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Summary 
Motivation & research question 
The following three trends: demographics of elderly, elderly care policy and a change in living 

preferences of the elderly illustrate why elderly housing deserves more attention. The share of elderly 

(65+) has increased in the Netherlands in the recent years and is most likely to increase further until 

2040 when it will peak around 4.8 million elderly (25% of the population). As a result of the 

extramuralisation of the elderly care the government stimulates elderly in different ways to age in place. 

Despite the rising healthcare costs the change in policy was not just a budget cut. The current literature 

shows that the housing preferences of the elderly have been changing in recent years. These 

developments result in an increasing demand for senior housing and have consequences for the 

housing market. According to PBL: Netherlands Environmental Assessment Agency there was a 

shortage of 84,000 suitable senior dwellings already back in 2012 (PBL, 2013). Therefore it is more 

important than ever before that the supply of elderly houses meets the preferences of elderly.  

The thesis consists of three parts and aims to (i) identify the current living and housing preferences of 

elderly and on the other hand (ii) to provide insight on the labelled senior housing supply. Subsequently 

(iii) an evaluation takes place to compare the preferences of elderly to the labelled senior housing supply 

offered by real estate brokers. Finally the thesis provides different recommendations to better match 

the supply with the preferences of elderly. 

Methodology & data 
The first part of the thesis uses the methodology of literature analysis to investigate the preferences 

(demand side) of the elderly with regard to senior housing. These are mostly preferences that are 

obtained through interviews and stated choice experiments. The existing literature is structured using 

the theory about elderly preferences. The literature study serves as a base for my own research done in 

part II. 

The second part of the thesis sheds some light on the supply of senior dwellings. It focuses on 

specifically labelled supply of senior dwellings which can be found on the listing site Funda. An 

empirical analysis is done using housing transaction data from NVM Netherlands association of real 

estate brokers in order to figure out what housing and location characteristics can best predict the 

senior label. By assigning the label, brokers suggest which dwellings are suitable for elderly. It tries to 

understand empirically which dwelling and location attributes are hereby considered elderly-friendly. 

First a logistic model with location fixed effects is estimated to figure out what dwelling attributes can 

predict the senior label. Considered dwelling attributes are: property type, construction year, size, lift, 

garage, parking spot, nice view, price, rooms, maintenance and balcony. Second, the location fixed 

effects are regressed on location characteristics such as distance to: hospital, general practitioner, 

supermarket, pharmacy, daily shopping, department store, cafe, restaurant, station, library, and cinema. 

Different estimation techniques are used to account for multicollinearity in these amenities. A variable 

reduction OLS, a LASSO technique and a principal component analysis. The data contains all listed 

housing transactions between 2011 and 2016 located in the 31 largest municipalities based on their 

number of labelled senior dwellings. 

The third part is a synthesis of the results obtained in the first parts. It analyzes in how much the 

labelled senior housing supply matches the preferences of elderly; It then provides recommendations 

to better match the supply with the preferences. 

Findings – Preferences  
Part I is done by means of a literature study. The literature study looks at housing options, moving 

behavior and housing and location preferences. The latter forms the basis the empirical research in 

part II. The preferences found in the literature study are based on theories regarding ageing in place. 

The theory shows that characteristics that distinguish elderly from non-elderly can in general be 
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clustered into: Mobility, Social Network, Safety and Leisure time. The thesis shows certain living 

preferences that according to the theory have an impact on elderly’s quality of life such attributes are: 

urban setting, dwelling size, maintenance, safety, location, community and abilities to receive care. The 

thesis continues discussing the insights existing literature offers into the housing preferences of elderly 

and translates the preferences into measurable attributes. The thesis deals with location attributes as 

well as housing attributes, because both can play a facilitating role in improving the quality of life of 

the elderly. Figure 1 shows the most preferred attributes according to the literature.  

 

Figure 1. Overview literature results 

Findings – senior supply (structural) 
Table 1 reports the statistical significant results for the logistic regression for the set “Apartments & 

Houses”. The results for the subsets are documented in chapter 4 and 5. Table 1 shows which 

predictors have an influence on the chance that a house has a senior label. A green plus sign means 

that the associated attribute is having a statistical significant positive influence on the senior label and 

is seen as a senior friendly attribute by brokers. Important to keep in mind is the fact that whenever an 

attribute like for example maintenance is not found statistical significant that this does not per se mean 

it is not important to elderly. It simply means that brokers did not find it consistently important enough 

when assigning the senior label.  
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Table 1. Evaluation of structural attributes on the senior label, structural model – Set 1 Apartments & Houses 

           
 

 
 

The results show that the chance a dwelling has a senior label (and thus suitable for elderly) increases 

when the dwelling has a lift, is of mediums size (76-100m²) and has less than 3 rooms. An interesting 

fact is that small dwellings (15-75m²) do not increase nor decrease the chance on a senior dwelling. 

The literature gives possible explanations for this outcome. For example elderly who move often have 

low (or no) monthly mortgage payments. Whenever they move the monthly costs often increase due 

to refinancing or paying rent. In conclusion elderly want to downsize but the compromise cannot be 

too big. This is further illustrated with the result that dwellings with less than 3 rooms do contribute 

positively. After all, less rooms does not per se mean smaller rooms. It seems that brokers consciously 

or unconsciously keep this in mind. Although the found results make sense it was expected that the 

presence of a balcony or the state of the indoor and outdoor maintenance would matter to some degree 

as well. However no evidence was found that this is the case. The lack of predictors could originate 

from the fact that the senior label is relatively young, a rather random labelling process (low model fit) 

and/or that some of the information on senior suitability is captured in summary descriptions rather 

than input fields that can be used for quantitative analysis.  

Findings – senior supply (location) 
Table 2 shows which amenities have an influence on the elderly suitability of a certain postcode. Every 

postcode has an estimate (fixed effect) that represents the elderly suitability of a postcode. The estimate 

represents the number of senior dwellings and thus attractiveness of a postcode seen by the real estate 

brokers. When for example the distance to the nearest supermarket increases the chance that a 

postcode contains senior dwellings decreases. This gives insight in which location attributes contribute 

to the senior label whilst controlling for individual structural characteristics. Based on the literature the 

following hypotheses are formed: Postcodes have a higher chance on senior dwellings when the 

distance to amenities decrease, with the exception of nightlife components such as café’s and cinemas. 

A green plus sign means that the associated attribute is having a statistical significant positive influence 

on the senior label and is seen as a senior friendly attribute by brokers whereas the red suggests the 

opposite relationship.  

Attributes 
Result 

Dummy apartment   

Modern construction - after 2000   

Size Small - 15-75m²   

Size Medium - 76-100m² + 

Dummy Lift + 

Parking spot (outside)  
Garage  
Dummy nice view (near green, water)  

Dummy <3 rooms + 

Maintenance indoors - 1 excellent, 9 bad  
Maintenance outdoors - 1 excellent, 9 bad  
Dummy balcony   

Observations --> 174,862 

Fixed Effects PC-4 --> YES 

Year fixed effects --> YES 

Mcfadden -->  0,046 
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Table 2. Evaluation of location attributes on the senior label – Set 1 Apartments & Houses 

Variable OLS1 OLS2 LASSO 
PCA 

loadings 

BASE M1 M2 M3 

Log Distance hospital + + + + 

Log Distance general practitioner + N.A. + + 

Log Distance supermarket + + + + 

Log Distance pharmacy + N.A. + + 

Log Distance other daily shopping   N.A.   + 

Log Distance department store   N.A. + + 

Log Distance café - N.A.   + 

Log Distance restaurant   N.A.   + 

Log Distance pre-school N.A. N.A.   + 

Log Distance station + + + + 

Log Distance library N.A. N.A.   + 

Log Distance cinema   N.A.   + 

Observations (PC - ) 613 613 613 613 

R² 0.22 0.18 N.A. PC1 + 

 

Several methods are used to estimate the influence of amenities on the senior label. The results of the 

base model show that a large number of facilities have a positive influence on the senior label. 

Exceptions are: “daily shopping” , “department stores”, “restaurants”, “cinema’s” and “café’s”. A 

closer distance to café’s worsens the elderly suitability. Although the base model shows plausible results 

the data shows that the results are susceptible to multicollinearity. Method 1 is a variable reduction 

method and shows stronger statistical results and also more reliable results. The downside is that it 

only measures 3 variables, 1 of every cluster (health, shopping, transport). It shows that each 

representative contributes to a better senior suitability. Method 2 is a machine-learning process and 

shows that the distance to the nearest: hospital, doctor’s office, supermarket, pharmacy, department 

store, day-care and train station improve the elderly suitability of a postcode. However by neglecting 

the influence of the café’s it contradicts the results found in the base model. Method 3 is the principal 

component analysis. The results show that only component 1 is statistical significant. The loadings on 

component one are almost all the same size and load all in the same direction. This suggests that 

component 1 is an aggregation of amenities and represents accessibility as a whole. In addition it shows 

all amenities improve the chance on the senior label including cinema’s and café’s.  

Recommendations and further research  
The thesis shows that brokers seem to value location aspects quite accurately but seem to 

underestimate the wishes of elderly when it comes to structural dwelling preferences. The thesis offers 

two recommendations to establish a better fit between the supply and demand of senior houses and 

the senior labelling process. The first recommendation is to extend the current label. This includes 

transforming property descriptions and summaries on listing sites from text strings into measurable 

attributes. Algorithms can search for key words such as “threshold free”, “adjusted kitchen”, 

“wheelchair friendly”, etc. and recode these attributes into dummies so they can be used in search 

filters and further research. In short this helps the elderly making a more specific search rather than 

having an aggregated denominator “senior label”. The second recommendation is to make the label 

conditional by means of a flow chart. In short this means that a dwelling can only obtain a label if it 

meets a certain set of requirements for example specific size or adjustments. This way the most desired 
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preferences of elderly have to be incorporated or else it cannot become a senior labelled dwelling. 

Additionally brokers or elderly can pick for example 2 or more optional structural/locational attributes 

to further customize the preferences. This way the label guarantees quality and a better match.  

The thesis makes a first attempt in identifying and measuring the impact of structural and location 

predictors on the senior label. Additional research opportunities arise in mining more qualitative data 

and recode them in measurable attributes such as the earlier named “wheelchair friendly”, “adjusted 

kitchen”, etc. derived from summary descriptions on the listed housing stock. When then the current 

models are re-run with these specified elderly preferences it is likely that it becomes more clear how 

the labelled senior housing stock looks like and where improvements are possible and needed. Project 

developers, city planners and brokers could use this (further) research to see what additional attributes 

are important. When the information is available, developers can develop more customized dwellings 

and improve the fit between supply and demand which is beneficial to all parties involved. 
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1 Introduction  
In the Netherlands just as in other Western-European countries the share of elderly is increasing 

sharply as can be denoted from figure 1. According to the forecasts of the Statistics Netherlands, the 

share of elderly will reach 25% in 2040 against 15% in 2012. The rising number of elderly in the society 

raises various challenges, such as: Loneliness amongst elderly, affordability of healthcare, and 

availability of elderly housing. The latter is the topic of this thesis. This introductory chapter discusses 

the causes of the rising share of elderly in the society (trend 1), policy change (trend 2) and the change 

in housing preferences (trend 3) and the ways the market reacts on the changing senior housing needs. 

This discussion leads to the problem formulation of the thesis. 

 

Figure 1. Population prognosis for The Netherlands by age for 2017-2060, source: (Statistics Netherlands, 2017) 

1.1 Demographic Context  
Ageing of the population results from different causes. A longer life expectancy due to innovations in 

the medical world, modern health technology, higher welfare, better access to healthy food, etc. are 

among of them. An average person aged 65 in 1950 could expect to reach the age of 79.6 years. In 

2017 the same person would, on average, reaches the age of 85.9 years. This yields an increase of 8%. 

According to CBS: Statistics Netherlands (2014), the probability that a person reaches the age of 100 

years has grown 5 times for women and 7.5 times for men since World War II.  

Another important cause of an ageing society has to do with 

the so called “baby-boomers”. Baby-boomers form a large 

cohort of people that were born right after WW II. According 

to CBS (2012) a total number of 2.4 million children were born 

in the period of 1946-1955. This is significantly more than in 

the decades that followed after as well as in the previous 

decades (figure 1.1). Although other Western-European 

countries experienced similar trends, nowhere the birth rates 

were as high as in The Netherlands in that period of time. The 

birth rate stayed high until the beginning of the 70’s. The 

reason that the share of elderly is increasing today is because 

people in this cohort are at this moment in time reaching the 

age of 65 years old. Figure 1.1. Newborns per 1000 Inhabitants, for The 
Netherlands, source: (Statistics Netherlands, 2012) 
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Another cause that stimulates the increase of the share of elderly is the so called “baby-bust effect”. 

