these new insights regarding measuring 
methods that focuses explicitly on overcapacity, of which it appeared that it serves the 
explicit element of productivity in the CREM-related research field (table 2).  

Some ‘soft’ adding values like end-user-satisfaction that turned out to be top-priority 
were unexpected (van der Zwart; van der Voordt, 2015). This is due to the choice of their 
research method, the authors think that due to the answers in the interviews, that the 
results may have been biased as a result of ‘socially desirable answers’. Statements like 
“the patient are central” and “employee satisfaction contributes to better care” sound 
more appealing than “as cheap as possible.” It could also be that user-centered values are 
more specific and clear in the retina than financial considerations, when talking about the 
added value of cure accommodations. Therefore, new insights will also be retrieved due 
to the fact that this research will contain a quantitative analysis, as ‘numbers don’t lie’.   

Eventually, the study finds that a lot of information is needed to be able to direct on added 
value. Both theoretical – what is the exact relationship between real estate and the 
productivity – and practical: how large are the building volumes of hospital organization? 
What are the exploitation costs? How is the real estate facilitated? Gathering and 
monitoring such information is a money and time-consuming matter. Therefore, the costs 
benefits and practical implementations need to outweigh the costs. The recommendations 
from the van der Zwart study that have common grounds with overcapacity are: (i) Check 
for the developments regarding the current and future trends in the cure sector. (ii) Find 
out what the preferred functions are in terms of retaining or removing them from the real 
estate portfolio. (iii) Examine the financial performance requirements from a business 
economic perspective.  

Therefore, the goal of this research is to provide insight into the above-mentioned 
knowledge gaps regarding the Dutch cure sector. The scope of the research will be defined 
in section 1.5. First, this research design will put into perspective regarding the 
international research field of CREM in the cure sector.  
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1.4.4  INT ERN ATION AL RELEV AN CE  

Also in the EU (including the new member states) hospital overcapacity is a severe 
problem, from a technical, fiscal and political perspective. Many countries are in search of 
effective policies for improved hospital management and more cost-effective resource use 
in the health sector (Fidler, Haslinger, Hofmarcher, Jesse, & Palu, 2007). Because it is an 
internationally broad-based phenomenon, other countries with a privatized cure sector 
could also benefit from the output of this research. In general, these countries also face 
the same technological (and often demographic) trends.  

The earlier discussed educational book of Jensen & Van der Voordt (2016) shows an 
international collaboration between researchers and practitioners in the fields of Facility 
Management and CREM, in which the way of how to measure and manage the added value 
of real estate is examined. This led to twelve main value parameters concerning the 
overall CREM research field. In terms of productivity, these parameters are often 
expressed as output per employee. Therefore it is decided to implement these parameters 
in the definition of the characteristics of overcapacity.  

The de-nationalization of the cure sector is active in multiple countries. Most of the 
research in these countries are also trying to provide further insight into the real estate 
adding values regarding health care. Here too it appears that the performance 
measurement regarding PREM has been neglected across the world. This appears from a 
study that reviewed the scientific evidence regarding the dimensions of publicness and 
organizational performance  (Andrews, Boyne, Walker, 2011). This also accounts for the 
Italian healthcare sector  (Meneguzzo, Fiorani, & Frondizi, 2018). This study shows the 
limited use of performance management in the Italian public health organizations, and 
high variability in the way of how real estate added values are defined and measured 
(Meneguzze et al., 2018).  

A widely international supported assessment framework in the international literature 
regarding healthcare is the Integrated Healthcare Facility Maintenance Management 
(IHFMM) model (Lavy & Shohet, 2009). This model (partially) examines the performance 
of a hospital organization on the operational accommodation costs. However, this model 
does not relate these costs to overcapacity. New insights regarding this quantitative 
research in which new value parameters of overcapacity will be defined, provide the 
opportunity to expand this model with these findings, as the establishment of these KPIs 
can be set apart from the Dutch cure sector. Therefore, this a potential platform of which 
the findings of this research could attribute to the international research field. This also 
applies for the findings of the value parameters that turn out to be statistically significant 
with the operational accommodation costs. Note that – apart from the establishment of 
the KPIs - these findings do depend on the specific Dutch input. 

Another Belgian study evaluates the strategic and tactical hospital bed management in 
hospitals located in Belgium and France while taking into account the financial impact on 
the budget (Gossart, Meskens, & Guinet, 2010). Therefore, the Gossart study has common 
grounds with the research design of this thesis, as they both measure the impact of a 
productivity-related component towards the finances of a hospital organization. 
However, the results that will be retrieved from the outcome of this thesis fills a 
knowledge gap of the Gossart study by also implementing both the user-surface-area (m²) 
and the number of FTEs.  

All of the above-mentioned international studies were case studies that only accounted 
for the population of one country at a time. This confirms the statements of the van der 
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Zwart (2015) study, in which was stated that international collaboration was still 
underdeveloped. All authors in these international case studies are all developing and 
using their own value parameters and KPIs, so no particular method has been made 
operable for the international cure sector.  

In the international relevance check, one finding in the French literature matched the 
combination of hospital real estate and a quantitative approach in terms of the research 
method. This French study examined the impact of hospital bed use in healthcare facilities 
(Boussabaine, Sliteen & Catarina, 2012), just like the Belgian study. The main findings of 
this study show a relationship between bed usage and operational costs of acute hospital 
facilities in France. An analysis of annual O&M (operation and maintenance) cost 
indicated that type of medical activities had a significant impact on O&M cost when the 
influence of all other potential factors, notably, morphology, quality of construction and 
age, were excluded (Boussabain et al., 2012). These findings implicate that a similar study 
executed in the Netherlands would be of value too. However, it should be noted that ‘bed 
usage’ is different from overcapacity, and that this study will examine the operational 
accommodation costs of general hospitals in the Netherlands instead of acute hospital 
facilities in only a small region.  

Despite the fact that the findings from the literature check regarding the scientific 
relevance did not lead to any studies that were specifically focusing on the severity 
regarding the concept of overcapacity. This could indicate that the presence of 
overcapacity in hospital organizations abroad, is not observed in large volume yet. This is 
not unlikely, as it appeared that the trend of overcapacity in the Netherlands is also only 
active for the past few years.  

 

1.4.5  KNOW LEDGE GAP  REGARDI N G R ES EAR CH MET HODS  

The knowledge gap regarding the research methods used in the CREM research field is 
easier to appoint. There is no Dutch literature to be found that uses a statistical approach 
in examining a specific impact – in this case, the level of overcapacity – on the performance 
of a hospital organization. Besides the fact that overcapacity has never been an issue 
before 2012, it also appears that there is a lack of useful data in the cure sector. As this 
research will point out in the upcoming sections, it turned out that the historical data 
regarding production volumes cannot be used in scientific research as these production 
volumes were not measured following the same standards over the years. Therefore, it is 
only possible to compare the data in the latest years. This assures that the findings of 
outcome of the statistical part of this research will be valuable towards the concerning 
research field. Even if the results would disappoint in terms of proving statistically 
significant relationships between the KPIs regarding overcapacity and the performance 
of the hospital organization, as this would also represent a remarkable insight that would 
be useful in designing future research. In addition, this also applies to the (first) 
implementation of hospital real estate user-surface-areas. 

Finally, the scenario analysis will provide an indication of the severity of the increasing 
levels of overcapacity in monetized values. This distinguishes this research from already 
existing studies that indicate how to create added value by optimizing real estate. On the 
contrary, this study will provide an indication about how the real estate could potentially 
devaluate the hospital organization if no measures regarding overcapacity will be 
executed.  
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1.4.6  CON CLUSION  S CI EN TI FI C  R ELEVAN CE  

Overcapacity in the Dutch cure sector is a matter that mainly gained attention in the past 
few years. It is expected that the level of overcapacity will grow to significant levels in the 
future. Therefore, this study investigates the severity of the overcapacity in the Dutch cure 
sector. This examination of overcapacity in the cure sector contributes to the research 
field of Public Real Estate Management regarding the Dutch cure sectors. In this research 
field, nine ways of how real estate can add value towards an organization are 
distinguished. Two of these real estate added values are directly related to the research 
topic of this research. First, reducing accommodation costs, and secondly, increasing 
productivity. These two concepts of real estate added values form the framework of the 
contribution of this thesis towards to the research field of CREM in the Dutch cure sector. 

What further distinguishes this research from existing research is the fact that it is the 
first study that examines the severity of overcapacity in the Dutch cure sector regarding 
the cost efficiency level of the accommodation costs, since the transition of the way of how 
hospital real estate is funded. Instead of evaluating ‘real estate added values’, this study 
indicates how real estate could harm the Dutch hospital organizations if no measures 
regarding overcapacity will be executed.  

New insights will also be gained from the fact that this study managed to implement data 
regarding the user-surface-area of Dutch hospital organizations in square-meter. In 
earlier studies, the KPI regarding size was represented by the number of beds. This study 
will examine both. This will also generate new findings regarding the development of new 
value parameters in the (international) research field of CREM in the healthcare sector. 
However, the outcome of this research cannot be taken one on one in foreign countries, 
as it is too specific due to the specific characteristics and developments of the Dutch cure 
sector. 

Finally, this is the first explorative research regarding the research field of CREM in the 
Dutch cure sector, that contains a quantitative analysis in which the exact relationship 
between several KPIs and the cost efficiency level of the accommodation costs is evaluated 
in quantitative research. Therefore, all the new insights that are mentioned above, makes 
them again relevant regarding the already existing literature of CREM in the Dutch cure 
sector. 

 

1.5 SCOPE DEFINITION 

The scientific relevance already evaluated the research field of which this study contributes 
to. Based on this evaluation the scope of this research is defined. Some findings that will be 
discussed in this section were retrieved from the literature review. This means that some 
limitations in terms of the definition of the scope are forward-looking statements.  

In order to create a generalizable outcome for a specific target group, it appeared 
necessary to filter the target group in certain ways. First, the target audience for this 
research is narrowed down to only the general hospitals in the Dutch cure sector. As a 
result, academic hospitals and specific care institutions will be left out of this research. 
Taking into account all types of healthcare institutions would result in a blurred outcome 
that would not be representative for one of these three target groups. It appears that this 
is also backed by the derived publications of other studies in the literature review.  
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Initially, this research tends to find out if there is any statistically significant relationship 
between the level of overcapacity and the accommodation costs of a hospital organization. 
This is evaluated due to a Multiple Regression Analysis (MRA). As mentioned in the 
problem analysis, the concept of overcapacity refers to this study to the inefficiency 
regarding the productivity of a hospital organization. Therefore, the level of overcapacity 
will be accounting for production volumes, the utilization of the capacity, and the use of 
user-surface-area in square meter. This means that in the context of this research no 
monetized values will directly refer to the level of overcapacity in the data analysis. The 
discussion about this definition will be evaluated in the derivation of the Key Performance 
Indicators (KPIs) regarding the data analysis.  

Overcapacity is the central theme of this research. Therefore the context and research 
methods will be adapted for the needs of the characteristics regarding overcapacity in the 
data operationalization. The cost efficiency level of the operational accommodation costs 
will represent the response variable on which the impact of overcapacity is examined. The 
scope of this investigation is mostly determined by the definition process of these two 
main components of the MRA. The definition process can be found in the data 
operationalization of the MRA.  

The scope of this research also depends on the type of data that is represented in the 
sample. This may have a restrictive effect on the desired outcome if it turns out that a 
devoted an essential factor cannot be investigated due to the lack of data. This led to the 
removal of several hospital organizations in the sample as a result of missing data. 

If it turns that the outcome of the MRA indeed provides significant results, then this output 
will be used to make predictions in a scenario analysis. The scope of this scenario analysis 
will be dependent on the number of significant results derived from the MRA. This 
scenario analysis is supplemented with modifications based on a trend analysis, which is 
part of the literature study. This trend analysis will cover the main trends that are active 
in the entire context of the cure sector. In the scenario analysis, these results will be 
filtered based on the significant results of the MRA. It is decided to include the full trend 
analysis in the literature study as it provides context to the research topic, which is 
assumed necessary to provide an overall view of what is currently relevant in the cure 
sector.  

As the level of overcapacity will be linked to the cost efficiency level, it is possible to 
provide an indication about the impact of the level of overcapacity regarding the 
magnitude of the yields concerning the observations in the data sample. Therefore, this 
can be linked to the corresponding level of the financial continuity. 

Even though other European countries cope with the same cure sector-related trends 
(Fidler et al. 2007), the sample of this research will only consist of Dutch hospital 
organizations, as it appears that, as for today, no such results about the Dutch cure sector 
exist yet. Also, the Organization for Economic Co-Operation and Development (OECD) 
only contains common outcomes per country. No international database or platform 
provides the same kind of data that is used in this research. Therefore, it is not possible to 
implicate foreign countries in this research. However, in theory, this study could also be 
conducted in other countries, contingently on the availability of the required data and 
characteristics of the concerning healthcare sector. 

The CREM research field regarding the hospital organizations already contains studies 
about cost reduction and increasing productivity. This includes studies that focus on real 
estate measures and decision-making frameworks, and how they can result into added 
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value regarding the hospital organization (Huisman, 2008; Otterdijk & Haag, 2011; 
Pawiroredjo, 2010; van der Wal, 2015). However, these studies do not relate to the 
current levels of overcapacity in the Dutch cure sector. This also accounts for the 
corresponding (financial) impact of these overcapacity levels.  
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1.6 RESEARCH DESIGN 

The research model in figure 9 is used to put all the steps that are made in this research in 
perspective. This section shows the key components of the research that together will answer 
for all the sub-questions and eventually the main research question in the conclusion. The 
research model will also show how the research methods contribute to answering the 
research questions. The research model will also contain an overview of the theoretical 
framework which includes the literature review. The literature study is necessary to gain 
background knowledge before answering the sub-questions. The research model consists of 
a clear visualization of the research structure, which demonstrates how and in what section 
each sub-question is answered. 

At first, the research model starts with visualizing the theoretical framework in which a 
literature study is executed in order to gain knowledge and define the main concepts of 
this research. Section 2.3 & 2.4 specifically serve as the foundation in answering sub-
question 1 & 2. This literature study will also contain a trend analysis that will provide 
insight into how the level of overcapacity is likely to change in the future. As illustrated in 
the research model, the findings of this trend analysis provide the trend analysis in the 
scenario analysis (3.3.2) with the necessary information to define the scenarios. 

After conducting the literature, study is it assumed that enough insight is retrieved to 
execute the data analyses. First, The data operationalization of the Multiple regression 
analysis shows the establishment of the sample that serves as input regarding this 
research. This sample has emerged from the Dutch DigiMV database. This database 
contains all the annual reports of all and each type of healthcare institutions in the 
Netherlands. After filtering this dataset, the data regarding the user-surface-area of Dutch 
hospital organizations were integrated into the sample. After finishing the establishment 
of the sample, the Multiple Regression Analysis (MRA) will be executed. The MRA 
examines the relationship between the level of different characteristics regarding 
overcapacity and the efficiency level of the accommodations costs. The first two sub-
questions are evaluated in the data operationalization of the MRA. The results of the MRA 
will answer the question about the extensity regarding the investigated relationship (sub-
question 3). Both the output of the trend analysis (literature study) and the MRA will serve 
as input regarding the scenario analysis. This scenario analysis will include different 
modifications for each scenario based on the findings of the trend analysis, which 
concerns sub-question 4. Then, these modifications are integrated with the outcome of 
the MRA to make predictions. 

In summary, in order to answer the main research question of this study, the data analysis 
is divided into two main parts, (i) the Multiple Regression Analysis and (ii) the scenario 
analysis. First, the literature review, in which, overcapacity, all stakeholders, hospital 
structures, cash flows, and trends are discussed. Subsequently, the relationship between 
the characteristics of overcapacity and the proportionate accommodation costs of a 
hospital organization will be examined using an MRA. After this, the scenario analysis will 
evaluate different modifications for different scenarios in order to provide an indication 
about how the impact of the level of overcapacity will change in the future.  

The research model in figure 9 shows an overview of how each sub-question contributes 
to the conclusion of this research.   
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1.6.1  RES EAR CH MO DEL  

2. Theoretical Framework

Literature study

3. Data Analyses

3.2 Multiple Regression Analysis

3.2.2 Data Operationalization

3.3 Scenario analysis

3.3.2 Data operationalization SA

Interpretation  MRA
Trend analysis 

(significant KPIs MRA)

3.3.3 Defining scenarios

3.3.4 Results Scenario Analysis

Output Trend analysis

3.3.1 Methodology SA

Regression Equation

Short-term scenario Long-term scenario

4. Conclusion 
To what extent does the level of overcapacity affect the proportion of the 

operational accommodation costs, and therefore, the financial continuity of 
Dutch hospital organizations in the future? 

1. How should overcapacity be defined to 
evaluate the level of overcapacity in hospital 
organizations?

4. To what extent will trends in the cure 
sector influence the magnitude of 
overcapacity in the future?

3.  Is there a statistically significant 
relationship between the level of 
overcapacity and the proportion of the 
accommodation costs? 

3.1 To what extent is the level of 
overcapacity currently influencing the 
proportion of the accommodation costs?

5. In what way will the future developments 
regarding the level of overcapacity influence 
the financial continuity of hospital 
organizations.

2.4 Trend 
Analysis

2.1 Context of the Cure sector
• Entry market mechanism cure sector
• Legal developments
• Cash flows in the cure sector

2.2 Hospital Real 
Estate Characteristics

2.3 Exploitation Of 
Hosptial Real Estate

2.5 The impact of trends on 
hospital real estate

Establishment data sample

Establishment Independent variables 
(overcapacity KPIs)

Establishment dependent variable 
(accommodation cost KPI)

Assumption tests

3.1 Research Design

3.2.3 Results Multiple Regression

5. Discussion 
5.1 Validity Research Design
5.2 Reflection Results 
5.3 Contribution to knowledge gap

6. Recommendations
6.1 Scientific Recommendations
6.2 Practical recommendations
6.3 Managerial Implementations 

2.How does overcapacity relate to the 
expenses of a Dutch hospital organization?

3.2.1 Methodology MRA

 
FIGURE 9 – RESEARCH MODEL 
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1.7 READING GUIDE 

Chapter 2.  The Theoretical Framework provides the 
thesis with the necessary context in order to answer 
the main research question. Therefore, some key 
concepts will be examined in the literature study that 
will provide input regarding the data 
operationalization in chapter 3. Data analysis. The Data 
Analysis will answer the most sub-questions, of which 
the background information of the literature study will 
be used.  The research design will discuss the structure 
of the actual data analysis. Whereafter the Multiple 
Regression Analysis (section 3.2 will be executed. The 
results of the MRA will serve as input regarding the 
scenario analysis. Section 3.3 the Scenario Analysis, 
will together with the results of the MRA answer for the 
main research question. Chapter 4. Conclusion, will 
summarize all the answers regarding the sub-
questions and eventually answer the main research 
question. After that, in chapter 5. Discussion, the 
research design will first be verified, whereafter the 
results will be reflected with the expectations that 
were derived at the beginning of this research. Finally, 
the new findings will be discussed that contribute to 
the knowledge gap that was established in the 
Introduction. This thesis will be completed in chapter 
6. Recommendations, which will be discussed how the 
findings can be used in further scientific research. 
Finally, this research will end with the managerial 
implications, in which the real estate managers in the 
cure sector will be advised how to act on overcapacity 
while keeping the findings of this research in mind.  

  

2. Theoretical framework

3. Data analysis

4. Conclusion

5. Discussion 

6. Recommendations  

2.1 Context of the cure sector
2.2 Hospital Real Estate 
Characteristics
2.3 The Exploitation of hospital 
real esate
2.4 Trends in the cure sector
2.6 The impact of trends on 
hospital real esatate

3.1 Research desgin

3.2 Multiple Regression Analysis

3.3 Scenario Analysis

Page 34 - 63

Page 64- 101

Page 102 - 103

Page 104 -108

Page 109 - 113

5.1 Validity Results
5.2 Reflection results
5.3 New findings in knowledge gap

6.1 Scientific Recommendations
6.2 Practical recommendations

6.3 Managerial Implementations p

FIGURE 10 – READING GUIDE 
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2 .  T H E O R E T I C A L  F R A M E WO R K  

After the scope is defined, a directed search has been established in order to provide the 
necessary background information for answering the sub-questions. The method used to 
gather this background information is a literature study. The literature study will consist of 
four sections. These sections will discuss the overall aspects of the cure sector. After that, the 
specific real estate characteristics of hospitals will be evaluated. Also, the exploitation of the 
hospital real estate is examined so that the level of overcapacity can be linked to monetized 
values. These sections will provide the knowledge to create a proper data operationalization 
regarding the multiple regression analysis. At last, the literature study will contain a trend 
analysis, in which all significant trends in the Dutch cure sector are discussed. Subsequently, 
the consequences of these trends will be translated towards the hospital real estate. The 
findings of this trend analysis will be taken into account in the determination process of the 
proper modifications regarding the different scenarios in the scenario analysis.  

 

2.1 CONTEXT OF THE CURE SECTOR 

This section discusses the political implementations that established a transition between a 
centrally directed real estate budget system into a performance-based and output driven 
finance system. This transition is accompanied by the cure sector’s shift towards a market 
mechanism and a competition based healthcare system. 

 

2.1.1  ENTRY  O F T HE MAR KET  M ECHANI SM  

The evolutions in the cure sector were caused by several regulatory developments in the 

healthcare sector.  The history of the healthcare real estate in the cure sector is mainly 

determined by the government and the Dutch Board of Hospital Real Estate (Dutch: 

‘Bouwcollege’). This board established the first Hospital Committee back in 1947. After 

several developments in the funding system of the cure sector, the first inducements for 

this research can be translated back into the name change of the Dutch Board of Hospital 

Real Estate into the ‘College Bouw Zorginstellingen (CBZ)’. The CBZ was part of the Dutch 

Ministry of Health, Welfare and Sport (VWS). De primary role of the CBZ was to examine 

hospital building plans and granting building permits in the cure sector. Since the 

introduction of the WTZi act (Care Institutions (Eligibility) Act)) in 2008, the CBZ has only 

an advisory role towards the government, hospital organizations, and healthcare insurers. 

The CBZ is only functioning as a knowledge center.  
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2.1.2  LEGAL DEV ELOP MEN TS  

In 2006 the government started 
deregulating the healthcare system for 
healthcare institutions, starting with a 
new health insurance act (Dutch: Zvw). 
The main reason for this was that the 
Dutch Ministry of Health determined 
that people need to be treated at home 
or as close to home as much as possible 
in order to keep the costs of care under 
control (NVZ, 2018). The new policy 
intended to introduce a demand-
driven healthcare system, in order to 
create better costs management and quality improvement. This new health insurance law 
restricted the regulatory role of the government in the Netherlands to supervising the 
system by setting up the rules for competition between the market parties in the cure 
sector (Zwart, 2014). This new performance based funding system went along with the 
disappearance of the guaranteed contracting obligations of the healthcare insurers and 
the government (VWS, 2005b). The government is now supervising three different 
markets that are distinguished in the cure sector; the Healthcare delivery market, the 
healthcare insurance market, and the healthcare trade market (figure 11 (Zwart, 2014)). 
These three markets connect the three primary stakeholders in this system, the 
healthcare suppliers, the healthcare insurers, and the patients. Patients in the 
Netherlands are permitted to revise their contract with healthcare insurers at least once 
a year. This stimulates the level of competition between these insurers, and therefore the 
trade market.   

 

2.1.3  THE FIN AN CES  O F  T HE DUT CH CUR E S ECTO R  

The finances are examined based on a publication of Jaques (2016) that described the 
emergence of the current revenue model in the Dutch cure sector. Since 1988 the Dutch 
cure sector was financed by fixed tariffs. These tariffs were function-oriented and funded 
by a budget that was negotiated with healthcare insurers. This budget consisted of a fixed 
budget and a variable budget. The fixed budget partly consisted of real estate expenses, 
like interest, depreciation costs, and building-related installations. Another part of the 
fixed budget was based on the number of inhabitants in their service area. The last part 
of the fixed budget was determined by the capacity of the hospital, expressed in the 
number of beds and FTEs. The variable added to the budget was based on the number of 
hospital admissions, nursing days, outpatient clinics (or polyclinics) visits, and day 
treatments. Together these components are combined in value for GPE, a measuring unit 
regarding production volumes. Back then, medical specialists were getting paid 
separately based on the number of executed treatments and their corresponding fixed 
prices, which were regulated nationwide. This created a conflict of interest between 
hospitals and specialists (Jaques, 2016). Because of the specialists’ production incentive, 
production volumes were increasing. This was accompanied by increasing operational 
costs related to the hospital organization, while their expenses were budgeted. This 
ensured an unfair distribution of the costs. 

FIGURE 11 - HEALTHCARE MARKETS IN THE NETHERLANDS  
(ZWART, 2014)  
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In the mid-1990s, the funding system regarding medical specialists which was based on 
production volume was dissolved. The ‘Lump sum system’, introduced in 1995, was 
implemented to prevent overproduction.  The new system came with fixed budgets per 
specialist. However, the new Lump sum system led to an adverse impact regarding the 
care provision. Therefore, a mismatch between demand and supply arose, resulting in 
long waiting lists. The corresponding tariffs of the lump sum system did not match the 
actual costs incurred (Jaques, 2016). Therefore, both hospital organizations and medical 
specialists were insufficiently rewarded.  

 

2.1.3.1 THE PRODUCTION-BASED FUNDING SYSTEM 

Before 2008 the cure sector was supply-driven. Healthcare organizations were semi-
public institutions whose planning and financing were controlled by the government. 
Starting from 2008 the lump sum system was dissolved. Since 2005, a new system has 
gradually been introduced. This new system led to a new system in which earnings were 
based on the number of diagnosis-treatment combinations (DTCs). A DTC is a 
representation of all activities and operations that a patient goes through in the hospital 
for a certain amount of time.  A DTC contains four components (i) the describtion of the 
complaint of the patient, (ii) the way how the patient is referred to the hospital, (ii) which 
diagnosis has been made, and (iv) the intended treatment (Bovend’eerdt, 2011).  

This means that the earnings of a hospital organization depended on its production 
volume.  Therefore, hospitals were forced to compete with each other. The new system 
made sure that a market mechanism made its entry to the cure sector. The DTC system 
was also introduced to return the link between performance and remuneration. 
Additional advantages were supposed to lead to increasing levels of efficiency and 
innovation. However, this required an incentive to improve the quality of the DTCs. Again, 
the new system led to a production incentive regarding medical specialists. The DTC 
based system led to increased productivity, and therefore increasing profits. Also, it also 
erased the waiting lists of the lump sum system.  

The DTC performance-based system led to an increasing level of competition between 
healthcare suppliers step by step. The increasing competition ensured a division in the 
way of funding by DTCs. The DTCs have been divided into two segments: (i) an A-segment 
with regulated production and fixed prizes nationwide established by the Dutch 
healthcare authorities (NZa, 2010). (ii) The B-segment is only fixed partially, the other 
part of this segment is ‘free negotiable’.  The B-segment tariffs and production volumes 
are determined in negotiations between insurance companies and the hospital 
organizations that occur once a year. 

The A-segment mainly includes all surgeries and functions that must be provided by a 
general hospital. This part is not funded by the performance-based model because it 
concerns treatments that are not profitable, but still necessary to provide. This way the 
healthcare supply is guaranteed. By separating these functions from performance-based 
funding, academic hospitals are still able to fulfill their academic tasks and function. 
Besides, the A segment is also meant for DTCs that can be financed through the 
performance-based model, but where free pricing is not desirable. For example, expensive 
medicines, care at the ICU, and top clinical healthcare. The government has determined 
maximum tariffs regarding this segment so that the prices do not get out of hand and the 
affordability of care is ensured. 
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2.1.3.2 INTEGRAL FUNDING SYSTEM 

 
As of 2015, the integral funding system went into effect. The entrance of the integral 
funding system led to the cancellation of the performance-based system regarding the 
medical specialists, including the performance budgets of hospital institutions and the 
DTC tariffs. The goal of these implementations was to encourage free negotiations about 
the financial agreements between hospital organizations and healthcare insurers. This 
way the hospital can be more flexible in their expenditures. The healthcare insurer is also 
selectively purchasing their healthcare supply; this means that the insurer no longer 
contracts all sorts of healthcare.  

The introduction of an integral funding system led to a situation in which the hospital will 
declare an all-in invoice with the healthcare insurance company. The hospital is expected 
to negotiate with the healthcare insurer about the costs of the total care that was going to 
be delivered. There is no negotiation or direct contact between the medical specialist and 
the insurer. The costs of the care providers, including those of de independent medical 
specialists, are included in this total package. The medical specialists negotiate with the 
board of the corresponding hospital organization about their remuneration and on which 
it is based (Jaques, 2016). From then on, the medical specialist declares their activities to 
the hospital organization, and the hospital organization declares their expenses to the 
health insurer.   

The introduction of the integral system also meant that the tax benefits regarding the 
independent medical specialists expired. These specialists did qualify, contingent on some 
conditions, as entrepreneurs. The Dutch Healthcare Authority emphasizes two main goals 
about the integral funding system. First, encouraging the selective purchasing policy of 
healthcare insurers. Second, achieving alignment between the interests of the hospital 
organization and the medical specialists. The idea of the system is that a third party 
decides what is best in terms of purchasing the volume of DTCs. It is assumed that a 
selectively purchasing healthcare insurer only purchases healthcare that is in demand 
regarding its patients. Their decisions are based on quality and efficiency. The healthcare 
insurer itself will benefit if this is done correctly. In addition, there is an acceptance 
obligation that applies to the healthcare insurer. They have to accept every client that 
takes out insurance (Jaques, 2016). This implies that the healthcare insurer will represent 
the insured party for good and bad times and will designate the best and most efficient, 
and therefore the cheapest, healthcare provider. 
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2.1.3.3 CASH FLOWS IN THE DUTCH HEALTHCARE SYSTEM 

The Dutch healthcare system is a complex system of which the Dutch population has little 
knowledge about. To put it in perspective, innovation director Hoogendijk (2018), even 
states that there are only approximately twenty people in the Netherlands that fully 
understand how the Dutch healthcare system works. The model of the book ‘Zó werkt de 
Zorg’ (English: ‘This is how the Dutch healthcare works’) made a clear model which shows 
the four types of stakeholders, including their connection to the system (de Vries & 
Kossen, 2018). The model, shown in figure 12, discusses the cash flows of these 
stakeholders. The most important cash flows in this model regarding this research are the 
payments in terms of the healthcare insurance companies. As they determine the 
production volumes of the healthcare providers, including their corresponding 
remunerations of the DTCs. Figure 12 also provides a visualization of the other cash flows 
of the Dutch healthcare system (de Vries & Kossen, 2018). 

  

FIGURE 12 - STAKEHOLDERS AND THEIR CORRESPONDING CASH FLOWS IN THE DU TCH HEALTHCARE SECTOR 
(M. DE VRIES & KOSSEN - ZÓ WERKT DE ZORG, DE ARGUMENTENFABRIEK, 2018) 

THE ORGANIZATION OF CASH FLOWS IN THE CURE SECTOR  
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2.1.3.4 PROCUREMENT PROCESS OF HEALTHCARE SUPPLY 

 
All steps in the healthcare purchase process are summarized in figure 13 (de 
Argumentenfabriek, 2018). This figure shows the relations between the stakeholders and 
the three steps of purchasing healthcare. The procurement process can be divided into 
two parts. At first, healthcare insurers publish their purchasing policies. After this, the 
hospitals submit tenders to health insurers. Subsequently, health insurers and hospitals 
negotiate and enter into contracts. Eventually, the hospitals get funded by the health 
insurers through a revenue limit, contracts sum and fixed price. This particularly matters 
regarding this research, because these arrangements eventually determine the heights of 
the production volumes and their corresponding prices. This means, that these 
negotiations also determine the height of NAC, which they get in terms of the DTCs. Figure 
13 describes all the proceedings between the stakeholder in the procurement process of 
Dutch hospital organizations (de Vries & Kossen, 2018).  

  

 FIGURE 13 –  OVERVIEW OF THE CASH FLOWS I N THE PROCUREMENT PROCESS (DE VRIES & KOSSEN - ZÓ WERKT 
DE ZORG, DE ARGUMENTENFABRIEK, 2018) 
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2.1.4  CON CLUSION  CONT EXT  OF  T HE CUR E SECTOR  

The insight that is retrieved from the previous sections helps to put profound matters of 
hospital organizations into perspective. Especially, the different considerations and 
principles for each stakeholder in the cure sector are important to take into account while 
evaluating different trends in the upcoming scenario analysis. The emergence of the 
current cure sector, including the corresponding cash flows, will help to clarify the 
interpretation of the building characteristics that were developed over the years. Section 
2.2.3 already showed that capacity in the cure sector is measured in the number of FTE 
and the number of beds. For production volumes the measuring unit is GPE. These 
findings are therefore used in defining the characteristics of the level of overcapacity in 
the data operationalization of the MRA.  

The background information retrieved from this section will be used to interpret the 
exploitation characteristics of hospital real estate (section 2.4). Finally, the trend analysis 
(section 2.5) will discuss how the current cure sector is expected to develop in the future. 
Therefore, it is assumed that the previous sections must be interpret as necessary 
background information in order to rightfully interpret the consequences and 
characteristics of the upcoming research topics. J.van der Zwart former PhD candidate at 
the University of Technology in Delft completed a PhD research about all deregulations in 

FIGURE 14 –  CHANGES BETWEEN FORMER AND NEW REGULATIONS IN TH E CURE SECTOR (VAN DER ZWART, 2014)  
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the cure sector. The corresponding research summary displays all the developments 
regarding the regulations in the cure sector through three periods of time. It distinguishes 
all the effects of the new regime for each component of the hospital organization, 
including the consequences regarding the hospital real estate. Therefore, the overview of 
van der Zwart (2014) provides a good representation of the impact as a result of the 
introduction of the market mechanism. This overview is displayed in figure 14.  
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2.2 HOSPITAL REAL ESTATE CHARACTERISTICS 

The role of real estate in a hospital organization has changed since the real estate business 
model of a hospital organization was transformed into a risk-bearing asset of the 
organization. This transformation emerged as a consequence of the governmental changes 
in which they have decided that the real estate costs were no longer guaranteed by the 
government. Marinus Verweij (2006), doctor and general secretary of the former Dutch 
‘Bouwcollege’ stated that this transition is the biggest systematic changed since World War 
II in the hospital real estate branch. This section will provide knowledge to understand how 
overcapacity can be linked to real estate characteristics. Therefore, different real estate 
characteristics and the corresponding functions need to be clear. In section 2.1.3 it appeared 
that the number of FTE, Beds are used to define capacity. In terms of production volumes, 
this was GPE which depends on several performance indicators. In order to understand how 
these numbers relate to hospital real estate, building volumes, the functional zoning system, 
and the lifespan of hospital real estate has been examined. 
 