This is the decrease of fertility rates amongst the baby-boomers themselves. This trend started in 1970’s 

when the first baby-boomers reached the age of 25 (Ministerie van Volkshuisvesting, 2010). It is typical 

for the baby-boomers to take fewer children than their ancestors. This effect contributes to a lower 

share of young people compared to older people.   

The previously named effects result in a situation where the share of elderly grows significantly faster 

than the population as a whole. The expectation is that the growth of the elderly share will come to a 

stop around 2040 (table 1.1). However the number of elderly itself will still remain high (around 4.8 

million).  

Table 1.1. Population forecast by age group for The Netherlands, source: (Statistics Netherlands, 2019) 

 

1.2 Ageing in Place 
Several studies show there is a trend visible where elderly like to age in place and want to be self-reliant 

as long as possible. Ageing in place is a term used to describe a person living in a residence of their 

choice where they age for as long as they are able to. This trend is confirmed by an abundance of 

studies for example but not limited to: (Bogataj & Kavšek, 2016; Costa-Font, Elvira & Mascarilla-Miro, 

2009; Engels & Liu, 2012; Ministerie van Volkshuisvesting, 2010). However one should realize that 

ageing in place is not just moving elderly into a random home that meets the requirements of 

independency. Ageing in place is a choice that originates from the elderly population and mostly takes 

place in their current habitat. Existing literature shows that a mismatch can occur when city planners 

don’t consider these preferences (Platform31, Movisie & Aedes-Actiz Kenniscentrum Wonen-Zorg, 

2015).  

1.3 Policy Change 
Throughout the second half of the 20th century the focus on elderly housing shifted from big service- 

and care facilities towards more individual, independent solutions in which care and housing are 

separated. This separation is called extramuralisation of health care and has been intensified in the 21th 

century. Although aging in place seems to originate from the elderly themselves, the current 

government pushes its agenda in her endeavor to provide care at home of a similar quality level as 

institutional care. However this does mean that a significant group of elderly do not longer qualify for 

institutional care which raises the question whether ageing in place is really a choice. The start of this 

policy became reality on the 1st of January 2013 (Ministerie voor Volksgezondheid, Welzijn en Sport, 

2012). In short the policy is a way of re-classifying the care profiles. In the Netherlands the need for 

care is classified in different "care profiles". Care profiles are a measurement to estimate what kind of 

care a person needs or is entitled to receive. Elderly with a need for care between the former 

classification ZZP1-ZZP3 are now expected to be able to live at home with the assistance of homecare 

(thuiszorg). 
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1.4 Market and policy reaction 
This change in policy and mindset has several effects. First by living longer at home elderly can develop 

psycho-social complaints (Dobner, Musterd, & Fortuijn, 2014; Kourkouta, Iliadis, & Monios, 2015). 

Another effect is the increased importance for self-reliance tools and the additional demand for suitable 

dwellings that occurs from the policy itself. Fewer people qualify to get into institutional facilities which 

means the current dwellings should support ageing in place (Rijksoverheid, 2015). In 2012 there was 

already an amount of 190,000 elderly who did not live in a suitable home (PBL, 2013; Aedes-Actiz 

Kenniscentrum Wonen en Zorg, 2013). In order to mitigate these risks the government started 

construction policies and made amendments to the law (WMO) so that elderly can receive subsidies 

for adjustments to their dwelling. Table 1.2 shows the additional demand caused by the policy in 

addition to the demographic developments.  

The change also brings opportunities to the supply market. Housing listing websites as Funda 

introduced senior labels and started to sell senior dwellings in 2013. These labels help elderly and 

brokers to find suitable housing for elderly. Brokers can assign the label to specific houses when they 

bring the houses on the market. However at first sight it is unclear how houses can obtain these labels 

and which location and structural attributes influence this process.  

Another market reaction to facilitate ageing in place is the rise of several new living concepts such as 

but not limited to: Service zones, life durable dwellings, supported dwellings (aanleunwoningen), 

Verzilverd wonen, Kangaroo dwellings, Woonzorgfonds and concepts as “Thuis Huis” and “Talita”. 

Some of these concepts directly facilitate ageing in place with care improvements such as the kangaroo 

and supported dwellings (aanleunwoningen) others such as “Verzilverd wonen” and “Woonzorg 

fonds” help elderly to free up cash to make ageing in place as comfortable as possible and concepts as 

“Thuis Huis” and “Talita” help elderly deal with the psycho social effects. More information regarding 

the origin and effects of the policy can be read in the full policy study in Appendix I. Section 3.5 

discusses the most preferred living scenarios. 

1.5 Research questions 
It is of much importance and in everyone’s interest to understand the preferences and needs of elderly 
correctly in order to mitigate the risk of a mismatch between supply and demand. The thesis aims to 
analyze existing research on elderly living preferences to formulate hypotheses on how elderly housing 
should ideally look like. Then an empirical test takes place whether the listed market (labelled senior 
dwellings) offers elderly housing that fits these preferences. This leads to the following research 
questions.  
 
 
 
 
 
 

Table 1.2. Overview suitable senior housing demand in thousands, Source: (Ministerie van Binnenlandse Zaken en Koninkrijksrelaties, 2014) 
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To what degree does the existing listed senior labelled housing stock that is offered to 
elderly fit their residential preferences? 
 
sub questions: 
Demand: Residential preferences (using existing literature) 
S1. What attributes of a dwelling, a building and location do elderly prefer with regard to elderly 
housing? 
S2. What housing options do elderly have? 
S3. What reasons do or do not make elderly move? 
 
Supply: To what degree do the dwellings offered by real estate agents to seniors, meet the 
elderly residential preferences?  
S4. What variables are the strongest predictors for receiving a senior label? 
S5. To what degree does price and the listing time have an effect on the chance of receiving a senior 
label? 
S6. How can the senior label be adjusted so that it fits supply and demand better? 
 

1.6 Outline 
The layout of the thesis is as follows (Table 1.3): Part 1 deals with the sub questions regarding the 

preferences of elderly by means of a literature study. Part 2 is the empirical body of the thesis that 

contributes to identifying the underlying relations between building & location attributes and the senior 

label. This part is split in location attributes and structural attributes using a so called “two step model”. 

This partitioning allows to control for multicollinearity and heterogeneity in housing characteristics. 

Finally the thesis rounds up with conclusions and recommendations on how to improve the senior 

label.   

 

Part I Demand 

Question Method Chapter 

S1 Literature study 2 

S2 Literature study 3 

S3 Literature study 3 

Part II Supply 

Question Method Model Chapter 

S4 

Logistic regression 
Logistic regression 
Logistic regression 

Model I (structure) 
Baseline 

Extended 1 
Extended 2 4 

S4 

OLS 
OLS 

LASSO 
PCA 

Model II (location) 
Base model 1.1 

Method/model 1.2 
Method/model  2 
Method/model 3 4 

S5 Linear regression Listing time model 4 & 6 

Part III Supply vs Demand 

Question Method Chapter 

S6 confrontation matrix 6 

  

Table 1.3. Layout Thesis 
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2. Housing and Location preferences 
Chapter 2 identifies the housing and location preferences of elderly. Examples are but not limited to: 

property type, size, number of rooms, accessibility, safety, etc. The preferences follow from the ageing 

theory which yields a framework to structure and classify the preferences. These preferences are then 

used to create hypotheses for the empirical study. 

Until recently and especially in the 60’s and 70’s elderly preferred to retire in so called “service flats” 

(RussenGroen, 2015; Brosens, 2014). A service flat is a complex with individual dwellings both for 

rent and for sale that offer special services so that people can live longer on their own as well as in a 

community with people of their own age. Services mainly focused on protection/shelter, meals and 

maintenance and cleaning activities. Yet as for today many of these complexes are facing vacancy while 

the amount of elderly has been growing substantially (Brosens, 2014; Ministerie van Volkshuisvesting, 

2010). At the same time, however, policy makers speak of a shortage of dwellings for the elderly 

(Ministerie van Binnenlandse Zaken en Koninkrijksrelaties, 2014). A possible explanation for this 

contradiction may be that the elderly’s preferences have changed over the past 20-30 years. This raises 

the question what are current living preferences of the elderly? 

2.1 Theory 
Third age is a period in which a person usually retires from working and thus faces a reduction in 

his/her social network. At the same time he or she likely faces deteriorating health and reduced 

mobility. This can have implications for the psycho-social state a person is in, and thus for his/her 

preferences and needs, also with respect to housing. This study tries to derive housing preferences and 

needs of elderly from the psycho-social changes they experience when entering the third age. It builds 

on two known theories: The disengagement theory and the activity theory. Both theories are based on 

the importance of participating in activities and maintaining the social network for a person’s wellbeing 

(Föbcker & Grotz, 2006). Characteristics that distinguish elderly from non-elderly can in general be 

clustered into: Mobility, Social Network, Safety and Leisure time.  

Mobility 

Many studies underline that reduced mobility of elderly is one of the major setbacks for elderly. For 

example Srichuae, Nitivattananon, & Perera (2016) states that elderly may be hindered and suffering 

from fatigue due to inadequate infrastructure for elderly and showed that urban systems, housing type 

and mobility options enable the elderly to independently engage in out-of-home activities. Other 

studies such as (Harrison, 1997; Föbcker & Grotz, 2006; Kourkouta, Iliadis, & Monios, 2015) also 

stress the importance of mobility for elderly.  

A decrease in mobility can lead to unfavorable scenarios. It is therefore important that the dwelling or 

the location of the dwelling is able to support elderly mobility. For example Föbcker & Grotz (2006) 

states that the pre-conditions for withdrawal and disengagement from the public space vary between 

different residential areas. In addition Föbcker & Grotz (2006) states that with regard to active lifestyle, 

population density, attractiveness of facilities and transportation modes, the city center might be the 

most attractive place to live in. However the majority of the literature such as but not limited to (Kim 

& Kim, 2003; Kramer & Pfaffenbach, 2016; Chen & Rosenthal, 2008) do not seem to suggest city 

centers are the best elderly locations and suggest that some form of disengagement from active life 

while maintaining access to facilities is preferred by the elderly. Therefore living in the center of a city 

district, the suburbs or a small neighborhood with good access to facilities might be a viable option as 

well since transportation merely serves as a tool to go from A to B. Based on mobility options and 

engagement opportunities the city center is still the ideal setting. However what seems best for the 

elderly is not per se in line with what the elderly want. This will be further investigated in section 2.2, 

the housing preference chapter. Either way most of the literature agrees on the fact that it is clear that 
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the location of the dwelling can mitigate the negative psycho-social effects that might occur when 

elderly become less mobile. 

Social network.  

In general it can be concluded that elderly have smaller, less diverse personal networks (Marcum, 2013). 

The network becomes smaller due to retirement. In addition Föbcker & Grotz (2006) mentions that 

the household composition is also decreasing which leads to a smaller network as well. Finally elderly 

might avoid social contact because of reduction of functions and embracing the stereotypes that rest 

on elderly (Kourkouta, Iliadis, & Monios, 2015). According to Kourkouta, Iliadis, & Monios (2015)  

that is because often abilities and not age is what determines how people treat each other. Elderly can 

expect negative stereotypical reactions due to their reduced abilities, which might form a barrier for 

many activities. This trend is also underlined by (Harrison, 1997; Gibler & Lee, 2008). Furthermore 

Föbcker & Grotz (2006) states that the number of people in the social networks of elderly also decline 

by age due to outliving friends and relatives. Although the networks are small (Kramer & Pfaffenbach, 

2016; Gibler & Lee, 2008; ANBO & Woonz, 2015) show that elderly are attached to them.  

The theory shows it is evident that elderly’s social networks are shrinking by age and are on average 

smaller compared to younger people. Approaching this situation from a social point of view we might 

expect elderly prefer to live in either accessible small scale urban settings which facilitate social cohesion 

or age related communities. However the theory suggests that the latter can be influenced by a stigma. 

The urban setting and living scenario of the elderly can influence and mitigate the negative side effects 

that might occur from having a smaller social network. One could think of gated communities versus 

adjusted homes or mixed neighborhoods versus small scale and accessible senior apartments. 

Need for safety.  

According Föbcker & Grotz (2006) elderly are often seen and feel that they are a vulnerable target 

group to criminal offenders and state that neighborhood contacts and social cohesion could improve 

the perceived safety of the elderly. Another element within the safety aspect is regarding transport 

modes. Both Föbcker & Grotz (2006) and Bocker, Amen, & Helbich (2017) stress to pay attention to 

safe modes of transportation as well since safety risks are associated with public transport which 

especially holds in high dense areas. This result could affect the mobility of elderly as well. Finally De 

Jong, Rouwendal, van Hattum, & Brouwer (2012) show that elderly prefer to benefit from safety with 

regards to domotics as well.  

Safety is likely to play a role in determining how the ideal senior dwelling could or should look. The 

question is whether a peaceful but low density rural area is preferred versus a high dense area with high 

levels of social control. As Föbcker & Grotz (2006) states, both low dense and high dense areas have 

pro’s and con’s regarding the perceived safety. The physical design and building can play a part in this. 

A house on street level in a rural area might be perceived different from an apartment in a large building 

on the 10th floor.  

Larger amount of leisure time.  

When it comes down to leisure time both the dwelling and the location might be able to play a role in 

fulfilling the needs and preferences of the elderly. On average it is expected that elderly have more 

leisure time than the working population (Srichuae, Nitivattananon, & Perera, 2016). Elderly have often 

retired and have seen the children leave the house. In addition the activity space of elderly shrinks with 

age. This might lead to a scenario where elderly spend much more time at home or in the near vicinity 

of their home compared to other age cohorts (Föbcker & Grotz, 2006).  

Acknowledging this elderly might attach more value to the condition of their direct environment, 

neighborhood setting and dwelling. It is likely to assume elderly might value the presence of a balcony, 
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a well maintained looking building, a spacious but not too large looking living room, unobstructed 

views from the windows, a peaceful neighborhood and parks/water/city nearby for leisure activities. 

In general it is evident that both the location and the dwelling can play a role in mitigating potential 

negative psycho social side effects of third age as well as improving the quality of life of the elderly by 

creating and finding suitable supply that fits with their preferences. Section 2.2 discusses the 

preferences of the elderly regarding the dwelling and the location as found by different studies I have 

analyzed.   

2.2 Empirical evidence on housing preferences 
Section 2.2 discusses the insights existing literature offers into the housing preferences of the elderly, 

as related to the four needs explained in 2.1: Mobility, Social Network, Safety and Leisure time (table 

2.1). It deals with the location as well as the housing attributes, because both can play a facilitating role 

in improving the quality of life of the elderly. Discussed attributes are: Size, price, ability to receive 

care, maintenance, accessibility, building size and miscellaneous housing attributes such as balconies, 

floorplan layout, parking etc.  

Table 2.1. Living preferences by cluster (type of need) 

 

2.2.1 Dwelling size 
It is often assumed that elderly, in general, prefer relatively smaller houses. Evidence includes: ANBO 

(2016) for the Netherlands, Boldy, Grenade, Lewin, Karol, & Burton (2011) for Western Australia and 

Gibler & Tyvimaa (2015) for Finland. A survey done by Strathers (2008) for Illinois, USA suggests that 

the main reasons for this include the difficulty of maintaining a large home followed by the financial 

cost of maintenance. The latter is also underlined by Špalková & Špale (2017) who used a similar study 

for the Czech Republic.  

Other studies however present opposite evidence. A stated choice experiment under Dutch elderly 

homeowners aged 65-75 reveals that elderly prefer medium sized dwellings (around 100m²) (Ossokina 

& Arentze, 2017). Another Dutch stated choice experiment by De Jong et al. (2012) suggests that 

elderly tenants want to pay 25 euro per month more for a dwelling larger in size (additional room), 

although this result loses statistical significance when household composition is taken into account. 

Another study by Bockarjova, Rouwendal, & Polder (2017) shows that there is a relatively high 

willingness to pay for an additional bedroom (2-3rooms). Foreign studies report similar results. A 

Swedish national survey with over 2,400 respondents done by Abramsson & Andersson (2016) finds 

no indication that elderly would be triggered to sell oversized dwellings and move to something smaller. 

Jankowski (2010) shows for the state of Michigan that 60% of the 1-person elderly households prefer 

a second bedroom. Generally speaking the preferred number of bedrooms for small households are 

usually greater than their household size. Another example is the survey of Tompkins County Office 

of the Ageing (2014) among 331 respondents in the county of Tompkins, the State of New York. The 

survey shows the similar percentages as (Jankowski, 2010). A survey (228 respondents) in Hong-Kong 

done by Hui, Wong, Chung, & Lau (2014) reports that the second most frequently-cited reason for 

dissatisfaction regarding the house was size. Thus, while too large dwellings result in unnecessary 

physical and financial stress, too small dwellings are not favored either. Therefore upper-small to 

medium-small dwellings are likely to be most suitable.  
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The Czech study of Špalková & Špale (2017) tries to understand the underlying mechanisms of not 

wanting to live smaller: Is this a choice or a result of a decreasing household composition and the 

inability to move to suitable supply? This counter-thought will be taken into consideration throughout 

the thesis.  

At the same time it is clear that there is a large heterogeneity among the elderly. The nationwide survey 

undertaken by NAHB’s Economics and Housing Policy Group in 2015 show that younger elderly do 

not want to live smaller nor larger while elder elderly only want to downsize to a maximum of 100 

square feet on average. De Jong et al. (2012) underlines the large heterogeneity by looking into the pre-

elderly (the future elderly who are not yet 60). De Jong et al. (2012) uses a study from Kramer & 

Pfaffenbach (2009) to illustrate that pre-elderly have different expectations and abilities due to their 

higher education, emancipation and participation which could lead to the favoring of different 

preferences and living scenarios. However for now most literature consistently shows that elderly do 

not prefer small dwellings for several different reasons.  

 

2.2.2 Ability to receive care 
This section refers to 24/7 care. Often this is bound to the location or type of dwelling. Therefore the 
ability to receive care can be seen as a housing preference. Judging by the moving behavior it does not 
seem the ability to receive care is playing a very important role for younger elderly (chapter 3). The 
ability to receive care seems to be come all of a sudden very important once someone accepts and 
admits his or her disabilities. For example when elderly are asked if they have plans to move in the 
upcoming years, 80% of the respondents has no plans to move at all in the foreseeable future (Rigo 
Research & Advies, 2009; Ministerie van Volkshuisvesting, 2010; PBL, 2013; ANBO & Woonz, 2016). 
This supports the theory that the ability to receive care is not that important until it suddenly becomes 
important. According to Eenvandaag (2015) in an interview with an ageing scientist from the Leyden 
Academy on Vitality and Ageing together with the director of the national elderly agency: 1 out of 3 
elderly wait too long with moving to a new home. People start to think about adjusting their home 
when they actually already need it. In addition Lee & Gibler (2004) states that this behavior and lack 
of acknowledgement already means many elderly in this stage are relying on family members to provide 
the care they need as they face the limitations of their independency. Adjustments take time and 
therefore it is important to think ahead of time. In these cases the ability to receive care is imminent 
since waiting is not always an option. This is backed up by the study of Strathers (2008) that shows 
that even when elderly do need care, still 84% of the respondents prefer to stay at home with support 
services. Of those who give in to assisted living, 42% think it is being viable and justified due to illness. 
However of those who actually move to a place that offers on site care, 78.4% move because of their 
disabilities. The possibility that the ability to receive care can become important is also shown by Rigo 
Research & Advies (2009) in a study examining the actual behavior and choices. The results show that 
the number one reason for moving is solely devoted to the need for care which became stronger by 
age. In addition ANBO & Woonz (2016) also reports mobility struggles and need for care in their top 
3 list for moving reasons. Furthermore it seems that when elderly have no choice but to accept the fact 
they need care and help, nothing else is more important than acquiring this help regardless of building 
characteristics (Hui, Wong, Chung, & Lau, 2014). In conclusion it seems that elderly (especially younger 
elderly) do not think much about moving with regard to health. Once elderly realize they have to move 
it could already be imminent enough to be able to receive 24/7 care. In that case the preference of the 
ability to receive care becomes important enough to move and neglect housing preferences in exchange 
for basic needs.  
 

2.2.3 Maintenance 
Based on the theory regarding third age and the reduced mobility of elderly it is expected that elderly 

should value the maintenance aspect of their dwellings. Maintenance can become a real burden to 

elderly both financially as well as physically. In addition Strathers (2008) states there is a relationship 

between the age of the dwelling and the age of the resident which makes them more sensitive to 
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experiencing physical building issues and or neglected maintenance.  The study of Lee & Gibler (2004) 

shows that most of the elderly (70.8%) who moved to senior housing made this choice because they 

are either not being able or willing to upkeep maintenance. The study done by the De Jong et al. (2012) 

argues that older elderly move to rent apartments because they are more maintenance friendly. This 

increased age utility trend is also supported by (Abramsson & Andersson, 2016). Furthermore 

Knatterud & Spuit (2010) shows that the third most reason named by respondents indicated that they 

wanted to move due to the wish for having less maintenance. In studies from Tompkins County Office 

of the Ageing (2014) and Jankowski (2010), the reason to move due to maintenance is even named as 

number one reason.  

2.2.4 Indoor accessibility 
Based on the ageing theory elderly should value the accessibility of their dwelling more as they age. 

Indoor accessibility becomes important when mobility decreases and therefore a suitable dwelling is 

preferred. However a recent research by PBL (2013) shows that some 190,000 elderly do not live in a 

home specifically designed or adjusted for elderly (PBL, 2013). The study furthermore shows there was 

already a shortage of 84,000 dwellings in 2013 which adds up to an amount of 373,000-400,000 

(cumulative) in 2021. This high number of unsuitable (not future proof for elderly) dwellings is most 

likely due to the general trends of a growing elderly population, change in policy and the preference 

shift towards independency and ageing in place. The shortage and importance of accessible dwellings 

is underlined by a survey done by the Prime Time Seniors’ Program (2013) that shows that around 

25% of the respondents said their current houses needs repairs modifications or changes to allow them 

to age in place. In addition to this share another 16% stated that they might need these adjustments 

one day or another. Finally Jankowski (2010) shows that 43.9% of elderly who move, do this to 

improve accessibility characteristics of their dwellings. 

By far the most important preference regarding accessibility is having a one-story floorplan. The Prime 

Time Seniors’ Program (2013) reported that most elderly name accessibility issues accessing the first 

floor with respect to the bathroom and bedroom. In addition the national senior survey by Jankowski 

(2010) showed the most cited criterion was a one-story floorplan as well. Another example is the study 

of Tompkins County Office of the Ageing (2014) where the floorplan came out as second most 

important overall preference. In addition studies of (De Jong et al., 2012; Gibler & Tyvimaa, 2015; 

Ossokina & Arentze, 2017; Abramsson & Andersson, 2016) also show that availability of a lift plays 

an important role. However the studies of Quint (2014) and Hui et al. (2014) show that although lifts 

do contribute to a better accessibility, elderly tend to undervalue lifts compared to having a one-floor 

dwelling in the first place. To strengthen this conclusion ANBO & Woonz (2016) shows that 89% of 

the elderly prefer a one-floor dwelling. In addition regarding indoor mobility and floorplans the study 

of Ossokina & Arentze (2017) also revealed that open kitchens, no doorways and living/sleeping in 

one room was preferred opposed to other less open scenarios.  

Besides the unanimous results on the importance of the floorplans an abundance of studies show that 

elderly also have less rigorous wishes that do not relate to the floor plan specifically. For example The 

Prime Time Seniors’ Program (2013) reports elderly prefer these so called “self-reliance tools” such as 

ramps, wider doors, grab bars/railings (interior and outdoor), personal emergency systems, steps into 

the shower or a walk-in shower and lower kitchen counters and stovetops. Similar importance for self-

reliance tools were reported in the national senior survey of Jankowski (2010) and  in the study of 

Strathers (2008) which showed that 84.3% wanted to stay at home with home support services. 

It is evident that the majority strongly prefers one-story dwellings and even choose it over having a lift 

in the building or house.  However with regard to the ageing theory and the wish of independency one 

should not underestimate the importance of self-reliance tools. Around 85% of the elderly wishes to 

stay home with supporting adjustments.  
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2.2.5 Outside Space 
Based on the theory in chapter 3.0 one could assume that when elderly spend a relatively high amount 

of time in their dwellings the presence of a balcony can increase the living comfort. Based on the ageing 

theory regarding outside maintenance and safety it is also assumed that self-maintained and public 

gardens are valued negatively.  Several studies show that balconies are important for elderly. The Dutch 

senior housing survey performed by ANBO & Woonz (2016) shows that 65% of the elderly value 

balconies as “very important” while only 5% value them as “not important at all”. In total 84% of the 

elderly attach some sort of value to balconies varying from “not that important” to “very important”. 