In 2018 the Dutch healthcare sector counted 102 general hospital locations divided over 
66 hospital organizations (NVZ, 2018). A general hospital is described as a hospital that 
perpetuates (almost) all necessary treatments and diagnoses. These hospitals are housed 
in real estate that is built for specific purposes. The real estate is purely designed to house 
medical specialist care and nursing. Traditionally, hospitals are build according to the 
needs of local hospital organizations. These needs ensure that the hospital real estate is 
unsuitable for other kinds of functions. This leads to obsolete real estate that has no 
potential for other functions than healthcare purposes. From a real estate perspective, the 
value of a hospital is mostly determined by the location, the surrounding infrastructure 
and the increasing value of the land (excluding the features that would only be of value in 
the cure sector). 

 

2.2.1  BUI LDIN G V OLUMES   

To pinpoint all kinds of hospital building volumes in the Netherlands, the study of 
Pawiroredjo (2010) is consulted. Mrs. Pawiroredjo executed a literature review about 
different (historical) building volumes in the cure sector. Her findings are discussed 
below.   

The first hospitals in the 19th century were based on a dichotomy between treatments and 
nursing. When hospitals gained in size a third function arose, namely polyclinics. 
Polyclinics are departments in the hospital in which small treatments and diagnosis are 
executed. These treatments do not provide hospital admission. This three-way in different 
functions ensured a clear difference in building volumes: treatments, nursing, and 
research (Pawiroredjo, 2010). This division between building volumes led to long walking 
distances inside the hospital building. This led to hospital organizations that started to 
stack their functions in high-rise building volumes, while their focus was to decrease these 
walking distances. This was translated in a building volume we know as the broad-foot 
structure (Dutch: breedvoetstructuur), which is displayed in figure 15.  

In the 70s and 80s, flexibility was seen as the solution to the rapid developments in the 
cure sector. As a response, the ‘comb structure’ (Dutch: kamstructuur) emerged. This 
volume structure placed functions next to each other. This way the interpretation of the 
functions was easily adjustable. 
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A study at the Berlage Institute (2007) about hospital building volumes distinguishes two 
overall types of overall building volumes, single building structures and divided building 
structures (Schaap, Rodermon, Verweij, 2007). An overview of the results of this research 
is shown in figure 15.  

 

FIGURE 15 - HOSPITAL BUILDING STRUCTURES DEFINED BY THE BERLAGE INSTITUTES (SCHAAP ET. AL. , 2007) 

In practice, most hospitals are based on a combination of the building mentioned above 
structures. The type of building volume is relevant because of the corresponding level of 
flexibility that is of importance towards the strategies that will redress the growing 
number of vacancy in the future.  

 

2.2.2  THE FUN CTIO NAL ZONI N G S YS T EM  

The Dutch board of hospital real estate developed the Functional Zoning System (FZS) 
(Dutch: ‘de Schillenmethode’) so that this model could help hospital organizations in the 
decision-making process regarding their real estate. The FZS is developed by the CBZ. The 
model is based on a fictional Statement of Requirements that is representative to general 
hospital organizations. Subsequently, this Statement of requirements is tested on three 
different alternatives of accommodation structures, all based on the FZS. These models 
are the monolith model, the hybrid model, and the extreme model. 
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The FZS model categorizes functions that have equal demands regarding their building 
requirements in order to optimize the use of hospital real estate. Because of this 
differentiated approach, it is possible to value separate parts of the hospital. This 
improves the marketability of the overall real estate. Because of the FZS model, the real 
estate is more flexible (less specific) and therefore easier to anticipate on changing space 
demands. This increased flexibility will have a positive effect on the residual value of the 
property in the future.  
The FZS distinguishes four different types of hospital real estate that, together, represent 
all the functions of a hospital (CBZ, 2007b).   
 

• The Hot Floor: Includes the high-tech, capital-intensive functions that are 
specific to one hospital.  

• The Hotel: This zone consists of the facilities necessary for patients that need to 
stay for longer than one day. 

• The Office: This zone consists of the consulting‐hours, conducting simple 
research and treatments, the genitor functions and all the administrative 
function like staff accommodation, administration, and management.  

• The Factory: Includes functions that are capital-intensive but serve as a 
supporting role to the primary medical processes.  For example, the laboratories 
and general/ technical facilities. 

 
A more elaborate distinction between the functions that correspond with the four types 
of real estate is listed below in table 3.  
 
 
TABLE 3 – DEPARTMENTS PER CATEGORY CONCERNING THE FUNCTIONAL ZONING SYSTEM (LEENDERS, 2010) 

HOT FLOOR HOTEL OFFICE FACTORY 
Intensive care General nursing Consultation 

department 
Pharmacy 

Coronary care Children nursing Organ functioning 
research 

Clinical chemistry 
laboratory 

Imaging diagnostics Maternity nursing Outpatient treatments Medical microbiology 
laboratory 

Nuclear healthcare Day nursing General patient 
facilities 

Clinical pathology 
laboratory 

First aid department  Physiotherapy Central kitchen 
Surgical department  Office-related facilities Civil services 

Delivery ward   Technical services 
Sterilization 
department 

   

 

 

A study executed at the University of Technology in Delft by Bovend’eerdt (2011) has 
evaluated these categories on flexibility. The report shows that the functions concerning 
‘the office’ are most flexible. The use of this space can be put in a wide range, which 
improves the marketability of the ‘office’ functions in the hospital, in contrast to ‘the hot 
floor’ functions that are only used for specific purposes (Bovend’eerdt, 2011). Therefore, 
this type of real estate is very obsolete (College Bouw Ziekenhuisvoorzieningen, 2006).  
Bovend’eerdt used the ‘Maas ziekenhuis’ located in Boxmeer, the Netherlands in a case 
study. This hospital used the approach of FZS method. In this case, all supporting office 
functions were bundled into a separate office building. The idea is that hospital 
organizations need to take a closer look at their real estate and have to make clear to what 
extent their housing demand is sufficient with the current non-specific real estate. In 
other words: ‘decrease the amount of obsolete real estate to the minimum’ (Müller, 2007). 
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In order to provide insight in the FZS model towards the hospital organizations in the 
Netherlands, the Dutch board of hospital real estate published a report of the FZS model 

(Gebouwdifferentiatie van een ziekenhuis; de Schillenmethode, 2007). This publication 
contains a profile for each type of real estate in the FZS model in which the characteristics 
are relatively compared with one another. Each profile characterizes the real estate type 

on particularity (specificity), (investment) Costs, Elasticity (growth/shrinkage needs), 
and salability (marketability). The relative proportions are shown in figure 16. 

Conclusions that can be drawn from figure 16 is that the ‘Hot Floor’ and the ‘Factory’ 
compartments of a hospital are the most inelastic and obsolete features of hospital real 
estate. These types of real estate add financial risk to the exploitation of the hospital due 
to the corresponding high costs. Therefore, it is expected that the level of overcapacity 
will be smaller in hospitals that are focusing on the polyclinics, instead of the ‘Hot floor’ 
related functions. 

 
 

  

FIGURE 16 - FEATURES PROFILE OF FUNCTIONAL  ZONING SYSTEM (MALTHA, 2008)  
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2.2.3  THE LI FESP AN  O F HO SP ITAL R EAL ES T AT E  

Because hospital real estate has such specific purpose, it is more likely to have a different 
lifespan than other types of real estate like offices or residential real estate. The lifespan that 
corresponds to the different functions of the FZS model is discussed because it is assumed 
that they will also matter regarding the upcoming trend analysis. De lifespan of real estate 
is often examined in three different aspects (Den Heijer & Vijverberg, 2004).  

 
THE TECHNICAL LIFESPAN 
The technical lifespan is the length of time in which the building can deliver a certain level 
of technical and building physics performance, to be able to use the building properly and 
ensure a safe and healthy environment for the users. The technical lifespan is on average 
per real estate type is 50 years (Hotel), 20 years (Hot Floor), 50 years (Office), and 20 
years (Factory) (CBZ – gebouwdifferentiatie van Ziekenhuis, 2007).  
 

THE FUNCTIONAL LIFESPAN 
The functional lifespan is the length of time in which the building complies with the 
functional requirements of the user. The functional lifespan of hospital real estate is 
approximately 40 years. For the core business on the ‘Hot Floor’, this is only 10-15 years, 
as the surgery rooms grow in size, due to new technologies.  

 
THE ECONOMIC LIFESPAN 
The economic lifespan is the length of time in which the benefits of the property are higher 
than the costs. The degree of marketability depends on the age or state of the hospital real 
estate. The older the real estate, the more obsolete it becomes, the shorter the economic 
lifespan is.  

What stands out is that the functional lifespan is the determining factor regarding the 
lifespan of a hospital. In general, the functional lifespan is shorter than the technical 
lifespan.  Because the ‘Hot Floor’ and the ‘Factory’ departments of the hospital only have 
a functional lifespan of approximately twenty years, they hurt the residual value of the 
overall building. Therefore, it is hard to determine the economic lifespan for the whole 
real estate portfolio of a hospital organization. That is why real estate managers often 
design separate exploitation for each type of hospital real estate. 
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2.2.4  CONC LU SI ON R EA L E ST A T E CH AR AC TER IS T IC S  

In terms of overcapacity, it is expected that the building volumes that were built while 
focusing on a high level of flexibility, that they will cope with lower values of overcapacity 
and that they will better anticipate on the continually developing cure sector. The 
Functional Zoning System ensures that the hospital real estate characteristics are 
divergent. This means that the functions and the concerning activities ensure a varied 
pallet of characteristics that will influence the level of overcapacity. This also applies to 
the concerning lifespans. Based on the diversity of the building characteristics it is 
decided to focus the research on only the general hospital organizations. As it is expected 
that, when including categorical- and academic hospitals in the research model, that the 
output would not be generalizable for an individual hospital organization in the model, 
due to the diversity of the sample.  

It appears that it is hard to keep track on occupancy rates and utilization rates in hospital 
organizations. Partly because there several ways of interpreting occupancy in terms of 
hospital beds. It came into sight that there is no preliminary research of which the results 
could be used regarding this research. This also applies for datasets. The section about 
the scientific relevance of this research it was also pointed out that it is not possible to 
derive direct indicators of overcapacity like occupancy, or utilization rates. Therefore, it 
is decided that - regarding this research - it is necessary to come up with concept of 
overcapacity, that can be quantified with the data sample so that it is possible to run the 
analysis with a statistical approach.  

Because of the lack of existing KPIs of overcapacity, new KPIs will be defined in the data 
operationalization of the MRA. This will include the findings regarding capacity, of which 
it turned out that in the cure sector capacity is expressed in the number of FTE and in the 
number of beds and- or treatment rooms. Therefore, these measuring units will be used 
to define the capacity-characteristic of overcapacity. In terms of production volumes, the 
measuring unit is GPE. This measuring unit weighs out different types of production and 
creates a representative image of the overall production volume of a hospital 
organization. Therefore, it is decided to use GPE to indicate production volumes in the 
definition of overcapacity. In the Data Analysis (close 3) these measuring units will be 
related to the size of the hospital organization, as this would provide the opportunity to 
compare hospital organizations with each other. The establishment of the KPIs regarding 
overcapacity will be further discussed in section 3.2, in which the variables of the Multiple 
Regression Analysis will be defined. 

In summary, this section helps to make justifiable restrictions in the sample in order to 
create a generable outcome. Also, the measuring units regarding the KPIs that need to 
define the independent (predictor) variables of the level of overcapacity, have been 
established in this section. These findings will be serve as input in the Multiple Regression 
Analysis.   
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2.3 THE EXPLOITATION OF HOSPITAL REAL 
ESTATE 

This section will discuss the exploitation of hospital organizations. The impact of the legal 
developments on the accommodation costs will be discussed first. Hereafter, the main 
elements of the accommodation costs will be distinguished in order to obtain insight into 
what cost components will have common grounds with overcapacity. Based on these 
findings, the input variables concerning the multiple regression analysis will be defined.  

 

2.3.1  ACCO M MO DATION  CO ST S  

The accommodation cost component has also changed during the legal developments 
since the introduction of the market mechanism in the cure sector. In particular, financial 
stakeholders. The responsibility regarding the financial burden of the accommodation 
costs has changed from governmental institutions towards the hospital organizations 
themselves.  

Previously, it was possible for hospital organizations to obtain a permit regarding 
renovations or the construction of new real estate from the Dutch board of Healthcare 
Real Estate (Dutch: College Bouw Zorginstellingen (CBZ)). Back then, the government 
guaranteed a remuneration regarding the capital costs of the real estate using subsequent 
calculation (NVZ, 2012). Nowadays, this remuneration depends on the actual production 
volumes of the hospital organization. This means that this remuneration is not guaranteed 
anymore and that the hospital organization is fully responsible for their production 
volumes, and therefore, their compensation regarding their accommodation costs. Also, 
hospital organizations are now free to raise capital from private investors for real estate 
investments.  As a result, the decision making about real estate investments and the 
durability of the hospital real estate, have become new tasks for the hospital organization. 
It turned out that many hospital organizations have too little knowledge about this subject 
(Vizee, 2018). Therefore, many hospitals lack in developing sufficient long-term plans for 
their real estate. Several cost components contribute to the accommodation costs. The 
associated cash flows will be more elaborately discussed in the following section.  

 

2.3.1.1 Corporate Real Estate Management 

The functioning of real estate in a company is about accommodating or house the business 
operations. Therefore, ‘accommodation’ can be described as; ‘the function of a real estate 
object, including installations, permanent establishments, and facilities, intended to 
provide and present the opportunity of accommodating and executing business-related 
activities in a conditioned space, within the framework of the company’s objective’ (Feijts, 
2006). This description can also be referred to Corporate Real Estate Management 
(CREM), representing the management of all housing and business-related activities, 
while aiming for maximum added value towards the company. There are several 
Corporate Real Estate Strategies (CRES) defined. These strategies relate to the real estate 
portfolio to the company’s strategy and performance.  
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A publication in the Journal of Corporate Real Estate (J. C. de Vries, Jonge, & Van Der 
Voordt, 2008) discusses the results of a study about ‘the impact of real estate interventions 
on organizational performance’. Real estate is increasingly used as a ‘fifth’ resource to 
improve the performance of organizations by a positive image, cost reduction, increased 
employee satisfaction, and increased labor productivity. The study focuses on the 
influence of real estate in these strategies. Figure 17 shows the conceptual model in which 
the role of real estate as the fifth resource is explained.    

 

FIGURE 17 - CONCEPTUAL FRAMEWORK OF RESEARCH THAT EVALUATES THE EFFECTS CAUSED BY REAL ESTATE 
INTERVENTIONS ON ORGANIZATIONAL PERFORMANCE (DE VRIES ET AL, 2008) 

The publication defines nine ways to influence the overall performance of a company.  All 
of these strategies are linked to real estate. According to the Dutch Standards of 
Normalization (Dutch: Nederlandse Normalisatie-Instituut (NNI)), the following activities 
are considered being part of the real estate management (NEN 2748, 2007).  

1 Facilitating building sites and real estate 
2 Payment of taxes and charges 
3 Buildings insurance 
4 Maintaining real estate 
5 Modifying real estate 
6 Consumption of energy and water 
7 Managing & exploit real estate 
8 Managing building financials 

 
With these real estate related activities come expenses. The total costs of managing real 
estate are also known as exploitation costs. The above mentioned real estate activities are 
expressed in their corresponding expenses, based on another Dutch Standard (NEN 2699, 
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2007). The NEN 2699, defines all exploitation expenses related to the building site or real 
estate object. The exploitation costs are divided into the capital costs and operational 
accommodation costs: 

 

The corresponding cost distribution of the exploitation costs showed in table 5. These 
values are retrieved from the benchmark study executed by the AcvZ, which is an advisory 
center regarding healthcare real estate (Meijer, 2017). The capital costs are defined by 
the interest charges and depreciation costs regarding real estate, terrain, and building 
installations. The capital costs account for 63 percent of the total exploitation costs: 

 
 

 

2.3.2  ACCO MMO DATION  R EMUN ER ATION S  

This section will discuss the consequences regarding the performance-based 

remuneration model, that emerged from the introduction of the market mechanism in the 

cure sector. 

In 2008, the new Healthcare Facilities Law (Wet Toelating Ziekenhuisvoorzieningen 

(WTZi) was introduced in the Dutch cure sector. Before the WTZi went into effect, the 

remuneration for capital costs consisted of financial compensation, funded by the 

government, for depreciation and interest costs. The depreciation costs related to the 

building itself, the inventory, and the working capital. The interest costs are based on how 

the assets are financed (equity capital, long debt, short debt). Therefore, the financing 

structure is influencing the cash flows regarding interest.  

Before 2008, the reimbursements that healthcare institutions received, were not directly 

depending on their performances. Therefore, hospital organizations were not constrained 

in their choice of newly constructed building volumes, expansions or renovations, since 

Capital costs Asset’s depreciation charges of investments about real estate and terrain

Depreciation costs of building modifications

Interest expenses

Maintenance costs

Energy and water consumption costs

Charges for the provision of other facilities (renting or leasing building)

Taxes and charges

Building-related insurances

Managing and operational costs

Operational 

Accommodation costs

Table 4 - Exploitation costs (NEN 2699, 2007)

Table 5 - Exploitation costs percentile distribution (Beheer en onderhoud ziekenhuizen, 2016)

Capital costs 8,00%

Rented real estate 0,2%

Taxes and charges 0,5%

Exploitation maintenance 1,3%

Energy and water consumption 1.3%

Long-Term Housing Plan 1,3%

total 5,6%

13,60%

Operational 

Accommodation costs

Proportion of  exploitation costs of total costs 
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the housing costs were not charged (Geest, 2007). The government stated that the 

consideration between productions, workforce and capital should be based on the level 

and size of the hospital. That includes the choice of ownership regarding hospital real 

estate. That is why the government decided to include capital costs as part of the 

performance-based funding system in terms of the NCC. 

2.3.2.1 NORMATIVE CAPITAL COST COMPONENT (NCC) 

After 2008, the compensation regarding the capital costs is valued using the Normative 
Capital cost Component. The healthcare suppliers are now compensated for their capital 
costs based on their DTC volumes, as the NCC is integrated into the DTC tariffs. The NCC 
consists of two components: the Normative Accommodation Component (NAC) and the 
Normative Inventory Component (NIC). Figure 18 indicates the proportion of the NCC in 
terms of a DTC tariff.  

As a result of the changes in the regime regarding the remuneration of hospital real estate 
the ‘book value problem’ has emerged. Since hospital organizations bear the risk of their 
real estate themselves, it has become a liability in the business model of the organization. 
After a transition phase between the old regime and the implementation of the new 
regime, the guaranteed remuneration of the real estate was totally dissolved at the end of 
2016. As a result, the possibility arises that cash flows are starting to get unbalanced, 
while the revenues of the accommodation remuneration will not always be in line with 
the costs of capital (Maltha, 2008). Repayments will ensure a decline in capital costs, with 
some upsurges caused by reinvestments. These fluctuations will ensure unbalanced cash 
flows, which will impede possible funding structures for renovations or new buildings 
(van der Wal, 2015). Therefore, lower production volumes lead to lower budgets 
regarding maintenance or financial buffers, and therefore, to higher levels of financial 
stress towards the hospital organization. 

 

  

NCC 
NAC 

DTC 

FIGURE 18 –  OVERVIEW PROPORTION NAC REGARDING THE TOTAL DTCS (MALTHA, 2008) 
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2.3.3  CON CLUSION  EX PLOI TATI ON CO ST S  

This section is established in order to serve input regarding the dependent variable of the 
multiple regression analysis. This means that it examined which characteristics of 
overcapacity are relatable to the cost components of the exploitation costs. 

It appears that there is a distinction between capital costs and the operational 
accommodation costs. These two categories are divided because they do not necessarily 
relate to each other (van der Wal, 2015). It may occur that a hospital organization cope 
with relatively high capital costs compared to operational accommodation costs. This can 
partly be traced back to the earlier discussed change in the way of how hospital real estate 
is funded. As it appeared that the funding of the real estate was first guaranteed by the 
government, while the risk is now with the hospital organizations. This resulted in non-
anticipated costs regarding hospital organizations. For example, when hospitals have 
completed real estate related implementations in the old regime assuming that the real 
estate volumes were guaranteed by the government, after which it did not turn out to be 
that way. It shows that the hospital real estate in this period was also built based on 
projections of growth in terms of capacity (Beuse, 2016). While now production volumes 
are shrinking (Barské & Matijssen, 2017).  

Based on the distinction between capital costs and the operational accommodation costs 
it is decided only to examine the operational accommodation costs as it is assumed that 
these cost components will be directly relatable to the level of overcapacity. Also, it 
appeared that the capital costs are too distinctive as regards to the operational 
accommodation costs and not necessarily representative for the volume of the hospital 
real estate.  
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2.4 TRENDS IN THE CURE SECTOR  

Because of the cure sector’s continuously developing character, it is changing at a fast pace. 
This is also influencing the requirements in terms of the hospital real estate. The demands 
regarding the accommodation of the medical specialists are changing faster than the 
technical lifespan of the real estate. This section will discuss all the trends that are currently 
active in the cure sector. The trends that are established will serve as input regarding the 
trend analysis concerning the scenario analysis.  

The current and future trends in the cure sector can be divided into demographic and 
technological developments. This section will provide an overview of the trends defined 
by a publication of the consultancy bureau ARCADIS (2017), in which the trends are 
linked to the trend of shrinking hospitals.  

The ARCADIS publication defines five trends which are (in)directly influencing the 
exploitation costs of hospital real estate (Barské et al., 2017). The following trends will be 
discussed shortly: 

• Price pressure due to the market mechanism 
• Concentrating specialist care 
• An increasing number of chronic disease 
• Patient management 
• Technological innovation 

 

2.4.1  PRI CE P R ES S UR E  

Due to competition that arose from the 
regulatory modifications in the cure 
sector, hospitals are struggling with the 
accompanied price pressures.  The 
consequences of these modifications put 
pressure on the profits of the hospital 
organizations. The trend regarding 
declining profits is shown in figure 19. 
This trend is active for at least seven years, 
and it is assumed that this trend will 
continue to go on in the nearby future 
(Barské et al., 2017). The 2017 branch 
report of the NVZ, the Dutch Association of 
Hospitals (Dutch: Nederlandse Vereniging 
van Ziekenhuizen (NVZ)), showed an 
increase of 2.2 percent in total turnover in 
2016 (Y, van Rooij NVZ, 2017). On first 
sight, these numbers seem to be acceptable. However, the overall costs increased by 2.4 
percent. This resulted in a total yield of only 1.3 percent (2017). In 2018 the yield 
represented only 1.2 percent of the total turnover on average. This represents the lowest 
yield of the cure sector over the past eight years. 

In contrast to the decrease in profits, the accommodation costs remained approximately 
constant between 2011 - 2016. This means that the proportionate percentage of the costs 

FIGURE 19 - DECREASE IN PROFITS (ARCADIS, 2017) 

Revenues 
Overhead costs 
profits 
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FIGURE 20 - PRICE PRESSURE ON COSTS PER DTC (ARCADIS, 2017) 

of real estate is relatively growing. As a consequence, this will increase the average costs 
per DTC, and subsequently to lower margins. Figure 20 displays the relative growing costs 
for accommodation, due to the decrease in production volumes and the accommodation 
costs remaining constant.  

  

 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 

 

2.4.2  CON CENT RATING SP ECI AL I ST  CAR E  

It appears that smaller cure institutions are forced to merge, to meet their volume 
standards. These volume standards are determined on an annual base. Section 2.2 showed 
that these standards consist of appointments made with health insurers in which the 
volume of DTCs is determined. Specialist functions often move out of hospitals and merge 
to improve the efficiency of their business model. The shift concerning the healthcare 
providers from providing care at secondary levels (e.g., hospitals) towards primary 
healthcare locations (e.g., General Practitioners) is already visible in the cure sector, and 
is expected to grow in size in the future (NVZ, 2016). In addition to this trend, the report 
of ARCADIS also foresees a significant 
decrease in production volume from 2030 
onwards (figure 21).  Their research shows 
that in 2040 at least 40 percent of the 
nowadays hospital surface area will not be 
needed anymore in order to provide the same 
quality of care (Barske &  Matijssen, ARCADIS 
2017). The report also states that 40 percent 
of their surveyed hospitals are already 
operating undersize. This means that they 
have too much floor space in comparison with 

 Accom-
modation 
costs 

Staff 
expenses 

Care 
procure-
ment 

2014 10 60 30 

2017 10 54 28 

2020 10 49 25 

FIGURE 21 - DECREASE IN HOSPITAL PRODUCTION 
VOLUMES (ARCADIS, 2017) 
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their current production volumes. Therefore, this implicates that there are already 
significant levels of overcapacity in the year of 2017. 

 

2.4.3  THE I N CREASIN G NUMBER  O F CHRONI C D IS EAS ES  AN D AGIN G 

POPULATION  

 
Due to the aging population, the number of elderly is growing.  This client group has a 
higher demand for healthcare. On top of that, this client group often demands a more 
complex level of healthcare. This results in a growing number of people with a chronic 
disease. The healthcare demand is now growing due to the increasing population. The 
effect of the aging population will only become tangible in de coming years (Otterdijk & 
Haag, 2011). This double growth - referring to aging population, and the proportionate 
increase of elderly - will hold on up until in 2030 and will result into an increase of 16 
percent in terms people with chronic disease (DHD, 2016). Hereafter, the healthcare 
demand is expected to decrease (figure 21), due to the technological healthcare trends. 
Table 6 shows the shift in volumes 
regarding different demographic 
groups of the Dutch population 
between 2010 and 2040. The 
population of the elderly is 
expected to grow with 52 percent 
up to 2040, while the population of 
20-65 years old is decreasing 7.1 
percent (CBS Statline, 2017). This 
also ensures a decrease in the 
working population, in particular 
regarding the healthcare sector (de Kruif, 2018). 

Despite the growing demand in healthcare in the short-term, this trend is also influenced 
by other trends. This eventually leads to an expected decrease in hospital floor area by 
2040. Especially, for the hospital organizations in the shrinkage areas in the Netherlands. 
This trend is accompanied by a shift in providing healthcare from a highly complex 
healthcare environment (hospitals) to a more ‘healthcare-at-home’ situation (Barské et 
al., 2017). 

 

2.4.4  TECHNO LO GI CAL INN OV AT ION  

More drivers of the ‘healthcare-at-home’ trend are the new possibilities that emerge 
because of technological innovations.  To keep up with competition, and because of the 
always innovating cure sector, the continuity of a hospital partly depends on the ability to 
invest in modernization.  Therefore, capital is essential. The margins in revenue have 
become smaller over the past few years, as earlier discussed in figure 20. Because of this, 
it is hard to grow a reserve fund for the required investments or potential financial 
setbacks. This snowball effect endangers the financial continuity of the hospital 
organizations, and therefore the investments in technological developments and real 
estate related implementations. 

  

TABLE 6: DEVELOPMENT DUTCH POPULATION 2010 - 2040 

Dutch 
Population 

2017 
(millions) 

2040 
(millions) 

Difference 
(%) 

Total 
population 

17.1  18.1 +6.0% 

0-20 years  3.8 3.9 +2.6% 

20-65 years 10.1 9.4 -7.1% 

> 65 years 3.2 4.8 +52.0% 

(Regionale prognose bevolkingsopbouw 2017-2040, CBS Statline) 
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These technological innovations ensured a decrease regarding the duration of stay of the 
patient. Consequently, this led to a reduction in the number of beds, for which the need 
for floor space has also become less. An example of technological innovation is eHealth. E-
health refers to E-consults, ‘screen care’ from a distance, online patient records, 
wearables, and healthcare applications. 

 

2.4.4.1 PATIENT MANAGEMENT 

One of the consequences of technological innovation is the change in patient management. 
The patient registering method will be part of a digital integrated care system, also known 
as self-management. This makes it possible to monitor the patients from a distance. A 
direct consequence of this is a decline in hospital visits. The Slingerland Hospital in the 
Netherlands is already monitoring patients from a distance. This system called ‘COPD 
InBeeld’, monitors patients by letting them fill in a questionnaire, which is measuring their 
(experienced) status of health (Nederlandse Vereniging van Ziekenhuizen, 2017). When 
deviating values occur, patients will be contacted by a video-call. If it appears that the 
deviating values are grounded, a follow-up appointment can be arranged. A study about 
eHealth showed that in 2015 already 40 percent of the chronically sick can determine 
their healthcare values like blood pressure, blood glucose level, and lung functions 
(Krijgsman et al., Nictiz 2015). It is expected that this trend will serve as a serious driver 
of the trend regarding shrinking hospitals. 

 

2.4.5  STAFF S HORT AGE  

A trend that was not integrated into the ARCADIS publication is the staff shortage 
problem. This trend is assumed to have a significant impact on the overall cure sector in 
the short-term. There are several drivers concerning the staff shortage problem. For 
example, the increasing demand for personnel in the overall healthcare sector, and the 
high volumes of outflow of staff.  

The research agency Berenschot reports that in the healthcare sector in the Netherlands 
will have to deal with 125.000 job vacancies by 2022 (Kersten, 2017). S. Kersten, director 
of the V&VN, professional association of the healthcare sector, states that “the healthcare 
sector in the Netherlands is at risk if the sector will not start immediately working 
intensively together to tackle the bottlenecks in the Dutch cure sector.” Kersten sees a 
solution in reducing the administrative hassle and increasing the internship opportunities 
for students (Kersten, 2017). The Dutch Ministry of Health also called for awareness about 
the fact that if the government does not change its policy, it could result in 125.000 job 
vacancies. In 2018 this number represented a value of approximately 30.000. To put these 
numbers in perspective, one out of the seven people of the work population in the 
Netherlands is working in the healthcare sector, of which approximately 27 percent is 
working in hospitals (CAOP, 2017). In 2040 this ratio is expected to rise to one out four. 
However, it must be noted that this increase is mainly due to the rise in the workforce 
demand regarding the care sector. It is assumed that the working population of the cure 
sector will approximately be the same as in 2011 (Van Der Horst, Van Erp, & De Jong, 
2011). 
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The staff shortage problem is partially caused by the outflow in the cure sector. The 
outflow is caused by two significant drivers, i.e., aging of the workforce and the increasing 
work pressure. In the past decade, the aging population of the labor market doubled the 
proportion of employees older than 55 years to 22 percent (van der Aalst, 2018). This 
means that many employees in the cure sector are expected to retire in the short-term.  

The workload in the cure sector is also a 
reason for employees to leave the cure sector. 
The high workload has to do with 
understaffing. This ensures that the staff 
shortage problem is only getting worse while 
accounting for the outflow caused by the high 
workload. The work pressure is also amplified 
by the introduction of technological 
innovations, as it appears that especially the 
older employees are struggling to keep up 
with new technologies. Because of the 
increasing workload in the cure sector, half of 
the employees have considered working in 
another work field outside of the healthcare 
sector (FNV, 2016). Over the years, more and 
more employees are starting to consider this 
transfer (figure 22).  

Between the years 2012 – 2015 the working population in the healthcare sector even 
decreased with 3.1 percent, as the outflow outweighed the inflow (CAOP, 2017). The staff 
shortage problem even leads to patients being rejected in their search for help (de Kruif, 
2018). This causes longer waiting lists, and empty beds because there is too little human 
resources to cope with their actual capacity. The OLVG hospital located in Amsterdam 
even had to temporarily reduce their surgery capacity with 10 – 15 percent, due to the 
shortage of employees. The shortage of staff also leads to hospital departments borrowing 
staff from each other, in which the less prioritized departments (e.g., nursing beds) often 
are the victim in this situation.  

In seven of the nine academic hospitals, one in ten beds in important departments (i.e., 
Intensive Care, First aid, and operation rooms) are closed because there are too few 
specialized nurses (Weeda, 2018). 

 

2.4.6  CONS EQ UEN CES O F T HE FUT UR E TR EN DS   

One thing that these trends have in common is that they are all pressuring the price of 
healthcare. The decline in revenues puts pressure on the cost per treatment. Therefore, 
hospital organizations struggle to build up a reserve fund for the necessary investments 
regarding modernization and building transformations.  

Therefore it is assumed that because of the 40 percent decrease in the need for hospital 
space by 2040. In addition, 40 percent of the hospital organizations are currently 
underperforming regarding their real estate capacity. Therefore, it is expected that these 

trends will also ensure a significant increase in the level of overcapacity in the cure sector 
(Barské et al., 2017). The question is, what will be the impact of the increasing level of 
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FIGURE 22 - EMPLOYEES CONSIDERING LEAVING 
THE HEALHTCARE SECTOR (FNV, 2016) 



58 | P a g e  
 

overcapacity in terms of the hospital organization? To be able to answer this question, it 
is first necessary to translate the trends into real estate related consequences. This will 

be discussed in section 2.5, from which it is expected to provide insight regarding the 
determination of the modifications in the scenario analysis.  

 

2.5 THE IMPACT OF TRENDS ON HOSPITAL REAL 
ESTATE  

 

The introduction of the market mechanism in the cure sector is accompanied by several 
consequences that changed the view on hospital real estate. At first, nowadays there is 
already overcapacity in the Dutch cure sector. At least 40 percent is already struggling 
with overcapacity. Together with the new performance-based funding system, this 
resulted in a problem, while this amount of floor space will not be remunerated by the 
government anymore. This movement led to a stimulus for hospital organizations to 
reconsider their real estate strategy, and thrive for more efficient use of space and new 
solutions to fill in these vacant spaces. Therefore, new hospital designs are focusing more 
on mixed-use and flexible floor plans. 

 

2.5.1  SHORT ER  LENGT H-O F-S TAY  

Additionally, the shortening in the length of stay is causing a decline in the number of 
hospital beds. The number of hospital beds declined with 13.4 percent from 2010 to 2015 
(EJZ - DHD, 2016). However, this is not translated into the number of recovery or nursing 
rooms. This trend is countered by the trend of the growing number of single rooms. This 
is one of the side effects that are accompanied by the growing importance of the patient’s 
opinion. The new Erasmus hospital in Rotterdam, the Netherlands, only realized single 
rooms in their new design after they found out that their patients valued privacy, safety, 
hygiene, and room for visitations most (Hilgers, 2017). Apparently, single rooms are less 
efficient in terms of production volumes related to the use of floor space. 