In the stated choice experiment of Ossokina & Arentze (2017) the balconies seem to be a positive 

stimulator for elderly as well. The results revealed that the bigger the balcony the higher the value given 

to it by the elderly. Increasing the size from 5m² to 12m² resulted in 20% higher willingness to pay. 

However when elderly were asked to make a trade-off between a garden (12m²) or a balcony (12m²), 

the garden is slightly more valued than the balcony. Nevertheless the importance of balconies appear 

in other studies as well. The senior survey done by Jankowski (2010) shows that a balcony is important 

to 35% of the elderly and extremely important to 36%. In other words 71% of the respondents attach 

some value to balconies. In contrast to Ossokina & Arentze (2017) the study of ANBO & Woonz 

(2016) shows elderly prefer balconies over gardens. The study shows 84% of the elderly value the 

preference of balconies, while 60% values a garden with a terrace and 23% values a green garden. 

However both studies acknowledge that balconies can increase the living comfort of elderly. In 

conclusion balconies and gardens matter but the degree of importance is lower compared to floorplan 

and accessibility preferences.  

2.2.6 Parking 
The English study of Li (2012) shows that the number of car trips decrease with age. However Bocker, 

Amen, & Helbich (2017) shows that the degree of transport dependency of elderly is similar to younger 

generations. This indicates transport and thus cars are still important for (younger) elderly. A Dutch 

study regarding elderly mobility shows that there is a clear trend of increased car usage among the 

elderly (Bocker, Amen, & Helbich, 2017). Similar results are found in the German case study of Bonn 

by (Föbcker & Grotz, 2006). Around three-quarters of the elderly own both a driving license as well 

as a car. In other words a large part of the elderly own a car and most likely want to store and park it 

safely. The survey of Jankowski (2010) shows that 34.7% finds parking important and 47.6% finds 

parking very important, totaling a share of 82.3% of elderly that value parking options in the form of 

garage and carports. The survey performed by the Prime Time Seniors’ Program (2013) shows that 

when elderly have to choose from the following housing attributes "washer/dryer unit, parking, a full 

kitchen or two bedrooms" they would pick parking as their second choice. A final indication that 

parking is also valued by elderly and especially the younger elderly is highlighted in the state choice 

experiment by Ossokina & Arentze (2017) who state that in the age group 65-74 indoor garages 

increase the willingness to pay for a dwelling (wtp) with ~10%. In other words people are willing to 

pay more for indoor parking. This indoor parking preference is in line with the third age theory that 

states that elderly feel on average more often unsafe than other generations.  

2.2.7 Safety 
As the introducing theory showed elderly are sensitive to unsafe environment. The theory showed that 

both lack of social control as well as an overwhelming amount of people (crowds) can influence the 

level of perceived safety. The relation tends to be U-shaped and Abramsson & Andersson (2016) shows 

this need for safety is positively correlated with age. The study of Jankowski (2010) shows safety 

together with accessibility is the number two choice for moving. In this case indoor accessibility is 

integrated with safety: For example safe accessible bathrooms. However in most literature safety 

includes perceived safety and social control. Hanowell (2017) showed 75% of the respondents strongly 

prefer low crime rates. However the majority of the literature show less strong results. The study of 
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Jankowski (2010) shows when looking at crime alone 11.7% of the elderly would move because of this. 

Around a third finds a personal emergency response system extremely important and around a quarter 

finds it somewhat important. Another survey held among 293 respondents of 45-65 years old by Choi 

& Kang (2011) also reveals that safety is a component that cannot be forgotten. In the survey done by 

the Prime Time Seniors’ Program (2013) the results also indicate that elderly were fond of quiet, 

peaceful and safe neighborhoods. However just as in the previous study it was not seen as a major 

preference or deal breaker. Nonetheless safety is a component that cannot be neglected. 

2.2.8 Other dwelling attributes 
As previously stated Kramer & Pfaffenbach (2009) shows that elderly are heterogeneous due to their 

different social-economic situations as a result of their education and participation. Besides the main 

components there are other valued features as well that appear in different studies but are of less 

importance compared to the discussed features so far. An overview of other possible favored features 

are shown in figure 2.1 (Jankowski, 2010). 

 

Figure 2.1. Apartment features by settlement type cross tabulations. Source: (Jankowski, 2010) 

2.2.9 Financial Affordability and Pricing 
Different surveys done by (ANBO & Woonz, 2016; Boldy, Grenade, Lewin, Karol, & Burton, 2011; 
Knatterud & Spuit, 2010; Hanowell, 2017) all list financial affordability in their top 3 list of most 
important attributes for the elderly. One of the possible reasons why elderly find financial affordability 
so important may be: A move will most likely mean an increase in costs (De Zeeuw, 2014; Boldy, 
Grenade, Lewin, Karol, & Burton, 2011). However many studies show that the financial situation of 
the elderly is on average not bad: They are not the richest, but also not the poorest age group in the 
society. A study done by Knatterud & Spuit (2010) in the state of New York reveals that roughly two 
thirds of elderly respondents (67%) reported that they either live comfortably (34%) or have money 
left over after they meet their basic expenses (33%). This may however apply to a large degree due to 
the fact that the elderly have paid off their mortgage. De Zeeuw (2014) argues that many elderly have 
a decent amount of cash at bank after selling their house and moving into a senior dwelling. The Czech 
study by Špalková & Špale (2017) shows that only a small number of senior households compared to 
other Czech households have a mortgage. The same holds for Gibler & Lee (2008) who states that 
pre-elderly South-Korean homebuyers pay cash or borrow less than 40 percent of the purchase price. 
This conclusion is based on the data of the National Housing Fund which holds more than 50 percent 
of the outstanding home mortgages. For the PBL: Netherlands, the Environmental Assessment 
Agency (2013) reports that among the elderly households, the share of home owners is higher as 
compared to younger households. Still, if the elderly decide to move, they are often willing and able to 
pay more for a house than other age groups. An American survey done by Quint (2014) reveals that 
of the four generations studied, only Gen X’ers (born in 1965-1979) expect to pay more for a house 
than the elderly.   
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2.2.10 Overview features  
The following study captures the importance of the apartment preferences mentioned above. A Dutch 

study performed by ANBO and WOONZ (2015). ANBO, Dutch for the National Elderly Association 

and WOONZ an organization that facilitates elderly in finding a home and connects them to the care 

and service they need. They recently performed a survey consisting out of 25 questions. The panel is 

roughly equally distributed with 58% homes and 41% for rent. According to ANBO & Woonz (2015), 

this is representative since CBS 2006 reports that 54% of the Dutch are home owners and 43% are 

renters. The main goal of the survey was to get insight in which 3 attributes elderly attach most value 

to. The chart below (Figure 2.2) captures how a Dutch senior dwelling should look like based on the 

survey response.  

 

Figure 2.2. How a senior dwelling should look like according to the elderly panel of ANBO. Source: (ANBO & Woonz, 2015) 

2.3 Empirical evidence on location preferences 
The theory shows that elderly are less mobile and more sensitive to criminality, safety and psycho-

social diseases such as loneliness, anxiety, etc. The theory and the study of Srichuae et al. (2016) suggest 

that the location of the dwelling can mitigate the negative psycho-social effects that might occur when 

elderly become less mobile. This chapter will investigate what elderly prefer regarding the location of 

their dwelling. 

2.3.1 Urban setting preference & community size 
Based on the theory with respect to mental health, safety and social inclusion it might be best for 

elderly to live near facilities, in city centers and amongst other elderly. On the other hand big crowds, 

noise, and lots of traffic can be intimidating. In addition neighborhoods specifically dedicated to elderly 

could be stigmatizing as Aedes-Actiz Kenniscentrum Wonen-Zorg (2015) concluded there was a lack 

of interest for senior labelled dwellings while at the same time there is a shortage of self-reliant senior 

dwellings (ANBO, 2014). 

The idea that elderly like to live together or favor a special neighborhood might be a misconception. 

A consultancy for the national government of the Netherlands Rigo Research & Advies (2009) 

performed a cohort analysis among elderly. The report shows that only 8.5% would find it very 

preferable to live with a great majority of age related people in one building. This number drops down 

to 4,9% when the respondents (aged 55+) were asked how they would feel by living in a special street 

for senior citizens. When the street is replaced with neighborhood, this number then drops down even 

more towards 2.2%. A special kind of town or city is the least popular with 1.0% and 0.9% respectively. 
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From the following numbers one can conclude that elderly do not want to get boxed up with other 

elderly. This mind-set also supports the theory and trend of ageing in place and self-reliance and 

independency. A similar result was reported by Ossokina & Arentze (2017) who found that small 

clusters (<20 dwellings per building) was preferred opposed to larger scales such as 20-80 and even 

>80. The preference for multi-generational neighborhoods only gets bigger when the results of De 

Jong et al. (2012) show a strong preference in favor of a mixture of single households, families and 

older adults. Similar results are shown in (Hanowell, 2017; Bady, 1998; Lee & Gibler, 2004) who state 

that multi-generational developments is the way to go. 

Although city centres offer facilities and social opportunities elderly prefer mixed generational 

neighborhoods in high-amenity non-metropolitan regions. An interesting development regarding re-

urbanization is shown in the study of Kramer & Pfaffenbach (2016). Kramer & Pfaffenbach (2016) 

investigates the presence of a so called “renaissance” regarding re-urbanization. Up until now most 

literature suggested that the current elderly move towards the suburbs to retire. However according to 

Kramer, some studies expect future elderly to move to the cities instead. The study of Kramer tests 

this hypothesis by focusing on the cohorts between 1945 and 1958 (future seniors). However he does 

not find support for the hypothesis. In fact he finds the opposite effect. It seems that elderly as well as 

future elderly are still planning to move away from the cities towards high-amenity non-metropolitan 

regions. This observation is underlined in the study of Knatterud & Spuit (2010) which investigates 

where elderly want to live in the greater Minneapolis area. It shows that 22% want to live in the rural 

areas, 23% in a smaller city or town in the Minneapolis region, 39% in the direct suburbs of 

Minneapolis or St. Paul while only 8% in the city of Minneapolis and 7% in a bigger city than 

Minneapolis. Similar high percentages were reported by Quint (2014) that shows that 72% of the home 

owners are attracted by a typical suburban neighborhoods with single-family dwellings. The latter is 

not uncommon since ANBO & Woonz (2015) also reports that the majority wants to live in a small 

city or a village (53%). In addition Chen & Rosenthal (2008, p. 1) states “couples near retirement tend 

to move away from places with favorable business environments and move towards places with highly 

valued consumer amenities.” Furthermore the study of Hanowell (2017) shows that these preferences 

are not solely bound to home owners. Hanowell (2017) suggests that 72% of the senior apartment 

residents, 64% of the independently living elderly and 64% of assisted living elderly preferred the quiet 

and serene communities with some degree of activity. In addition Ossokina & Arentze (2017) reports 

that elderly prefer the suburbs over other urban settings such as large cities and closely located smaller 

cities. In a stated choice experiment, respondents had to choose between scenarios that represented a 

large city, a small city with driving distance to facilities and the suburbs of large city. The results suggest 

that suburbs are significantly preferred over the other alternatives. As Ossokina & Arentze (2017, p. 

9) states "The location preferences suggest that the elderly make a trade-off between accessibility of 

amenities and facilities present in a large city, and the social cohesion of a smaller place". The latter is 

not uncommon since ANBO & Woonz (2015) also reports that the majority wants to live in a small 

city or a village (53%). In addition Chen & Rosenthal (2008, p. 1) states “couples near retirement tend 

to move away from places with favorable business environments and move towards places with highly 

valued consumer amenities.” This is in line with the results of Ossokina & Arentze (2017) where in 

this case elderly move out city centers and large labor cities towards smaller places without willing to 

give up the amenities.  

However slightly different results were found for Sweden. A study by Abramsson & Andersson (2016) 

shows that the centre of a small city or town is most preferred opposed to a rural scenario. In Sweden 

the rural areas are not preferred at all. Important to note is that rural areas in The Netherlands differ 

from rural areas in Sweden. Rural areas in Sweden are significantly less densely populated than rural 

areas in the Netherlands which could turn around these results. However the strongest predictors were 

small cities and towns which is in line with the theory of high-amenity non-metropolitan regions.  
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In general it seems that there is a strong preference for mixed generational neighborhoods in high-

amenity non-metropolitan regions such as centres of small towns or suburbs of larger cities.  

2.3.2 Amenities 
The theory showed that elderly’s mobility decreases by age until it reaches a point they either need to 

move or go into assisted living/ institutional care. Therefore the assumption retrieved from the theory 

is that facilities are important to elderly.  

Knatterud & Spuit (2010) in Minnesota, USA shows that almost half (44%) of the elderly would move 

just because of the ability to live closer to facilities and amenities. In addition it shows that women are 

more willing to move for facilities than men (48% vs 40%). A study by Önder & Schlunk (2015) for 

the USA also suggests that elderly are willing to compromise their dwelling in order to achieve better 

facilities or lower taxes. It shows that in the case of the United States people are willing to cross states 

in order to achieve better facilities, climate or tax benefits. Similar results are found for Western 

European countries such as The Netherlands and Germany. The stated choice experiment of De Jong 

et al. (2012) also shows that amenities and public transport are important. It shows that daily supplies 

on walking distance are preferred to cycling distance. However if they are not on walking distance, 

cycling distance is still rated okay although the estimator is 4 times as small. In addition it shows that 

care facilities are also preferred to be on walking distance. However when care facilities are on cycling 

distance elderly no longer value that positively. Finally the access to public transport seems to be most 

important of all the aspects mentioned above. Kramer & Pfaffenbach (2016) for Germany states that 

amenity migration is one of the three major migration reasons. Other migration clusters are: Retirement 

migration and return migration where elderly return to their place of birth. 

It is evident that facilities are important, but what facilities are valued the most has remained unclear 

up until now. The majority of the literature rates public transport and supermarkets to be most 

important followed by medical services. In the study of Lee & Gibler (2004) a distinction is made 

between people who move to senior housing with medical services and those who moved to senior 

housing without medical services. Those who moved to locations without in-house medical services 

valued the ability to undertake social activities and home & personal security significantly higher than 

those who moved to senior houses with medical services, most likely because they are younger and live 

on their own. Both groups value proximity to public transportation the highest followed by distance 

to hospital and medical facilities, followed by distance to shopping center and finally the distance to 

friends and family. The survey undertaken by the Prime Time Seniors’ Program (2013) also looked 

into what facilities are valued the most. Results show that the walking distance to grocery stores and 

pharmacies matters the most to the elderly. This was classified as highly preferred by 1,016/2,280 

respondents. The second most preferred amenity was the walking distance to recreational facilities 

(689/2,280) and other facilities such as libraries (595/2,280). The proximity to bus stops was values 

the lowest of the four (524/2,280). The senior survey of Jankowski (2010) shows similar results in 

terms of weight assigned to certain facilities. Around 93% of the respondents rated grocery stores as 

"important" or "extremely important". The pharmacies are placed second, rated as highly important 

by 86.9% of the elderly. Other important facilities are churches and restaurants. Around a third of the 

respondents rated these facilities as extremely or very important. Parks, fitness and libraries are 

important to only a fifth or less of the respondents.Although the variance is not that large it seems 

that the importance to facilities depends on the type of settlement. The paper of Jankowski (2010) 

illustrates this in figure 2.3 
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Figure 2.3. Neighborhood features by settlement type cross tabulations. Source: (Jankowski, 2010) 

In city centers people worry less about amenities while in urban and ex-urban areas people attach the 

most value to amenities. Interestingly enough rural areas attach in most cases the same or even less 

value to amenities than city centers. However this could have to do with self-selection and/or higher 

car ownership.  

In conclusion it seems elderly do not want to live in buildings, streets, neighborhoods or communities 

with only age related people. The dislike of living among age related people becomes bigger when the 

scale increases (from building  to community). Elderly prefer either small scale elderly buildings (<20 

elderly per building) or multi-generational neighborhoods. Regarding location elderly prefer the 

suburbs and/or centre areas of small towns and villages. In general the preference of elderly can be 

summed up to the fact that elderly like high-amenity non-metropolitan regions. 

2.4 Conclusion 
When elderly are looking for a dwelling they are trying to live as spacious as their physical abilities will 

allow them. Literature shows that elderly expect to live smaller but not much more than 20% than 

before. In addition elderly prefer medium sized dwellings between 100 m² and 150 m² and prefer an 

extra bedroom if the household consists of one or two persons. 

At the same time financial affordability often lists in the top 3 most important attributes to elderly 

when finding a suitable home. On average the financial situation of elderly is not bad, they are not the 

richest nor the poorest. However moving will most likely increase monthly costs which is something 

elderly do not prefer. Although the high awareness of the importance of capital elderly seem on average 

less resistant to spending when it comes to finding a suitable home. An American survey revealed that 

of the four generations studied, only Gen X’ers (born in 1965-1979) expect to pay more for a house 

than the elderly.   

Elderly value the ability to receive care very highly but that only applies for those who think ahead or 

are already in imminent need of help. Many elderly wait until it is too late which results in the fact that 

moving due to health and disabilities is one of the biggest and most important reasons. Once elderly 

realize they have to move due to their health the preference of the ability to receive care becomes 

important enough to move and neglect housing preferences in exchange for basic needs.  

For many elderly maintenance is a real burden. Although the very strong preference for ageing in place, 

high maintenance is being able to make elderly move to another place with reduced maintenance. 

Regarding the accessibility of the dwelling it can be said that the majority strongly prefers one-story 

dwellings, whenever that becomes impossible an elevator is strongly preferred however one-story 

dwellings take the number one spot. Most important and preferred adjustments are regarding 
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minimizing step-ups and adjustments to the bathroom. Floorplan wise it seems elderly like wide and 

spacious plans with most facilities on the same or ground floor.  

The ideal living scenario depends on age, income and home ownership. The proportion between 

renting and buying is around 50/50 while the preference for renting increases with age. Relatively rich, 

young elderly who already own a dwelling want to remain home owner while relatively older, less 

wealthy and renters prefer rented dwellings. Furthermore there might be several successful concepts 

of elderly communities or financial affordability concepts, most people want to age in place without 

too much hassle. Other well valued preferences are balconies, parking options and safety measures 

such as an emergency response system.  

Regarding the location it seems that there is a strong preference for mixed generational neighborhoods 

in high-amenity non-metropolitan regions such as centers of small towns or suburbs of larger cities. 

Most valued amenities were grocery stores and medical facilities, followed by restaurants and public 

transportation. The least favorable cluster of amenities were recreational such as parks, fitness and 

libraries. The weight people assign to amenities seems to depend on current settlement. In city centers 

people worry less about amenities while in urban and ex-urban areas people attach the most value to 

amenities. Figure 2.4 shows the housing and location preferences of elderly in one single overview.  

 

Figure 2.4. Literature overview on housing and location preferences for elderly housing 
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3.0 Moving behavior 
Chapter 3 identifies the moving behavior of elderly. It identifies the reasons that make elderly move or 

stay in the current setting. Moving behavior is an important component as it will give insight in how 

elderly think and value their options. One could expect reasons for not moving such as, but not limited 

to: tight housing market, homeownership, realized adjustments, no suitable supply, financial 

affordability, too attached to neighborhood/house, too old to move on, etc. In the end a conclusion 

will be given of all prominent findings and the results will be split in location attributes and 

structural/housing attributes as a preparation for the empirical estimation.  

3.1 Ageing in Place - Theory 
Ageing in place has different definitions. However for this study the definition of Boldy, Grenade, 

Lewin, Karol, & Burton (2011, p. 1) will be used to define ageing in place. “‘Ageing in place’, from this 

perspective, is about enabling people to maximize self-fulfillment and preferred lifestyle either in 

familiar surrounds or elsewhere.” This independent preferred lifestyle can be achieved in the current 

house but also in a designated senior dwelling opposed to a nursing home. A closely related term is 

"staying put" which is not improving elderly’s quality of life nor by adjustments nor by moving. This 

situation can arise when elderly do not have the financial means or think their current situation is 

adequate. 

Nowadays a significant part of elderly like to age in place (Rijksoverheid, 2015). However as has been 

discussed earlier this preference can be biased by lack of any better alternatives. This is also raised by 

Costa-Font, Elvira, & Mascarilla-Miro (2009, p. 1) who state “Housing needs can influence individual 

choice of living environment and the willingness to undertake housing improvements.” In addition a 

Slovenian study done by Bogataj & Kavšek (2016) reports that 44.4% of the seniors would like to stay 

in their homes. The given reason is they do not see or can afford any other option. Only 1.5% would 

like to go to a nursing home and 12.7% would like to stay completely independent no matter what. 

The used data comes from 3 conducted groups of interviews in 3 different Slovenian municipalities 

with a total of 98 respondents between 42-97 years old. In a country like Spain they are used to age in 

place and the situation where elderly rely on family care. Among the elderly in Spain 82% are 

homeowners and 88% of elderly people live in their own homes. A Spanish research done by (Costa-

Font et al. (2009) investigates whether people really want to age in place or whether they are forced to. 

In this study the so called omitted variables such as shortage of homes and financial restrictions are 

taken into account. The data is representative for the Spanish population, the sample was collected 

through a survey and consisted out of 729 individuals over 55 years old. As it turns out 63% did not 

want to change homes and results up to 98% do not want to move in the upcoming 5 years (60 year 

olds). In addition one should keep in mind that in Spain it is not uncommon or embarrassing to saddle 

up your family with your personal needs. Southern European countries have these so-called “strong 

family values” Costa-Font et al. (2009). Concluding it seems there could be situations where elderly are 

forced to stay put either by culture, supply or financial affordability. 

However the majority of the studies present opposite results especially for Western countries. A study 

done by Dobner, Musterd, & Fortuijn (2014, p. 1) claims "The majority of older adults are and will be 

ageing in their homes and communities, as opposed to institutionalized care facilities and settings."  To 

stress the magnitude of this trend a research done by Engels & Liu (2012) supports the theory that 

elderly want to age in place. Engels & Liu (2012, p. 4) states “Research conducted in Australia and 

elsewhere in the world has consistently shown that most seniors prefer to live as long as possible in 

their homes (Olsberg & Winters, 2005; Tarricone & Tsouros, 2008).” In addition Olsberg & Winters 

(2005) performed a survey (7,000 respondents) using the data from the national Australian elderly 

senior members of which a great part lived in Victoria, Australia. They concluded that 78% of the 

elderly live independently in their own homes. Engels & Liu (2012) furthermore argues that this is not 
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a specific trend for Victoria, Australia, but that a shift is occurring in many of the OECD countries 

from institutionalized aged care towards home-based care and ageing in place.  

In the case of the Netherlands ageing in place is still considered a choice and is not forced due to a 

lack of better alternatives or an unfortunate financial situation. This conclusion is based on a study 

done by Aedes-Actiz Kenniscentrum Wonen-Zorg (2015) amongst 16 housing associations. To further 

strengthen this claim the PBL (2013) explicitly states that the majority of elderly like to age in place 

and this has nothing to do with restrictions of the housing market. According to the government 

Rijksoverheid (2015) most people want to age in place either by adjusting the house or by moving to 

a suitable home. However a small part still favors small scale communities where elderly are clustered.  

Concluding: Both national as international literature shows there are strong signs people want to age 

in place since the preferences of the current elderly are no longer bound to the physical location of the 

nursing home and could be acquired at home as well. However in non-Western countries ageing in 

place might not be a 100% free choice as they face a possible supply and financial restriction. This 

restriction seems less applicable for The Netherlands and other Western countries.  

3.2 Preference to stay  
The moving/staying behavior of elderly is in line with the current trend of ageing in place. A large 

majority of the elderly does not want to move nor is thinking about moving. The share of elderly that 

prefers to stay increases with age. 

According to Ministerie van Volkshuisvesting (2010) only 20% of the 55+ is having plans to move 

within the next 2 years. For elderly (55-64) it shows that 40% is not planning to move in the short term 

nor in the long term. This share exceeds 70% for people of the age of 75 and above. Another study 

done by PBL (2013) reports even higher numbers and shows for the age of 65+ 85% is most certainly 

not planning to move in the upcoming 2 years. For the age group of 85+ this is 90%. The study done 

by Rigo Research & Advies (2009) also concludes that elderly are more loyal to their home than ever 

before. They estimate that 95% of the 55+ is not willing to move within the next two years. The study 

of WOONZ shows that 85% of the elderly between 55-65 are not planning to move on the short term, 

for elderly between 65-75 this is 86% and for the 75+ group it is 87%. All these reports are in line with 

the Australian compiling study that concludes most elderly people want to move in their “younger” 

years before they hit 70 (Boldy, Grenade, Lewin, Karol, & Burton, 2011). Boldy et al. (2011) used the 

national Australian Senior Survey with a sample size of 3,050 respondents. They also conducted 39 

structured interviews and divided the respondents in 5 age groups. Figure 3.1 and 3.2 gives an overview 

of the discussed numbers.  
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Figure 3.1. Share of elderly not thinking of moving in the upcoming 2 years. 
Sources: (Ministerie van Volkshuisvesting, 2010), (CPB, 2013), (Rigo, 
2009) 

Figure 3.2. Share of elderly that plan to move in the long term. Source: 
(Rigo, 2009) 
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3.3 Motivation to stay 
Elderly have different motivations to stay. Most prominent motivations are: Satisfied with the current 

environment, attached to the neighborhood, happy with the current house, attached to social 

environment, no suitable supply, do not want a rent increase, financial affordability and don’t expect 

to move at all. Evidence includes the following Dutch studies: A cohort analysis (figure 3.3 and table 

3.1) done by Rigo Research & Advies (2009), a survey (figure 3.4) done by ANBO & Woonz (2015) 

with 7,211 respondents, a survey amongst different housing associations by Aedes-Actiz 

Kenniscentrum Wonen-Zorg (2015) and finally confirmed by a study done by (PBL, 2013). Similar 

reasons are observed in international literature. Evidence includes the Australian study by Boldy et al. 