Because of the growing ‘patient comes first’ policy, hospitals will start to prioritize the 
patient’s well-being, the prevention, and a more streamlined regulation regarding chronic 
healthcare. This will ensure that the provision of care will take place at more different 

Outpatient consult Clinical admissions Nursing days 

FIGURE 23 – PREDICTIONS ARCADIS 2040  
Source: © ARCADIS 2017 
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locations in the healthcare chain. The patient will act as the center of the chain, instead of 
the hospital (H. Verploegh, 2017). This leads to decreasing production volumes (figure 
23).   

According to the ARCADIS report (2017), there will be an apparent shift from clinical 
admissions to day-admissions. As a consequence, the production of day nursing will be 
approximately constant while outpatient diagnoses and clinical admissions will decrease 
significantly.   

 

2.5.2  SEGR EGATION  OWN ERS HIP  AND UTI LIT Y RI GHT S  

The segregation between the ownership rights and use of real estate will become more 
and more concrete. The owner of the real estate will view the real estate from a broader 
and more businesslike perspective than the user. This leads to more specific real estate 
departments in a hospital organization. By making these departments responsible for 
both management and exploitation purposes, it becomes easier to establish cost reduction 
and portfolio optimization (Bovend’eerdt, 2011).  

 

2.5.3  CHAN GE IN T EN DERIN G P O LI CY  

Since December 2012, general hospitals are no longer obliged to tender their real estate 
projects. On the condition that they do not have a legal personality. This implies that (i) 
the hospital is not predominantly financed by the government, (ii) the real estate 
management is not subject some governmental supervision, (iii) that the majority of the 
supervisors or the managing board is not appointed by the government (van der Heul, 
2013). The expiration of this regulation resulted in the possibility of hospital 
organizations to choose their partners. Therefore, collaboration can be made with 
strategic partners that are not necessarily the cheapest but more in line in terms of 
strategy and vision (Bovend’eerdt, 2011). In terms of tenders, the suppliers’ margin of 
profit is often leading as regards to the quality of the delivered services and products. 
Being free in assigning suppliers makes it also more attractive to invest in hospital real 
estate for private companies. Private companies could provide services to the hospital by 
subcontracting. This could serve as a return on their investment. Due to long-term 
contracts, it could be interesting to invest in hospitals and make a return on their 
investment in terms of compensation for their services. For example, a catering company 
that invests in a restaurant. This way of tendering already looks like a form of cooperation 
(Rietveld, 2010). These types of cooperation are becoming increasingly common abroad.   

 

2.5.4  REAL EST AT E AS  A MAR KETI NG AS S ET  

The production-based funding system forced the hospital organizations to think more 
with an entrepreneurial mindset. As a result, the patient became more critical. That is why 
real estate started to contribute as a marketing tool. A negative appearance of the hospital 
may influence the decision of the patient. This is also one of the factors that fortified the 
rise of the healing environment inside of the hospitals. These Healing Environment 
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Concepts (HECs) reduce the stress level of the patient and amplify the recovering process. 
This led to higher standards about the use of daylight, natural colors, greenery, and art 
(Huisman, Morales, van Hoof, & Kort, 2012).  

Real estate can also be used as a marketing assets, regarding the workspaces of the 
employees. Research regarding the office market shows that the appearance and 
atmosphere of the work environment are affecting the productivity of the staff (Van 
derVoordt, Maarleveld en Attema, 2006; Volker en Maarleveld, 2007). Research also 
pointed out that the work facilities are of greater importance than the employee 
satisfaction regarding overall organization and type of work activities (Batenberg & Van 
der Voordt, 2007). It is assumed that these findings will show similarities with the ‘office’ 
functions of hospital organizations. 

 

2.5.5  WAV E O F MER GER S  

Another direct consequence of the market mechanism was that hospital organizations 
were forced to the dispose of unprofitable DTCs due to strict procurement regulations. 
This led to a scarcer range of healthcare supply, which resulted in multiple mergers in the 
Dutch cure sector. Since 2008, 25 mergers have taken place in the Netherlands (Roos, 
2018.). However, a financial stress test, executed by BDO accountants (2017), pointed out 
that a merger does not guarantee an improvement regarding the financial health of 
hospital organizations (Van den Haak, 2017). 

 

2.5.6  NEED FOR  FLEXI BILI TY  

The urgency regarding flexible real estate has been addressed a few times already. The 
future hospital will become a more knowledge-driven sector according to technological 
trends. This will influence the demands of the real estate functionalities. Referring to the 
Functional Zoning System (FZS), only the core of the FZS will remain to exist in the future. 
The general areas of the hospital, including the hotel-functions, office-functions, and 
(partly) the polyclinics will reduce in floor space. The downsized hospital will operate 
more as a knowledge-hub in an intricate healthcare network fueled by ICT and 
technological developments (Siderius, 2014). A high content of flexibility will help to 
respond to the fast emerging technological developments that are typical for the cure 
sector. 

 

2.5.7  CH AN G E IN S UR FACE R ATIO  P ER  FUN CTION  

The proportions of the surface areas corresponding to the different functions in a hospital 
are shifting due to the developments and trends in de cure sector. A benchmark study 
executed by the consultancy bureau AcvZ resulted in key figures in terms of Net Floor 
Area (NFA) per bed. Table 7 shows the buildup of the KPI. The benchmark study made 
distinguishments based on the NEN2580 (AcvZ - Meijer, 2017). The compartments used 
are patient accommodations, research department, treatment department, medical 
support, management and educational purposes, civil and technical services, and staff 
facilities. The study compares data from 2009 with a new concept called ‘the compact 
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hospital’ by holding into account all current trends. This means that these key figures are 
based on the short term. The trends that will cause noticeable shrinkage in floor space are 
assumed to become relevant in the long term. The growing number of square-meter in 
table 3, confirms the trends regarding the rise single rooms and the decrease in hospital 
beds, as a consequence of the higher demands of the patients. This is also relatable to the 
trend that describes that the real estate will be used more as a marketing asset. However, 
the assumptions made in designing the ‘compact hospital’ (table 3) could not be verified 
with other literature. Therefore, it is decided to no use these values to calculate the 
concrete values of real estate demands in the future. Also, it is assumed that this ‘compact 
hospital’ is not representative regarding the whole population of Dutch hospital 
organizations.  
 

TABLE 7 - MUTUAL PROPORTIONS FLOOR SPACE (ACVZ - MEIJER, 2017) 

Compartment 2009 NFA 
(m2) 

% Compartments 
‘compact hospital’ 

NFA 
(m2) 

% 

Patient accommodation 21.7 36.5 Patient accommodation 25 32.5 
Medical care: Research  12.5 21.1    
   Walk-in consultation 16 31.2 
   First aid 2 
   Other 6 
Medical care: 
Treatment 

6.7 11.4 Medical care: 
Treatment 

10 13.0 

Medical support 5.9 9.9 Medical support 2.5 3.3 
Management and 
educational purposes 

5.3 9 Board- and meeting 
accommodation 

6 7.8 

Staff facilities 2.3 3.8 Staff facilities 3 4 
Civil and technological 
services 

5.1 8.6 Facility and technology 3.5 4.6 

   Public facilities and 
spaces 

3 4 

Gross/Net ratio 1.6  Gross/Net ratio 1.65  
      
Total NFA 59.5 100 Total NFA 77 100 
Gross Floor Area per 
bed 

95  Gross Floor Area per 
bed 

127.05  

 
Developing a new hospital building takes on average ten years, this means that hospitals 
are already outdated at the moment of delivery and that upgrades and changes start 
immediately after opening. Healthcare concepts change faster than buildings. It is, 
therefore, necessary to think not one but several steps ahead (OMC year report 2001). 
This is also the reason why it is so hard to predict actual distributions of the hospital 
functions. 
 
The expected growth in short-term healthcare demands (up to 2020) also appears from 
the results of the TNO Research and Development department. The healthcare demands 
are rising while the technology trends are not yet creating a decline in hospital floor space. 
TNO expects the number of clinical admissions to grow annually by 2.3 – 3.8 percent, and 
the outpatient admissions are expected to rise 5.7 – 10.1 percent (per 1000 inhabitants). 
Especially the rise in outpatient (poly-)admissions will demand a reformation in real 
estate volumes, also about regional levels. TNO is also advising not to build too few 
hospital beds, in addition to the increasing social demand in single rooms. They expect 
the number of beds (per 1000 inhabitants) to increase from 2.1 in 2007 to 2.2-2.8 in 2020.  
Despite this recommendation, they do expect the average length-of-stay to decrease 
(Otterdijk & Haag, TNO, 2011).  
 
Because of the shift in healthcare supply, floor use demand, and the position of real estate 
in the business model, hospitals need to improve in terms of efficiency and flexibility. With 
this, it is assumed that Corporate Real Estate Management will leave its mark on the cure 

Assumptions  
‘compact hospital’; 
• Excluded with 

education and 
national functions 

• 2 ‰ clinic 
planning standard 

• 40% single rooms 
• 10% day care  
• 1.65 GFA/NFA 
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sector in the future, where the extent to which real estate investments contribute to 
achieving the company’s target goals will determine the added value of real estate in the 
cure sector (van der Wal, 2015). This means that hospital organizations need to aim for 
optimization instead of maximizing their surface area so that financial continuity remains 
guaranteed. The level of overcapacity could, therefore, be used as an indicator to evaluate 
the level of efficiency in a hospital organization. 

 

Developments Trends Consequence Consequence Real 
Estate

Implementation 
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Deregulate 
government
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i.t.o.innovation 

and
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efficient and 

effective with real 
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Change in 
healthcare funding

Change in real 
estate demand 

and requirements

Technological 
developments

 Patient comes 
first 

Change of position 
real estate in 

business model 
and organization

Technical 
innovation

(Double) aging 
population

Wave of mergers 
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Target-group-
thinking
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demand

Centralization of 
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Differentiation in 
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(healthcare supply)
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FIGURE 24 - OVERVIEW OF DEVELOPMENTS, TRENDS, AND REAL ESTATE CONSEQUENCES (VAN HASSELT, 
2005; PAWIROREDJO, 2010; SUPPLEMENTED WITH NEW FINDINGS) 
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One of the findings that will be accounted for in terms of the upcoming data analysis is the 
level of diversity regarding the building characteristics. It appears to be necessary to 
create a data sample that only concerns the (Dutch) general hospital organization in order 
to provide a generable outcome for a specific population of hospital organizations. This 
means that categorical- and academic hospitals will be left out in the data analysis.  

The exploitation costs that will be evaluated in the multiple regression analysis will 
consist of the operational accommodation costs. This because the capital costs and 
the operational accommodation costs turn out the too divergent. In addition, it is 
assumed that the operational accommodation costs will have more common grounds 
with the level of overcapacity. The operational accommodation costs will, therefore, 
be used in the dependent variable of the Multiple Regression Analysis in the data 
analysis.  

Section 2.2 showed that the capacity in hospital organizations is expressed in the 
number of FTE, and the number of beds. Therefore, these measuring units will also be 
used to determine the level of overcapacity by establishing different KPIs, that 
together will provide an indication of the level of overcapacity. As regards to the 
production volumes, it appears that GPE – a measuring that provides an overall 
indication of the production volume – is used to express production in values. 
Therefore, it is decided that this measuring unit should also be used in the definition 
of the independent variables in the MRA. The established measuring units need to be 
made comparable to each hospital organization. Therefore, these measuring units 
need to be put into proportion. This will be ensured by using the value of square 
meter. The final definition of the independent variables in the MRA, that will 
represent the level of overcapacity by defining several KPIs, will be further 
distinguished in the data operationalization of the multiple regression analysis.  

The trends that turn out to relevant in terms of their influence towards hospital real 
estate are discussed in section 2.5. Figure 24 provides an overview of how the 
significant trends in the cure sector affect real estate volumes. These trends will serve 
as input regarding the trend analysis that corresponds to the scenario analysis. In the 
scenario analysis will substantiate these trends towards the output of the regression 
model. Only the KPIs of which appears that they have a statistically significant 
relationship with the operational accommodation costs will be further examined in 
the scenario analysis.  
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3 .  DATA  A NA LYS I S  

In order to get justifiable results, it is essential to choose the research methods that will be 
used carefully. In the corresponding selection-process of the research methods, two main 
factors were considered in particular, the contemplated outcome and the conditions that 
come with the research methods. Because the usability of the data could potentially depend 
on these conditions. The conditions have to be validated using assumption tests. These tests 
differ for each type of analysis. Eventually, the research methods that were conducted in this 
study are the Multiple Regression Analysis (MRA) and the Scenario Analysis (SA), of which 
the MRA will serve as input regarding the Scenario analysis.  

Two main parts have been distinguished in the Data analysis:  At first, the research design 
will be discussed. The research design will start with explaining the reasoning of why 
these research methods were chosen. After that, both research methods will be examined 
separately. In this case, both the methodology and data operationalization of the MRA will 
be evaluated first. Subsequently, the same applies to the Scenario Analysis. The data 
operationalization implies the define-process of the Key Performance Indicators 
regarding overcapacity and the establishment of the final sample that will be investigated 
in this research. After that, the dataset and the research methods will be tested and 
adjusted in order to meet the assumption tests that come with the research methods.  

The second part of the Data analysis will refer to the results for both the MRA and the 
scenario analysis. The findings of the MRA will provide the scenarios with a regression 
equation of which predictions can be made. This regression equation will then be 
modified based on the findings of the trend analysis. Due to these modifications six 
scenarios have been established and reviewed.  

 

3.1 RESEARCH DESIGN 

The intention of executing this data analysis is to come up with results that will help answer 
the research question. This means that the outcome of this data analysis needs to provide an 
indication of how the accommodation costs of a hospital organization are influenced by its 
corresponding level of overcapacity. Therefore, the key components regarding the 
methodology of the MRA will first be explained. Hereafter, the MRA has to be made operable, 
in order for being able to run the analysis. This implies defining all the variables used in the 
regression model, filtering the model based on assumption tests, and explain the 
establishment of the sample. In terms of the scenario analysis, this implies that the findings 
of the trends retrieved from the literature study need to be evaluated in order to define 
plausible scenarios. At first, the following sections will explain why these research methods 
have been chosen.  

Multiple Regression is the most common form of linear regression analysis. As a 
predictive analysis, the multiple linear regression is used to explain the relationship 
between one dependent (response) variable and two or more independent (predictor) 
variables (Statistic Solutions, 2019). Therefore, the MRA has been chosen in order to 
evaluate the relationship between multiple variables regarding overcapacity, and the 
accommodation costs. If it turns out that – after meeting all the conditions in the 
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assumption tests - there is a statistically significant relation between at least one of the 
predictor variables and the response variable, then the outcome of the MRA will provide 
a regression equation that can be used to make predictions. Subsequently, these 
predictions will serve as input in the scenario analysis.  

Therefore, the second research method that will be used to answer the primary research 
question is the scenario analysis. A scenario analysis is a what-if analysis in which a 
model’s output, in this case, the MRA, is calculated for a number of scenarios (Obaidullah, 
2013). These scenarios will be defined based on a trend analysis. The trends that were 
obtained in the literature study will be filtered based on if they are statistically significant 
concerning the dependent variable of the MRA or not. Subsequently, these trends will be 
evaluated for two-time spans, the short-term and the long-term. The trends will be 
examined in terms of how they are expected to modify the values of the significant 
predictor variables. All of the modifications that will be derived from the trend analysis 
will be judged and summarized in a Assessment matrix. Eventually, this matrix will 
translate all the modifications of the trend analysis into one short-term scenario, and one 
long-term scenario. Finally, both scenarios will be evaluated for their level of sensitivity, 
which will result in three different intensity levels for both the short-term and long-term 
scenario. Eventually, 
there will be six 
scenarios: for both 
short-term and long-
term scenario a 
‘Worse-than-
expected scenario’, 
an ‘Expected 
scenario’, and a 
‘Better-than-
expected scenario’. 
Figure 25 shows an 
overview of all the 
components in the 
data analysis. 

  

FIGURE 25 - ROADMAP TO RESULTS 
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3.2 MULTIPLE REGRESSION ANALYSIS 

After explaining in the research design why the three research methods have been chosen 
and relate to each other, this section will discuss the theoretical background of the Multiple 
Regression Analysis. This is assumed necessary to prepare and interpret the regression 
model rightfully. After the discussion of the theoretical background. Also, the equation of the 
regression line and the theory behind the evaluation of the confidence intervals will be 
explained. After the methodology part of this chapter, the regression model will be 
operationalized. This means that the variables, the sample, and the assumption tests of the 
model will be evaluated. Thereon, the regression model will be ready to provide this research 
with results, and therefore, findings in terms of sub-question 3.  Figure 26 provides an 
overview of the Multiple Regression Analysis. 

 

 

3.2.1  MET HODOLO GY MRA 

Before an MRA can be executed it is important to meet several assumption tests. In order to 
rightfully understand these tests key components of an MRA will be discussed in the following 
sections: explained variance, model fit, regression equation, prediction intervals, and 
confidence intervals. 

As mentioned in the research design, the MRA is used to explain the relationship between 
one dependent (response) variable and two or more independent (predictor) variables 
(Statistic Solutions, 2019). Therefore, the MRA has been chosen to evaluate the 
relationship between multiple variables indicating the level of overcapacity, and the 
accommodation costs. An MRA performs several analyses that together can give an 
indication about how well a model fits the concerned dataset. Except for providing the 
opportunity to determine the overall fit of the model it can also measure the individual 
contribution of each of the predictor variables to the total variance explained.  

FIGURE 26 –  STRUCTURE OF MRA 
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In order to tell how carefully the regression model can predict the estimated value ‘𝑦’, the 
‘explained variance’ will be investigated. The ‘explained variance’ is the part of the 

variance in 𝑦 that is explained by the values of the independent variable 𝑥. The explained 

variance of the model is represented by the value of  𝑅, also called as the Coefficient of 
determination. Statistical research studies often use R² to while evaluating the goodness-
of-fit of a model. This means it gives an indication about how good the predicted values of 
the regression line match the observed values of the data.  

The ‘adjusted R²’ compares the explanatory power of the regression models that contain 
different combinations of predictors (Minitab, 2013). It is a modified version of R² that 
has been adjusted for the number of predictors in the model. The adjusted R² only 
increases when a new predictor improves the model more than would be expected by 
chance. In contrast to the R², that will always increase when including extra predictors in 
the regression model. Therefore, the adjusted R² is often used to interpret the model fit of 
a model.   

The input regarding the independent- and dependent variables will be determined in the 
data operationalization of the MRA. 

 

3.2.1.1 REGRESSION LINE EQUATION 

The equation of the regression line that will be derived from the regression model if there 
will be statistically significant predictor variables. In this case, the regression coefficients 
of the concerned KPIs will be used to define the equation. As the research design has 
shown, the goal of the MRA is to provide the scenario analysis with a regression equation. 
Through this regression equation, it will be possible to predict values for the dependent 
variable, controlled for the modifications of the predictor variables that emerged from the 
trend analysis. In the context of this research: the intention is to compute an equation 
from the MRA to predict the accommodation costs using the values from the KPIs 
regarding overcapacity. The corresponding equation of a regression model is as follows: 

 

�̂�  =  �̂�0 + �̂�1𝑥1 + �̂�2𝑥2 +⋯ + �̂�𝑝𝑥𝑝 + 𝜀  

�̂�    = 𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒  

�̂�0  = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 (𝑣𝑎𝑙𝑢𝑒 𝑦 𝑎𝑡 𝑥 = 0)  

�̂�1𝑥 = 𝑅𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑐𝑜𝑛𝑐𝑒𝑟𝑛𝑖𝑛𝑔 𝑥1 

 (𝑇ℎ𝑒 𝑒𝑥𝑡𝑒𝑛𝑡 𝑡𝑜 𝑤ℎ𝑖𝑐ℎ 𝑦 𝑐ℎ𝑎𝑛𝑔𝑒𝑠 𝑖𝑓 𝑥1 𝑐ℎ𝑎𝑛𝑔𝑒𝑠 1 𝑢𝑛𝑖𝑡, 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑖𝑛𝑔 𝑓𝑜𝑟 𝑥2 (𝑘𝑒𝑝𝑡 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡)) 𝑥1 =

 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 (𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑜𝑟)𝑣𝑎𝑙𝑢𝑒  
𝜀   = 𝑅𝑎𝑛𝑑𝑜𝑚 𝑒𝑟𝑟𝑜𝑟 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 (residual) = observed – predicted value 

 

3.2.1.2 PREDICTION & CONFIDENCE INTERVALS 

When a regression model provides an acceptable fit of the data, it is assumed plausible to 
use the model for generating predictions based on specific predictor values, for instance 
in a scenario analysis. However, while making predictions the level of significance and 
sensitivity is critical. Because the predictions will be meaningless if they are not precise 
enough. The precision is measured based on how close the predictions are to the observed 
values. In order to get feasible predictions, it is required to have unbiased data that is also 
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close to the actual values. There are several assumption tests that a regression model 
must comply to. The implementation of these tests will be discussed in the data 
operationalization. 

While the regression model will be adjusted for biased data, outliers, missing data, and 
multicollinear variables before running the MRA, the validity will be evaluated by 
examining the reliability of the results. The evaluation regarding the level of reliability 
will consist of examining de precision of the results of the MRA. The mean of prediction 
intervals will indicate the plausibility of the results. A prediction interval is a range of 
values that is likely to contain the value of a single new observation given specified 
settings of the predictors. For example, for a 95% prediction interval of [5 – 10], it can be 
taken as 95% confident that next the new observation will fall within this range (Frost, 
2018). As mentioned before, the predicted values will be derived from the regression 
equation. This means that the predicted value is the mean value of the response variable. 
Like any mean, there is variability around that mean. Therefore, a prediction interval is 
often used to indicate the range of this variability.  

To conclude, prediction intervals can be made for each observation, and provide a 95 
percent certainty range of the predicted value. Referring to the context of this research, 
this means that it will be possible to predict the prediction interval for each hospital that 
is represented in the sample. Note that a prediction interval is different from a confidence 
interval of the prediction. The difference is in the number of predicted data. The 
prediction interval is always associated to a single record in the dataset, and the 
confidence interval of the prediction refers to the mean of the predictions (Frost, 2018), 
and therefore the regression line. The confidence interval of the prediction can, therefore, 
be used to provide insight into the sensitivity of the prediction of the overall direction of 
the total cure sector modified for the trends and developments. In summary, the 
prediction interval is always wider than the confidence interval of the prediction, as the 
prediction of a single response value adds more uncertainty than predicting the mean. 
These intervals will be used in validating the results of the MRA and the Scenario Analysis.  

 

3.2.2  DAT A OP ERATIONALI ZATI ON MRA 

The dataset that serves as input for this research has come from a combination of three 
already existing datasets of the cure sector. One of these datasets was public information, 
while the two remaining datasets are derived from private consultancy firms. The 
establishment of this combined dataset will be discussed first. This dataset provides a basis 
to compute the variables needed for the regression model. Then the variables of the 
regression model can be defined based on the data derived from the sample. Eventually, the 
regression model needs to pass several assumption tests, to see if the model meets all the 
conditions of the MRA. The definition-process regarding the independent variables will 
contain the answer on the first sub-question: ‘How should overcapacity be defined to 
evaluate the level of overcapacity in hospital organizations? The same applies to the 
dependent variable regarding the second sub-question: ‘How does overcapacity relate to the 
cost efficiency level of a Dutch hospital organization?’ 
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3.2.2.1 ESTABLISHMENT OF THE SAMPLE 

The public dataset that serves as a basis for the sample of this study is called the DigiMV-
dataset. The DigiMV-dataset contains the data of the whole healthcare sector in the 
Netherlands, derived from all the annual reports of each healthcare institution. Every year 
the healthcare institution for both care and cure sector are obliged to report their 
performance data to the Dutch ministry of healthcare. This DigiMV-dataset contains 
descriptive data, production data, quantities about personnel, capacity numbers, and 
financial data (Ministerie van VWS, 2018). 

The first step in downgrading the enormous database was to select on the type of 
respondent. This research will only examine general hospitals. Therefore, all care 
facilities, polyclinics, and academic hospitals are removed from the DigiMV-database. This 
consideration has been made, based on the following argument. The goal of this study is 
to eventually come up with a generally representative output regarding the population of 
this research: Dutch hospital organizations. After evaluating different types of hospitals 
in the literature study, it became clear that the nine academic hospitals were not 
comparable to general hospitals in terms of production numbers, cash flows, and capacity 
numbers. This led to a selection of 67 (Dutch) general hospital organizations 
(Jaarverantwoording Zorg, 2018). Altogether they account for 99 hospital locations in the 
Netherlands.   

The next step in creating the sample was adding the data of user-surface-area per hospital 
organization. The DigiMV-dataset does not feature any type of data that can provide an 
indication of the amount of real estate. However, in the literature study, it turned out that 
there is one consultancy bureau in the Netherlands, namely ARCADIS, that published a 
report that contained numbers of square-meter in it (Barské, Matijssen, 2017). This 
report was the same publication that provided the first trigger that set this research in 
motion. Eventually, these numbers of square meters were obtained and used in the 
regression model. 

As a consequence to implement of implementing these numbers, a few missing links arose 
in the dataset that was envisaged. In consultation with ARCADIS, it was assumed not 
plausible to get reliable data of the missing links. The other data regarding the square-
meter was verified by the hospital organizations themselves. Merging the DigiMV-dataset 
and the ARCADIS-dataset led to a sample of N=54 general hospital organizations. 

The last step of establishing the 
sample was a check on 
representativeness. Each hospital 
organization has been examined 
based on the fact that they are 
representable for the general 
hospitals in the Dutch cure sector. 
This check led to another 
downgrade of the sample of three 
hospital organizations. The first 
one is the ‘Havenziekenhuis en 
Instituut voor tropische ziekten’ 
this hospital organization was 
transformed into a polyclinic, as 
they were declared bankrupt in 
2017 (de Koning, 2017). The FIGURE 27 –  VISUAL REPRESENTATION OF SAMPLE ESTABLISHMENT 
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other two hospital organizations that are removed from the sample are: ‘Zorgpartners 
Friesland’ and ‘Curamare’, as it turned out that the organization of these ‘hospitals’ had a 
more considerable amount of care-related functions, rather than cure-related functions. 
Therefore, they are assumed as not representative in terms of the general hospitals in the 
Netherlands. Figure 27 provides a visual representation of how the sample was 
established due to the described steps. It was not possible to measure the production 
volumes over a more extended period, due to all the changes that were implemented 
during the years. Because of these changes, hospital organizations did not consistently 
use the same way of measuring, and therefore, reporting the production volumes in their 
annual publications (NVZ, 2016). Besides, due to all the new regulations a lot of hospitals 
have merged in the past five years. Therefore, it was too complicated to derive a sample 
that was representative over a longer period of time.  

 

 

3.2.2.2 DEFINING  THE VARIABLES OF THE REGRESSION MODEL 

A Multiple Regression Analysis consists of the independent (predictor) variables and one 
dependent (response) variable. These variables need to cover all the aspects of the research 
question, which is stated as follows: ‘To what extent will the level of overcapacity affect the 
accommodation costs, and therefore, the financial continuity of a hospital organization in 
the future?’. To be able to answer this question, a definition for overcapacity and the 
accommodation costs is required. It also needs to be defined to what extent the 
accommodation costs will affect the financial continuity of a hospital organization. The 
independent variables in the regression model will represent the level of overcapacity, while 
the dependent variable needs to provide a relative representation of the accommodation 
costs. The sample of this research will provide all the input that will be needed to compute 
the variables for the regression model. This section will first discuss the establishment 
regarding the dependent variable, whereafter the independent variables are described.  

 

Dependent variable  

The concerned dependent variable of the MRA needs to have common grounds with the 
financial continuity and the accommodation costs of a hospital organization. This will 
provide the opportunity to indicate how this variable could influence the financial 
continuity in the scenario analysis.  

As it is stated in the research question, the impact of overcapacity regarding the 
accommodation costs will be examined. This calls for a clear definition of accommodation 
costs. In the literature review, the accommodation costs were already discussed 
elaborately. Therefore, this section will briefly discuss the operationalization of 
accommodation costs.  The functioning of real estate in a company, or in this case hospital, 
is about accommodating or house the business operations. Therefore, ‘accommodation’ 
can be described as; ‘the function of a real estate object, including installations, permanent 
establishments, and facilities, intended to provide and present the opportunity of 
accommodating and executing business-related activities in a conditioned space, within 
the framework of the company’s objective’ (Feijts, 2006). The Dutch Standardization 
Institute (Dutch: Nederlands Normalisatie-Instituut) defines Dutch standard norms in 
which agreements are established (Nederlands Normalisatie Instituut, 2019). The so-
called NEN-norms also contain a definition in terms of accommodation costs which are 
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recorded in the Dutch Standard ‘NEN 2699’. The total costs of managing and using real 
estate are also known as exploitations costs. The NEN 2699, defines all exploitation 
expenses related to the building site or real estate object. The accommodation costs are 
divided into capital costs and operational costs (Nederlands Normalisatie-Instituut, 
2013). Table 8, provides a list of all the cost components regarding the exploitation costs. 
When this list is checked for presence in the dataset of the sample, it is noted that not all 
components of the exploitation costs are represented in the dataset of the sample.  
 

TABLE 8 - DEFINITION ACCOMMODATION COSTS (NEN 2699, 2013) 

  Accommodation costs  
(NEN 2699, 2013) 

Cost components  
Dataset sample 

Capital costs Asset’s depreciation charges of 
investments about real estate and terrain 

Depreciation costs:  
tangible fixed assets 

 
Depreciation costs of building 
modifications 

Depreciation costs:  
tangible fixed assets 

 
Interest expenses  Interest expenses:  

financial charges  

Operational 
costs 

Maintenance costs Operational Costs:  
Maintenance 

 
Energy and water consumption costs Operational Costs:  

Energy consumption expenses 
(heating, electricity, water) 

 
Charges for the provision of other facilities 
(renting or leasing building) 

Operational Costs:  
Rentals & leasing 

 
Taxes and charges Not defined as cost component in 

DigiMV dataset 
 

Building-related insurances Not defined as cost component in 
DigiMV dataset 

 
Managing costs Not defined as cost component in 

DigiMV dataset 

 

The literature study also pointed out that the presence of a direct proportion between 
capital costs and operational costs is questionable. Because the capital costs could be 
misrepresentative compared to accommodation costs, due to the consequences of the 
introduction of the market mechanism. The capital costs represented in the dataset of the 
sample also differentiate between 4.6 percent and 45 percent, with a mean of 8.0 percent. 
Due to these significant differences, and the argumentation of in the literature study, it is 
decided to not include the capital costs in the dependent variable of the regression model.  

Because of these reasons, it is decided that the operational accommodation costs provide 
a better representation of the size of the real estate. Because of these arguments, the 
dependent variable will consist of the ‘Operational Accommodation Costs’ (OAC). Note, 
that the value used for operational accommodation costs does not represent the complete 
understanding of operational costs that are defined by the NEN 2699. Table 8 shows that 
there are three cost components which are not represented in the DigiMV-database, and 
therefore the sample of the regression model. This applies to: ‘taxes and charges’, 
‘building-related insurances’, and ‘managing costs’. Therefore, it is decided that the 
definition of the operational accommodation costs in this study will only refer to the cost 
components that are present in the dataset of the sample.  

To be able to compare the operational costs for each hospital they need to be put into 
perspective. This is done by creating a proportionate percentage of the operational  
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accommodation costs in terms of the Total Costs (TC) of the hospital. With this, it is 
possible to compare each hospital organization due to the proportionate values relatively. 
This means it will provide the opportunity to compare the value of operational costs of a 
small hospital with the operational costs of a large hospital. Another reason to include the 
total corporate expenses in the dependent variable is that this facilitates the model to 
make the translation towards the financial continuity of the hospital organizations. As the 
findings of the literature study state that the ratio of the proportionate accommodation 
costs is expected to increase, due to the decreasing production volumes in the cure sector, 
while the accommodation costs are expected to remain constant. (Barské & Matijssen, 
2017). This results in higher levels of price pressure regarding the overall price of 
healthcare. Therefore, the findings of this study will be compared with the findings of the 
earlier discussed BDO benchmark study to see if there are any similarities in the results.  

These arguments concerning the dependent variable lead to the following definition of 
the dependent variable in the regression model:  

 

‘Operational Accommodation Costs / Total Costs’ 
(‘OAC/TC’) 

 
 
The extent to which this ratio relates to the financial continuity of a hospital organization 
will be discussed in the results of the scenario analysis. To increase the generalizability of 
the outcome, it is decided to compute an average value for both the figures of 2016 and 
2017, the input data regarding the dependent variable has been retrieved from the 
DigiMV-dataset of 2017 (Ministerie van VWS, 2018). In this process, also the mutual 
differences have been evaluated in order to detect outliers. The presence of an outlier 
could indicate that the data of a record in the dataset is not a normal representative value 
regarding their hospital organization. This could be a reason not to include this hospital 
organization in further analyses 

 

Independent variables - Overcapacity 

In the scientific relevance of this study it was stated that the research field about 
overcapacity in the Dutch cure sector contains no statistical research. In contrast to 
accommodation costs, there is no standardized norm to measure the level of overcapacity 
in a hospital organization. Also, more familiar KPIs of productivity like occupancy rates 
and utilization rates turned out to be missing in the DigiMV-database.  

Therefore, it is necessary to compute Key Performance Indicators (KPIs) that together 
provide an overall representation of the level of overcapacity.  The term ‘overcapacity’ 
refers in this study to ‘inefficient productivity of a hospital organization, based on the 
production volumes, the utilization of the capacity and space usage’. Based on this 
definition the KPIs regarding overcapacity will emerge from three fundamental 
characteristics of overcapacity: production, capacity, and size. 

Production will be measured in GPE (Dutch: Gewogen Product Eenheid), this is a 
commonly used measuring unit that represents a weighted average of the production 
volumes of a hospital organization. The establishment of this measuring unit is shown in  
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table 9. This measuring unit is considered 
to provide the best representation of 
production volumes.  

Capacity is defined as ‘the maximum that 
can be processed in a room or building or 
the maximum that something can handle’ 
(Ensie, 2013). In this research, capacity will 
represent the maximum production 
volumes that can be processed in terms of the number of personnel, measured in FTE 
(fulltime-equivalent), and the number of beds. FTE is a measuring unit to express the size 
of the staff-related workforce. One unit of FTE represents a full working week. The values 
used in the dataset of the sample are adjusted for the number of medical specialists, as 
the literature study stated that this value could vary widely per hospital organization (van 
der Wal, 2015). The number of beds refers in further research to the definition that has 
been used in de DigiMV-dataset, which is as follows: Number of beds and treatment sites 
that is available to clinical capacity and day / part-time treatments (Ministerie van VWS, 
2018).  