(2011) which reports among factors that influence a decision to stay: Comfort, neighborhood ties, 

location and financially viability. Gibler & Tyvimaa (2015) also reports that renters are more likely to 

consider moving than home owners. In conclusion the reasons to stay can be clustered into 4 sections 

namely: Home ownership & place attachment, financial affordability, suitable supply & market and 

home adjustment. 

 

Figure 3.3. Top 5 named reasons to not move in the next 2 years. Source: (Rigo, 2009) 
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Table 3.1. Named reasons to stay put and not move per age category. Source: (Rigo, 2009) 

 

 

 

 

 

 

 

 

 

 

 
  

3.3.1 Home ownership & place attachment 
One cluster of reasons to not move concerns homeownership and place attachment. Over the years 

home ownership amongst elderly has increased. In 1990 around 1/3 of the elderly (65-75 years old) 

was home owner while in 2006 this was around 50-60% (Ministerie van Volkshuisvesting, 2010; 

Rabobank & Bouwfonds, 2014). These numbers are similar to the numbers reported by PBL (2013) 

who claim a percentage of 48% homeowners amongst 65+ in the year of 2012. Home ownership 

strengthens the phenomenon of place attachment. The first reason is presented by Gibler & Tyvimaa 

(2015) who report that renters are more likely to consider moving than home owners. In addition 

Boldy et al. (2011) shows that elderly often have low mortgages or paid off mortgages which means an 

increase of monthly costs for home owners when moving. Place attachment occurs more frequently 

with elderly than with other generations due to their age since the longer one resides in a specific place 

the more someone gets attached to that place. This has been proven by studies done by (Smaldone, 

Harris, & Sanyal, 2008; Lewicka, 2010). In addition Gibler & Tyvimaa (2015) ran a logistic regression 

that shows that each additional year that a resident has lived in the current home reduces the odds of 

considering moving by 14%. The model also predicts that a one year increase in age reduces the odds 

of considering moving by 5%. The data used for the model came from a mail survey from 2011, for 

which the Population Register Centre of Finland selected a random proportionate sample of 4,000 

people aged 40 and older living in four urban areas in Finland.  

3.3.2 Financial affordability 
As previously shown, elderly are nor the poorest nor the richest, have high financial awareness and 

have lower mortgage payments than other generations. At the same time Quint (2014) shows that 

elderly are one of the generations that expect to pay the most for housing compared to other 

generations. Supposedly the difference lies in “willingness to pay” and “being able to pay”. A 

distinction should be made between renters and home owners. The study of PBL (2013) shows that 

for renters an expected increase in rents when moving was one of the reasons to stay put. However, 

later in the report PBL (2013) assured financial means are not forcing elderly to age in place. Despite 

the assurance of PBl (2013), Aedes-Actiz Kenniscentrum Wonen-Zorg (2015) shows there is still need 

for attention for less fortunate elderly in social housing.  

The home owners face other kinds of financial restrictions than renters. Although they have more 

capital they do not favor the increased monthly expenses for rented apartments and are generally too 

Reason 45-54 55-64 65-74 75-84 85+ 

happy with current house 88% 90% 93% 91% 96% 

happy with current environment 76% 68% 74% 71% 72% 

don't want to leave neighborhood 44% 42% 46% 45% 50% 

I rather adjust my house 12% 7% 3% <3% <3% 

moving is too expensive 5% 6% 5% <3% 3% 

no suitable supply <3% <3% <3% <3% <3% 

housingmarket <3% <3% <3% <3% <3% 

too old to move <3% <3% <3% 7% 19% 

stay close to children <3% 5% 7% 7% 9% 

stay close to grandchildren <3% 3% 4% 3% 4% 

stay close to family <3% 3% <3% <3% <3% 

stay close to friends 5% 4% <3% <3% <3% 

attached to house 13% 7% 6% 8% 8% 

attached to neighborhood 12% 10% 11% 12% 13% 

attached to people neighborhood 9% 7% 9% 7% 11% 

other 6% 7% 6% 6% 6% 
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rich for social housing (De Zeeuw, 2014). Furthermore according to Rabobank & Bouwfonds (2014) 

60% is home owner and roughly half of the homes are worth over 350,000 euros. The costs of finding 

a good rent apartment will be higher than the maintenance of the current house. Furthermore elderly 

would have to trade in a lot for a more expensive and smaller apartment. Finally those who have sold 

their house are considered wealthy and have to pay more to the national healthcare institution.  

It shows both renters and home owners may be scared off by an expected rise in monthly expenses 

which is a likely scenario if they move.  

3.3.3 Suitable supply & market 
The third cluster summarizes reasons regarding suitable supply. De Zeeuw (2014) writes that the 

current housing market is not in favor of the elderly. In the Netherlands a great part of all the dwellings 

for rent are social housing. Apart from the fact they do not meet the preferences of a large part of the 

elderly (~50-60% homeowners) they are also not qualified to live in such a dwelling due to freed up 

capital as a result of selling their house. Other studies also show that the housing market and supply is 

not always in favor of the elderly. For example studies from ANBO & Woonz, 2016; ANBO & Woonz, 

2015; Eenvandaag, 2015) claim that senior durable dwellings are often build in Vinex neighborhoods 

without facilities. Specific facilities are often planned later when the dwellings are sold.   

In addition some of the elderly already live in a suitable dwelling. According to the survey from ANBO 

& Woonz (2015) the share of elderly that already live in a lifetime durable dwelling is around 25%. 

Although this group is not large the respondents of this group are not in need of finding a suitable 

home anymore. In addition 22% “thinks” their place is fine and don’t see a reason to move (ANBO 

& Woonz, 2015). 

A final point of interest that might keep elderly from moving is the possible presence of a stigma on 

labelled elderly houses. Evidence for this is based on a study done by Aedes-Actiz Kenniscentrum 

Wonen-Zorg (2015) amongst 16 Dutch housing associations. It showed that housing associations get 

more response on regular housing supply than on senior housing supply. A random housing 

association in the research revealed that the average response on elderly housing from 2010-2014 is 

averaged 7. While the responses for regular supply were around 97. Aedes-Actiz Kenniscentrum 

Wonen-Zorg (2015) concludes that there is a lack of interest in senior dwellings compared to regular 

houses and argues that labeling might lead to a negative image amongst elderly.  

3.3.4 Home adjustment 
The ageing in place theory shows that elderly want to age in place and live independently as long as 

possible but elderly do not expect to have to adjust their house. Studies from ANBO & Woonz (2015) 

and Rigo Research & Advies (2009) for the Netherlands show that only 24% prefers to adapt their 

current dwelling to their needs. And only 42% of this share expects to finance that themselves. One 

out of three would remain to live at home even if they cannot finance the adjustments themselves. A 

large number (47%) of the respondents would prefer to move to an already adjusted home. That 

adjusting the house is not so popular is also underlined by Rigo Research & Advies (2009) who reports 

that from all those who want to move 16% thinks intensive adjustment through renovation is a good 

alternative for moving. This number increases to 22%-26% for those who are more inclined to move 

or cannot find anything suitable.  

The reason that elderly do not want to adjust might also be because they have a different point of view 

on responsibility for adjustments. According to ANBO & Woonz (2016) mostly renting elderly believe 

the owner is responsible for adjusting the house. Especially when it comes down to larger adjustments 

such as for example adjustments to the bathroom or broadening door entries. In case of a lift in the 

building most elderly think the municipality should pay for this. In addition the report of PBL (2013) 

also confirms that making lifetime durable investments amongst homeowners is not very popular yet. 
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PBL, 2013 states that elderly nowadays only want to invest in minor adjustments up to some 1,000 

euros. This is very little when compared to the estimated costs. According to SEV (2011) the average 

costs of the whole package of adjustments lies around 21,000 euro. Although the recent WMO law 

offers subsidies for these packages it is by far not enough to cover the entire amount. Elderly only 

want to invest in adjustments they think are absolutely necessary. According to Eenvandaag (2015) this 

can lead to the unfavorable scenario where elderly wait until the last moment and then realize 

adjustments cannot be made within 2 months and are forced to leave their homes against their will. 

This statement is supported by Rigo Research & Advies (2009) that shows that 144,000/342,000 (42%) 

of the elderly they surveyed are in direct and immediately need of adjustments on their current house 

(table 3.2). 

Table 3.2. Overview dwellings in need for adjustments - Single family and multifamily homes. Source: (Rigo, 2009) 

Most adjustments can be realized through small interventions. As can be denoted from table 3.3 

92,000/144,000 (64%) can be realized through small interventions only. In general owned multifamily 

dwellings are in need of the least adjustments while the most demanding group are the owned single 

family dwellings.  

Table 3.3. Overview different adjustments by size for both home owners and renters - Source: (Rigo, 2009) 

Most adjustments so far have been done in the renting 

segment as can be denoted from figure 3.5 and not the 

owned single family dwellings. This makes sense since a 

significant part (24%) of the elderly rather move towards 

an already adjusted home which most likely is a rented 

apartment since according to ANBO & Woonz (2015) 

65% of the elderly prefers a rented apartment. In addition 

adjusting social housing projects also fall under the rent 

segment. In addition most elderly were helped with minor 

adjustments.  

Ageing theory suggests that today’s elderly want to age in 

place and independency and self-reliance are key words in 

this process. At the same time studies such as (ANBO & Woonz, 2015; Boldy et al., 2011; PBL, 2013) 

and others have concluded that maintaining comfort and satisfaction and therefore mitigating 

disabilities regarding the house is one of the biggest musts in order to stay in the current homes. At 

the same time Dutch elderly seem not very motivated only 24% prefers to adjust their home compared 

to Australian elderly (44%). This difference might have to do with the different housing markets, 

Figure 3.5. Share of elderly (55+) whose house has been adjusted. 
Source: (Rigo, 2009) 
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awareness and the fact that in the Netherlands policy stimulating elderly to age at home, was introduced 

rather recently. The Australian policy dates from 1997. The Australian study of Boldy et al. (2011) 

indicates that in the beginning adjusted homes were just a small share of the total supply while in 2004 

this had grown to 45%. Therefore it is not unlikely that people will learn over time and become more 

willing to pay for the adjustments (Boldy et al., 2011) 

3.4 Motivation to move 

3.4.1 Reasons for moving 
Previous chapters showed that elderly rather not 

move. Moving is a big step for elderly. This is 

illustrated in table 3.4 The study of ANBO & 

Woonz (2015) shows that 74% looks to some 

degree up to moving. Therefore the top three 

reasons to move result from restrictions and 

disabilities. Studies for the Netherlands such as 

ANBO & Woonz (2015) and Rigo Research & 

Advies (2009 show that housing characteristics, 

disability and mobility and the need for care are the 

top three named reasons for elderly to move. In 

addition international research by Gibler & Tyvimaa (2015) argues that house size is also an important 

reason since many elderly are downsizing as well.  

 

 

 

Figure 3.8. Reasons to move in the upcoming 2 years. Source: (Rigo, 2009)    Figure 3.9. Actual moving reasons. Source: (Rigo, 2009) 

When comparing reasons to move to what elderly actually made move the differences are small (figure 

3.6 vs 3.7 and figure 3.8 vs 3.9). It shows that elderly know what they want and also behave as they 

Table 3.4. Survey on thoughts on moving – 11.717 respondents. 
Source: (ANBO, 2015) 

Figure 3.6. Reasons to move in the upcoming 2 years, 7726 
respondents. Source: (ANBO, 2015) 

Figure 3.7. Actual moving reasons, 7276 respondents.              
Source: (ANBO, 2015) 
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say. One exception is the reason to live closer to the children. This was not anticipated by the elderly 

but turned out to be important to 10% of the elderly who moved. In general almost all reasons can be 

devoted to the earlier named reasons that emerged from restrictions and disabilities. Therefore proper 

adjustments to the house are important to make the wish of ageing in place possible. 