Size refers to the amount of user-surface-area (Dutch: Gebruiksoppervlak) and will be 
expressed in square-meter. As discussed in the establishment of the sample, the data was 
provided by ARCADIS and verified by the Dutch hospital organization themselves 
(Verploegh, 2018). 

The KPIs regarding the characteristics of overcapacity – that will serve as the independent 
variables in the MRA - are derived by combining the measuring units of each of the three 
fundamental characteristics of overcapacity. For example, the combination of size (m²) 
and production (GPE) becomes ‘GPE / m²’. All of the possible combinations are 
represented in figure 28. Referring to these independent variables that will be 
implemented in the regression model, it is assumed that all together these KPIs (predictor 
variables) will provide a plausible representation of the level of overcapacity.  

One of the previous mentioned KPIs requires further explanation, as it contains an 

element that is not discussed yet. This refers to the KPI ‘nursing days/bed’. The reasoning 
behind this KPI is the intention to implement a factor that comes close to occupancy rates 
as it appeared that the DigiMV-database did not contain any occupancy- or utilization 
rates. However, findings in the literature study showed a research study that faced the 

 
 
Production Measuring Unit: GPE 

 
 

Weighing 
factor A weighted average of: 

Nr. Of clinical admissions  10,00 

Nr. Of clinical nursing days 0,49 

Nr. Nursing days  3,40 

First outpatient clinical visits  1,22 

 (Barské & Matijssen, 2017)   

TABLE 9 - ESTABLISHMENT OF GPE 

FIGURE 28 - ESTABLISHMENT OF KPIS REGARDING OVERCAPACITY –  INDEPENDENT VARIABLES  
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same issue (Popping, 2017), and eventually came up with the ratio ‘nursing days divided 
by the number of beds’. Therefore, this ratio also provides an indication of the utilization 
rate about the number of beds. Based on these considerations, it is decided to implement 
‘nursing days/bed’ as an independent variable in the regression model, as it is assumed 
that this ratio comes closest to the desired KPIs that refer to occupancy rates.  

During the defining-process of the independent variables, it has also been considered to 
include financial and real estate related KPIs. There are two main reasons for not 
including these financial KPIs. (i) This research intends to investigate whether or not a 
relationship can be observed between overcapacity and the financial continuity of a 
hospital organization, without having a common denominator in the KPIs. This way it 
provides the opportunity to verify the statement of ARCADIS, that implicates that this is 
the case (Barské & Matijssen, 2017). (ii) The regression model should also be prevented 
for endogeneity. Endogeneity could ensure a biased outcome of the regression model 
when independent variables represent too much of the same values as regards to the 
dependent variable. As a result, it ensures a correlation between the predictor variable 
and the error term. For example, if a predictor variable would also contain the component 
of OAC (just like the dependent variable), they would be both depending on the same 
variable, which automatically would ensure a high – but unjustifiable - model fit.  

In summary, figure 29 provides an overview of all the defined predictor variables. In the 
next section, these independent variables will be examined for the assumption tests of 
which it is required that the regression model will meet the corresponding conditions.   

 

3.2.2.3 ASSUMPTION TESTS MULTIPLE REGRESSION ANALYSIS 

A Multiple Regression Model comes with several assumptions that have to be met in order to 
create a trustworthy outcome. To be able to check for these conditions, six main assumptions 
will be discussed (i) linearity, (ii) normality (iii) multicollinearity, (iv) homoscedasticity, (v) 
influential biases  (Strand & Stuart, 2011) and the ratio between the respondents in the 
sample size and the number of predictor variables.  The total output of these assumption 
tests – executed in software program SPSS - are displayed in the appendices page 129. 
Therefore, the following sections will only discuss the conclusion of each method.  

To get the most reliable prediction values, an MRA is usually designed as a parsimonious 
model. A parsimonious model aims for the highest explained variance (𝑅2), but with the 
least number of predictors. A parsimonious model avoids ‘overfitting’ and sampling 
errors. Therefore applies, fewer predictors generate a higher generalizability. Another 
phenomenon that often goes along with overfitting models is multicollinearity. In the 

Input variables

Overview Independent 
(predictor) variables 

Overcapacity:

• GPE / FTE

• GPE / Bed

• Nursing days / bed

• FTE / Bed

• m² / FTE
• m² / Bed

• GPE / m²

Overview Dependent 
(response) variable 

Accommodation cost:

Operational 
Accommodation Costs 

 Total Costs 

(OAC/TC)

Assumption 
tests

Final 
Regression 

Model

FIGURE 29 –  OVERVIEW INPUT VARIABLES TOWARDS ASSUMPTION TESTS 
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defining process of the independent variables, seven KPIs were established. The size of 
the sample consists of 51 hospital organizations. In order to meet the conditions of the 
MRA is could happen that these numbers have to be adjusted so that the model passes for 
the terms of an MRA.  

LINEARITY  

An MRA can only estimate the relationship between the dependent and the independent 
variables if the relationships are linear. Therefore the model will be examined for non-
linearity, as non-linearity will under-estimate the actual relationship (Osborne & Waters, 
2002). Linear regression needs the relationship between the independent and dependent 
variable to be linear. This test can be done by making a scatterplot matrix that contains 
the relationship between each independent variable and the dependent variable. This 
scatterplot shows the relationship based on the observed values of each variable. The 
scatterplot matrix – that shows the linearity between each of the predictors with the 
dependent variable - can be found in appendix page 129, including the corresponding 
implementation. The scatterplot indicates that there might be some problems in the 
regression model regarding several KPIs, as there are no clear linear relationships to 
detect in some cases.  

NORMALITY  

Regression assumes that the dependent variable has a normal distribution in terms of the 
residuals. A common misconception about linear regression is that it assumes that the 
outcome �̂� is normally distributed. Actually, linear regression assumes normality for the 
residual values, which represent the variation in �̂�  (predicted values) which is not 
explained by the predictors (Bartlett, 2013). A non-normality distributed dependent 
variable can cause deceiving relationships and significance tests. SPSS statistics provides 
several options to test for normality. It can produce data plots that require a visual 
inspection, it can test for ‘skew’ data, and the Shapiro-Wilk test. A descriptive analysis of 
the dependent variable ‘OAC/TC’ indicates a skewed outcome. Skewness is a measure of 
the asymmetry of the probability distribution of a random variable about its mean. A 
skewed variable violates the assumption of normality (Poyrekar, 2015). This can impact 
the regression in two ways. First, it can cause a disproportionate influence on parameter 
estimates, which would result in unreliable predictions in the scenario analysis. Secondly, 
due to skewness of the data confidence intervals can be either too wide or too narrow as 
they are based on the assumption of normally distributed errors. The methodology 
section of the MRA indicated that these confidence intervals matter in determining the 
sensitivity of the predicted outcome. Because of these arguments, a data transformation 
has been executed. A data transformation is an often used method in statistics, in order to 
be able to include skewed data or outliers. This way, the sample does not have to be 
adjusted too much. The most frequent method to transform data is to take the logarithm 
or the square-root of the dependent variable. Figure 30 provides an overview of the 
histogram regarding the dependent variable, and the transformed data after taking the 
logarithm of the dependent variable ‘OAC/TC’. The dotted line in figure 30 indicates the 
shape of the asymmetry in the histogram, which represents skewed data. The 
corresponding level of skewness is also implemented in the figures (provided by 
statistical software – SPSS). The number that refers to skew data can be evaluated in two 
ways (Grande, 2015). (i) The value indicates (highly) skewed data if it falls outside the 
range of [ -1 : 1] or (ii) the value indicates skew data if the value is double the standard 
error, which represents the average distance that the observed values fall from the 
regression line. Figure 30 shows that for both assumptions the original dependent 
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variable can be addressed as skewed data. After taking the logarithm of the variable, the 
outcome meets both assumptions. If skewness is between the range of [-0.5 : 0.5], the 
distribution is approximately symmetric according to the rule of thumb (Bulmer, 1979). 
Therefore, the logarithm of ‘OAC/TC’ can be assumed as normally distributed.  

This assumption is confirmed by another test of normality, the Shapiro-Wilk test. The 
Shapiro-Wilk tests if the dependent variable ‘OAC/TC’ is statistically significantly 
different from a normal distribution. When the p-value (significance) >0.05 the model 
fails to reject the null hypotheses, which states that there is no statistically significant 
difference between the dependent variable and normal distribution (Grande, 2015). 

Therefore, the outcome in table 10 of the Log ‘OAC/TC’ (p-
value >0.05) means that the logarithm of ‘OAC/TC’ is 
normally distributed, and therefore meets the 
assumption test of normality.  

To conclude, in order to meet the tests for normality the 
dependent variable used in the MRA will be associated 
with the logarithm of ‘OAC/TC’.  

 

MULTICOLLINEARITY 

Multicollinearity exists when two or more of the predictor variables are highly correlated. 
This is a problem as it will be hard to disentangle which of them best explains any shared 
variance of the dependent variable. They also could represent the same underlying factor, 
as discussed in the research methodology. The matrix that shows all the correlations 
between the independent variables is shown in table 11. As discussed in the methodology, 
the boundary that refers to too high correlations between the independent variables is set 
at 0.7 (Grande, 2017). All correlations > 0.7 are highlighted in red in the correlation 
matrix.  

Statistic Std. Error Statistic Std. Error

Mean ,022437 ,0008172 Mean -1,6623 ,01494

Skewness 1,035 ,333 Skewness ,407 ,333

Descriptives

Log_operational_

costs_total_costs

Descriptives

ratio_operational_

cost_total_costs

FIGURE  30 - DATA TRANSFORMATION DEPENDENT VARIABLE  

Magnitude 
skewness 

Magnitude 
skewness 

Sig.

ratio_operational_cost / 

total_costs
,003

Log_operationalcosts / 

total_costs
,325

Tests of Normality

Shapiro-Wilk

TABLE 10 - SHAPIRO WILK TEST 
(OUTPUT REGRESSION MODEL) 
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TABLE 11 - CORRELATION MATRIX VARIABLES (OUTPUT REGRESSION MODEL) 

 

The multicollinear variables that will be removed first from the regression model are the 
ones with the lowest correlation regarding the dependent variable. This led to the 
removal of three independent variables in the following order: ‘nursing days/bed’, ‘GPE / 
m²’, m² / bed. This means that based on multicollinearity the regression model contains 
four predictors: ‘m² per FTE’, ‘GPE per Bed’, ‘FTE per Bed’, and ‘GPE per FTE’. 
Multicollinearity can be solved by removing highly correlated predictors. However, these 
predictors should just as well be taken into account while interpreting the results, if they 
appear to be statistically significant in running the regression model. Another possibility 
is to combine predictors by constructing a new variable. These possibilities will be 
evaluated in the Results of the MRA. 

 

HOMOSCEDASTICITY 

Another assumption of multiple 
linear regression is 
homoscedasticity.  The scatterplot 
of residuals versus predicted values 
in figure 31 is a good way to check 
for homoscedasticity. This 
scatterplot is retrieved after 
running the regression model. 
Figure 31 is therefore a preview 
from the output of the final 
regression model.  Residual plots 
indicate the size of the difference 
between the standardized residual 
values of the observed values, and 
the standardized predicted values. 
A standardized value demonstrates 
the difference between one data 
point and scales it by mean of the whole sample. Figure 31 shows the scatterplot of the 
residuals of the sample. There should be no clear pattern in the distribution (meaning the 
residuals are equal across the regression line); if there is a cone- or funnel-shaped pattern, 
the data is heteroscedastic (Statistic Solutions, 2019). If there would be a pattern in the 
distribution, it could indicate different levels of variability in the residuals, and therefore 
suggest that the model is not equally accurate when estimating values (Strand & Stuart, 
2011).  
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log OAC/TC 1,000 ,454 ,090 ,297 ,244 ,047 -,275 ,329

m2_per_FTE ,454 1,000 ,107 ,588 ,438 ,108 -,731 ,722

GPE_per_bed ,090 ,107 1,000 ,310 ,243 ,759 ,038 ,541

FTE_bed ,297 ,588 ,310 1,000 ,637 ,048 -,170 ,343

GPE_per_FTE ,244 ,438 ,243 ,637 1,000 ,012 ,221 -,027
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m2_per_bed ,329 ,722 ,541 ,343 -,027 ,543 -,779 1,000

Correlations

Pearson 

Correlation

FIGURE 31 - SCATTERPLOT OF STANDERDIZED RESIDUAL VS.  
STANDERDIZED PREDICTED VALUES  
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It is also essential to check for outliers since linear regression is sensitive to outlier effects 
(Statistics Solutions, 2019). The intention is to detect no values outside the range of [-3 : 
3] on both axes (Grande, 2015; Statistics Solutions 2019). The assumption test executed 
in the software program SPSS shows a range of [-1.764 : 2.791], and therefore, the values 
of the residuals are normally distributed, and linearity is assured. This means that the 
residuals are approximately evenly spread across the regression line if this would not be 
the case, then the regression line is expected to be non-linear, and further examination 
would be necessary. However, it appeared not to be a problem in the operationalization 
of the regression model in this study. 

 

INFLUENTIAL BIASES 

The regression model will be evaluated 
on outliers based on two methods. At 
first, the dependent variable will be 
checked for outliers based on the 
Interquartile Range (IQR) in figure 32. 
Secondly, the model will be evaluated for 
influential cases biasing the model, 
based on Cook’s Distance methodology.   

The IQR is calculated as the difference 
between the 75th and 25th percentiles of 
the data and defines the box in a box plot. 
Therefore, the model defines the middle 
50 percent of the data, also addressed as 
the body of the data. The IQR is used to 
identify outliers by defining boundaries 
on the sample values of the dependent variable that are a factor ‘k’ of the IQR below the 
25th percentile or above the 75th percentile (Brownlee, 2018). The factor ‘k’ is normally 
set at the value 1.5 or 3. A factor k of 3 is used to identify extreme outliers. Figure 32, 
shows the box plot concerning the dependent variable ‘OAC/TC’ with an IQR of 1.5. The 
upper and lower limit of the plot indicates the range of the IQR. The rectangle represents 
50 percent of the observed data.  

Potential outliers would have been displayed as a dot outside of upper and lower limit 
that indicate the boundaries concerning an IQR with factor k=1.5. This means that the 
dependent variable does not contain any outliers according to the IQR method with a 
factor ‘k’ of 1.5.  

However, the IQR method does only compare the mutual values of the dependent variable. 
It does not measure the impact of each hospital organization on the regression line. 
Therefore, Cook’s distance measure (Di) is used to examine how much all the predicted 
values change, in case one respondent of the sample is deleted. This means that a large Di 
indicates that the data point in the sample strongly influences the predicted values. There 
are two rules of thumb in terms of the cut-off value for Di (i) values for Di should not be > 
1. (ii) Other studies use 4 / N (sample size). In this case, this would represent a cut-off 
value of 0.078. While judging on the first cut-off value, the model contains no outliers. On 
the contrary, while evaluating for a cut off value of 0.078, it implies two outliers in the 
model with a Di of 0.267 and 0.189. Therefore, further investigated is required.  

75th percentile  

25th percentile  

50th percentile  

75th % + IQR*1.5  

25th % - IQR*1.5  

FIGURE 32 –  BOX PLOT IQR 1.5 (OUTPUT REGRESSION 
MODEL) 
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Because the MRA is considered to 
provide a regression equation, it is 
interesting to examine the influence of 
the observations together with the 
corresponding residuals. The Centered 
Leverage values indicate how much 
these potential outliers are influencing 
the coefficients of the equation. If it 
turns out that they have a substantial 
effect on the estimated coefficients of 
the equation, one should consider 
removing the corresponding from the 
model (Research Analytics - Indiana 
University, 2018). However, this is only 
the case if these influential 
observations also refer to high 
residuals. Large, influential residuals would result in an unreliable regression equation. If 
there is not an outlier in terms of their residual variable they are figure 33 shows a graph 
of which the residuals are plotted against the centered leverage values. The two potential 
outliers are indicated in red. A rule of thumb regarding leverage values states to consider 
values above (2*nr. Predictors) / N as potential outliers, and therefore, compare the 
values with residuals and other analyses. This leads to a threshold of 0.156. It turns out 
that one of the potential outliers of Cook’s Distance analysis is slightly above this 
threshold value. However, the two observations do not represent outliers in terms of 
residuals (figure 33), as the range appeared to be [-3 : 3], and the observations represent 
residual values of 1.37 and 1.62. Therefore, based on the IQR analysis, the Cook’s Distance 
analysis, the Centered Leverage, and the values of the residuals, it is decided not to remove 
the potential outliers from the model, as they are not extreme outliers. 

 

SAMPLE SIZE 

Lastly, a rule of thumb related to the MRA indicates that the number of independent 
variables should rely on the size of the sample. The number of preferred observation per 
independent variables differs in statistics, but it is safe to say that the ratio between 
independent variables, and preferred observations should be between 1:15  and 1:20. In 
terms of the sample size in this research, this would result in three independent variables. 
After executing all the assumption tests, four independent variables remained. If the 
output of the regression model is based on all the four predictor variables, then it will be 
evaluated what the influence would be of removing one predictor variable. 

 

  

FIGURE 33 - CENTERED LEVERAGE VALUES PLOTTED 
AGAINST COOK'S DISTANCE VALUES TO DETECT OUTLIERS 
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3.2.2.4 OVERVIEW OF THE REGRESSION MODEL 

The MRA is about finding the effect of a predictor variable on a (dependent) variable while 
controlling for the effect of the other predictors (independent variables). The MRA 
intends to find out if there is any statistically significant relationship between the level of 
overcapacity and the dependent variable ‘OAC/TC’. If it turns out that there are significant 
KPIs of overcapacity affecting the ‘OAC/TC’, this will result in a regression model. This 
regression analysis could serve as input regarding the scenario analysis.  

In this process of defining the regression model, two databases have been established, the 
DigiMV-database and the numbers regarding the user-surface-area were derived from 
ARCADIS. The independent variables that were defined based on the literature study and 
remained from the assumption tests are GPE per FTE, ‘m² per FTE’, FTE per Bed, and GPE 
per bed. These KPIs will be examined on their relationship with the dependent variable, 
represented by the ‘Operational Accommodation Costs / Total Costs).   

Figure 34 provides an overview of the final set-up regarding the Multiple Regression 
Analysis. 

 

  

FIGURE 34 –  OVERVIEW OF MULTIPLE REGRESSION ANALYSIS  
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3.2.3  RES ULTS  O F MULTI PLE REGRES SION  ANALYSI S  

The regression model has been made fully operational in the previous sections. Figure 34 
shows the structure of all in the input in the regression model. The software used to process 
this input is SPSS statistics. SPSS provides the opportunity to run multiple regression 
analyses and is therefore considered as applicable for deriving a regression equation. This 
section will provide the answer to the third sub-question, which is as follows: ‘Is there a 
statistically significant relationship between the level of overcapacity and the proportion of 
the accommodation costs?’ If it turns out there is one, then the question will be extended with 
sub-question 3.1 ‘To what extent is the level of overcapacity currently influencing the 
proportion of the accommodation costs?’ 

If the outcome of the Regression model contains an independent variable that results in a 
level of significance lower than 5 percent, the null hypothesis is rejected. Therefore, in this 
case, a statistically significant relationship is demonstrated in table 12, and therefore the 
null hypothesis rejected. The software program SPSS uses a variable selection method 
based on the p-value of five percent. It is decided to use the Stepwise method to filter the 
independent variables on significance. In general, the Stepwise method is the most used 
method, as it is assumed to deliver the best results (NCSS & LLC, n.d.). The stepwise 
method requires two significance levels: one for adding variables (p-value <5%) and one 
for removing variables (p-value > 10%). The Stepwise method considers step by step if a 
variable should be added or subtracted from the set of independent variables based on 
these criteria.  

Table 12 provides an overview of the model 
summary that refers to the outcome of the 
MRA. The outcome of the MRA shows that 
there is indeed a statistically significant 
result, as one variable has entered the 
regression model despite the filter-
procedure concerning the requirements of 
the stepwise method. It turns out that ‘m² 
per FTE’ is statistically significant regarding 
the dependent variable ‘OAC/TC’. 
Therefore, the null hypothesis is rejected, which also affirms the third sub-question that 
was mentioned in the introduction of this section.  

The model summary indicates how well the regression model fits the observed data (table 
X). The so-called Goodness-of-fit is expressed in adjusted R² and represents a value of 15.9 
percent. The adjusted R² is a statistical measure of how close the data are to the fitted 
regression line.  It is the percentage of the dependent variable variation that is explained 
by the linear model (Scibilia & Ellis, 2013). 

Based on the results from table 8 the sub-question 3.1 needs to be answered too ‘To what 
extent is the level of overcapacity currently influencing the proportion of the 
accommodation costs? It not possible to answer this question, as this sub-question uses 
the concept ‘overcapacity’. It is not justifiable to use the outcome of the MRA to answer 
this question, as it turns out that only one KPI of overcapacity seems to be statistically 
significant. If all the KPIs regarding overcapacity turned out to be significant, it would be 
possible to answer them by using the regression line of the model. However, this is not 
the case, as the KPI ‘m² per FTE’ refers to inefficient use of floor-capacity, which may not 
be generalized with the understanding of overcapacity in general. However, it still can still 

TABLE 12 -  SPSS MODEL SUMMARY MRA 

R R 

Square

Adjusted 

R Square

Std. Error 

of the 

Estimate

1 .420
a ,176 ,159 ,09786

Model Summary
b

Model

a. Predictors: (Constant), m2_per_FTE

b. Dependent Variable: log OAC/TC
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serve as input regarding the scenario analysis. Note, that the scenarios now only need to 
be modified for the values of ‘m² per FTE’. That means that no statements can be made in 
the scenario analysis regarding KPIs that seem to be insignificant. That also applies to the 
concept of overcapacity in general.  

Nevertheless, the question can be answered for the KPI ‘m² per FTE’. Two components of 
the findings of the MRA matter in order to answer the question, the model fit (R²) and the 
correlation coefficient.  

A direct – and blunt - answer to this question in terms of the model fit is ’15.9 percent’. 
However, the interpretation of this value is at least as important, as it says something 
about the sensitivity level that is going to be used in the scenario analysis. Therefore, the 
model fit will be discussed in the scenario analysis, as this value may indicate the 
reliability of the predicted values. 

The regression coefficient is one of the key components of the regression line. The value 
of this coefficient represents the mean change in the dependent variable for one unit of 
change in the predictor value. The values are displayed in table 13.  

 

 

 

 

 

 

 

Together with the regression equation discussed in the methodology section of the MRA, 
this leads to the following regression equation:  

�̂�  =  �̂�0 + �̂�1𝑥1  

 

𝑙𝑜𝑔�̂�  =  −1.825 +  0.004 ∗ 𝑥1 

 

�̂� =  10(−1.825 + (0.004∗𝑥1)) 

 

�̂�    = 𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝑣𝑎𝑙𝑢𝑒 log
𝑂𝐴𝐶

𝑇𝐶
 

�̂�0  = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 (𝑣𝑎𝑙𝑢𝑒 𝑦 𝑎𝑡 𝑥 = 0)  

�̂�1  = 𝑅𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑐𝑜𝑛𝑐𝑒𝑟𝑛𝑖𝑛𝑔:  𝑚
2𝑝𝑒𝑟 𝐹𝑇𝐸  

         𝑥1 =  𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 (𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑜𝑟)𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒:  𝑚2𝑝𝑒𝑟 𝐹𝑇𝐸  
        (𝑇ℎ𝑒 𝑒𝑥𝑡𝑒𝑛𝑡 𝑡𝑜 𝑤ℎ𝑖𝑐ℎ 𝑦 𝑐ℎ𝑎𝑛𝑔𝑒𝑠 𝑖𝑓 𝑥1 𝑐ℎ𝑎𝑛𝑔𝑒𝑠 1 𝑢𝑛𝑖𝑡, 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑖𝑛𝑔 𝑓𝑜𝑟 𝑜𝑡ℎ𝑒𝑟 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠)  

Standardized 

Coefficients

B Std. Error Beta

(Constant) -1,825 ,052 -34,952 ,000

m2_per_FT

E
,004 ,001 ,420 3,235 ,002

a. Dependent Variable: log_OAC/TC

Coefficients
a

Model

Unstandardized 

Coefficients

t Sig.

1

TABLE 13 -  SPSS RESULTS –  KEY COMPONENTS REGRESSION LINE 
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Based on the regression equation it is  possible to answer sub-question 3.1, but then the 
sentence must be reformulated to; ‘To what extent is the level of ‘m² per FTE’ influencing 
the proportion of the accommodation costs?’ 

The regression equation is situated 
in figure 35 for both 𝑙𝑜𝑔�̂�  and �̂� . 
From this figure it appears that the 
dependent variable ‘OAC/TC’ has a 
positive relation with the 
independent variable ‘m² per FTE’. 
In other words, according to the 
regression model, it can be assumed 
that when the inefficiency level 
regarding the user-floor-area 
increases, the proportionate value 
for the operational accommodation 
costs will rise too. To put it in 
perspective, while comparing 
hospital organizations with other 
hospital organizations that score 
twice as high on the KPI ‘m² per FTE’, 
it appears that �̂�  increases with a 
value of 20-40 percent, the higher the value for ‘m² per FTE’ the higher difference in �̂� 
(exponential growth). Another example shows that if the value ‘m² per FTE’ increases 
with the magnitude of 20, then this will result in an increase of 19 percent in terms of �̂�. 

The outcome of the MRA will now be implemented and more elaborately discussed in the 
scenario analysis, which accounts for the second part of the data analysis of this research. 
This includes the verification and the reliability of the results regarding the MRA.  
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3.3 SCENARIO ANALYSIS 

The introduction of the market mechanism in the cure sector forced decision-makers to 
break with their traditional thinking patterns because of new interests. This scenario 
analysis can help to provide insight into the decision-making processes while holding terms 
of overcapacity into account. Therefore, the scenario analysis intends to gain insight into the 
potential difference between the predicted values of the dependent variable ‘OAC/TC’ in 
2017 and the predicted values of the scenarios. The results of the Multiple Regression 
Analysis showed that there is a statistically significant relationship between the level of 
efficiency regarding the use of floor-capacity, and the cost efficiency level of a hospital 
organization, in terms of respectively ‘m² per FTE’ and ‘Operational Accommodation Costs / 
Total Costs’ (‘OAC/TC’).  

Because of this statistically significant finding, this research is extended with a Scenario 
Analysis. In this analysis, scenarios will be defined in which each scenario will correspond to 
different modifications in terms of the statistically significant independent variable ‘m² per 
FTE’. The input for these scenarios will be based on the trends derived from the literature 
study. The components of the predictor variable represent the size of ‘user-surface-area’ 
(m²) and the number of FTE. The findings of the trend analysis that influence these 
components will be summarized in the assessment matrix, which will concretize the 
modification of the corresponding trends. Eventually, two scenarios will be defined, a short 
term scenario which represents a period up to 2025 and a long term scenario, which 
represents a period up to 2040.   

 
 
 
 
 

FIGURE 36 –  OVERVIEW CHAPTER SCENARIO ANALYSIS  
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M² PER FTE VS. THE LEVEL OF OVERCAPACITY 

The goal of this scenario analysis was to investigate the impact of overcapacity in general. 
However, it appears that there is only one KPI statistically significant related to the 
dependent variable ‘OAC/TC’. Therefore, it is important to note that the interpretation of 
the results regarding the scenario analysis refers to the following definition. 

The results of the scenario analysis will provide an indication about the extent of how the 
‘efficiency level in terms of the use of the floor-capacity’(m² per FTE) is expected to influence 
the ‘cost efficiency level regarding the operational accommodation costs’ (OAC/TC) in the 
future scenarios.  

Therefore, the interpretation regarding ‘m² per FTE’ may not be mistaken for the overall 
level of overcapacity.  

 

3.3.1  MET HODOLO GY S CEN AR IO AN ALYSI S  

There can be several reasons for executing a scenario analysis. The future is uncertain, 
and therefore people use scenario analyses to get insight into multiple potential scenarios. 
A scenario analysis will raise the awareness of potential proceedings and increase the 
ability to anticipate multiple influences that will help companies with their decision-
making process. Three scenario methods can be distinguished (Leemans, 2015). (i) The 
judgmental method, which predicts values based on individual opinions of experts that 
are active in the field. (ii) Extrapolative methods, base their predictions on historical data, 
of which it is supposed that the future scenario will evolve according to same historical 
pattern. (iii) Causal and mathematical models often base their predictions on quantitative 
data and use statistical approaches to predict values. For example, input-output model 
like regression models.  

Subsequently, there are three ways of how to contemplate a scenario analysis, which 
refers to way-of-thinking on how to deploy the model (de Grave, 2015). (i) Extrapolative-
thinking, with a horizon of twenty years and based on historical trends and quantitative 
data, mostly with a business-as-usual scenario and a negative and positive scenario. (ii) 
Exploratory-thinking, with a horizon of 50-100 years and based on different levels of 
influence in terms of the trends. (iii) Technological (assessment) thinking, this way of 
deployment takes into account the innovative technological influences that come with the 
trends and its secondary consequences. This means that they evaluate the indirect 
influences of these technological innovations on non-contemplated research areas. 

Based on an evaluation of the possibilities mentioned above regarding the different types 
of scenario analysis, and the findings of the literature study, it has been decided to execute 
a scenario analysis that combines an extrapolative and exploratory perspective. Instead 
of forecasting based on historical behavior, which an extrapolative study would have 
looked like, this scenario analysis will measure the potential influences of future trends 
expressed in modifications with different levels of severity for each scenario (exploratory-
thinking). This is decided because the literature study has shown that the cure sector is 
currently undergoing a break of tendency as it comes down to the size of hospital real 
estate (Verploegh, 2017).  

By using the results of the multiple regression analysis, it is possible to predict scenarios 
based on a linear single-equation regression model. Note, that this regression analysis did 
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not prove causality between overcapacity and the ‘OAC/TC’, only a statistically significant 
relationship between the two variables. Therefore, the outcome of the scenario analysis 
cannot be held accountable for the magnitude of the output values. However, the 
regression equation does prove the positive correlation between the independent 
variable ‘m² per FTE’ and the dependent variable ‘OAC/TC’. This means that an increase 
in ‘m² per FTE’ has shown a positive statistically significant relationship in the dependent 
variable ‘OAC/TC’. The scenario analysis will therefore only be used to provide an 
indication about the potential influences of the trends, and the corresponding bandwidths 
of the predicted values.  

In summary, the emphasis of this scenario analysis is to provide insight into potential 
future pathways in which the influence of the level of overcapacity will be measured in 
terms of the cost efficiency level of hospital organizations. To examine this, the outcome 
of the MRA will be used to define the efficiency level regarding the use of the floor-capacity 
(‘m² per FTE’) and the cost efficiency level of the hospital organization (‘OAC/TC’). 
Together these two variables will give an indication about the potential danger of 
increasing overcapacity in the cure sector towards the financial continuity.  

The following steps will show how the scenario analysis is structured: 

• Interpretation Multiple Regression Analysis 

• Evaluating the trends of the literature study, and the corresponding impact 

regarding the significant predictor variable ‘m² per FTE’. 

• Define scenarios by judging the modifications for each trend in an assessment 

matrix.  

• Translate the outcome for both the trend analysis and the MRA into two scenarios.  

• Running the Scenario Analysis and interpret the results 

• Validating the results 

 

3.3.2  DAT A OP ERATIONALI ZATI ON S CEN ARIO  ANALYS IS  

Before starting the scenario analysis, it needs to be made clear that this analysis will only 
focus on the predictor variable ‘m² per FTE’. This because the MRA demonstrates that this is 
the only Key Performance Indicator regarding overcapacity that shows a statistically 
significant relationship with the dependent variable ‘Operational Accommodation Costs / 
Total Costs’ (‘OAC/TC’). This means that the outcome of this scenario analysis will only rely 
on the value regarding ‘m² per FTE’ and that all other variables will be assumed as fixed 
values in this scenario analysis. The range in the predicted values (∆�̂�) of each scenario will 
therefore be fully accountable to the corresponding value of ‘m² per FTE’.  ∆�̂� represents the 
difference between the predicted values of the dependent variable ‘OAC/TC’ in 2017, and the 
predicted values of the scenarios (2025 -2040). This percentile value will be translated into 
a financial value. Thereafter, the potential impact of these financial values concerning ∆�̂� 
are evaluated for the financial continuity level in 2017. Eventually, these values will give an 
idea about the financial severity of the increasing overcapacity in both the short and long 
term. 
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3.3.2.1 INPUT MULTIPLE REGRESSION ANALYSIS 

The basis of the scenario analysis is the regression equation derived from the MRA. 
Therefore, it is essential to evaluate the outcome of the MRA on reliability. Often the first 
value that is going to be discussed in an MRA is the R², and for scientific research, this 
often goes for the adjusted R². R² is a statistical measure of how close the data are to the 
fitted regression line.  It is the percentage of the response variable variation that is 
explained by a linear model (Scibilia & Ellis, 2013). In general, the higher the R², the better 
the model fits or predicts the data. In other words, the higher the R², the closer the 
observed values will be towards the regression line in a scatterplot. Theoretically 
speaking, the predicted values of a model with an R² value of 100 percent would be the 
same as the observed values and, therefore, all the data points would fall on the regression 
line (Scibilia & Ellis, 2013). In this study, the concerned value of R² is 0.176, for the 
adjusted R² the value is 0.159. In most cases, a strong case could be made against this 
value of R², as this value would be considered as a low value. A ‘low’ R² value is not 
inherently wrong though. The situations described below even show that a low R² can still 
be of great value.  

The first intention of this regression model is to find out if there is a statistically significant 
relationship between any KPI related to overcapacity and ‘OAC/TC’. In order to prevent 
bias in the model, it was deliberately considered to choose for a model that examined 
independent variables or predictors that had different measuring units and had no 
obvious common grounds with the dependent variable. In other words, all the KPIs that 
had to define overcapacity were non-financial predictors. This choice has been made to 
see if there would be any correlation between ‘physical’ overcapacity and the (financial) 
ratio of ‘Operational Accommodation Costs / Total Costs’.  

In the literature study, it became clear how unpredictable the cure sector was. This also 
goes for the individual hospitals that all come with different characteristics in different 
environmental conditions. All the decisions that have been made in the design process of 
the MRA and the characteristics of the cure sector will make it hard to obtain a high R², as 
this presumably will ensure outliers in observed values in terms of the regression 
equation. It was also given in advance that the sample of the Dutch cure sector could never 
be higher than approximately N=60, as this number represents all the general hospital 
organizations in the Netherlands. These features, together with the highly unpredictable 
character of the Dutch cure sector, ensured lower expectations of a high R² in advance. At 
last, R² does not necessarily indicate whether a regression model is adequate or not in 
terms of validity (Scibilia & Ellis, 2013). Therefore, the output of a regression model with 
a low R² value can still be of great value. 