3.4.2 Moving preferences 
The share of elderly that actually think of moving is small (< 20%) but because of the large share of 

elderly (25% of the population by 2020) the market share of movers is still significant. In general it 

seems that the choice of elderly for renting or owning a home is based on income, age and the current 

tenure. Evidence includes (Ministerie van Volkshuisvesting 2010; Jankowski, 2010) who state that the 

younger elderly who already own a house wish to remain home owner. In addition the study of 

Knatterud & Spuit (2010) compared the preferences of young elderly and older elderly and found that 

18% of the older elderly preferred renting as opposed to 11% of the younger ones. When a survey was 

held with a high share of homeowners (93%) it showed that renting was less popular than other 

literature suggested. The results show that when respondents are asked whether they think they will 

own or rent the next time they move, more than two thirds (69%) indicated they plan to own their 

next home as well. However not only age and current tenure plays a role. A study done by Strathers 

(2008) states that those that are currently renting might choose renting again (home matching) due to 

limited income. Furthermore figure 3.10 shows that those who currently own their homes are more 

likely to consider single family homes, while renters and those who live with family are more likely to 

consider apartments (Jankowski, 2010). In addition figure 3.11 shows how income relates to the type 

of housing. Richer elderly tend to own more single family houses and choose institutional care more 

often. At the other hand poorer elderly are overrepresented in income rent apartments and move more 

often in with family. The Dutch survey of ANBO & Woonz (2015) has a roughly equal distributed 

panel on age, gender, topography, tenure, etc. and shows in general that when elderly move 65% of 

the homeowners would go for a rent apartment rather than buying a new home. In general there seems 

to be a market for both rent and owned senior apartments/dwellings.  

 

Figure 3.10. Type of housing by current tenure cross tabulation. Source: (Jankowski, 2010) 
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Figure 3.11. Housing type by income cross tabulation. Source: (Jankowski, 2010) 

When elderly finally do make the step to move, most want to stay close to where they used to live. The 

earlier made assumption that elderly want to live independent ánd in their current 

neighborhood/community is hereby confirmed by reports from PBL (2013) and Ministerie van 

Volkshuisvesting (2010) that show that only 10% moves outside a radius of 25 km and circa 75% 

wishes to move no further than 500 meters (PBL, 2013). Between 2004 and 2006 almost half of the 

elderly who have moved stayed within an actual radius of 1.5 km from the old dwelling. Hooimeijer et 

al. (1993) and Van Iersel et al. (2009) in PBL (2013) argue that the elderly are becoming more mobile 

because of higher education, more financial welfare and better technological & geographical 

knowledge. However when looking at the facts there is no reason to believe that it is visible in moving 

behavior yet. The statistics show that elderly do not want to move more than 500 meter in the ideal 

scenario. This can be denoted from the actual behavior that showed that the majority is actual staying 

inside a radius of 1.5 km.  

3.5 Preferred living scenarios 
Recently different concepts emerged to facilitate ageing in place. International literature (USA) shows 

successful concepts of gated communities and virtual communities. These concepts do not seem to be 

very popular for most elderly (section 2.3.1). However since the share of elderly is large in most cases 

there is still a market for these concepts. As for the Netherlands most concepts are meant to facilitate 

ageing in place. They try to solve the issues regarding social aspects such as loneliness but also financial 

aspects such as affordability by capital injection options for elderly. 

International concepts USA 
Gated community. Elderly do not necessarily like to live with large number of age related people nor 

do they show a significant interest in communal activities and attributes. However in the United States 

a study was done by Blakely & Snyder (1999) on gated communities which reported a rapid increase 

in gated communities since the seventies up until the year of publishing (2000). This is in contrast with 

previous discoveries of individualism, affordability and location aspects. However these service 

concepts are generally expensive and, as ANBO & Woonz (2016) already reported: Affordability is one 

of the 3 major attributes that determines elderly’s moving behavior. This could bias the result and 

findings of the research in the United States that might have naturally self-selected more wealthy senior 

citizens.  

Virtual community. A more viable option might be the communities that are highlighted in the study 
of (Fontaine, 2013). Fontaine (2013) reported on two innovative virtual housing concepts. Joseph 
Coughlin, Director of a virtual community called: “Beacon Hill”, states for the Declaration of 
Independents in 2005 that virtual communities “bring elderly in contact with vetted personal trainers, 
caterers, house cleaners, plumbers and computer advisers, they also offer the elderly a number of free 
benefits such as weekly car service to the grocery”. Another platform example are the integrated service 
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areas (ISA's) in Singelenberg, Stolarz, & Mccall (2014) which states that several ISA’s from Western 
countries provide resources to seniors in a manner that “upholds their dignity, independence and 
current home”. These platform projects initiate a collaboration between housing providers, social 
workers, care providers, architects, researchers and local officials in order to support the elderly in their 
communities.  
 
The virtual aspects of the communities support the individualism preference and the independency 

preference found in the other studies including but not limited to (Brosens, 2014; Rigo Research & 

Advies, 2009; ANBO & Woonz, 2016). Furthermore the virtual communities also contribute to 

functionality, in a sense of help on demand as well as the pay per use basis. Especially the help on 

demand and paying for what you need is in line with the current mind-set of elderly. According to 

Brosens (2014) - who investigated service packages and service costs -the total all-inclusive service 

package is outdated and people no longer want to pay for the whole package or for services they do 

not need or use. Based on the previously found preferences these kind of communities seem more 

future proof than the wealthy gated communities discussed in (Blakely & Snyder, 1999). Therefore 

these virtual communities or service zones can become more attractive for those who want to age in 

place but still prefer some social interaction on a small scale. Although most elderly like to age in place 

according to Rijksoverheid (2015) a small part still favors small scale communities where elderly are 

clustered or can get services and care.  

Dutch concepts 
Kangaroo dwelling. The kangaroo dwelling roofs one entire family. One family under one roof just 

as it is still common practice in countries around the Mediterranean Sea. Two dwellings are connected 

to each other. Elderly can take care of babysitting on grandchildren, while they themselves are taken 

care of by their own children. Although this is a variant of ageing in place, in the Dutch literature this 

variant does not seem to be very popular. Around 45% of the group 55-60 year values it as positive. 

This preference decreases with age. Among the other group of elderly (70+) this same preference 

decreases to hardly 30% (Ministerie van Volkshuisvesting, 2010). According to Rigo Research & 

Advies (2009) the share of those who are in favor of kangaroo dwellings is even smaller. While 37% 

among the elderly (55+) is positive, 44% of them are against it and 19% is neutral. This means that the 

majority of elderly is against this type of dwelling. For the hosting family members an even lower 

prediction is reported. Only 25% is willing to take care of their older family members (Rigo, 2009). 

Verzilverd wonen.  “Verzilverd wonen” offers people to free up capital. With this capital they could 

make investments to their houses to make them more lifetime proof. In general elderly do not want to 

move but making the house more durable can be costly as well. It is commonly accepted and believed 

that elderly in general have lower mortgages and are more often home-owner as compared to younger 

people (PBL, 2013). This capital is not liquid enough to spend and since they generally do not want to 

move they cannot access it. Housing associations developed a concept where they would buy up the 

house, perform the maintenance and give elderly a capital injection for future investments. Although 

this seems like a solution for many home owners, this concept is not as popular as expected. A study 

was done by Rigo Research & Advies (2009) into this concept with respondents of the age of 55+. 

About 43% has a negative view on the concept in general and 38% has a positive opinion on the 

concept and the remaining part has not formed an opinion yet. However 62% of all surveyed 55+ 

elderly would decline an offer for verzilverd wonen at this moment. Although this option is only 

attractive to 38% of the respondents, owners without children find it more attractive than owners with 

children. The difference amounts to 5%-10% (Ministerie van Volkshuisvesting, 2010; Rigo Research 

& Advies, 2009). The reason for the unpopularity is not given. However it might have something to 

do with the idea that elderly do not see house improvements as investments. The previously introduced 

Australian study by Richardson & Bartlett (2009) showed it took time before the share of adjusted 

houses became the largest group among all elderly residential properties.  
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Woonzorgfonds. The concept of the "Woonzorgfonds" is also based on freeing up capital. It is an 

interesting way of saving up money (with low to no tax rates). Different from the “Verzilvering” 

product, selling the house is not a requirement. The money in the fund can be realized from own 

savings or the overvalue on the property (if positive). A bank can give an advance deposit of the 

overvalue on the dwelling. Since this is not risk free the bank will ask interest which increases monthly 

expenses. On the other hand a part of the overvalue is capitalized without selling the house. This 

money is reserved and stored for later when elderly need capital for buying in healthcare or adjustments 

to their house for improving comfort. Around 36% is positive and circa 39% of the respondents are 

negative about this concept (Rigo Research & Advies, 2009; Ministerie van Volkshuisvesting, 2010). 

Favorable living concept. The Dutch National Association for Elderly performed a survey as well in 

2015 regarding living concepts. With 7,002 respondents from all across the Netherlands and from 

various age categories (49% is between 61 and 70 years old and 37% is between 71-80 years old.) it 

gives a representative overview of what Dutch elderly prefer (figure 3.12). 

 

Figure 3.12. Overview preferences on living concepts, 7002 respondents. Source: (ANBO, 2015) 

It does not seem that the new concepts are preferable. Rented dwellings, senior dwellings, life course 

durable dwellings and 55+ dwellings score highest. This is once again in line with renting over owning 

and the ageing in place theory with the aspects of independency and self-reliance. However as 

Rijksoverheid (2015) also stated there is still a small market for small care communities such as service 

flats, service zones and the so called “protected and supported housing” (Dutch: aanleunwoningen) 

which are either close to or connected to institutional care facilities. 

3.6 Conclusion 
The theory showed preferences of self-reliance and independence. Nowadays a significant part of 

elderly likes to age in place. Ageing in place is about enabling people to maximise self-fulfilment and 

preferred lifestyle. 

Several sources showed that around 75%-85% of the elderly distributed over different age categories 

have no plans to move in the next upcoming 2 years. The planning on the long term is about 30% for 

younger seniors (55-65 years old) and decreases with 20% for 65-75 years old all the way down to 

barely 10% for the 75+ year olds. Most named reason to not move are: "Don't expect I have to" with 

31% followed by "financial reasons" with 24% and finally "current place is good enough" with 22%.  

Furthermore other research report the organizational part of moving, leaving the neighborhood, home 
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ownership and place attachment as an indirect reason as well. Most houses (63%) can be improved by 

making small adjustments (figure 3.5). Although many elderly would have reasons and wishes to stay 

home, only 24% prefers to adapt their dwelling to a more future proof suitable house. Around 47% 

rather moves to an already fixed and adjusted house. This share is considerably lower than for example 

in Australia where 44% is willing to adjust their homes. 

When elderly move most named reasons are 1-floored apartments, problems with physical mobility, 

the need for care and house size. Outside the top 4 the reasons vary widely. Most people (28%+ 34%) 

think of moving or sometimes think of moving. The majority (38%+ 36%) is reluctant. And about one 

third never thinks of moving. When elderly finally move only 10% moves outside a radius of 25km, 

75% wishes to move within a radius of 500 meters and 50% actually moved within a radius of 1,5 

kilometers.  

In general it seems that while there might be several successful concepts of elderly communities or 

financial affordability concepts most people want to age in place without too much hassle. This means 

living as long as possible, independently in their own community. Age, income and the current tenure 

play large roles in determining whether elderly prefer rented or owned dwellings. Relatively rich, young 

elderly who already own a dwelling want to remain home owner while relatively older, less wealthy and 

renters prefer rented dwellings. This results in a demand for both owned and rented senior dwellings, 

adjusted dwellings and yet also a small market for service and small care communities.   
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4  Building and dwelling attributes of senior-labeled dwellings 
Chapter 4 contains an econometric analysis on data by the NVM Netherlands association of real estate 

brokers. Out of some 180,000 dwellings available through the listing site Funda, some 2.5% have a 

label ‘accessible for seniors’. This label is a characteristic brokers can assign to a dwelling before 

uploading it to the public real estate listings. It suggests the dwelling is senior proof. Chapter 4 aims to 

identify the underlying relationships between the structural attributes of the dwelling and this senior 

label. Knowing these predictors can be beneficial in a later stage to see to what degree these predictors 

meet the preferences of elderly.  