The second reason why a low R² can be valuable in an MRA is the situation in which the 
MRA still has statistically significant predictors (independent variables). The multiple 
regression analysis showed that one KPI (‘m² per FTE’) was statistically significant in case 
of predicting the dependent variable ‘OAC/TC’. Despite a low R² value, important 
conclusions can still be drawn from the changes in the statistically significant predictor 
values, and the associated changes in the response value (‘OAC/TC’) (Scibilia & Ellis, 
2013). Because regardless of the R², the significant coefficients still represent the mean 
change in the dependent variable for one unit of change in the predictor value, while 
holding other potential predictors in the model constant. This type of information is 
exactly what is valuable regarding the scenario analysis of this study.  

Another reason that the low R² is still valuable regarding the upcoming scenario analysis 
is that the total explained variance, that R² represents, originates from one KPI. The MRA 
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showed that there was only one KPI statistically significant and, therefore, responsible for 
all the explained variance. This ensures that the KPI ‘m² per FTE’ becomes more valuable 
in the scenario analysis, as this will be the only variable that needs to be considered. 
However, this also means that the outcome of the scenario cannot be interpreted as the 
overall concept of overcapacity. Because of the use only one KPI (‘m² per FTE’), this 
concept of the overcapacity should be modified to floor-capacity. As it only refers to the 
efficiency rate concerning the user-floor-area (m²) and the number of FTE.  

In summary, the outcome of the MRA is considered applicable in terms of using it in the 
scenario analysis because of the following reasons: 

• The regression model passed all the assumption tests 

• The regression model still contains a statistically significant predictor. 

• The total explained variance is accountable to one predictor, which improves the 
chance of higher levels of reliability in defining the modifications for the 
scenarios. 

• The regression model was not expected to have a large goodness-of-fit (adjusted 
R² value) in advance, based on the sample and the characteristics of the cure 
sector. 

• The significant coefficients still represent the mean change in the dependent 
variable for one unit of change in the predictor value. 

 

3.3.2.2 INPUT TRENDS LITERATURE STUDY 

The input regarding defining the scenarios will be established based on the findings of the 
literature review and the multiple regression analysis. According to the MRA, it turned out 
that ‘m² per FTE’ is the only Key Performance Indicator (KPI) of overcapacity with a 
statistically significant relationship towards the dependent variable ‘OAC/TC’. Therefore, it 
is decided to only focus on the two compartments of this significant KPI. This means that the 
values for ‘user-surface-area (m²)’ and the ‘number of FTEs’ will be modified in the scenario 
analysis, as it is known that this KPI will influence the value f the dependent variable 
‘OAC/TC’. This also means that the other trends that were established in the literature study, 
and of which appears that they have fewer common grounds with the significant KPI (‘user-
surface-area’ and the ‘number-of-FTEs’) will be excluded from the scenario analysis. At the 
end of this section sub-question, four will be answered, which is formulated as follows: ‘4. To 
what extent will trends in the cure sector influence the magnitude of overcapacity in the 
future?’ 

The trends of the literature study that do influence the significant KPI - and of which it 
assumed that these trends would influence the KPI are: 

• Decreasing production volumes 

• The concentration of specialist medical care 

• Technological developments  

• Staff shortage 

These trends are already extensively discussed in the literature study. Therefore only the 
consequences regarding user-surface-area and number-of-FTE will be discussed in the 
following section. The trends will also be evaluated based on their corresponding time 
span. Therefore, two time frames have been distinguished to cover all the relevant trends: 
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a short-term time span that reaches to 2025, and a long-term time span that represents a 
duration up to 2040. 

 

TRENDS INFLUENCING THE DEMAND FOR USER-SURFACE-AREA (M²)  

Consultancy bureau ARCADIS published an article that the production volumes per 
square meter have been decreased with 16 percent between 2011 - 2015 (Barské, 
Matijssen, ARCADIS, 2017). They have also mentioned that this trend is expected to 
continue to move downwards in the coming years (Verploegh, 2018). On the contrary, 
healthcare demand is starting to rise again. In 2016 and 2017 the number of patients grew 
mainly because of the growing population of the elderly (NVZ, 2018). One reason why 
hospitals are still expected to shrink is that most of these elderly will be diagnosed from 
a distance in the future. Concerning the definition of the scenarios, it is assumed that the 
decrease in production volumes (in hospitals) will have a severe negative influence 
regarding the user-surface-area in the long-term. This downtrend is less severe in the 
short term but still relevant, because nowadays already 40 percent of the Dutch hospitals 
is underperforming in terms of their production volumes in proportion to its capacity 
(Barské et al., 2017). 

 

WAVE OF MERGERS 

The discussed ‘wave of mergers’ in the literature study led to a higher level of vacancy in 
the cure sector. This wave of mergers is a direct consequence of the high-pressure levels 
that correspond to the desired production volumes. Hospitals often merge in order to be 
able to achieve their production goals. This trend of mergers continues to move on in the 
short term (NVZ, 2018). As it turns out that those hospital organizations are struggling to 
find alternative purposes for their real estate, which could result in financial pressure 
regarding the financial continuity of the hospital organization. The same goes for 
bankruptcies as a result of the increasing level of competition.  

 

THE CONCENTRATION OF SPECIALIST MEDICAL CARE 

The increasing concentration of specialist medical care ensured an outflow of hospital 
functions. This trend will make its mark on user-surface-area especially in the long term. 
This trend of specialists moving out of the hospital also ensures uncertainty for hospital 
boards in the decision-making process about their hospital real estate portfolio. It turns 
out that long-term real estate plans are often only written by means of a vision (Vizee, 
2018). Therefore, real estate strategies often lack depth and argumentation. The fast-
developing character of the cure sector makes it a complicated matter to make concrete 
predictions in the cure sector. In addition, hospital boards have many things going on all 
the time. Long term real estate plans are therefore often not the top priority. Research 
also shows that real estate decisions are dependent to a significant extent on the 
inheritance from the past, for example, the position of which they are already (stuck) in 
terms of ownership and the regional environmental characteristics (Stoop, 2018). All 
these aspects lead to uncertainty in terms of real estate strategies. Therefore, there is a 
need for a high level of flexibility regarding hospital real estate. 
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Consequently, the general areas of the hospital including the hotel-functions, office-
functions, and partially the polyclinics are expected to reduce in floor space. The 
downsized hospital will operate more as a knowledge-hub in an intricate healthcare 
network fueled by ICT and technological developments (Siderius, 2014). Because of these 
arguments, it is assumed that these causes will mainly flourish in the long term, and 
therefore even balance out the earlier detected growth in single rooms.  

 

TECHNOLOGICAL INNOVATIONS 

Technological applications like E-consults, online patient files, wearables, and healthcare 
apps are multiplying in the cure sector. However, several issues retain these developing 
applications. For example, the lack of confidence and trust, ignorance, lack of proof of 
concept, privacy standards, but also organizational barriers like high entry costs, laws and 
regulations, and insufficient support among employees (van der Leeuw, 2019). Therefore, 
it is assumed that these technological innovations will have a more significant effect in the 
long term compared to the short term. In particular, the office and diagnoses functions 
are likely to decrease in user-surface-area. 

 

REAL ESTATE & SERVICE AS MARKETING ASSETS 

A potential user-surface-area driver is the trend of hospital real estate functioning as a 
marketing asset. Studies have shown that the environment in which patients recover can 
also positively contribute to a prosperous recovery. The building itself also contributes to 
the image of the hospital organization. These factors ensure that the state and both 
interior and exterior design of the building will be more relevant factors in the design 
process of hospitals. For example, this could result in more luxurious entry halls, public 
spaces, and nursery rooms. This trend is supported by the rise of single rooms in Dutch 
hospitals. In 2003 it was already announced that the trend in the division of nursing 
rooms was going to shift upwards to 60 percent single rooms (Zorgkrant, 2003). Another 
upward trend is the growing importance of the patient’s opinion – ‘the patient comes 
first’. The opinion of the patient has become more powerful because of the introduced 
market mechanism. This will ensure higher levels of service in hospitals. Therefore, the 
long-term scenario will be accounted for a slight increase in the number of FTE, as it is 
expected that this trend will create extra jobs in terms of providing service.  

 

AN ALTERNATIVE SOURCE OF INCOME 

Another trend that has the potential to counteract the trend of shrinking hospitals is the 
search for alternative sources of income. This search has grown in the last decade because 
of the increasing price pressure on hospital organizations as a consequence of the market 
mechanism in the cure sector. If overcapacity eventually leads to vacancy, it is expected 
that hospitals try to fill in these vacant spaces with other functions, for example, 
physiotherapists and care sectors. However, contingent on the fact that the level of 
overcapacity has led to a permanent vacancy level. Therefore, it is assumed that this trend 
will only grow to substantial volumes in the long term. This does not mean, that the size 
of user-surface-area will grow in the long-term, on the other hand, it is a reason to believe 
that this trend can discourage the drivers of other trends that ensure shrinking real estate 
portfolios. There are already some practical examples that show that this strategy is very 
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promising for the future. The ‘Spijkenisse MC’ hospital deals with vacancy in their 
hospital. An entire wing is currently being vacant and slowly filled in by other functions 
(Langenbach, 2018). 

Nevertheless, a benchmark study shows that the Spijkenisse MC hospital scores a 9 out of 
10 in terms of financial continuity, two years after a restart regarding a bankruptcy (BDO 
Benchmark, 2018). Both their real estate strategy and their conscious decision-making in 
choosing their health supply contribute to this level of financial continuity. Question is 
regarding the scenarios, to what extent is this a viable manner to deal with overcapacity 
that eventually leads to vacancy? Moreover, is this real estate strategy implementable for 
each type of hospital or environment? Because of these uncertainties, it is hard to 
determine the effect on user-surface-area in the long term. It is decided to run the analysis 
with an outbalanced effect, as the likelihood of the financial pressure is expected to be so 
high that hospital organization will be forced in finding alternative users of this vacant 
space to secure their financial continuity. Note, that it takes high levels of overcapacity to 
cause vacancy in hospitals, and therefore it is not plausible to affect the short-term 
scenario. 

 

TRENDS INFLUENCING THE DEMAND FOR FTE  

The literature study made clear that especially the staff shortage problem is relevant in 
the short term. Interviews with field experts even show that this is the  ‘top priority 
problem’ that is currently active in the cure sector. Research shows that in the past four 
years the number of job openings has doubled in the cure sector (NVZ, 2018), 80 percent 
of these job vacancies are marked as hard-to-fill (van der Aalst - UWV, 2018).  

 

STAFF SHORTAGE 

Several of the acute care divisions in the Netherlands are dealing with substantial staff 
shortages. Half of the Dutch hospital organizations even indicated that they needed to 
postpone so-called ‘plannable operations’ as a result of the staff shortage problem (van 
den Brink, Herderschee, & Vleugels, 2018). Therefore, this led to increasing waiting lists. 
In seven of the nine University Medical Centers (UMC) – which were not included in this 
studies’ regression analysis in order to retrieve a representative outcome of only the 
general hospitals – the staff shortage problem even led to concrete vacancy in the hospital 
(Weeda, 2018). They had just too few FTE to fully use the capacity of the hospital. On 

average, 10 percent of the hospital beds in the UMCs were closed. If this PHENOMENON can 
be assumed as a forerunner for the general hospitals, it could lead to substantial problems 
such as closing maternity wards and First Aid in the short term. History shows that 
regional hospitals are most vulnerable regarding the trend of closing acute care divisions, 
due to their smaller service areas (Herderschee, 2018) 

The staff shortage problem was even a driver to the 3.1 percent decrease in the 
employment level between 2012 and 2015 (CAOP, 2017). This can be explained by the 
developments in the cure sector as a result of the introduced market mechanism, but it is 
also due to the increased workload of FTEs. These high levels of work pressure ensure 
high numbers of outflow in terms of the staff. Besides, the proportion of hospital FTEs 
older than 55 years has doubled to 22 percent over the past decade (van der Aalst, 2018). 
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Subsequently, this implies that a large part of the employees is expected to retire in the 
short term. 

On the contrary, since 2016 the level of employment is slightly growing again with a level 
of 0.4 percent annually (NVZ, 2018). The staff shortage problem is also a (negative) driver 
towards the employment level. The consideration now is, what will be outweighed by the 
other? Moreover, how will it affect the size of user-surface-area? In terms of the scenario 
analysis, it is expected that the faster-growing staff shortage problem will outweigh the 
marginally rise in the employment level in the short term. Therefore, it is assumed that 
the number of FTE will decline in the nearby future. In the long run, it is expected that 
these drivers will continue to put pressure on the employment level, as it is expected that 
the care sector will be doubled in 2040 (Birch Consultants, 2015). This will ensure higher 
levels of competition in the search for new staff and stimulate the outflow of employees 
transferring from the cure sector to the care sector. Therefore, it is assumed that the 
number of FTEs will decline because of the staff shortage trend. Referring to the earlier 
discussed empty beds as a result of the staff shortage problem, it is assumed that this will 
also be noticeable in the long-term regarding user-surface-area. 

 

CONCENTRATION SPECIALIST MEDICAL CARE 

The growing concentration of specialist medical care is another driver that amplifies the 
level of outflow between employees in the cure sector. Private clinics are often able to 
offer higher salaries and better working conditions. This will stimulate the outflow of 
personnel in the public sector to the private sector. Because of the high demand for 
knowledgeable staff in the short term, it is expected that this trend will amplify the staff 
shortage and therefore be tangible in the short term. Just like the staff shortage, it is 
assumed that this problem will also be active in the long term, as the demand for FTEs in 
the overall healthcare sector is expected to grow significantly. 

 

TECHNOLOGICAL DEVELOPMENTS 

Technological developments are expected to increase the workload capacity of FTEs in 
the short term. The Dutch ministry of Healthcare designed a Treatment Plan to tackle the 
shortage of staff. Technological innovation is one of their pillars in this Treatment Plan, of 
which they are aiming to solve one-fifth of the staff shortage problem by 2022, due to 
technological developments (de Kruif, 2018). Therefore, it is expected that this trend will 
lighten the high demand for hospital personnel in the short term. However, it is still 
questionable whether these expectations of the Treatment Plan are feasible.  

An example of technological innovation that is expected to influence the number of FTE is 
E-health. E-health is another driver that moves out several functions in a hospital. 
Therefore it is assumed that this will force a decrease in the number of FTE in both the 
short term and long term.  

 

AN ALTERNATIVE SOURCE OF INCOME 

If hospitals start to rent out their real estate to other parties, it means that there is chosen 
to direct the hospital into a controlled shrinkage process. Therefore, it is assumed that the 
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number of FTE will only be dragged into these shrinking measurements in the long term, 
as it is expected that the shortage of staff will balance this trend out in the short term. 

 

GENERAL DEVELOPMENTS IN THE CURE SECTOR 

A long-term trend in the overall healthcare sector is an increase in the level of 
employment. This level is expected to grow harder in proportion to other professions. In 
2017, 1.2 million people were working in the Dutch healthcare sector; this comes down 
to one out of every seven people of the working population. By 2040 it is expected that 
the overall healthcare sector houses at least one out of every five people of the working 
population (Van Der Horst, Van Erp, & De Jong, 2011). The proportion of the healthcare 
sector towards the working population, therefore, becomes one and a half times larger. 
However, this growth is almost entirely attributable to the care sector (8 percentage 
points). Therefore, it is assumed that the proportion of the cure sector towards the 
working population will remain constant with the current situation. However, with a 
decrease of the working population, as of 2021, it is assumed that the working population 
has been decreased with 4.3 percent in 2040 (CBS, 2015) this means that the absolute 
number of FTEs will slightly decrease in the long term. 

 

 

3.3.2.3 DEFINING THE SCENARIOS  

To summarize the trends and create justifiable scenarios it is decided to define the 
scenarios by using an assessment model. This model contains a matrix in which all the 
trends are judged on a seven-point Likert scale.  A Likert-type scale uses an ordinal scale 
to measure values, without specifying the size of intervals (Simon & Goes, 2013). It is 
assumed necessary to use an ordinal type of scale as it impossible to express the influence 
of each trend in exact numbers. Eventually, the assessment matrix will hold values of 
seven judgment categories between [ --- : +++] for each trend-scenario combination. Table 
14 provides clarifies the labels of each judgement 
category, in which a triple minus represents a large 
decrease in the value for the nr. of FTE or the user-floor-
area. The determination of these values are based on a 
subjective judgment. This means that the trends will be 
evaluated based on the experience and expertise that has 
come to knowledge while executing this research.  

The assessment matrix in table 15 provides an overview of all the relevant trends and 
their corresponding contribution in determining the modification for each scenario.  
These ordinal values have been considered in one final judgment-call per component of 
‘m² per FTE’ and the corresponding time span for each scenario. This means that the 
overall modification in the scenarios of the values ‘number of FTE’ and the ‘user-surface-
area’ has been evaluated separately. The final judgments that summarize all the 
modifications answer for sub-question 4, which is as follows: ‘To what extent will trends 
in the cure sector influence the magnitude of overcapacity in the future?’ Both the 
components of user-floor-area and the number of FTE will be discussed separately.    

 

TABLE 14 –JUDGMENT SCALE TRENDS 

neutral

--- -- - 0 + ++ +++

Seven-point Likert-scale

Strong 

decrease

Strong 

increase
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SHORT-TERM SCENARIO 

While taking all the effects of the trends into account, it is expected that the trends 
concerning the number of FTEs will not have a significant influence on the magnitude of 
this value in the short-term. Therefore, the overall severity of the modifications is 
assumed to be ‘constant (‘0’)’, while it leans slightly towards a decreasing (-) effect. It is 
assumed plausible that the characteristics of the trends eventually ensure a 5 percent 
decrease in the number of FTE in 2025. 

Respectively, regarding the user-surface-area, it is assumed that the mean of the size of 
the general hospital organizations will more significantly decrease. Therefore, based on 
the severity of the judgements in the assessment matrix, it is considered plausible to take 
into account a decrease of 10 percent in terms of value regarding ‘user-surface-area’. Both 
modifications will represent the input in the short-term scenario. 

 

LONG-TERM SCENARIO 

The long-term scenario is more distinct in expressing the modifications when compared 
to the short-term scenario. In terms of user-surface-area, it is expected to detect a severe 
decrease. Especially, because of the decreasing production volumes, technological 
innovations, and the concentrations of the specialist care to privatized clinics. It is 
considered plausible to take into account a thirty percent decrease in terms of user-
surface-area by 2040, as a consequence of the trends in the cure sector.  

This decrease runs to a lesser extent in parallel with the number of FTE in hospitals. It is 
considered that the number of FTE will decrease with a magnitude of ten percent by 2040, 
because of the earlier discussed trends like the decreasing work population and 
increasing number of jobs in the long-term future. 

TABLE 15 –  ASSESSMENT MATRIX TRENDS REGARDING ‘M² PER FTE’  
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CONTROLLING FOR THE LEVEL OF UNCERTAINTY 

Because of the level of uncertainty that comes with the interpretation of the severity 
regarding the modifications of the trends. Each scenario will be simulated three times. 
Both the short- and long-term scenarios will be supplemented with a ‘better-than-
expected scenario’ and a ‘worse-than-expected scenario’. For the short-term scenario, the 
deviation will be represented by a five percent margin. For the long-term scenario, the 
deviation will be represented by a ten percent margin. This is done because of the 
increasing level of uncertainty, as the time span grows longer.  

The predicted values for each scenario will be calculated based on the regression equation 
that was derived from the Multiple Regression Analysis (MRA). Table 16 shows an 
overview of all the modifications concerning the different types of scenarios. This will 
include the corresponding modified regression equation that will be used to predict new 
values for the same observations that were used in the MRA.  

It must be noted once more that the magnitude of the modifications is based on a judgment 
call. Therefore, the findings that answer for the fourth sub-question are subjective. This means 
that the extent of the magnitude could not be established in exact values. Therefore, the 
scenarios are supplemented with the uncertainty measures.  

Adding the modifications corresponding to the scenarios to the regression equation, while 
controlling for the level of uncertainty, this leads to the following prediction equations. 

The upcoming results of the scenario analysis will provide insight into the potential 
difference between the predicted values of the dependent variable ‘OAC/TC’ in 2017 and 
the predicted values of the scenarios. The difference between the values will be 
represented by the symbol ∆�̂�. 

  

*the scenarios are abbreviated by means of the time span: short term (ST), long term (LT) and the corresponding 
deviation referring to the disappointing scenario (D) and the better-than-expected scenario (B), ‘O’ indicates the original 
scenario. 
  

need for m² need for FTE
Inverse 

log B Coef. St. Dev. modification KPI

STD

STO

STB

LTD

LTO

LTB

Overview of scenarios 

scenario equationScenario 

deviation

5%

10%

Abbreviation 

scenario*

Short term 

(2025)

Long term 

(2040)

Time span
difference in demand KPIs

-10% -5%

-30% -10%

∆�̂�

∆�̂� =
𝑚2 201 

𝐹𝑇𝐸 201 
 −  10

(−1,825+0,004 0, 5 
0, 0     

(0, 5      ) )

∆�̂� =
𝑚2 201 

𝐹𝑇𝐸 201 
 −  10

(−1,825+0,004 1,00 
0, 0     

(0, 5      ) )

∆�̂� =
𝑚2 201 

𝐹𝑇𝐸 201 
 −  10

(−1,825+0,004 1,05 
0, 0     

(0, 5      ) )

∆�̂� =
𝑚2 201 

𝐹𝑇𝐸 201 
 −  10

(−1,825+0,004 0, 0 
0, 0     

(0, 0      )
)

∆�̂� =
𝑚2 201 

𝐹𝑇𝐸 201 
 −  10

(−1,825+0,004 1,00 
0, 0     

(0, 0      )
)

∆�̂� =
𝑚2 201 

𝐹𝑇𝐸 201 
 −  10

(−1,825+0,004 1,10 
0, 0     

(0, 0      )
)

�̂� 2017

 

TABLE 16 - OVERVIEW OF ALL SCENARIOS 
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3.3.3  RES ULTS  SCEN ARIO  AN ALY SIS   

The results of the scenario analysis form the essence of this study. The results will provide an 
indication of the difference between the results of 2017 and the predicted values of the 
scenarios. Using these results it is possible to answer the fifth and last sub-question which is 
as follows: ‘How does the potential change in ‘OAC/TC’ ( ∆�̂� ) influence the financial 
continuity of hospital organizations. 

 

ORIGINAL VALUE Y AT T=0 (2017) 

The starting point of the road to the results are the values for �̂� in 2017. The values that 
will be compared with the output of the scenarios analysis are not the actual observations 
of the sample. Based on the low model-fit of the regression model, it is decided to use the 
predicted values of 2017, instead of the observed values. This is done because it will 
increase the representativeness of the value in terms of ∆�̂�, as both values of �̂� are now 
based on the same calculations. Therefore, it is possible to interpreted the relative 
difference in �̂�, which has emerged by the modifications of the trends. As a result, the 
residuals that ensure the low model-fit and correspond to the observations in 2017, will 
be excluded from the scenario analysis. Whereby, they will not falsify ∆�̂� what otherwise 
could have led to misrepresentations. To conclude, it is important to note that all the 
results of ∆�̂� will be based on the regression line, including the values for 2017.  

 

3.3.3.1 RESULTS SCENARIO ANALYSIS 

The results for each scenario are displayed in figure 37. Before interpreting the results, it 
is important to clarify the intention of conducting a scenario analysis once more. This 
scenario analysis is not used to forecast exact values of the dependent variable ‘OAC/TC’, 
as this would require proven causality. This scenario analysis is about indicating the 
influence of the KPI ‘m² per FTE’ as regards to the ratio between the Operational 
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Accommodation Costs and the Total Costs of a hospital (‘OAC/TC’), in the Dutch cure 
sector. The validation of this section will discuss the reliability of the results. 

The results of the scenario 
analysis in figure 37 will be 
used to indicate the potential 
severity of the assumed 
modifications that are based 
on the outcome of the trend 
analysis. The values on the y-
axis represent the difference 
in the predicted values of the 
dependent variable ‘OAC/TC’ 
(∆�̂�). Table 17 gives an overview of the results in figures, it features the results per 
scenario divided for different values of the x-axis (m²/FTE). Figure 37 shows that the 
scope of each trendline is positive. This implicates that ∆�̂� grows while the number of 
square-meter per FTE increases. In other words, the amount of operational 
accommodation costs grows relatively in size when the average number of square-meter 
per FTE becomes larger.   

The output of the Multiple Regression 
Analysis (MRA) will be used to put these 
results into perspective. Figure 38 shows 
the exponential regression equation of the 
relation between the exponential predicted 
values of ‘OAC/TC’ and m²/FTE, for each 
hospital that was represented in the sample 
of the MRA. From this, it is assumed 
plausible that the range of the dependent 
variable ‘OAC/TC’ will be roughly between 
1.75 – 3.0 percent. The difference between 
the 51 examined general hospitals is 
therefore only 1.25 percent when it comes 
down to the proportion of operational 
accommodation costs towards the total 
corporate expenses of the hospitals. With 
this keeping in mind, it is possible to put the 
results of the scenario analysis in figure 37 
in perspective.  

While evaluating the results of the short-term scenario regarding hospitals with an 
average value for ‘m² per FTE’ of 43, it is assumed that the modifications concerning the 
trends potentially could lead to an average increase of the ‘OAC/TC’ by 0.09 percentage 
points. For hospitals with a high level of ‘m² per FTE’, and therefore an assumed higher 
level of overcapacity, this could turn up to an ∆�̂� of approximately 0.22 percent.  

The long-term scenario corresponds to an impact that is presumed to be larger compared 
to the short term scenario. Figure 37 indicates that this would lead to more significant 
differences in terms of ∆�̂�. This is also reflected in table 10, where the difference of the 
predicted values corresponding to the average and high values of ‘m² per FTE’ could turn 
up to, respectively, 0.22 percent and 0.52 percent. In the worst-case scenario (LTD-
scenario) of this analysis, this predicted value could even rise to 0.65 percent. Comparing 

 TABLE 17- OUTPUT SCENARIO ANALYSIS IN FIGURES 

 Time 
span 
Scenario 

∆�̂� (%-point)  
Min. 

(x = 17 
m²/FTE) 

∆�̂� (%-point) 
Average 
(x = 43 

m²/FTE) 

∆�̂� (%-point) 
Max. 

(x = 77 
m²/FTE) 

 Short 
term  

0.03 
(0.02 – 0.04) 

0.09 
(0.05 – 0.13) 

0.22 
(0.12 - 0.30) 

 Long term 0.07 
(0.05 – 0.09) 

0.22 
0.16 – 0.28 

0.52 
(0.39 – 0.65) 
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these values of ∆�̂� with �̂�. e.g. 0.,52 and 4.00 (LTO Max. (figure 49) it can be assumed 
plausible that  ∆�̂� will represent a substantial value in terms of influencing the dependent 
variable ‘OAC/TC’.   

 

3.3.3.2 MONETIZED RESULTS 

While looking at it from a financial point of view, it is possible to investigate the impact of 
∆�̂� on the financial continuity of the corresponding hospital organizations. ∆�̂� represents 
a predicted value that provides an indication in the difference of the dependent variable 
‘OAC/TC’. This means that if ∆�̂� is known, it is possible to calculate the rise in Operational 
Accommodation Costs (OAC) when ∆�̂�  is multiplied with the Total Costs (TC) of the 
corresponding hospital organization. It is important to note that by running these 
calculations in this scenario analysis, it is assumed that all the other variables that may 
influence the accommodation costs are considered fixed, and not included in this study. 

Note, that the results of ∆�̂� will be based on the regression line, including the values for 
2017. This means that the monetized values cannot be one-on-one compared with the 
financial performances that correspond to the observations in the sample. However, it is 
possible to examine their value for ‘OAC/TC’, and see how it is likely to be influenced while 
comparing it with the mean ∆�̂� of the cure market. In addition, since the outcome is a 
relative value, it provides the opportunity to translate ∆�̂�  towards the hospital 
organizations with the same input value regarding the KPI  ‘m² per FTE’. To conclude, the 
outcome of the monetized values can only be used to provide an indication, which the 
hospital organizations can compare with their own situation.   

Table 18 shows an overview of 
the sample and the amounts of 
money that come with the 
average values of table 10. Note 
that these values for ‘m² per 
FTE’ indicate the extreme 
records of the sample that is 
used in this analysis. Therefore, 
these values cannot be taken 
for granted as it comes down to 
the representativeness of the sample.  To put the monetized values of  ∆�̂� in perspective, 
all the predicted values of scenario STO and LTO are displayed in figure 51 for the whole 
sample. The pattern that can be observed in the scatterplot in figure 51, indicates that 
predicted values of the long-term scenario are in line with the pattern that emerged from 
the short-term scenario. Despite of the fact that there were different modifications for 
both scenarios.  The next step in the scenario analysis is to examine to what extent these 
values for ∆�̂� affect the financial continuity of the corresponding hospital organization. In 
order to investigate the impact of ∆�̂� , the observations of the BDO benchmark study 
(2017) are adjusted for ∆�̂�. A list of all the hospital organizations that were evaluated in 
this research can be found in the appendix 138. This list contains the predicted yields per 
hospital organization adjusted for each scenario, contingent of other potential influencers 
‘OAC/TC’ being fixed. This list shows that already 7 of the 51 examined hospital 
organizations were not profitable in 2017, and according to the scenario analysis they are 
assumed to continue to do so if they do not take any measure to improve their rate of ‘m² 
per FTE’.  

Time span 
Scenario 

∆�̂�  
Min. 

(x = 17 m²/FTE) 

∆�̂� 
Average 

(x = 43 m²/FTE) 

∆�̂� 
Max.  

(x = 77 m²/FTE) 
STO 
scenario  

0.03% 
€70.945,- 

0.09% 
€408.701,- 

0.22% 
€663.124,- 

LTO 
scenario 

0.07% 
€175.556,- 

0.22% 
€1.008.045,- 

0.52% 
€1.604.076,- 

    

TABLE 18 – OUTPUT SCENARIO ANALYSIS WITH CORRESPONDING 
MONETIZED VALUES 
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The list also contains an overview of ∆�̂�  proportionate to the yield of 2017. This 
demonstrates that the corresponding ∆�̂� for LTO is greater than 20 percent of the yield 
(in 2017) in case of 13 hospital organizations, as regards to the STO scenario, this applies 
to 5 hospital organizations. In other words, it is assumed plausible that the value of ‘m² 
per FTE’ in the long term, modified for the trends in the cure sector, ensures a decrease in 
profits of at least 20 percent in 13 of the 44 profitable examined hospital organizations. 
For the ‘Antionius Zorggroep’ the LTO scenario would be fatal in terms of profitability, as 
this would result into an unprofitable organization. 

The worst-case LTD scenario 
even indicates that 21 of the 44 
profitable hospital 
organizations will experience a 
decrease in profits of at least 20 
percent. Also, it is assumed 
plausible according to this 
scenario analysis that the 
modifications concerning the 
trends, could potentially result 
in 6 fatalities in terms of loss-
making hospital organizations 
in 2040.  

The  above-discussed results 
and interpretations answer the 
fifth sub-question that is stated as follows: ‘How does the potential change in ‘OAC/TC’ 
influence the financial continuity of hospital organizations?’ The outcome of the scenario 
analysis provides results for each of the six scenarios. In general, it can be stated that the 
expected change in the dependent variable ‘OAC/TC’ could seize a significant part of the 
profits of the hospital organizations. Contingent, on the assumptions that the model is 
fixed for other potential influencers regarding the profits.  Therefore, it is compelled to 
state that hospital organizations should carefully monitor and control their level of 
overcapacity in order to prevent unnecessary expenses. As it turns out that it will ensure 
a decrease in terms of the cost efficiency level that could even result in unprofitable 
hospital organizations for both the short- and long-term scenario. 

  

3.3.3.3 DISCUSSION RESULTS SCENARIO ANALYSIS 

It is important to rightfully interpret the effects of the earlier discussed modifications that 
concern the trends in the assessment matrix, as they might seem to contradict. An 
example will help to illustrate this argument. For instance, the trend of technological 
developments is expected to improve the efficiency of employees. Therefore, they can do 
more work in the same amount of time than before. As a result, this will lower the level of 
overcapacity because they can handle higher capacities with the same amount of FTE. 
However, as it appeared that ‘m² per FTE’ was the only statistically significant KPI in 
terms of predicting values of ‘OAC/TC’. This trend will hurt the outcome of the scenario, 
as it benefits a lower demand in the absolute number of FTEs. To conclude, while this 
trend improves the efficiency of FTEs and therefore contribute to a lower level of 
overcapacity, it ensures a lower number of FTEs what causes a higher ratio of ‘m²/FTE’.  
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This will result into an increase of the predicted value ‘OAC/TC’ in the scenarios, as it 
appears from the regression analysis that a low value of  ‘m² per FTE’ shows a statistically 
significant relationship with a less negative value of the (logarithm of) ‘OAC/TC’. Thus, 
while the FTEs work more efficient, it would still lead to a relatively higher value of ‘m² 
per FTE’ while this would indicate a higher level of inefficient use of floor areas. 

Because of this situation, it has been considered to define this trend as a positive impact 
regarding the number of FTEs in the scenarios, instead of a negative impact. However, this 
would be a false assumption while making predictions using the regression equation in 
the scenarios. Because the regression analysis demonstrates that there is a statistically 
significant relation between ‘m² per FTE’ and ‘OAC/TC’, instead of ‘overcapacity in 
general’ and ‘OAC/TC’. This means that the level model examines the level of inefficient 
use of floor-capacity. These are two different things, and therefore they may not be 
confused with one another. This shows that a decrease in FTE does not necessarily have 
to influence the level of overcapacity negatively. However, it does matter regarding the 
variable ‘m² per FTE’, which showed to be the only statistically significant predictor.   

This is one example that confirms the outcome of the regression analysis in terms of the 
Goodness-of-Fit. The adjusted R² which represents the proportion of the explained 
variance of ‘m² per FTE’ on the predicted values of ‘OAC/TC’ is 15.9 percent. The situation 
described above repeated yet again that the value of the KPI ‘m2 per FTE’ cannot be 
mistaken for the overall level of overcapacity.  This phenomenon will be further discussed 
in the discussion of this thesis.  

 

3.3.3.4 RELIABILITY PREDICTED VALUES 

Since the model fit of the regression analysis was not optimal, it is essential to discuss the 
reliability of the outcome that has emerged from the MRA.  As it already elaborately 
discussed how the model can still be of great value. This section will only discuss the 
prediction intervals and the confidence intervals which are both visualized in figure 40. 
Figure 40 shows both the upper- and lower bound of all the individual prediction intervals 
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through a visualization of the corresponding trendlines. The prediction interval indicates 
a range of which it is 95 percent certain that the predicted value will be inside this range. 
As it can be noticed in figure 40, the average prediction interval covers almost all the 
observed values of the sample. This means that the level of certainty about a high value 
for ‘m² per FTE’, is not that far apart from the prediction interval of low values. In theory, 
it is even possible that the predicted value regarding the highest value of ‘m² per FTE’  is 
lower than the predicted value regarding the lowest value for ‘m² per FTE’. This means 
that the exact number of the predicted value regarding the ‘OAC/TC’ for each observation 
may not be interpreted as an absolute value. However, this is not new as it is already 
elaborately discussed in previous sections, in which it was made clear on how to use and 
interpret the predicted outcomes in the scenario analysis. 

The difference between prediction intervals and confidence intervals concerns the input 
for both variables. The prediction intervals provide an interval for each individual 
observation that indicates the certainty of the predicted value. The confidence interval 
covers the whole sample and provides a confidence interval regarding the mean of the 
predicted values. In other words, the confidence interval provides a range of which it is 
for 95 percent sure that the mean of the predicted values is inside this range. Therefore, 
it shows the reliability of the positioning of the regression line for each value of ‘m² per 
FTE’.  

While evaluating the confidence interval in figure 40, it is clear that the interval is 
significantly smaller for the middle-sized values of ‘m² per FTE’. Therefore, these 
outcomes can be assumed to be more reliable than the overall outcome of the regression 
model. Because of this, it can be assumed that, together, the values for ∆�̂�  for these 
particular observations between 30 - 55 ‘m² per FTE’ provide a generable outcome that 
may be representative regarding this group of hospital organizations, as it accounts for 
approximately 82 percent of the sample. This also shows that the reliability of the 
predicted outcome is strongly depending  on the sample size. The figure also clearly shows 
that the confidence interval grows in size while the values for ‘m² per FTE’ become more 
extreme.  
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4 .  CO N C LU S IO N  

This research study is executed in order to answer the question: ‘To what extent does the 
level of overcapacity affect the proportion of the operational accommodation costs, and 
therefore, the financial continuity of Dutch hospital organizations in the future?’ To be able 
to answer this question, quantitative research by means of a Multiple Regression Analysis 
has been executed to evaluate the relationship between the level of overcapacity and the 
proportion of the Operational Accommodation Costs (OAC) of a hospital organization. 
Subsequently, a qualitative study examines the potential future modifications of 
overcapacity in the cure sector in a scenario analysis. 

Overcapacity in Dutch hospital organizations is defined based on a combination of three 
individual components: (i) Size, which refers to user-surface-area in square-meter. (ii) 
Capacity, which refers to the number of FTEs and the number of beds. (iii) Production, 
which refers to the performance indicators regarding production volumes. The overall 
level of overcapacity in hospital organizations is based on a combination of several Key 
Performance Indicators, of which each KPI represents at least two of the three individual 
components.  

The way of how the level of overcapacity is directly relatable to the cost efficiency level of 
a hospital organization is due to their corresponding Operational Accommodation Costs 
(OAC). An increase in the proportion of the OAC towards the total costs (TC) of a hospital 
organization, causes financial pressure on the yield, and therefore an adverse effect 
regarding the financial continuity of the hospital organization. Therefore, the relationship 
between the level of overcapacity and the proportion of the OAC relative to the Total Costs 
(‘OAC/TC’) has been investigated in a Multiple Regression Analysis (MRA). As a result, it 
turned out that one of the KPIs regarding overcapacity appeared to have a statistically 
significant relationship with the ratio of ‘OAC/TC’ according to the sample that has been 
examined. 15.9 percent of the explained variance in the regression model originated from 
the KPI ‘m² per FTE’. 

The data sample that is used in this research contains data regarding the KPIs of 
overcapacity and the ratio ‘OAC/TC’. By the use of the outcome of the MRA, it is possible 
to predict values for the ratio ‘OAC/TC’ based on the statistically significant variable ‘m² 
per FTE’.  

In a scenario analysis, the values concerning the significant KPI ‘m² per FTE’ have been 
modified for six scenarios based on the findings of the trend analysis. According to this 
qualitative research, it is assumed that both user-surface-area (m²) and the number of 
FTE are likely to decrease in the future. In terms of the short-term scenario, this resulted 
in a modification of approximately -5 percent regarding the value of ‘m² per FTE’. In the 
long-term scenario, this modification represents a decrease of approximately 22 percent 
in the value of ‘m² per FTE’. 

In 2017 the average value for the ‘OAC/TC’ was 2.24 percent. The modifications 
corresponding to the scenarios result in an increase regarding the difference in the 
predicted values for ‘OAC/TC’ for both scenarios (∆�̂�). These increments vary between a 
range of [0.05 – 0.13] percentage points with an average of 0.09 %-points regarding the 
‘expected short-term scenario’ in 2025. As regards to the ‘expected long-term scenario’ 
(2040), this range amounts [0.17 - 0.29] percentage points with an average value of 0.23 
%-points. To put these values in perspective, if one compares hospital organizations with 
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other hospital organizations that score twice as high on the KPI ‘m² per FTE’ - which 
means that the efficiency level of the floor-capacity will be twice as low - it appears, based 
on the mean of the modified regression equation, that the proportion of the operational 
accommodation costs regarding the total costs (OAC/TC), increases with a value between 
20-40 percent, the more extreme the compared values for ‘m² per FTE’ are, the greater 
the predicted difference in OAC/TC.  The evaluation of the results also indicate that if the 
value for ‘m² per FTE’ increases with the magnitude of 20, then this will result in an 
average increase of 19 percent in terms of the value for OAC/TC. 

Comparing the results of the scenario analysis with the observed yields of the 
corresponding hospital organizations in 2017 (average 1.4 percent) provides an 
indication about the potential severity of the predicted difference in ‘OAC/TC’. In theory, 
this would result in five cases of which the yield decreases with at least 20 percent in the 
short-term — assuming that other circumstances are fixed in the determination of this 
value. In the long-term scenario, this number rises to thirteen hospital organizations, of 
which one would turn even unprofitable (decrease of yield > 100 percent). The most 
extreme predictions refer to the long-term scenario that accounts for worse-than-
expected modifications regarding ‘m² per FTE’. In this scenario 24 of the 44 profitable 
hospital organizations would see their current yields decrease with at least 20 percent. 
Six of which show even the potential to even turn unprofitable by 2040.  

It must be noted that it appears that the regression model is sensitive as it comes down to 
predicting values for individual hospital organizations. When the values for ‘m² per FTE’ 
become more extreme, the predicted values become more unreliable. However, the 
confidence interval that corresponds to the mean of the predicted values is significantly 
smaller for the middle-sized values of ‘m² per FTE’. Therefore, the overall outcome of the 
mean for the middle-sized values of ‘m² per FTE’ is assumed to be more reliable than the 
overall outcome of the regression model, as they represent 82 percent of the sample. 

This research proves that there are overcapacity-related KPIs which have a statistically 
significant relationship with the proportion of the accommodation costs of a hospital 
organization. This research also shows that it is assumed plausible that the level of 
overcapacity will grow in the future. Therefore, this research provides the first insights in 
terms of the scientific research field in which the (financial) severity of overcapacity in 
the cure sector is being investigated.  

Referring back to the quote that started this report: “The ultimate objective of every 
organization is survival, no matter its form,” - Martin den Hartog (2013, p. 2). To reach this 
so-called ultimate objective – based on the findings of this research - hospital 
organizations should start with carefully monitoring and controlling their levels of 
overcapacity to protect the organization from unnecessary expenses.  
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5 .  D I S C U S S I O N   

This chapter will discuss the validity, usability, and limitations of this research. This includes 
the reflection of the results regarding the expectations that were derived at the beginning of 
this study. The implementations regarding the causes and drivers of the findings will be 
further explained and evaluated.  

 

5.1 VALIDITY RESEARCH DESIGN 

The data operationalization of the multiple regression analysis determined in a sense the 
sensitivity of the outcome of this research. For example, instead of using one moment in 
time (2017), it was decided to also include the data of the year 2016 in order to get a more 
reliable outcome and detect potential outliers. However, based on a verification check in 
which both years were evaluated, it appeared that not all data could be generalized 
because of certain developments regarding individual hospital organizations. Despite the 
carefully executed process, which led to the removal of some records in the sample, it still 
adds a certain amount of uncertainty towards the generalizability of the outcome of this 
research. 

This also accounts for the data retrieved from the consultancy firm ‘ARCADIS’. They 
provided the user-surface-areas (m²) of the hospital organizations in the Dutch cure 
sector. Since there is no reference material for these values, it left no other choice than 
assuming that this data is adequate in providing user-surface-areas, as they state that the 
hospital organizations themselves verify these values. As a consequence, eight general 
hospital organizations were removed from the sample because of missing data. Therefore, 
the outcome of the analysis is less valid as it comes down to the level of generalizability.    

The outcome of the multiple regression analysis shows how well the regression model fits 
the observed data that served as input for this research study. This model fit refers to 
explained variance, which in this case represents a value of 15.9 percent. Therefore, the 
adjusted R² explains how much the KPI explains the variability of 'OAC/TC' ‘m ² per FTE’. 
At first sight, this value for the adjusted R² must be interpreted as a low value, therefore 
‘m² per FTE’ does not explain the variance of OAC/TC satisfactorily. Because of this low 
value for the adjusted R², it is important to discuss the level of precision regarding the 
predicted values for OAC/TC. As mentioned before in the interpretation of the value 
concerning the adjusted R² in the scenario analysis, the low value for the adjusted R² is 
still of value in providing indications and predictions regarding the scenario analysis. The 
assumptions tests and the model’s probability thresholds (p-values) ensure an unbiased 
output. Besides, the statistically significant predictor variable provided the outcome with 
a regression coefficient. The significant coefficient of the regression equation still 
represents the mean change in the ‘OAC/TC’ for one unit of change in the KPI ‘m² per FTE’. 
However, because of the low adjusted R², the precision of the predicted values may not be 
taken for granted in terms of predicting exact numbers.  

Therefore, the outcome of the predicted values is represented in terms of ∆�̂� , which 
represent the proportionate change in the (retroactively) predicted values for 2017 and 
the predicted values regarding the scenarios.  However, the indication about how much 
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the hospital organizations would suffer in terms of financial continuity is too uncertain to 
make claims.  Note, that this has never been the intention in advance, as this is usually the 
case in a scenario analysis. On the other hand, the confidence interval regarding the 
regression line is significantly smaller for the middle-sized values of ‘m² per FTE’. 
Therefore, this outcome regarding the mean of the regression model, can be assumed to 
be more reliable than the other observations of the regression model. Because of this, it 
can be stated that, together, all the values for ∆�̂� corresponding to the range  30 - 55 ‘m² 
per FTE’ provide a generalizable outcome that represents this group of hospital 
organizations, which account for approximately 82 percent of the sample.   

 

5.2 REFLECTION EXPECTATIONS VS. RESULTS 

The motivation for executing this research was partly due to a statement in a publication 
of ARCADIS in which they stated that by 2040 the need for user-surface-area would be 40 
percent lower than the current amount of user-surface-area. This publication also 
mentioned that the current level of price pressure in the cure sector is partly because of 
the constant cost component of accommodation costs, which remain constant while the 
production volumes in hospital organizations are expected to decrease. These statements 
indicate that, as a result, the financial continuity of hospital organizations will be unstable 
in the future. 

Therefore, it was expected that the level of overcapacity would be significantly influencing 
the accommodation costs of hospital organizations. Because of these high expectations, 
the results of the MRA were disappointing in terms of the explained variance of the 
dependent variable ‘OAC/TC’. However, afterward this can be explained by the fact that 
only one KPI turned out to be statistically significant. Therefore, the noteworthy aspect of 
the outcome of the MRA is more about the fact that only one of the four examined 
predictor variables are considered to be statistically significant in relation to the 
proportion of the accommodation costs. 

The explanation behind these remarkable results is hard to define. The low level of 
explained variance is expected to be ensured due to the countless other variables that 
influence the dependent variable ‘OAC/TC’. Note that besides the accommodation costs 
the total costs of a hospital organization are also present in the dependent variable. 
Therefore, the output of the MRA would have been different if monetized variables were 
included, as they would have more common grounds with Total Costs-value of the 
dependent variable, and therefore also possibly ensure endogeneity. This statement is 
confirmed by the results of regression models that were executed while including 
monetized variables that were comprised with one of the three key components of the 
term overcapacity and added monetized KPIs. For example, KPIs that correspond to the 
components of the BDO benchmark study regarding the financial continuity of Dutch 
hospital organizations (BDO Accountants, 2018). However, as mentioned before in the 
defining-process of the KPIs regarding overcapacity, it was a deliberate decision to not 
choose this path in terms of defining the variables for the regression model.  

Therefore, it was at first somewhat disappointing and unexpected that ‘m² per FTE’ was 
the only statistically significant predictor in the regression model. Nevertheless, after 
finishing the data analysis, it can be put into perspective due to the severity of the staff 
shortage problem in the cure sector as it turns out that the staff shortage problem is 
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named as the current largest issue in the cure sector. There are several practical examples 
in which hospitals experience vacancy due to the shortage of personnel. This can be traced 
back to lower production volumes, and as a consequence to lower costs in general. While 
this was happening the user-floor-areas of the hospital organizations generally remained 
the same. Therefore, it is assumed plausible that this represents one example of how the 
ratio ‘m² per FTE’ is likely to affect the dependent variable ‘OAC/TC’.  

The conclusion of the scenario analysis shows that two components of the predictor 
variable ‘m² per FTE’ are not always reinforcing each other in the established trends of 
the literature study. It appears that there are trends in which both the user-floor-area and 
the number of FTE decrease, whereby the effect of both components is outbalancing the 
other, as the concerned KPI is defined as m²/ FTE. From this it can be stated that ‘m² per 
FTE’ is not a full representation of the term ‘overcapacity’, but it relates to inefficient use 
in terms of floor-capacity. Since, the ARCADIS report predicted that by 2040 the 
overcapacity levels could rise to 40 percent, where the scenarios in this research only 
account for an increase in the level of the inefficient use of floor-capacity of approximately 
22 percent in the ‘expected long-term scenario’. In the worse-than-expected long-term 
scenario, this value refers to an increase of approximately 30 percent. Additionally, the 
difference in severity regarding the modifications are not unexpected, because this study 
only accounts for ‘m² per FTE’ and not for all the other KPIs which were assumed to be 
necessary for defining the level of overcapacity. Therefore, the difference in the severity 
of the modifications between this analysis, and the findings of ARCADIS can also be 
referred back to the low value in the MRA regarding the model fit, as this value only 
emerged from the KPI ‘m² per FTE’, and not from overcapacity in general.  

The last step in the scenario analysis represents the translation of the value of ∆�̂� 
regarding ‘OAC/TC’ towards the financial continuity of the hospital organization. ∆�̂� 
represents the difference in ‘OAC/TC’ for two moments in time for the same hospital 
organization. Despite the fact that it is clear that these exact amounts are sensitive and 
therefore only capable of providing an indication, a few remarks still have to be made. The 
value that is used to provide an indication about the change in the financial continuity of 
a hospital organization corresponds to the yield. Therefore, it refers to the cost efficiency 
level of the hospital organization. Yield represents only one of the five KPIs that is used to 
define the financial continuity. The other four remaining KPIs that contribute to the 
definition of financial continuity are: solvency, current ratio, debt-service-coverage-ratio, 
and the profitability (BDO Accountants, 2018). Because of the complexity of this 
definition, it was decided to only evaluate the yield of the hospital organizations. 
Therefore, the understanding of ‘financial continuity’ is not fully covered in the scenario 
analysis. However, contingent on the assumption that all other variables are fixed, ∆�̂� 
does provide insight about how this theoretical magnitude of ∆�̂� would relate to the yields 
of hospital organizations in 2017, and what this means regarding the financial continuity.  

The results for ∆�̂� are, despite the uncertainty, unexpected. Especially in the long-term 
scenario the values for ∆�̂�  are very significant, of which some values even hint on 
potential bankruptcies. The prediction intervals indicate that these values for ∆�̂� can vary. 
Nevertheless, these values emerged from the modifications of only one KPI, of which it is 
also declared that it does not fully represent the concept of overcapacity. Therefore, it is 
assumed that the actual values for ∆�̂�  in the scenarios will be even larger in reality, 
because of all the other influences apart from the KPI ‘m² per FTE’. These other influences 
were excluded from the trend analysis, as it appeared that they were not statistically 
significant according to this research. This means that they were also excluded from the 
determination-process of the modifications in the scenario analysis. Therefore, they may 
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not be mistaken for the modifications of the ARCADIS-report, which stated that the level 
of overcapacity in hospitals would increase up to 40 percent by 2040, they do not specify 
particular modifications regarding inefficient use of floor-capacity. 

The findings of the literature study show that there are also some severe trends to detect 
in terms of the capital costs, which represents the other component of the accommodation 
costs according to the NEN 2699. The capital costs were not included in this data analysis, 
as it turned out that none of the KPIs had a statistically significant relationship with the 
dependent variable ‘OAC/TC’. Nevertheless, it is assumed that the consequences of these 
trends will also influence the financial continuity of hospital organizations. This only 
strengthens the call for awareness regarding the increasing financial pressure, as a 
consequence of the expected growing levels of overcapacity in the Dutch cure sector. 

 

5.3 NEW INSIGHTS REGARDING THE KNOWLEDGE 
GAP 

The findings of this research contribute to the (early) research field of overcapacity, and 
therefore, Corporate Real Estate Management in the cure sector. Compared to the 
research area of efficiency in offices, this research field about the severity of overcapacity 
in hospital organizations is almost untouched yet. Several studies investigated real estate 
strategies in terms of cost reduction and increasing productivity. The same goes for 
studies about making the right choices in terms of deciding the right real estate strategy, 
or how it can add value to the healthcare organization. However, what separates these 
studies with this report, is that this research study focusses on the level of overcapacity, 
and the severity of its potential consequences regarding the future.  

This study must be taken as an exploratory research of which the intention was to gain 
insight into the severity of the problem of which it is expected to grow in size in the future 
significantly. The findings of this study provide the corresponding research field with 
insights regarding the characteristics overcapacity, of which it was first unknown that 
these aspects are statistically significant concerning the operational accommodation costs 
of hospital organizations. Something, that is worth diving into in further investigation. 

In addition, the urgency for filling the practical knowledge about this research topic is 
now probably more urgent than it has ever been before, as overcapacity in the cure sector 
has never been considered much of a problem before, as the funding of hospital real estate 
always has been guaranteed up until 2012. On top of that comes the fact that the 
introduction of the market mechanism in the cure sector has caused several trends that 
are also exerting pressure on the financial continuity of hospital organizations. In some 
cases, the staff shortage problem even results in empty beds and patients being rejected 
in the call for help just because there are too few employees to cope with the demand. 
2018 was also the year of several bankruptcies in the cure sector. Something that only 
happened once before, in the past 25 years.  

An important finding of this research is the statistically significant relationship between 
‘m² per FTE’ and the proportionate value of the operational accommodation costs of a 
hospital organization. As regards to the research field, this is ‘proof-of-concept’ in terms 
of statistical evidence that the level of overcapacity is influencing ‘OAC/TC’. Another 
important aspect of this research is the trend analysis and its corresponding modification 
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regarding ‘m² per FTE’. Finally, this study becomes practical in the scenario analysis, in 
which the magnitude for ∆�̂�  has been established, this provides new insights for the 
hospital directional boards. Instead of evaluating ‘real estate added values’, this study 
indicates how real estate could harm the Dutch hospital organizations if no measures 
regarding overcapacity will be executed. 

The establishment of the KPIs regarding overcapacity is also something that is new to the 
research field of CREM in the Dutch cure sector. By integrating user-floor-areas it was 
possible to define value parameters to better represent the size of a hospital. Before, only 
the number of beds was used to indicate the size of a hospital organization. 

Finally, this is the first explorative research regarding the research field of CREM in the 
Dutch cure sector, that contains a quantitative analysis in which the exact relationship 
between several KPIs and the cost efficiency level of the accommodation costs is evaluated 
in quantitative research. Therefore, all the new insights that are mentioned above, makes 
them again relevant regarding the already existing literature of CREM in the Dutch cure 
sector.  
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6 .  R E CO M M E N DAT I O N S  

The scientific recommendations that have emerged from this research are divided in 
recommendations regarding the level of overcapacity and recommendations regarding 
other real estate related subjects of which it became clear that they are also likely to 
influence the financial continuity of the Dutch hospital organizations. This research will be 
completed with managerial implications in which hospital real estate managers will be 
advised on how to respond on the growing problem of overcapacity in the cure sector. 

 

6.1 SCIENTIFIC RECOMMENDATIONS 

At first, it would be useful if the data regarding the user-floor-area is more accessible for 
scientific research. It appeared to be a troublesome process to obtain the square-meters 
of hospital organizations. ARCADIS was the only party that had data regarding this matter. 
Data about surface areas could potentially be a great asset in terms of efficiency studies. 
Therefore, it is recommended to include these numbers in the application forms of the 
annual accounts of which healthcare institutes are obliged to hand in their results. In this 
case, these numbers would also be represented in the DigiMV-database which serves as 
input in a lot of research regarding the Dutch healthcare sector. Also, the real estate 
volumes in the cure sector would be updated every year, which would increase the 
reliability and lower the threshold for new studies regarding this subject.  

To get more involved, the data used in this research about the user-surface-area 
represents the total net floor area. The predictor variable ‘m² per FTE’ is, therefore, a 
portrayal of the whole building. It would be interesting to see, what the results would be 
if this number of m² would be represented by only the floor areas of the workspaces of 
the concerned FTEs since this would provide a more reliable image of the efficiency 
regarding the space usage of FTEs. For now, this data does not exist yet on a large scale. 
However, some hospitals actually do have this kind of data. The KPI ‘m² per FTE’ could, 
therefore, be investigated through a case study. The outcome of such a study could 
provide insight into the factors that are responsible for the statistically significant 
relationship between ‘m² per FTE’ and ‘OAC/TC’.  

One limitation of this study is the small sample size because there are just no more 
hospital organizations in the Netherlands. In order to obtain a more reliable outcome, this 
study could also be executed in countries that are larger. Even though most healthcare 
systems are different from the Dutch healthcare system, the outcome could still be 
comparable to this research. As it appears that the level of overcapacity is not entirely 
depending on the type of the healthcare system. Most trends that are ensuring 
overcapacity in the future, like the aging of the population and technological innovations 
are also active abroad. Note, that the privatization of the Dutch cure sector does play a 
major role in causing financial pressure on the hospital organizations. Therefore, it is 
assumed necessary that the investigated healthcare system should be privatized as well. 

This research did not prove causality between the level of overcapacity and the ‘OAC/TC’. 
In order to prove causality, a randomized controlled experiment has to be included in an 
investigation. If a research sample only contains observational data, it is only possible to 
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speculate or hypothesize about causal relationships. Therefore, it would be interesting to 
test for causality by using a case study that contains a controlled experiment with two 
groups of hospital organizations in the same hospital category, that would be investigated 
over time. In this case, it provides the opportunity to test for a causal relationship between 
the level of overcapacity and the proportion of operational accommodation costs. Note, 
that the figures regarding the production volumes and user-floor-areas should be updated 
every year. Something, that nowadays is not available yet.  

When hospital organizations are about to respond to the increasing level of overcapacity 
by using real estate implementations, it will be crucial to have representative reference 
material. Because of the diversity between the general hospital organizations in the Dutch 
cure sector it is impossible to make a concrete boundary in the definition of when a 
hospital is dealing with overcapacity. Therefore, it would be extremely valuable if a 
database will arise, in which all real estate implementations regarding overcapacity will 
be bundled together, including the corresponding levels of overcapacity before and after 
the implementation. This database could therefore be used to execute a benchmark study, 
which could then be filtered for different building volumes. A comparison with a hospital 
that has approximately the same building volume and real estate characteristics is 
expected to have more or less the same level of overcapacity. Therefore, real estate 
implementations concerning that hospital organization would be a better representation, 
than the mean of the cure sector. I would like to recommend the Dutch Association of 
Hospitals (NVZ) to address this idea to the market, as they have the connections and data 
of these hospitals. This would mean that every real estate implementation needs to be 
evaluated in a case study. Note, that this would be a cost- and time-consuming project. 

The international research studies in the literature review indicated that the international 
research field lacked value parameters that can be applied on a large and international 
scale. Therefore, it would be useful if the 12 main value parameters in the research field 
of CREM (Jensen & van der Voordt, 2016) will be translated to the healthcare sector for 
the different categories in the Functional Zoning System of hospital real estate. This way 
future international research could be easier compared with one another. 

During the execution of the MRA, it was also considered to evaluate the different types of 
general hospital categories. It appears that the general hospital organizations in the Dutch 
cure sector can be divided into three categories: (i) Cooperating general hospitals (Dutch 
abbreviation: SAZ), which can be assumed as small-sized regional hospitals.  (ii) Advanced 
Clinical Care Hospitals (Dutch abbreviation: STZ), which represent the larger top clinical 
hospitals. (iii) ‘Other’ hospitals (Dutch abbreviation: OvA), which represent the ‘other’ 
hospital organizations with a middle-sized surface area. The question is if these categories 
will have different results regarding the level of overcapacity.  Therefore, it is recommend 
to find out if the three categories show mutual differences, while examining the relation 
of the proportionate accommodation costs with the established KPIs of overcapacity. It 
would then be advised to conduct this research in a country that is larger than the 
Netherlands, as one of the three types of hospital organizations (the ‘other’ middle-sized 
hospitals) is not well-represented in the Netherlands. This also accounts for the academic 
hospital organizations in the Netherlands, which were excluded in this research for two 
reasons. First, these hospitals were assumed to be too different from the general hospitals 
regarding their academic functions. Secondly, the corresponding sample-size is too small, 
as there are only nine of these academic hospitals in the Netherlands.   
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6.2 PRACTICAL RECOMMENDATIONS 

One finding in the literature study - off topic in terms of overcapacity - deserves further 
attention in terms of a practical recommendation towards the policymakers of the Dutch 
cure sector. This concerns the ‘book value problem’ that also causes financial pressure 
regarding the financial continuity of hospital organizations.  

The book value problem originated in the years of the transition in the cure sector, as a 
result of the introduction of the market mechanism. This transition was accompanied by 
a new way of remunerating hospital real estate. Since 2012, hospital real estate has been 
valued according to business principles in which the financial responsibility has been 
deposited with the hospital organizations. The remuneration of the real estate is since 
then integrated into the tariffs of the DTCs and therefore depending on the production 
volumes.  

Besides, the remuneration regarding the corresponding capital costs has been dissolved 
entirely at the end of 2016, as the transition phase has ended. Hereafter, the remuneration 
is based on the Normative Accommodation Component which is part of the production 
based funding system. As a result, the possibility arises that cash flows are starting to get 
unbalanced, while the revenues of the accommodation remuneration will not always be 
in line with the costs of capital (Maltha, 2008). Repayments will ensure a decline in capital 
costs, with some upsurges caused by reinvestments. These fluctuations will ensure 
unbalanced cash flows, which will impede possible funding structures for renovations or 
new buildings (van der Wal, 2015). Therefore, lower production volumes lead to lower 
budgets regarding maintenance or financial buffers. 

Because of these developments, an intrinsic motivation – or even necessity – to increase 
production volumes has emerged. This inconsistency regarding the desired and forced 
redundancies in terms of moderating the production volumes is therefore inevitable (dr 
Kreis, 2013). Because of these developments, Australia already decided to waive the 
integration of the remuneration of real estate in the DTC-tariffs, because this led to 
unequal conditions of competition between the hospital organizations who are operating 
in a new location which is financed in terms of the regulations of the old regime. Moreover, 
hospital organizations who are operating in a depreciated building, with the intention to 
build a new hospital but where one does not get the financing due to the new regime 
(Verweij & Bisschop, 2006).  

Even though the construction of a new building was planned for, new stricter building-
related requirements may enforce hospital organizations to conduct the necessary 
renovations. This involves large amounts of money in a short period of time. As a 
consequence, the building plans regarding a new hospital are endangered, and short-term 
funding problems arise (Kreis, 2013). To conclude, this vicious circle amplifies the 
problems for the hospital organizations that are already operating in outdated real estate, 
which leads to unequal conditions of competition in the Dutch cure sector. 

Because of the arguments above, I would like to take this opportunity to recommend the 
Dutch Ministry of Healthcare to exclude the remuneration of real estate from the 
production-based funding system, and finance research in which the validity and 
applicability of other real estate-related remuneration systems (regarding foreign 
countries) can be investigated.  
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The solution to prevent severe overcapacity from happening in the cure sector is to 
control and monitor the level of overcapacity carefully. This provides the opportunity for 
hospital organizations to respond in time adequately. As a consequence, they can change 
their healthcare supply, or find other functions to accommodate their real estate. 
Therefore, it can be of great value to investigate the hospital organizations who have 
already walked this path before in a case study. This will provide insight into the do’s and 
don’ts regarding these potential solutions. For example, the ‘Spijkenisse MC’ is the 
breathing evidence of how to successfully rearrange the healthcare supply, which also 
involves the new interpretation of the hospital real estate.  

By making it clear how the accommodation strategy will serve the goals of the 
organization, and by constantly monitoring the (mis)match between the real estate 
portfolio and the demand in user-surface-area, it will be possible to proactively anticipate 
on the future demands in terms of real estate volumes. Therefore, managerial implications 
have been established in order to provide insight on how to deal with overcapacity in 
hospital organizations.  

 

6.3 MANAGERIAL IMPLICATIONS 

If I was asked to advise a management team of a hospital organization, I would start with 
imaging the severity of the concerning level of overcapacity in that particular hospital 
organization. In order to (statistically) detect overcapacity, it is recommended to start 
actively monitoring the KPIs regarding overcapacity. Especially, the KPI ‘m² per FTE’ as it 
appears that this KPI has a statistically significant relationship with the cost efficiency level 
of the accommodation costs.  

 

STEP 1: MONITORING OVERCAPACITY 

Detecting overcapacity can be done in several ways. It could be done the same way as it 
was done in this research, by consulting the DigiMV database. However, this would 
require a clear null point in terms of a concrete boundary that shows when there is actual 
overcapacity (or ‘undercapacity’). It would also be more reliable to discuss these numbers 
with the supervisors concerning the hospital to put the values into perspective. After the 
detection of overcapacity, a (historical) case study has to be carefully executed, as it 
appeared that the documentation about production volumes has changed in the past 
decade. This case study will monitor the movements of the trendlines that refer to the 
significant KPIs.  

Thereafter, the historical data will be compared with the new data that is retrieved  in the 
detection process. There are now at least two moments in time, in which the difference 
between the corresponding values will represent a positive or negative effect in terms of 
the level of overcapacity. The outcome of this case study, could be compared with the 
mean outcome of this research study to get an idea of the severity. However, as stated 
before, a comparison with a hospital organization that is approximately the same would 
be of more value in terms of interpreting the value of ∆�̂�. 
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STEP 2: CONTROLLING OVERCAPACITY 

When the severity of the value for ∆�̂� is known. The management team can decide on how 
to anticipate on this value. If the trendlines of the KPIs indicate an unperturbed increasing 
movement in terms of overcapacity, a hospital organization should aim for real estate 
implementations in which they ensure a process of controlled shrinkage, in order to 
protect the organization from unnecessary expenses. This means that they need to make 
sure which functions can be repelled from their hospital organization in order to stop the 
expanding level of overcapacity. Based on the finding of this research, it is assumed that 
this will result in more outpatient-poly-clinics in which relatively short DTCs can be 
quickly dealt with, as a consequence this would lead to less nursing beds. If the level of 
overcapacity becomes substantial it is time to actively act on the potential vacancy that is 
about to show up.  

 

STEP 3:  ACTING ON OVERCAPACITY  

When vacancy starts to occur in hospital organizations hospital managers need to make 
sure which functions apart from the hospital can be housed in their real estate in the long-
term, as this study made clear that a potential solution to this problem is to find third 
parties that can fill up the vacant place.  

It appears from this research, the ‘number of FTE’ is part the significant variable that 
influences the cost efficiency level of the accommodation costs. However, this is exactly 
the problem, due to the staff shortage in the cure sector. In the short-term the demand in 
healthcare is growing due to the aging population. Therefore, the demand for care  is not 
necessarily the problem in ‘solving’ overcapacity. It appears to be the staff shortage 
problem. Therefore, hospital organization cannot grow their FTE-capacity. Because of 
that, it is recommended to find solutions in other ways, for example technological 
innovation. A German study executed by Fiolet (2005) finds that the work-process in the 
Rhön-Klinikum is significantly improved by modern communication technology. They 
also implemented performance-based rewards for permanent employees, and the 
infrastructure of the hospital logistics is designed so that it provides the opportunity  to 
change the volume of the workforce by means of the healthcare demands. They Rhön-
Klinikum claims that their need for staff regarding their supporting functions has 
decreased with 25 percent (van der Voordt, 2008).  

It is assumed that the user-floor-area (m²) is a more concrete starting point for hospital 
organizations, as this turned out to be the other component of the statistically significant 
KPI ‘m² per FTE’. Because of this, I would recommend hospital organizations to focus on 
reducing the amount of user-floor-area after noticing that the level of overcapacity – and 
therefore the unnecessary expenses - is growing in size. At the moment that overcapacity 
threatens to emerge in vacancy, it is advised to find third parties that fit the hospital 
environments and provide cash flow while renting out the real estate in the long-term.  

  



114 | P a g e  
 

7 .  S O U RC E S  

Aalst, van der  M. (2018). Factsheet Zorg | UWV | Over UWV. Factsheet Zorg UWV. Retrieved 
from https://www.uwv.nl/overuwv/kennis-cijfers-en-
onderzoek/arbeidsmarktinformatie/factsheet-zorg.aspx 

Algemeen ziekenhuis - de betekenis volgens CBS. (n.d.). Retrieved June 6, 2018, from 
https://www.ensie.nl/cbs/algemeen-ziekenhuis 

Andrews, Rhys, George A. Boyne, Richard M. Walker; Dimensions of Publicness and 
Organizational Performance: A Review of the Evidence, Journal of Public 
Administration Research and Theory, Volume 21, Issue suppl_3, 1 July 2011, Pages 
i301–i319, https://doi.org/10.1093/jopart/mur026 

Barské, P., Matijssen, L., & ARCADIS. (2017). Groeiende zorg, krimpende ziekenhuizen (Vol. 
31). 

Bartlett, J. (2013). Assumptions for linear regression – The Stats Geek. Retrieved February 4, 
2019, from http://thestatsgeek.com/2013/08/07/assumptions-for-linear-regression/ 

BDO - VAN DEN HAAK, C. (2017). BDO-BENCHMARK ZIEKENHUIZEN 2017. 

BDO Accountants. (2018). BDO-Benchmark Ziekenhuizen 2018. 

Berger, R., & ten Katen, M. (2016). “Leegstand zorgvastgoed groot probleem voor 
zorginstellingen” | Het Financieele Dagblad. Financieel Dagblad. Retrieved from 
https://fd.nl/economie-politiek/1173387/leegstand-zorgvastgoed-groot-probleem-
voor-zorginstellingen 

Beuse, R. (2016). Flexibiliteit in de bouw - Zorg voor 2020. Van bricks naar clicks. Retrieved 
from http://www.zorgvoor2020.nl/hoofdstuk/8/ 

Björnberg, P. A. (2018). Euro Health Consumer Index 2017. Retrieved from 
http://www.healthpowerhouse.com/index.php?Itemid=55 

Botter, R. J. (2013). Derivaten in de publieke sector. 

Botter, R. J. (2018). Derivative. Retrieved September 24, 2018, from 
https://www.investopedia.com/terms/d/derivative.asp 

Boussabaine, Sliteen, Catarina, (2012) "The impact of hospital bed use on healthcare facilities 
operational costs: The French perspective", Facilities, Vol. 30 Issue: 1/2, pp.40-55, 
https://doi.org/10.1108/02632771211194266 

Bovend’eerdt, T. H. M. (2011). Eerste hulp bij ziekenhuisvastgoed. 

Brownlee, J. (2018). How to Use Statistics to Identify Outliers in Data. Retrieved February 4, 
2019, from https://machinelearningmastery.com/how-to-use-statistics-to-identify-
outliers-in-data/ 

Bulmer, M. G. 1979. Principles of Statistics. Dover. 

Campman, S. (2013). Vastgoedfinanciering in de cure-sector. TU Delft. 

CAOP. (2017). AZW Branche- rapportage Branche Ziekenhuizen & UMC’s. 

CBS Statline. (2017). CBS StatLine - Regionale prognose 2017-2040; bevolking, intervallen, 



115 | P a g e  
 

regio-indeling 2015. Retrieved October 16, 2018, from 
http://statline.cbs.nl/StatWeb/publication/?DM=SLNL&PA=83491NED 

CBZ. Investeringskosten per productieparameter (2005). 

CBZ, 2006. (2006). Vastgoedbeheer in de GGZ Signaleringsrapport. Utrecht. 

Cook, R. D., & Weisberg, S. (1982). Criticism and Influence Analysis in Regression. 
Sociological Methodology, 13, 313. https://doi.org/10.2307/270724 

College bouw zorginstellingen (2006), Normatieve kapitaallastencomponenten: prestaties op 
juiste waarde geschat, 8 Mei 2006 

College bouw zorginstellingen (2006), Normatieve kapitaallastencomponenten: prestaties op 
juiste waarde geschat, 8 Mei 2006 

Cumming, G. (2012), Understanding The New Statistics: Effect Sizes, Confidence Intervals, 
and Meta-Analysis (Multivariate Applications Series) . New York: Routledge. 

de Goeij, T. (2017). Organisatie van ziekenhuizen en medische staven Thema ’ s : 
Stafdiensten en adviesorganen :, 1–9. 

den Hartog, M., Janssen, R., Haselbekke, B. J., Croes, R., & Klik, M. (2013). Factors associated 
with hospital closure and merger: A survival analysis of Dutch hospitals from 1978 to 
2010. Health Services Management Research, 26(1), 1–8. 
http://doi.org/10.1177/0951484813481768 

dr Kreis, R. (2013). Vastgoedkosten horen niet in dbc’s | medischcontact. Retrieved February 
8, 2019, from https://www.medischcontact.nl/nieuws/laatste-
nieuws/artikel/vastgoedkosten-horen-niet-in-dbcs.htm 

de Koning, A. (2017, May 30). Miljoenenverlies maakt einde aan ‘volledig’ Havenziekenhuis | 
Rotterdam | AD.nl. Algemeen Dagblad. Retrieved from 
https://www.ad.nl/rotterdam/miljoenenverlies-maakt-einde-aan-enlsquo-
volledigenrsquo-havenziekenhuis~ab91a042/ 

de Kruif, I. (2018). Zorg komt steeds meer personeel tekort: “We moeten nu nee verkopen” | 
Nieuwsuur. Retrieved January 22, 2019, from 
https://nos.nl/nieuwsuur/artikel/2257408-zorg-komt-steeds-meer-personeel-tekort-
we-moeten-nu-nee-verkopen.html 

de Vries, M., & Kossen, J. (2018). This Is How Dutch Healthcare Works. Argumenten Fabriek 
(2018th ed.). De Argumenten Fabriek. Retrieved from 
https://www.managementboek.nl/boek/9789082329339/this-is-how-dutch-
healthcare-works-engels-maaike-de-vries  

DHD. (2016). Toekomst van ziekenhuiszorg onderzoek fnv. EJZ. 

DHD. (2017). DHD - Kengetallen_Statistiek_2016. DHD - Zorg voor Data. Retrieved from 
https://www.dhd.nl/producten-diensten/ejz/Paginas/Archief-rapportage-ejz.aspx 

Dodgson, J., Spackman, M., Pearman, A., & Phillips, L. (2001). DTLR multi-criteria analysis 
manual. UK: National Economic Research Associates. Retrieved from 
http://scholar.google.com/scholar?hl=en&btnG=Search&q=intitle:DTLR+multi-
criteria+analysis+manual#0 

Driel, A. van (2003), Strategische inzet van vastgoed. Nieuwegein: Arko uitgeverij BV 

Editorial office Gastvrijezorg. (2017). Gezondheidszorg Nederland in top 10 - Gastvrijezorg. 



116 | P a g e  
 

Retrieved March 9, 2018, from http://www.gastvrijezorg.nl/mens-
gedrag/nieuws/2017/5/gezondheidszorg-nederland-top-10-10121744 

Ensie. (2013). Capaciteit - de betekenis volgens Redactie Ensie. Retrieved February 1, 2019, 
from https://www.ensie.nl/redactie-ensie/capaciteit 

Facts - Deventer Ziekenhuis. (n.d.). Retrieved December 13, 2018, from 
https://www.dz.nl/Organisatie/gebouw/Paginas/Facts.aspx 

Feijts, B. (2006). Haalt u het beste uit uw huisvesting? Technische Universiteit Eindhoven. 
Eindhoven. 

Fidler, A. H., Haslinger, R. R., Hofmarcher, M. M., Jesse, M., & Palu, T. (2007). Incorporation of 
public hospitals: A “Silver Bullet” against overcapacity, managerial bottlenecks and 
resource constraints?. Case studies from Austria and Estonia. Health Policy, 81(2–3), 
328–338. https://doi.org/10.1016/j.healthpol.2006.06.007 

Flynn, T. N., & Marley, A. A. J. (2014). Best worst scaling: Theory and methods. Handbook of 
Choice Modelling, 178–201. http://doi.org/10.1017/CBO9781107337855.010 

FNV. (2016). Rapport werkdruk in universiteiten. Retrieved from 
http://www.publicatiesarbeidsmarktzorgenwelzijn.nl/werkdruk-in-ziekenhuizen-
ziekenhuisbarometer-2016/ 

Frost, J. (2017). Five Regression Analysis Tips to Avoid Common Problems - Statistics By Jim. 
Retrieved February 13, 2019, from http://statisticsbyjim.com/regression/regression-
analysis-tips/ 

Frost, J. (2018). How To Interpret R-squared in Regression Analysis - Statistics By Jim. 
Retrieved January 30, 2019, from http://statisticsbyjim.com/regression/interpret-r-
squared-regression/ 

Frost, J. (2019). Prediction intervals - Statistics By Jim. Retrieved January 31, 2019, from 
http://statisticsbyjim.com/glossary/prediction-intervals/ 

Geest, J., “De zorg wordt net een echt bedrijf”, Real Estate Magazine, 51: 16-19, 2007. 

Gossart, D., Meskens, N., & Guinet, A. (2010). Strategic and Tactical Hospital Bed Management 
in Belgium and in France, 243–250. https://doi.org/10.1007/978-3-642-15961-9_29 

Hasselt, C. van (2005), Corporate Real Estate Management in de ziekenhuiszorg, Delft: TU. 

Hemmen, P.M.A. van (2004), Het vastgoedproces van de rijksoverheid, Amsterdam: ASRE 
Research Publications. 

Hilgers, E. (2017). Andere zorg met eenbedskamers. Retrieved from 
https://www.erasmusmc.nl/nieuwbouw-www/3268407/ArtklScEenperskmrsNov07 

HOENDERVANGER, J.G., VOORDT, T. van der, WIJNJA, J. (2012) Huisvestingsmanagement, 
van stra-tegie tot exploitatie, Groningen/Houten: Noordhoff Uitgevers BV. 

Huisman, E. R. C. M., Morales, E., van Hoof, J., & Kort, H. S. M. (2012). Healing environment: A 
review of the impact of physical environmental factors on users. Building and 
Environment, 58, 70–80. http://doi.org/10.1016/j.buildenv.2012.06.016 

Investopedia. (n.d.). Solvency. Retrieved October 2, 2018, from 
https://www.investopedia.com/terms/s/solvency.asp 

Jaarverantwoording. (2018). DigiMV-Dataset 2017. den Haag: Ministerie van 



117 | P a g e  
 

Volksgezondheid, Welzijn en Sport. Retrieved from Jaarverantwoordingzorg.nl 

Janssen, P. dr. R. T. J. M. (2018). Het onzekere voor het zekere , tweebenig besturen in de 
zorg. 

Jaques, T. (2016). Financiering medisch specialistische zorg • Legalee. Retrieved October 4, 
2018, from https://legalee.nl/financiering-medisch-specialistische-zorg/ 

Jukito. (2012). Gezondheidszorg in Nederland, cure vs. care | Mens en Gezondheid: Diversen. 
Retrieved March 9, 2018, from https://mens-en-
gezondheid.infonu.nl/diversen/95713-gezondheidszorg-in-nederland-cure-vs-
care.html 

Joroff, M., M. Lovergand, S. Lambert, F. Becker (1993), Strategic management of the fifth 
resource: corporate real estate. Report no.49, Industrial Development Research 
Foundation (IDRC), Atlanta GA en Massachusetts Institute of Technology (MIT). 

Kemp, R., Leijh-Smit, M.-L., Schep, K., & Schep, K. (2015). Concentratietoezicht ACM in de 
ziekenhuissector. Inzicht in en reflectie op de praktijk. Markt &amp; Management, (3). 
Retrieved from 
https://www.volksgezondheidenzorg.info/onderwerp/ziekenhuiszorg/cijfers-
context/aanbod#node-aantal-instellingen-voor-medisch-specialistische-zorg 

Kemp Assurantiën. (n.d.). Bedrijfsgebouwverzekering - Beterverzekeren. Retrieved February 
1, 2019, from 
https://www.beterverzekeren.nl/bedrijfsverzekeringen/bedrijfsgebouwverzekering/v
ergelijken/ 

Kenton, W. (2018). Statistically Significant. Retrieved February 5, 2019, from 
https://www.investopedia.com/terms/s/statistically_significant.asp 

Kersten, S. (2017). “Tekort zorgmedewerkers loopt hard op” | medischcontact. Retrieved 
May 8, 2018, from https://www.medischcontact.nl/nieuws/laatste-
nieuws/artikel/tekort-zorgmedewerkers-loopt-hard-op.htm 

Kooman, A. (2006), Rol van vastgoed bij fusies en overnames, Delft: TU Bouwkunde 

Krijgsman, J., Peeters, J., Burghouts, A., Jong, J. de, Heijmans, M., Beenkens, F., … Gennip, L. 
van. (2016). “Dan kan ik er misschien zelf iets aan doen”: tussenrapportage eHealth-
monitor 2015. Retrieved from 
http://www.narcis.nl/publication/RecordID/publicat:1002589 

Louviere, J. J., Flynn, T. N., & Marley, A. A. J. (n.d.). Best-worst scaling : theory, methods and 
applications. Retrieved from 
http://www.cambridge.org/us/academic/subjects/economics/econometrics-
statistics-and-mathematical-economics/best-worst-scaling-theory-methods-and-
applications#0XwxpBPg1COMhTam.97 

Laerd Statistics. (n.d.). How to perform a Multiple Regression Analysis in SPSS Statistics | 
Laerd Statistics. Retrieved November 20, 2018, from https://statistics.laerd.com/spss-
tutorials/multiple-regression-using-spss-statistics.php 

Leemans, R. (n.d.). SCENARIO ANALYSIS. Wageningen: Wageningen University. Retrieved 
from https://www.pik-
potsdam.de/avec/peyresq2005/talks/0921/leemans/presentation_leemans_21.pdf 

Leenders, L. (2010). Ziekenhuizen in de competitie - mogelijkheden om te concurreren met 
ziekenhuisvastgoed. TU Delft. https://doi.org/10.15713/ins.mmj.3 



118 | P a g e  
 

Lavy, S., & Shohet, I. M. (2009). Integrated healthcare facilities maintenance management 
model: case studies. Emerald Insight, 107–119. 
https://doi.org/10.1108/02632770910933134 

Limburg,  red. W. (RIVM). (2017). Fusies tussen ziekenhuizen 2015-2017. Retrieved 
November 1, 2018, from 
https://www.volksgezondheidenzorg.info/onderwerp/ziekenhuiszorg/cijfers-
context/aanbod#node-fusies-tussen-ziekenhuizen 

Maltha, A. H. (2008). Bedrijfsmatig met zorgvastgoed omgaan. 

Mba, M. J. P. (2016). om flexibel zorgvastgoed, (3), 1–4. 

Meijer, W. (2017). Handreiking kengetallen Benchmark zorgvastgoed Bouwkostennota 2017. 
Adviescentrum voor Zorghuisvesting. 

Meneguzzo, M., Fiorani, G., & Frondizi, R. (2018). Outcome-Based Performance Management 
in the Public Sector, 2, 349–370. https://doi.org/10.1007/978-3-319-57018-1 

Ministerie van Volksgezondheid, NVZ, NFU, ZKN, FMS, ZN, … VWS. (2018). 
Hoofdlijnenakkoord Ministerie van VWS, (april 2018), 1–12. 

Ministerie van VWS. (2018). Jaarverantwoording aanbieders van zorg (2018). Den Haag. 

Minitab. (2013). Multiple Regression Analysis: Use Adjusted R-Squared and Predicted R-
Squared to Include the Correct Number of Variables. Retrieved February 13, 2019, 
from http://blog.minitab.com/blog/adventures-in-statistics-2/multiple-regession-
analysis-use-adjusted-r-squared-and-predicted-r-squared-to-include-the-correct-
number-of-variables 

Molin, E. J. E. (2014). Lecture slides; Multiple regression & Logistic regression. Delft: TU Delft. 

Müller, A.F.G. (2007). Gedifferentieerd management van ziekenhuisvastgoed: een 
kwantitatieve analyses van courant versus specifiek ziekenhuisvastgoed. Amsterdam 
school of real estate, Amsterdam. 

NCSS, & LLC. (n.d.). Stepwise Regression. NCSS statistical software. Retrieved from 
https://ncss-wpengine.netdna-ssl.com/wp-
content/themes/ncss/pdf/Procedures/NCSS/Stepwise_Regression.pdf 

Nederlands Normalisatie Instituut. (2019). NEN, normalisatie en normen - NEN. Retrieved 
February 1, 2019, from https://www.nen.nl/Over-NEN.htm 

Nederlands Normalisatie Instituut (2013). NEN 2699 Investerings- en exploitatiekosten  
van onroerende zaken. Delft: Normcommissie 351202  

Nederlandse Vereniging van Ziekenhuizen. (2017). NVZ- Brancherapport 2017. 

Nederlandse Vereniging Ziekenhuizen. (2017). Brancherapport algemene ziekenhuizen 2016. 
NVZ Brancherapport. 

Nederlanse Zorgautoriteit. Definitie dagverpleging 2016, Pub. L. No. CI/15/39c (2015). 
Nederland: Nederlandse Zorgautoriteit. Retrieved from 
https://puc.overheid.nl/nza/doc/PUC_8594_22/1/ 

NOS redactie. (2013). Ziekenhuis failliet, wat nu? | NOS. Retrieved November 6, 2018, from 
https://nos.nl/artikel/521849-ziekenhuis-failliet-wat-nu.html 

NVZ. (2018). Ziekenhuiszorg in cijfers 2018. Utrecht. Retrieved from 



119 | P a g e  
 

https://ziekenhuiszorgincijfers.nl/assets/uploads/NVZ-Brancherapport-2018.pdf 

NVZ.(2012). Kapitaallasten/Bouw. Opgeroepen in 2014, van Nederlandse Vereniging 
Ziekenhuizen: 
http://www.nvz4ziekenhuizen.nl/onderwerpen/kapitaallasten4or4bouw 

Obaidullah, J. (2013). Scenario Analysis | Definition | Explanation | Example. Retrieved 
January 30, 2019, from https://xplaind.com/509433/scenario-analysis 

Osborne, J. W., & Waters, E. (2002). Four Assumptions of Multiple Regression That 
Researchers Should Always Test. - Practical Assessment, Research &amp; Evaluation. 
Practical Assessment, Research and Evaluation, 8(2), 1–5. 
https://doi.org/http://pareonline.net/getvn.asp?v=8&n=2 

Olthoff-van Paassen, J. (2007). Bouwen aan waarde. Erasmus Universiteit. Retrieved from 
https://thesis.eur.nl/pub/3972/ 

Otterdijk, Y. Van, & Haag, D. (2011). Demografische krimp en ziekenhuiszorg. 

Pawiroredjo, J. K. (2010). Flexibiliteit van Ziekenhuisvastgoed. TU Delft. 

Popping, J. (2017). Zorgbedrijfsmatige prestaties van ziekenhuizen. 

Poyrekar, S. (2015). How does skewness impact regression model? - Quora. Retrieved 
February 4, 2019, from https://www.quora.com/How-does-skewness-impact-
regression-model 

PVM. (2018). Over ons - PVM. Retrieved March 22, 2018, from https://www.p-v-m.nl/over-
ons/ 

van Reedt Dortland, A. (2008). Nieuwsbrief 4, Nesda. Retrieved from 
https://www.nesda.nl/nesda/wp-
content/uploads/2015/02/NESDA_nieuwsbrief_2008_webversie.pdf 

van Reedt Dortland, M., Voordijk, H., & Dewulf, G. (2012). Journal of Corporate Real Estate. 
Journal of Corporate Real Estate, 14 No. 3, 140–156. 
https://doi.org/10.1108/14630011211285816 

Research Analytics - Indiana University. (2018). In SPSS, how do I find outliers in my 
regression? Retrieved February 5, 2019, from https://kb.iu.edu/d/afho 

RIVM. (2018). Inventarisatie Ziekenhuislocaties RIVM. Retrieved November 1, 2018, from 
https://www.volksgezondheidenzorg.info/onderwerp/ziekenhuiszorg/regionaal-
internationaal/locaties#node-algemene-en-academische-ziekenhuizen 

Rietveld, T. (2010). PPS in de zorg, een zorg minder! Hoe krijg je een zorgrestaurant 
rendabel. Facto magazine, 1(2), 14-16. 

Rijksoverheid. (2018). Ziekenhuiszorg | Zorgprestaties | Zorgprestaties | 
Volksgezondheidenzorg.info. Retrieved June 6, 2018, from 
https://www.volksgezondheidenzorg.info/onderwerp/ziekenhuiszorg/zorgprestaties
/zorgprestaties 

Roos, A. (2018). Mergers and Competition in the Dutch Healthcare Sector. Erasmus University 
Rotterdam. 

Samson, M. (2016). “Veel Nederlandse zorg nog niet klaar voor grote veranderingen” - 
Zorgvisie. Retrieved August 2, 2018, from https://www.zorgvisie.nl/veel-nederlandse-
zorg-nog-niet-klaar-voor-grote-veranderingen/ 



120 | P a g e  
 

Sawtoothsoftware. (2018). What Can MaxDiff Best-Worst Scaling Do For You? (full+) - 
YouTube. Retrieved from https://www.youtube.com/watch?v=Uj5QE9mp3NE 

Schaap P.M., Rodermon J., Verweij M. e.a. (2007). “AU! – Bouwen aan de architectuur van de 
zorg”, Stuurgroep Architecture in Health, Utrecht. 

SCHUTTE, A., SCHOONHOVEN, P., DOLMANS-BUDE, I. (2002) Commercieel Vastgoed, 
Beren¬schot Osborne B.V./ Elsevier bedrijfsinformatie bv. 

Shanks. (2006). Causation and Experimental Design, 1999, 106–135. Retrieved from 
https://www.sagepub.com/sites/default/files/upm-
binaries/23639_Chapter_5___Causation_and_Experimental_Design.pdf 

Shiebler, D. (2017). R and R^2, the relationship between correlation and the coefficient of 
determination. Retrieved January 28, 2019, from http://danshiebler.com/2017-06-25-
metrics/ 

Siderius, S. (2014). Technologie ondergraaft klassieke ziekenhuis - Zorgvisie. Retrieved 
September 4, 2018, from https://www.zorgvisie.nl/blog/technologie-ondergraaft-
klassieke-ziekenhuis-1592336w/ 

Statistic Solutions. (2019a). Assumptions of Multiple Linear Regression - Statistics Solutions. 
Retrieved February 3, 2019, from https://www.statisticssolutions.com/assumptions-
of-multiple-linear-regression/ 

Statistic Solutions. (2019b). What is Multiple Linear Regression? - Statistics Solutions. 
Retrieved January 30, 2019, from https://www.statisticssolutions.com/what-is-
multiple-linear-regression/ 

Strand, S., & Stuart, C. (2011). 3.3 Assumptions for Multiple Regression. Retrieved February 
4, 2019, from http://www.restore.ac.uk/srme/www/fac/soc/wie/research-
new/srme/modules/mod3/3/index.html 

Surbhi, S. (2016). Difference Between Covariance and Correlation (with Comparison Chart) - 
Key Differences. Retrieved January 28, 2019, from 
https://keydifferences.com/difference-between-covariance-and-correlation.html 

van der Heul, S. (2013). Geen aanbestedingsplicht voor algemene ziekenhuizen. Retrieved 
October 18, 2018, from https://www.dirkzwager.nl/kennis/artikelen/geen-
aanbestedingsplicht-voor-algemene-ziekenhuizen/ 

Van Der Horst, A., Van Erp, F., & De Jong, J. (2011). Deelrapport 1 van het 
onderzoeksprogramma “Toekomst Zorg.” Retrieved from 
https://www.cpb.nl/sites/default/files/publicaties/download/cpb-
achtergronddocument-omgevingsscenarios-voor-gezondheid-en-zorg.pdf 

van der Voordt, T. J. M., & van der Zwart, J. (2011). Value-based design and management of 
hospital buildings. Management and Innovation for a Sustainable Built Environment, 
(June), 20–23. 

van der Wal, L. (2015). KPI’s en kosten - reducerende maatregelen voor ziekenhuisvastgoed. 
Service Magazine, juni(22/3), 52–55. 

van der Zwart, J., & van der Voordt, T. J. M. (2016). Adding Value by Hospital Real Estate: An 
Exploration of Dutch Practice. Health Environments Research and Design Journal, 9(2), 
52–68. http://doi.org/10.1177/1937586715592649 

van Hoof, J., & Wouters, E. J. M. (2012). Zorgdomotica. Retrieved June 7, 2018, from 
https://books.google.nl/books?id=7lCfAZsHThMC&pg=PA190&lpg=PA190&dq=De+de



121 | P a g e  
 

rdelijnsgezondheidszorg+is+de+dienstverlening+waar+professionele+hulpverleners+
beroep+op+kunnen+doen+voor+hun+zorgverstrekking,+zoals+gespecialiseerde+labor
atoria+of+een+expertisecen 

Verploegh, (2017) Prinicipal Consultant in Healthcare at ARCADIS. Krimpende ziekenhuizen, 
de koers voor het zorgvastgoed de komende jaren. 

Verweij, M. & Bisschop, F. (2006). Ingrijpende systeemwijziging voor financiering vastgoed. 
ZM Magazine, nr. 1 2006, p 7-10. 

Voordt, V. Der, Version, D., & Voordt, V. Der. (2002). Van ziekenhuis naar beterhuis. 

Vries, J. C., Jonge, H., & Van Der Voordt, T. J. m. (2008). Impact of real estate interventions on 
organizational performance. Journal of Corporate Real Estate, 10(3), 208–223. 
http://doi.org/10.1108/14630010810922094 

Wilhelm, J. (2014). Recommendation about testing causal relations. Retrieved February 8, 
2019, from 
https://www.researchgate.net/post/Any_recommended_techniques_for_testing_causal
_relations 

WFZ. (n.d.). Retrieved September 11, 2018, from http://www.wfz.nl/ 

Zorgautoriteit, N. BELEIDSREGEL CA-BR-1611 Invoering normatieve huisvestingscomponent 
( NHC ) en normatieve inventariscomponent ( NIC ) bestaande zorgaanbieders, Pub. L. 
No. CA-BR-1611 (2017). The Netherlands: Nederlandse Zorgautoriteit. Retrieved from 
https://www.zorgkennis.net/downloads/kennisbank/ZK-kennisbank-CA-BR-1611-
Invoering-en-tarieven-normatieve-huisvestingscomponent-NHC-en-normatieve-
inventariscomponent-NIC-bestaande-zorgaanbieders-4389.pdf 

Zorgvisie. (n.d.). Zorginkoop - Zorgvisie. Retrieved June 6, 2018, from 
https://www.zorgvisie.nl/thema/zorginkoop/#read-more 

Zwart, J. Van Der. (2011). Real estate added value and decision-making in hospital 
infrastructure. HaCIRIC International Conference 2011, (1996), 52–67. 

Zwart, J. van Der. (2014). Building for a better hospital. Value-adding management & design of 
healthcare real estate. A+BE : Architecture and the Built Environment (Vol. 4). 
http://doi.org/10.7480/abe.2014.13 

 

  



122 | P a g e  
 

7.1 INTERVIEWS 

Gerla, A (2018) – Financieel Interim Management Zorgservice XL &      
 Bouwcontroller Cathanrina Ziekenhuis Eindhoven – Brumor BV – 
 Interview 26-9-2018 

Hoogendijk, R (2018) – Innovation manager – Sint Maartenskliniek Nijmegen – 
 Interview 3 -10 -2018 

Langenbach, P (2018). Spijkenisse MC -      
 Telephone interview 12-11-2018 

Troe, K (2018) – BDO Accountants Author: Benchmarkstudy BDO 2017/2018 – 
 Interview 28-6-2018 

Vizee, A (2018). Head of real estate – Sint Anthonius Ziekenhuis –    
 Interview 20-09-2018 

  



123 | P a g e  
 

8 .  A P P E N D I C E S  

 

 

 

  

Contents Nr. Label Page 
Chapter 3.2 I. MRA: Scatterplot matrix SPSS 130 
Chapter 3.2.2.2 II. MRA assumption tests SPSS 131 
Chapter 3.2.2.3 III. MRA Output results SPSS 132 
Chapter 3.3.3.2 IV. ∆Y in percentage points  for each scenario 136 
Chapter 3.3.3.2 V. Proportion expected ∆Y vs Y2017 STO & LTO scenario 137 
Chapter 3.3.3.2 VI. Monetized values for ∆Y STO & LTO scenario 138 
Chapter 3.3.3.2 VII. Monetized values & %-points for ∆Y LTD & STD scenario 139 
    
    
    



124 | P a g e  
 

APPENDIX I. MRA SCATTERPLOT MATRIX SPSS– CHAPTER 3.2 

Shows the (linear) relationship between all intended independent variables vs 
dependent variable. In case of the dependent variable – which is situated in the top row 
– it the matrixes with no pattern at all are probably non-linear. These cases require 
further investigation.  

In terms of the indpedent variables. If there are clear pattern between the predictor 
variables, then chances are that there is multicollinearity. 
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APPENDIX II. MRA OUTPUT ASSUMPTION TESTS SPSS – CHAPTER 3.2.2.2 

Descriptives - > Explore 

 

The number that refers to skew data (skewness) can be evaluated in two ways (i) The 
value indicates (highly) skewed data if it falls outside the range of [ -1 : 1] or (ii) the value 
indicates skew data if the value is double the standard error, which represents the average 
distance that the observed values fall from the regression line (Grande, 2015). 

 

Test for normality:  

Shapiro Wilk test:  

The Shapiro-Wilk tests if the dependent variable OAC/TC is statistically significantly 
different from a normal distribution. When the p-value (significance) >0.05 the model 
fails to reject the null hypotheses, and actually accepts the null hypothesis, which states 
that there is no statistically significant difference between the dependent variable and a 
normal distribution (Grande, 2015).. Therefore, this outcome (p-value >0.05) means that 
the logarithm of OAC/TC is normally distributed, and therefore meets the assumption test 
of normality.  
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APPENDIX III. MRA RESULTS SPSS OUTPUT – CHAPTER 3.2.2.3 

 

I. Notes  

Notes 

Output Created 05-FEB-2019 10:31:16 
Comments  

Input Data C:\Users\s130639\OneDrive - TU 
Eindhoven\Msc\Graduate school\Onderzoek 
spss\Results\poepschinees.sav 

Active Dataset DataSet5 
Filter <none> 
Weight <none> 
Split File <none> 
N of Rows in Working 
Data File 

51 

Missing Value Handling Definition of Missing User-defined missing values are treated as missing. 
Cases Used Statistics are based on cases with no missing values for 

any variable used. 
Syntax REGRESSION 

  /DESCRIPTIVES MEAN STDDEV CORR SIG N 
  /MISSING LISTWISE 
  /STATISTICS COEFF OUTS R ANOVA ZPP 
  /CRITERIA=PIN(.05) POUT(.10) 
  /NOORIGIN 
  /DEPENDENT skew_operationalcosts_total_costs_log 
  /METHOD=STEPWISE FTE_per_Bed m2_per_FTE 
GPE_per_bed GPE_per_FTE 
  /SAVE PRED ZPRED MAHAL COOK LEVER RESID 
ZRESID. 

Resources Processor Time 00:00:00,03 
Elapsed Time 00:00:00,02 
Memory Required 9584 bytes 
Additional Memory 
Required for Residual 
Plots 

0 bytes 

Variables Created or 
Modified 

PRE_2 Unstandardized Predicted Value 

RES_2 Unstandardized Residual 

ZPR_4 Standardized Predicted Value 

ZRE_2 Standardized Residual 

MAH_5 Mahalanobis Distance 

COO_3 Cook's Distance 

LEV_2 Centered Leverage Value 

 

II. Descriptive statistics 

Descriptive Statistics 

 Mean Std. Deviation N 

skew_operationalcosts_total_co

sts_log 
-1.6623 .10673 51 

FTE_per_Bed 3.9052 .74623 51 

m2_per_FTE 43.0077 11.81158 51 

GPE_per_bed 67.4629 9.80380 51 

GPE_per_FTE 17.5945 2.60725 51 
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III. Correlations 

 

Correlations 

 

skew_operatio

nalcosts_total_

costs_log 

FTE_pe

r_Bed 

m2_per_

FTE 

GPE_per_be

d 

GPE_per_F

TE 

Pearson 

Correlatio

n 

skew_operationalcosts

_total_costs_log 
1.000 -.137 .420 .089 .237 

FTE_per_Bed -.137 1.000 -.160 .577 -.654 

m2_per_FTE .420 -.160 1.000 .144 .315 

GPE_per_bed .089 .577 .144 1.000 .217 

GPE_per_FTE .237 -.654 .315 .217 1.000 

Sig. (1-

tailed) 

skew_operationalcosts

_total_costs_log 
. .169 .001 .268 .047 

FTE_per_Bed .169 . .130 .000 .000 

m2_per_FTE .001 .130 . .157 .012 

GPE_per_bed .268 .000 .157 . .063 

GPE_per_FTE .047 .000 .012 .063 . 

N skew_operationalcosts

_total_costs_log 
51 51 51 51 51 

FTE_per_Bed 51 51 51 51 51 

m2_per_FTE 51 51 51 51 51 

GPE_per_bed 51 51 51 51 51 

GPE_per_FTE 51 51 51 51 51 

 

IV. Variables Entered/Removed from the regression model 

Variables Entered/Removeda 

Model Variables Entered Variables Removed Method 

1 

m2_per_FTE . 

Stepwise (Criteria: 

Probability-of-F-to-enter 

<= .050, Probability-of-F-

to-remove >= .100). 

a. Dependent Variable: skew_operationalcosts_total_costs_log 
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V. Model Summary 

Model Summaryb 

Model R R Square Adjusted R Square 

Std. Error of the 

Estimate 

1 .420a .176 .159 .09786 

a. Predictors: (Constant), m2_per_FTE 

b. Dependent Variable: skew_operationalcosts_total_costs_log 

 

VI. ANOVA analysis 

ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 Regression .100 1 .100 10.465 .002b 

Residual .469 49 .010   

Total .570 50    

a. Dependent Variable: skew_operationalcosts_total_costs_log 

b. Predictors: (Constant), m2_per_FTE 

 

VII. Coefficients: Input regression equation 

Coefficientsa 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) -1.825 .052  -34.952 .000 

m2_per_FTE .004 .001 .420 3.235 .002 

a. Dependent Variable: skew_operationalcosts_total_costs_log 

VIII. Excluded Variables 

 

Excluded Variablesa 

Model Beta In t Sig. 

Partial 

Correlation 

Collinearity 

Statistics 

Tolerance 

1 FTE_per_Bed -.072b -.541 .591 -.078 .974 

GPE_per_bed .029b .219 .828 .032 .979 

GPE_per_FTE .117b .850 .399 .122 .901 

a. Dependent Variable: skew_operationalcosts_total_costs_log 

b. Predictors in the Model: (Constant), m2_per_FTE 
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IX. Residuals Statistics  

 

Residuals Statisticsa 

 Minimum Maximum Mean Std. Deviation N 

Predicted Value -1.7592 -1.5291 -1.6623 .04477 51 

Std. Predicted Value -2.164 2.974 .000 1.000 51 

Standard Error of Predicted 

Value 
.014 .043 .018 .006 51 

Adjusted Predicted Value -1.7794 -1.5146 -1.6630 .04480 51 

Residual -.21619 .23446 .00000 .09688 51 

Std. Residual -2.209 2.396 .000 .990 51 

Stud. Residual -2.231 2.420 .003 1.011 51 

Deleted Residual -.22056 .23921 .00066 .10106 51 

Stud. Deleted Residual -2.330 2.552 .006 1.030 51 

Mahal. Distance .001 8.844 .980 1.820 51 

Cook's Distance .000 .267 .022 .046 51 

Centered Leverage Value .000 .177 .020 .036 51 

a. Dependent Variable: skew_operationalcosts_total_costs_log 
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APPENDIX IV. - ∆Y (%-POINTS) FOR EACH SCENARIO– CHAPTER 3.3 

Name hospital organization m2fte Predicted y STD STO STB LTD LTO LTB

Admiraal de Ruyter Ziekenhuis BV 40,19 2,167% 0,116% 0,082% 0,047% 0,255% 0,202% 0,148%

Albert Schweitzer Ziekenhuis (Stichting) 50,80 2,389% 0,160% 0,113% 0,065% 0,350% 0,278% 0,204%

Alrijne Zorggroep (Stichting) 55,82 2,502% 0,184% 0,130% 0,074% 0,399% 0,318% 0,234%

Amphia (Stichting) 40,39 2,171% 0,117% 0,082% 0,047% 0,257% 0,204% 0,149%

Antonius Zorggroep (Stichting) 78,13 3,073% 0,311% 0,220% 0,126% 0,663% 0,531% 0,393%

Bernhoven (B.V) 40,30 2,169% 0,117% 0,082% 0,047% 0,256% 0,203% 0,149%

Bovenij Ziekenhuis (Stichting) 48,82 2,346% 0,152% 0,107% 0,061% 0,331% 0,263% 0,193%

Bravis Ziekenhuis (Stichting) 39,78 2,158% 0,115% 0,081% 0,046% 0,252% 0,200% 0,146%

Catharina Ziekenhuis (Stichting) 38,10 2,125% 0,108% 0,076% 0,044% 0,238% 0,189% 0,138%

Christelijk Algemeen Ziekenhuis Noordwest-Veluwe (Stichting)34,36 2,053% 0,095% 0,067% 0,038% 0,209% 0,165% 0,121%

Deventer Ziekenhuis (Stichting) 34,12 2,049% 0,094% 0,066% 0,038% 0,207% 0,164% 0,120%

Diakonessenhuis (Stichting) 17,45 1,757% 0,042% 0,030% 0,017% 0,094% 0,074% 0,054%

Elisabeth-TweeSteden Ziekenhuis (Stichting) 31,79 2,005% 0,086% 0,060% 0,035% 0,189% 0,150% 0,109%

Elkerliek Ziekenhuis (Stichting) 18,86 1,780% 0,046% 0,033% 0,019% 0,102% 0,081% 0,059%

Flevoziekenhuis (Stichting) 44,24 2,249% 0,132% 0,093% 0,053% 0,290% 0,230% 0,168%

Gelre Ziekenhuizen (Stichting) 46,12 2,288% 0,140% 0,099% 0,057% 0,306% 0,243% 0,178%

Groene Hart Ziekenhuis (Stichting) 32,55 2,019% 0,088% 0,062% 0,036% 0,195% 0,154% 0,113%

Haaglanden Medisch Centrum / HMC (Stichting) 51,60 2,407% 0,164% 0,116% 0,066% 0,357% 0,284% 0,209%

HagaZiekenhuis (Stichting) 46,21 2,290% 0,140% 0,099% 0,057% 0,307% 0,244% 0,179%

IJsselland Ziekenhuis (Stichting) 48,52 2,339% 0,150% 0,106% 0,061% 0,328% 0,261% 0,191%

Interconfessionele Stichting Gezondheidszorg Rivierenland46,95 2,306% 0,144% 0,101% 0,058% 0,314% 0,249% 0,183%

Isala Klinieken (Stichting) 35,75 2,080% 0,100% 0,070% 0,040% 0,219% 0,174% 0,127%

Jeroen Bosch Ziekenhuis 41,04 2,183% 0,120% 0,084% 0,048% 0,262% 0,208% 0,152%

Laurentius Ziekenhuis Roermond (Stichting) 49,46 2,360% 0,154% 0,109% 0,062% 0,337% 0,268% 0,196%

Maasstad Ziekenhuis (Stichting) 30,12 1,975% 0,080% 0,057% 0,033% 0,177% 0,140% 0,102%

Martini Ziekenhuis / Centrum Bijzondere Tandheelkunde Martini Ziekenhuis44,31 2,250% 0,133% 0,093% 0,054% 0,290% 0,230% 0,169%

Máxima Medisch Centrum (Stichting) 40,66 2,176% 0,118% 0,083% 0,048% 0,259% 0,205% 0,150%

Meander Medisch Centrum (Stichting) 77,20 3,047% 0,304% 0,215% 0,124% 0,650% 0,521% 0,385%

Nijmeegs Interconfessioneel ziekenhuis Canisius-Wilhelmina (Stichting)23,16 1,852% 0,059% 0,041% 0,024% 0,130% 0,102% 0,075%

Noordwest Ziekenhuisgroep (Stichting) 43,44 2,232% 0,129% 0,091% 0,052% 0,283% 0,224% 0,164%

OLVG (Stichting) 35,60 2,077% 0,099% 0,070% 0,040% 0,218% 0,173% 0,126%

Ommelander Ziekenhuis Groningen 56,73 2,523% 0,188% 0,133% 0,076% 0,408% 0,325% 0,239%

Protestants Christelijk Ziekenhuis Ikazia (Stichting) 52,55 2,428% 0,168% 0,119% 0,068% 0,366% 0,292% 0,214%

Reinier de Graaf Groep (Stichting) 37,08 2,105% 0,105% 0,074% 0,042% 0,230% 0,182% 0,133%

Rijnstate (Stichting) 32,84 2,025% 0,089% 0,063% 0,036% 0,197% 0,156% 0,114%

Rode Kruis Ziekenhuis B.V. 33,27 2,033% 0,091% 0,064% 0,037% 0,201% 0,159% 0,116%

Sint Antonius Ziekenhuis (Stichting) 47,81 2,324% 0,147% 0,104% 0,060% 0,322% 0,256% 0,187%

Sint Franciscus Vlietland Groep (Stichting) 35,36 2,072% 0,098% 0,069% 0,040% 0,216% 0,171% 0,125%

Slingeland Ziekenhuis (Stichting) 39,02 2,143% 0,112% 0,079% 0,045% 0,246% 0,195% 0,142%

Spaarne Gasthuis (Stichting) 53,91 2,458% 0,175% 0,123% 0,071% 0,380% 0,302% 0,222%

Stichting Medisch Spectrum Twente 53,25 2,444% 0,172% 0,121% 0,069% 0,373% 0,297% 0,218%

Stichting voor Medische en Verpleegkundige Zorgverlening St. Jans Gasthuis52,31 2,422% 0,167% 0,118% 0,068% 0,364% 0,290% 0,213%

Streekziekenhuis Koningin Beatrix (Stichting) 50,19 2,376% 0,158% 0,111% 0,064% 0,344% 0,273% 0,200%

t Lange Land Ziekenhuis (Stichting) 34,20 2,050% 0,094% 0,066% 0,038% 0,208% 0,164% 0,120%

Tergooi (Stichting) 51,37 2,402% 0,163% 0,115% 0,066% 0,355% 0,282% 0,207%

Viecuri, Medisch Centrum voor Noord-Limburg (Stichting)31,37 1,997% 0,084% 0,060% 0,034% 0,186% 0,147% 0,108%

Wilhelmina Ziekenhuis Assen (Stichting) 36,65 2,097% 0,103% 0,073% 0,042% 0,227% 0,179% 0,131%

Zaans Medisch Centrum (Stichting) 61,00 2,624% 0,210% 0,148% 0,085% 0,454% 0,362% 0,266%

Ziekenhuis Gelderse Vallei (Stichting) 34,86 2,063% 0,097% 0,068% 0,039% 0,213% 0,168% 0,123%

Ziekenhuisgroep Twente (Stichting) 52,08 2,417% 0,166% 0,117% 0,067% 0,362% 0,288% 0,211%

Zuyderland Medisch Centrum (Stichting) 41,70 2,197% 0,122% 0,086% 0,049% 0,268% 0,212% 0,155%
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APPENDIX V - ∆Y (%) proportionate to yield (%) for STO & LTO scenario scenarios)

Hospital 

Organization

 Total 

Revenue 

2017 

 Yield 2017 Yield% 

2017

STO ∆y STO % 

proportion

ate to 

yield 2017

LTO ∆y S=LTO % 

proportionat

e to yield 

2017

Meander Medisch Centrum (Stichting)257.620.000€    501.000€          0,194% 0,115% 59,138% 0,282% 145,270%

Antonius  Zorggroep (Stichting)161.480.464€    698.390€          0,432% 0,148% 32,549% 0,362% 79,518%

Ommelander Ziekenhuis  Groningen403.426.095€    1.145.367€       0,284% 0,084% 28,173% 0,208% 69,565%

Albert Schweitzer Ziekenhuis  (Stichting)769.044.975€    3.062.100€       0,398% 0,086% 20,897% 0,212% 51,582%

HagaZiekenhuis  (Stichting) 468.017.000€    2.606.000€       0,557% 0,116% 20,611% 0,284% 50,624%

Tergooi  (Stichting) 532.248.000€    1.630.000€       0,306% 0,060% 19,343% 0,150% 47,926%

Alri jne Zorggroep (Stichting) 94.529.242€      341.034€          0,361% 0,066% 17,781% 0,164% 44,024%

Stichting Medisch Spectrum Twente355.626.035€    2.654.553€       0,746% 0,113% 14,897% 0,278% 36,606%

Zuyderland Medisch Centrum (Stichting)643.071.000€    5.310.000€       0,826% 0,104% 11,937% 0,256% 29,378%

Haaglanden Medisch Centrum / HMC (Stichting)298.265.502€    4.144.597€       1,390% 0,070% 11,250% 0,174% 27,840%

Isa la  Kl inieken (Stichting) 92.247.616€      852.120€          0,924% 0,107% 11,240% 0,263% 27,649%

Sint Antonius  Ziekenhuis  (Stichting)343.293.697€    3.078.409€       0,897% 0,099% 10,651% 0,243% 26,236%

Noordwest Ziekenhuisgroep (Stichting)276.915.947€    5.292.533€       1,911% 0,099% 8,187% 0,244% 20,165%

Spaarne Gasthuis  (Stichting)162.397.714€    4.530.935€       2,790% 0,220% 7,536% 0,531% 18,220%

Amphia  (Stichting) 242.624.583€    957.136€          0,394% 0,030% 7,412% 0,074% 18,342%

Gelre Ziekenhuizen (Stichting)207.948.030€    1.801.638€       0,866% 0,062% 6,904% 0,154% 17,102%

Martini  Ziekenhuis  / Centrum Bi jzondere Tandheelkunde Martini  Ziekenhuis205.746.016€    2.344.516€       1,140% 0,082% 6,884% 0,203% 17,002%

Zaans  Medisch Centrum (Stichting)159.618.158€    2.487.684€       1,559% 0,106% 6,428% 0,261% 15,813%

Jeroen Bosch Ziekenhuis 324.614.000€    4.056.000€       1,249% 0,083% 6,407% 0,205% 15,823%

Máxima Medisch Centrum (Stichting)125.091.000€    2.041.000€       1,632% 0,101% 6,073% 0,249% 14,954%

Ziekenhuisgroep Twente (Stichting)160.870.000€    3.293.000€       2,047% 0,119% 5,576% 0,292% 13,687%

IJssel land Ziekenhuis  (Stichting)304.614.819€    4.271.206€       1,402% 0,081% 5,544% 0,200% 13,697%

Interconfess ionele Stichting Gezondheidszorg Rivierenland434.647.867€    5.727.170€       1,318% 0,069% 5,150% 0,171% 12,745%

Sint Franciscus  Vl ietland Groep (Stichting)175.815.000€    3.033.000€       1,725% 0,093% 5,109% 0,230% 12,596%

Admiraal  de Ruyter Ziekenhuis  BV224.620.000€    3.000.000€       1,336% 0,066% 4,751% 0,164% 11,763%

OLVG (Stichting) 276.855.000€    3.391.000€       1,225% 0,060% 4,737% 0,147% 11,738%

Boveni j Ziekenhuis  (Stichting)123.154.000€    3.500.000€       2,842% 0,133% 4,412% 0,325% 10,805%

Streekziekenhuis  Koningin Beatrix (Stichting)239.132.882€    3.790.986€       1,585% 0,068% 4,143% 0,168% 10,254%

Catharina  Ziekenhuis  (Stichting)309.798.491€    5.426.455€       1,752% 0,074% 4,008% 0,182% 9,912%

Ziekenhuis  Gelderse Val lei  (Stichting)167.368.000€    3.566.000€       2,131% 0,079% 3,596% 0,195% 8,887%

Laurentius  Ziekenhuis  Roermond (Stichting)450.014.000€    8.238.000€       1,831% 0,063% 3,279% 0,156% 8,122%

Protestants  Chris tel i jk Ziekenhuis  Ikazia  (Stichting)575.878.000€    12.393.000€     2,152% 0,070% 3,147% 0,173% 7,787%

Bernhoven (B.V) 142.356.268€    2.883.451€       2,026% 0,064% 3,027% 0,159% 7,496%

Bravis  Ziekenhuis  (Stichting)374.050.000€    6.820.000€       1,823% 0,057% 2,972% 0,140% 7,367%

Flevoziekenhuis  (Stichting) 469.082.177€    14.935.803€     3,184% 0,091% 2,736% 0,224% 6,749%

Stichting voor Medische en Verpleegkundige Zorgverlening St. Jans  Gasthuis216.341.915€    6.128.776€       2,833% 0,082% 2,696% 0,202% 6,658%

Groene Hart Ziekenhuis  (Stichting)451.907.000€    21.315.000€     4,717% 0,123% 2,450% 0,302% 6,010%

Reinier de Graaf Groep (Stichting)115.346.599€    4.982.310€       4,319% 0,111% 2,403% 0,273% 5,906%

Wilhelmina Ziekenhuis  Assen (Stichting)164.170.480€    6.995.016€       4,261% 0,109% 2,402% 0,268% 5,906%

Ri jnstate (Stichting) 128.061.911€    3.799.500€       2,967% 0,073% 2,324% 0,179% 5,749%

t Lange Land Ziekenhuis  (Stichting)96.079.606€      5.121.065€       5,330% 0,118% 2,071% 0,290% 5,085%

Sl ingeland Ziekenhuis  (Stichting)328.666.000€    13.951.000€     4,245% 0,093% 2,038% 0,230% 5,025%

Deventer Ziekenhuis  (Stichting)483.121.319€    19.709.443€     4,080% 0,082% 1,921% 0,204% 4,746%

Chris tel i jk Algemeen Ziekenhuis  Noordwest-Veluwe (Stichting)435.400.000€    20.435.000€     4,693% 0,076% 1,512% 0,189% 3,737%

Rode Kruis  Ziekenhuis  B.V. 192.956.316€    6.772.342€       3,510% 0,033% 0,867% 0,081% 2,147%

Ni jmeegs  Interconfess ioneel  ziekenhuis  Canis ius -Wi lhelmina (Stichting)157.297.368€    -4.226.461€      -2,687% 0,067% -2,528% 0,165% -6,258%

Viecuri , Medisch Centrum voor Noord-Limburg (Stichting)330.868.641€    -11.060.147€    -3,343% 0,117% -3,513% 0,288% -8,626%

Elkerl iek Ziekenhuis  (Stichting)304.271.000€    -1.788.000€      -0,588% 0,041% -6,936% 0,102% -17,201%

Diakonessenhuis  (Stichting) 327.541.000€    -9.162.000€      -2,797% 0,215% -7,238% 0,521% -17,508%

El isabeth-TweeSteden Ziekenhuis  (Stichting)326.555.178€    -3.750.976€      -1,149% 0,130% -11,207% 0,318% -27,462%

Maasstad Ziekenhuis  (Stichting)428.713.338€    -3.772.059€      -0,880% 0,121% -13,461% 0,297% -33,031%
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APPENDIX VI. - Modified Yield (€) 2017 for STO & LTO scenario (expected scenarios)  

Hospital 

Organization

 Total 

Revenue 

2017 

 Yield 2017 Yield% 

2017

STO € Modified 

yield (y2017-

STO 2025)

LTO € Modified 

yield (y2017 - 

LTO 2040)

Meander Medisch Centrum (Stichting)257.620.000€    501.000€          0,194% 296.282€   204.718€          727.804€       -226.804€         

Antonius  Zorggroep (Stichting)161.480.464€    698.390€          0,432% 227.316€   471.074€          555.348€       143.042€          

Ommelander Ziekenhuis  Groningen403.426.095€    1.145.367€       0,284% 322.686€   822.681€          796.776€       348.591€          

Albert Schweitzer Ziekenhuis  (Stichting)769.044.975€    3.062.100€       0,398% 639.873€   2.422.227€       1.579.497€    1.482.603€       

HagaZiekenhuis  (Stichting) 468.017.000€    2.606.000€       0,557% 537.123€   2.068.877€       1.319.257€    1.286.743€       

Tergooi  (Stichting) 532.248.000€    1.630.000€       0,306% 315.294€   1.314.706€       781.199€       848.801€          

Al ri jne Zorggroep (Stichting) 94.529.242€      341.034€          0,361% 60.640€     280.394€          150.137€       190.897€          

Stichting Medisch Spectrum Twente355.626.035€    2.654.553€       0,746% 395.458€   2.259.095€       971.727€       1.682.826€       

Zuyderland Medisch Centrum (Stichting)643.071.000€    5.310.000€       0,826% 633.841€   4.676.159€       1.559.947€    3.750.053€       

Haaglanden Medisch Centrum / HMC (Stichting)298.265.502€    4.144.597€       1,390% 466.287€   3.678.310€       1.153.849€    2.990.748€       

Isa la  Kl inieken (Stichting) 92.247.616€      852.120€          0,924% 95.782€     756.338€          235.605€       616.515€          

Sint Antonius  Ziekenhuis  (Stichting)343.293.697€    3.078.409€       0,897% 327.881€   2.750.528€       807.645€       2.270.764€       

Noordwest Ziekenhuisgroep (Stichting)276.915.947€    5.292.533€       1,911% 433.280€   4.859.253€       1.067.217€    4.225.315€       

Spaarne Gasthuis  (Stichting)162.397.714€    4.530.935€       2,790% 341.472€   4.189.463€       825.523€       3.705.412€       

Amphia  (Stichting) 242.624.583€    957.136€          0,394% 70.945€     886.191€          175.556€       781.580€          

Gelre Ziekenhuizen (Stichting)207.948.030€    1.801.638€       0,866% 124.383€   1.677.255€       308.115€       1.493.523€       

Martini  Ziekenhuis  / Centrum Bi jzondere Tandheelkunde Martini  Ziekenhuis205.746.016€    2.344.516€       1,140% 161.386€   2.183.130€       398.625€       1.945.891€       

Zaans  Medisch Centrum (Stichting)159.618.158€    2.487.684€       1,559% 159.901€   2.327.783€       393.390€       2.094.294€       

Jeroen Bosch Ziekenhuis 324.614.000€    4.056.000€       1,249% 259.864€   3.796.136€       641.765€       3.414.235€       

Máxima Medisch Centrum (Stichting)125.091.000€    2.041.000€       1,632% 123.959€   1.917.041€       305.211€       1.735.789€       

Ziekenhuisgroep Twente (Stichting)160.870.000€    3.293.000€       2,047% 183.602€   3.109.398€       450.721€       2.842.279€       

IJssel land Ziekenhuis  (Stichting)304.614.819€    4.271.206€       1,402% 236.802€   4.034.404€       585.033€       3.686.173€       

Interconfess ionele Stichting Gezondheidszorg Rivierenland434.647.867€    5.727.170€       1,318% 294.933€   5.432.237€       729.926€       4.997.244€       

Sint Franciscus  Vl ietland Groep (Stichting)175.815.000€    3.033.000€       1,725% 154.949€   2.878.051€       382.029€       2.650.971€       

Admiraal  de Ruyter Ziekenhuis  BV224.620.000€    3.000.000€       1,336% 142.533€   2.857.467€       352.903€       2.647.097€       

OLVG (Stichting) 276.855.000€    3.391.000€       1,225% 160.632€   3.230.368€       398.040€       2.992.960€       

Boveni j Ziekenhuis  (Stichting)123.154.000€    3.500.000€       2,842% 154.405€   3.345.595€       378.159€       3.121.841€       

Streekziekenhuis  Koningin Beatrix (Stichting)239.132.882€    3.790.986€       1,585% 157.044€   3.633.942€       388.735€       3.402.251€       

Catharina  Ziekenhuis  (Stichting)309.798.491€    5.426.455€       1,752% 217.467€   5.208.988€       537.862€       4.888.593€       

Ziekenhuis  Gelderse Val lei  (Stichting)167.368.000€    3.566.000€       2,131% 128.235€   3.437.765€       316.914€       3.249.086€       

Laurentius  Ziekenhuis  Roermond (Stichting)450.014.000€    8.238.000€       1,831% 270.144€   7.967.856€       669.129€       7.568.871€       

Protestants  Chris tel i jk Ziekenhuis  Ikazia  (Stichting)575.878.000€    12.393.000€     2,152% 389.967€   12.003.033€     965.043€       11.427.957€     

Bernhoven (B.V) 142.356.268€    2.883.451€       2,026% 87.279€     2.796.172€       216.156€       2.667.295€       

Bravis  Ziekenhuis  (Stichting)374.050.000€    6.820.000€       1,823% 202.694€   6.617.306€       502.419€       6.317.581€       

Flevoziekenhuis  (Stichting) 469.082.177€    14.935.803€     3,184% 408.701€   14.527.102€     1.008.045€    13.927.758€     

Stichting voor Medische en Verpleegkundige Zorgverlening St. Jans  Gasthuis216.341.915€    6.128.776€       2,833% 165.202€   5.963.574€       408.069€       5.720.707€       

Groene Hart Ziekenhuis  (Stichting)451.907.000€    21.315.000€     4,717% 522.264€   20.792.736€     1.281.129€    20.033.871€     

Reinier de Graaf Groep (Stichting)115.346.599€    4.982.310€       4,319% 119.720€   4.862.590€       294.275€       4.688.035€       

Wi lhelmina Ziekenhuis  Assen (Stichting)164.170.480€    6.995.016€       4,261% 168.011€   6.827.005€       413.134€       6.581.882€       

Ri jnstate (Stichting) 128.061.911€    3.799.500€       2,967% 88.301€     3.711.199€       218.433€       3.581.067€       

t Lange Land Ziekenhuis  (Stichting)96.079.606€      5.121.065€       5,330% 106.055€   5.015.010€       260.387€       4.860.678€       

Sl ingeland Ziekenhuis  (Stichting)328.666.000€    13.951.000€     4,245% 284.336€   13.666.664€     701.007€       13.249.993€     

Deventer Ziekenhuis  (Stichting)483.121.319€    19.709.443€     4,080% 378.714€   19.330.729€     935.387€       18.774.056€     

Chris tel i jk Algemeen Ziekenhuis  Noordwest-Veluwe (Stichting)435.400.000€    20.435.000€     4,693% 308.884€   20.126.116€     763.654€       19.671.346€     

Rode Kruis  Ziekenhuis  B.V. 192.956.316€    6.772.342€       3,510% 58.710€     6.713.632€       145.408€       6.626.934€       

Ni jmeegs  Interconfess ioneel  ziekenhuis  Canis ius -Wi lhelmina (Stichting)157.297.368€    -4.226.461€      -2,687% 106.828€   -4.333.289€      264.477€       -4.490.938€      

Viecuri , Medisch Centrum voor Noord-Limburg (Stichting)330.868.641€    -11.060.147€    -3,343% 388.514€   -11.448.661€    954.003€       -12.014.150€    

Elkerl iek Ziekenhuis  (Stichting)304.271.000€    -1.788.000€      -0,588% 124.014€   -1.912.014€      307.553€       -2.095.553€      

Diakonessenhuis  (Stichting) 327.541.000€    -9.162.000€      -2,797% 663.124€   -9.825.124€      1.604.076€    -10.766.076€    

El i sabeth-TweeSteden Ziekenhuis  (Stichting)326.555.178€    -3.750.976€      -1,149% 420.383€   -4.171.359€      1.030.107€    -4.781.083€      

Maasstad Ziekenhuis  (Stichting)428.713.338€    -3.772.059€      -0,880% 507.740€   -4.279.799€      1.245.958€    -5.018.017€      
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APPENDIX VII -  ∆Y (€ & %) LTD & STD (WORSE-THAN-EXPECTED SCENARIOS)  

Hospital 

Organization

 Yield 2017 Yield% 

2017

Delta LTD € delta y 

compare

d to yield 

%

y2017- y2040  in 

euro

 Delta STD  € delta y 

compared 

to yield %

y2017- y2040 in 

euro 

Meander Medisch Centrum (Stichting)501.000€          0,194% 2.000.934,70€       399,39% -1.499.934,70€       936.854,00€      187,00% -435.854,00€          

Antonius  Zorggroep (Stichting) 698.390€          0,432% 1.029.470,11€       147,41% -331.080,11€          482.353,99€      69,07% 216.036,01€           

Ommelander Ziekenhuis  Groningen1.145.367€       0,284% 474.658,30€          41,44% 670.708,70€           218.804,75€      19,10% 926.562,25€           

Albert Schweitzer Ziekenhuis  (Stichting)3.062.100€       0,398% 1.221.863,71€       39,90% 1.840.236,29€        560.801,06€      18,31% 2.501.298,94€        

HagaZiekenhuis  (Stichting) 2.606.000€       0,557% 1.343.762,96€       51,56% 1.262.237,04€        614.731,47€      23,59% 1.991.268,53€        

Tergooi  (Stichting) 1.630.000€       0,306% 914.995,85€          56,13% 715.004,15€           420.131,79€      25,77% 1.209.868,21€        

Al ri jne Zorggroep (Stichting) 341.034€          0,361% 1.293.325,55€       379,24% -952.291,55€          595.786,90€      174,70% -254.752,90€          

Stichting Medisch Spectrum Twente2.654.553€       0,746% 1.565.537,87€       58,98% 1.089.015,13€        719.823,03€      27,12% 1.934.729,97€        

Zuyderland Medisch Centrum (Stichting)5.310.000€       0,826% 1.991.404,00€       37,50% 3.318.596,00€        908.184,04€      17,10% 4.401.815,96€        

Haaglanden Medisch Centrum / HMC (Stichting)4.144.597€       1,390% 1.658.456,29€       40,01% 2.486.140,71€        761.627,95€      18,38% 3.382.969,05€        

Isa la  Kl inieken (Stichting) 852.120€          0,924% 1.457.213,71€       171,01% -605.093,71€          662.006,54€      77,69% 190.113,46€           

Sint Antonius  Ziekenhuis  (Stichting)3.078.409€       0,897% 1.963.244,93€       63,77% 1.115.164,07€        899.142,55€      29,21% 2.179.266,45€        

Noordwest Ziekenhuisgroep (Stichting)5.292.533€       1,911% 1.270.288,10€       24,00% 4.022.244,72€        580.001,37€      10,96% 4.712.531,46€        

Spaarne Gasthuis  (Stichting) 4.530.935€       2,790% 1.609.411,80€       35,52% 2.921.523,20€        740.353,90€      16,34% 3.790.581,10€        

Amphia  (Stichting) 957.136€          0,394% 1.179.766,53€       123,26% -222.630,53€          537.563,25€      56,16% 419.572,75€           

Gelre Ziekenhuizen (Stichting)1.801.638€       0,866% 1.016.954,70€       56,45% 784.683,30€           465.196,72€      25,82% 1.336.441,28€        

Martini  Ziekenhuis  / Centrum Bi jzondere Tandheelkunde Martini  Ziekenhuis2.344.516€       1,140% 883.147,88€          37,67% 1.461.368,12€        403.480,47€      17,21% 1.941.035,53€        

Zaans  Medisch Centrum (Stichting)2.487.684€       1,559% 696.162,49€          27,98% 1.791.521,51€        321.939,57€      12,94% 2.165.744,43€        

Jeroen Bosch Ziekenhuis 4.056.000€       1,249% 1.004.755,39€       24,77% 3.051.244,61€        458.015,72€      11,29% 3.597.984,28€        

Máxima Medisch Centrum (Stichting)2.041.000€       1,632% 809.370,60€          39,66% 1.231.629,40€        368.856,21€      18,07% 1.672.143,79€        

Ziekenhuisgroep Twente (Stichting)3.293.000€       2,047% 1.199.119,89€       36,41% 2.093.880,11€        550.873,29€      16,73% 2.742.126,71€        

IJssel land Ziekenhuis  (Stichting)4.271.206€       1,402% 494.990,10€          11,59% 3.776.215,90€        226.813,70€      5,31% 4.044.392,30€        

Interconfess ionele Stichting Gezondheidszorg Rivierenland5.727.170€       1,318% 384.215,92€          6,71% 5.342.954,08€        175.858,94€      3,07% 5.551.311,06€        

Sint Franciscus  Vl ietland Groep (Stichting)3.033.000€       1,725% 921.933,45€          30,40% 2.111.066,55€        418.731,59€      13,81% 2.614.268,41€        

Admiraal  de Ruyter Ziekenhuis  BV3.000.000€       1,336% 514.710,68€          17,16% 2.485.289,32€        234.497,77€      7,82% 2.765.502,23€        

OLVG (Stichting) 3.391.000€       1,225% 1.218.816,31€       35,94% 2.172.183,69€        553.653,79€      16,33% 2.837.346,21€        

Boveni j Ziekenhuis  (Stichting) 3.500.000€       2,842% 296.427,56€          8,47% 3.203.572,44€        135.857,93€      3,88% 3.364.142,07€        

Streekziekenhuis  Koningin Beatrix (Stichting)3.790.986€       1,585% 370.092,62€          9,76% 3.420.893,38€        169.787,25€      4,48% 3.621.198,75€        

Catharina  Ziekenhuis  (Stichting)5.426.455€       1,752% 963.794,50€          17,76% 4.462.660,50€        438.498,16€      8,08% 4.987.956,84€        

Ziekenhuis  Gelderse Val lei  (Stichting)3.566.000€       2,131% 491.059,27€          13,77% 3.074.940,73€        222.965,45€      6,25% 3.343.034,55€        

Laurentius  Ziekenhuis  Roermond (Stichting)8.238.000€       1,831% 519.688,68€          6,31% 7.718.311,32€        238.292,11€      2,89% 7.999.707,89€        

Protestants  Chris tel i jk Ziekenhuis  Ikazia  (Stichting)12.393.000€     2,152% 566.446,79€          4,57% 11.826.553,21€      260.314,28€      2,10% 12.132.685,72€      

Bernhoven (B.V) 2.883.451€       2,026% 502.783,17€          17,44% 2.380.667,83€        229.080,46€      7,94% 2.654.370,54€        

Bravis  Ziekenhuis  (Stichting) 6.820.000€       1,823% 738.006,95€          10,82% 6.081.993,05€        336.139,60€      4,93% 6.483.860,40€        

Flevoziekenhuis  (Stichting) 14.935.803€     3,184% 481.300,96€          3,22% 14.454.502,04€      219.878,99€      1,47% 14.715.924,01€      

Stichting voor Medische en Verpleegkundige Zorgverlening St. Jans  Gasthuis6.128.776€       2,833% 327.267,40€          5,34% 5.801.508,60€        150.370,82€      2,45% 5.978.405,18€        

Groene Hart Ziekenhuis  (Stichting)21.315.000€     4,717% 389.462,77€          1,83% 20.925.537,23€      176.595,16€      0,83% 21.138.404,84€      

Reinier de Graaf Groep (Stichting)4.982.310€       4,319% 679.021,98€          13,63% 4.303.288,02€        308.733,93€      6,20% 4.673.576,07€        

Wi lhelmina Ziekenhuis  Assen (Stichting)6.995.016€       4,261% 275.792,80€          3,94% 6.719.223,20€        125.361,81€      1,79% 6.869.654,19€        

Ri jnstate (Stichting) 3.799.500€       2,967% 845.723,68€          22,26% 2.953.776,32€        383.544,19€      10,09% 3.415.955,81€        

t Lange Land Ziekenhuis  (Stichting)5.121.065€       5,330% 189.690,49€          3,70% 4.931.374,51€        86.094,92€        1,68% 5.034.970,08€        

Sl ingeland Ziekenhuis  (Stichting)13.951.000€     4,245% 399.866,88€          2,87% 13.551.133,12€      182.036,47€      1,30% 13.768.963,53€      

Deventer Ziekenhuis  (Stichting)19.709.443€     4,080% 445.885,21€          2,26% 19.263.557,79€      202.364,93€      1,03% 19.507.078,07€      

Chris tel i jk Algemeen Ziekenhuis  Noordwest-Veluwe (Stichting)20.435.000€     4,693% 334.139,49€          1,64% 20.100.860,51€      151.670,86€      0,74% 20.283.329,14€      

Rode Kruis  Ziekenhuis  B.V. 6.772.342€       3,510% 273.171,71€          4,03% 6.499.170,29€        123.916,43€      1,83% 6.648.425,57€        

Ni jmeegs  Interconfess ioneel  ziekenhuis  Canis ius -Wi lhelmina (Stichting)-4.226.461€      -2,687% 389.645,85€          -9,22% -4.616.106,85€       175.913,64€      -4,16% -4.402.374,64€       

Viecuri , Medisch Centrum voor Noord-Limburg (Stichting)-11.060.147€    -3,343% 503.286,44€          -4,55% -11.563.433,44€     228.055,88€      -2,06% -11.288.202,88€     

Elkerl iek Ziekenhuis  (Stichting)-1.788.000€      -0,588% 184.367,60€          -10,31% -1.972.367,60€       83.169,42€        -4,65% -1.871.169,42€       

Diakonessenhuis  (Stichting) -9.162.000€      -2,797% 222.637,03€          -2,43% -9.384.637,03€       100.436,74€      -1,10% -9.262.436,74€       

El i sabeth-TweeSteden Ziekenhuis  (Stichting)-3.750.976€      -1,149% 987.649,09€          -26,33% -4.738.625,09€       447.640,43€      -11,93% -4.198.616,43€       

Maasstad Ziekenhuis  (Stichting)-3.772.059€      -0,880% 635.472,11€          -16,85% -4.407.531,11€       287.759,46€      -7,63% -4.059.818,46€       
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