4.1 Research Hypotheses  
Based on the literature study into the dwelling and building attributes that are important for the elderly 

(see chapter 2 and 3), the following hypotheses can be formulated. Dwellings should have a higher 

probability of receiving a senior label if they: 

1. Are located in a building with a lift (in case of an apartment).  
2. Have an average size, not too small and not too large.1 
3. Are of a recent construction year. 2 
4. Are well-maintained.  

5. Have an (indoor) parking space.  

6. Have a nice view.  

7. Are single-story dwellings. 

8. Have a balcony.  

 

A higher price is ceteris paribus expected to contribute negatively to the probability that a dwelling has 

a senior label. However when measuring the influence of price on the entire spectrum (very low, very 

high) a u-shape relation could be possible as well. However this chapter assumes a negative relation 

between price and the senior level. These hypotheses form the basis of the models that are estimated 

in section 4.4. 

4.2 Empirical Framework 
The dependent variable in the models of chapter 4 is whether a dwelling has a senior label or not. The 

used variable is “toegankelijkheid voor ouderen” (accessibility for the seniors) defined by the NVM 

Netherlands association of real estate brokers. This dependent variable is dichotomous (yes/no, 

dwelling has a senior label), so a logistic regression will be used to approach the problem. Furthermore 

the predictive character of a logistic regression is in line with the empirical question of estimating what 

predictors determine whether a dwelling gets a senior label. Expression (1) - based on Hilbe (2009) - 

describes the to be estimated model.  

(1)  ln(
𝑝

1−𝑝
) =  (𝛽0 + 𝛽1𝑥1 + 𝛽2𝑥2 + ⋯ + 𝛽𝑛𝑥1𝑛 ) + (γ0 + γ1𝑓1 + γ2𝑓2 + ⋯ + γ𝑛𝑓𝑛 ) + (τ0 + τ1𝑡1 + τ2𝑡2 +

⋯ + τ𝑛𝑡𝑛 ) + 𝑒) 

In the model p is the probability that a dwelling has a senior label. As usual in order to obtain the 

predicted probability (p), the exponent is taken of the predicted value and divided by (1 +  𝑒𝑏𝑥+γx+τx ). 
The independent variables 𝑥1, …, 𝑥n are attributes like: Property type, construction year, size, lift, garage, 

                                                   
1 Elderly do who move to another place do not want to pay more than they currently do nor the same amount for a smaller apartment than 
they currently own/rent. On the other hand the literature study also showed that downscaling could be a motivation to move as well especially 
when the house becomes too big at a certain age.  
 
2 The building regulations of 2004 made a large amount of improvements regarding the accessibility of dwellings. Doors and corridors 
have larger dimensions. In 2013 even more accessibility improvements were made where lower thresholds for height differences and even 
larger corridors and doors were established. 
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parking spot, nice view, price, rooms, maintenance and balcony.  To account for heterogeneity in location 
characteristics, location fixed effects (f) are added to the model. The location is defined as a 4-digit zip 
code. Due to location specific characteristics or different working methods brokers could assess certain 
areas in different ways. To account for heterogeneity in time of sales, year dummies (t) are added to 
the model and (e) represents the unexplained residuals.  
 

4.3 Data 
The research uses micro-data on dwelling 

transactions between the years 2011-2016, 

provided by the NVM Netherlands association of 

real estate brokers. Since the literature and theory 

showed that regular3 houses on the housing market 

will function more often as senior dwellings, the 

data includes not only apartments but also single-

family houses. The data is geographically 

constrained to 31 largest (in terms of senior supply) 

municipalities of the Netherlands (figure 4.1). 

Appendix II contains the full list and a detailed 

overview of the number of senior dwellings in each 

municipality. These municipalities represent 

roughly 25% of the listed senior dwellings at a 

random point in time (June 2017). Around 2-3% of 

the whole raw dataset consist of elderly dwellings. 

The data includes a wide variety of variables such 

as price, zip codes, address, but also includes 

housing attributes such as age, type of house, 

maintenance quality of the property, as well as 

dimension attributes such as number of rooms, living size in square meters, parcel size, etc.   

Table 4.1. Clarification variables 

Variable Value 1 Value 0 

Dummy type of dwelling house apartment 

Dummy senior label senior label otherwise 

Dummy sold 2011-2016 sold between 2011-2016 otherwise 

Listing time time in days n.a. 

Dummy lift lift present otherwise 

Dummy balcony balcony present otherwise 

Dummy parking spot parking spot (outside) otherwise 

Dummy garage parking (inside) otherwise 
Dummy maintenance indoor and 
outdoor 

1 Excellent, 2 Good-Excellent, 3 Good, n.a. 

 4 Average-good,  5 Average, 6 Mediocre-Average, n.a. 

 7 Mediocre, 8 Mediocre-Bad, 9 Bad. n.a. 

Dummy modern construction constructed after 2000 before year 2000 

Dummy size small Living space [15-75m²] otherwise 

Dummy size medium Living space [76-100m²] otherwise 

                                                   
3 Houses that aren’t specifically designed to house elderly but nowadays often function as elderly houses due to the preferences of elderly (age 

in current home) and the possible adjustments that can be done to turn it into a senior dwelling.   

Figure 4.1. Overview of the 31 biggest municipalities by labelled senior supply. 



31 
 

Dummy nice view looks out on forest, park or water otherwise 

Table 4.1 gives a clarification overview on the to be estimated variables and table 4.2 provides the 

descriptive statistics of the dataset which includes the minimum, maximum and mean values as well as 

the standard deviations of the selected variables. Note that the descriptive statistics have been 

calculated on already cleaned data for both houses and apartments. The cleaning and variable selection 

process are described in Appendix III. After cleaning the ratio senior dwellings / all dwellings is 4,626 

/ 174,862 respectively. 

Table 4.2. Descriptive statistics on sold NVM properties between 2011-2016, cleaned dataset, 174.862 observations,  

Variable 
minimum maximum mean Stand. Dev. 

Transaction price 75,000 749,500 228,500 118,772 

Property type  1 2 1.515 0.500 

1500_1905 0 1 0.074 0.261 

1906_1959 0 1 0.342 0.474 

1960_1990 0 1 0.339 0.473 

1991_2000 0 1 0.123 0.328 

2001_2016 0 1 0.123 0.328 

Listing time (days) 2 729 130 152 

Dummy Lift present 0 1 0.134 0.341 

Number of rooms 1 10 4.094 1.433 

Dummy Balcony present 0 1 0.380 0.485 

Dummy Parking (spot and garage) 0 1 0.260 0.438 

Maintenance indoors 1 9 6.989 1.119 

Maintenance outdoors 1 9 7.062 0.878 

Size (living space in m²) 16 493 102 39 

Dummy nice view (forest, park, water) 0 1 0.323 0.468 

Year dummies         

Dummy sold in 2011 0 1 0.010 0.099 

Dummy sold in 2012 0 1 0.072 0.258 

Dummy sold in 2013  0 1 0.163 0.369 

Dummy sold in 2014 0 1 0.236 0.424 

Dummy sold in 2015  0 1 0.277 0.447 

Dummy sold in 2016  0 1 0.243 0.429 
 

Figure 4.2 shows the correlation between the variables in the estimation dataset. In general the used 

data does not show strong correlations. There are some correlations between and number of rooms 

and size. However the dummy rooms will only be used in the extended model to test a specific 

hypothesis from the literature. In addition maintenance indoor and outdoor is also strong correlated. 

However both fall under the same maintenance hypothesis and is not split in 2 sub-hypotheses.  
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Figure 4.2. Correlation Matrix dataset model I 

4.4 Results Model I 
Section 4.4 reports the results of estimating Model 1. Model I consists of 9 specifications which 
differ in terms of: 
- data sample used: houses + apartments, only apartments, only houses 
- variables included: baseline model with few variables and two extended models.  
 
The data is split in 3 parts, one total set and two subsets containing either apartments or houses. The 

decision is based on the literature findings and data descriptives. For example the literature showed 

that one-floor dwellings (apartments, lifts, etc.) were of high importance. However in the Netherlands 

this is no luxury as many apartments have a lift. Therefore splitting the data can be beneficial. In 

addition the descriptives showed that apartments are more homogenous than houses. As for now the 

labelling of houses is rather unknown and maybe even random. Excluding the housing sets from the 

apartments might be beneficial to identify the label predictors.  

The model is also specified in three different variable sets. Reasons are overfitting and literature. The 

baseline model mainly uses the variables that were derived directly from the literature. Extended model 

1 contains additional structural characteristics, extended model 2 contains additional characteristics as 

well as price. The reason to model the price separately has to do with the possibility of the presence of 

multicollinearity caused by the variable price. In addition adding more variables increases the risk of 

overfitting. In this case the base model can serve as sensitivity check when observing consistent results 

between the base and the extended models.   

Estimation results will give insight in how real estate brokers label properties to become a senior 

dwelling. By comparing the results with the  conclusions of chapter 2 and 3 insight is gained in whether 

real estate brokers’ perception on elderly wishes is in line with what he elderly prefer. For clarification 

a hypothesis matrix (table 4.9) is shown at the end of the chapter.  
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4.4.1 Baseline Model - Structure Attributes 
 

Table 4.3. Logistic regression - Model I - Baseline - structure attributes  

  
Houses & Apartments Apartments Houses 

Variable Estimate   Z-value Estimate Z-value Estimate   Z-value 

Dummy apartment - Type of property  -0.028   -0.556 N.A   N.A N.A   N.A 

Modern construction 0.025   0.423 0.038   0.466 -0.006   -0.064 

Size Small (15-75m²) -0.009   -0.173 0.063   0.966 -0.061   -0.576 

Size Medium (76-100m²) 0.070 . 1.720 0.167 ** 2.584 0.002   0.033 

Dummy Lift 0.111 * 2.017 0.024   0.405 0.375   0.505 

Parking spot -0.088   -1.325 -0.112   -1.121 -0.046   -0.495 

Garage 0.051   0.954 -0.229   -1.453 0.083   1.418 

Dummy nice view -0.019   -0.533 0.031   0.661 -0.079   -1.440 

Log transaction Price N.A   N.A N.A   N.A N.A   N.A 

Observations 174,862     90,127     84,735     

Fixed Effects PC-4 YES     YES     YES     

Year fixed effects YES     YES     YES     

MacFadden 0.046     0.066     0.082     

sign. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1    

Two main results can be derived from the baseline estimations. The results show that variables size 

and lift have a statistically significant effect on the probability of a dwelling being labelled senior. It 

shows that houses that contain a lift or are of medium size (76-100 m²) have a significant higher 

probability of having/getting a senior label. The lift has a relatively strong effect (estimate 0.111) 

compared to other dummies in the overall dataset. However when sub-setting the set into “apartments 

only”, the lifts are no longer statistically significant which probably has to do with the fact that the 

variation in the set is smaller since having a lift is probably not something that is really unique for an 

apartment building in the Netherlands. The most interesting result in the subset houses is the fact that 

there are no statistically significant results. It seems that the listed senior houses are more homogeneous 

in relation to regular houses than for instance senior apartments in relation to regular apartments. An 

educated guess is that houses don’t excel in the attributes that increase the probability for apartments 

such as one-floor, lifts, location, etc. The aspect that makes senior houses suitable might and could 

depend on specific adjustments which is a parameter that is not captured in model I. The adjustment 

parameter consists of text strings and is not mined and analyzed in the current data.  

In addition to the two main results the numbers weakly suggest that parking might have an influence 

on the labelling process as well. In all subsets at least one parking variable is approaching the confidence 

interval of 10%. Although the evidence is weak (Z-value -1.325) it could be that real estate brokers do 

not value parking spots to be an asset for senior dwellings since it looks like the probability on receiving 

a senior label decreases. The impact of garages on the other hand seem to depend on the specific 

subset. Garages show a positive relation for subset houses and a negative relation for subset 

apartments.  

No statistically significant evidence could be found to support other hypotheses such as modern 

construction, size (small), 1-floor dwelling and nice view.   
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4.4.2 Extended Model 1 - Structure Attributes 
It is possible that brokers know additional attributes that are important to elderly, which are not 

highlighted or prioritized in the literature. This extended model takes a bit more risk regarding multi-

collinearity since it adds variables in order to reveal new relationships. Therefore in the end the models 

will also be compared to the baseline model to test the sensitivity of the results. The added variables 

are: Maintenance of the building both indoors and outdoors, a balcony and a dummy that selects 

dwellings with less than 3 rooms. The <3 room variable is particularly interesting since the literature 

and the baseline model showed that the wish for a small sized apartment does not unambiguously hold 

for the elderly. While elderly like to live smaller, they often experience increased monthly costs due to 

moving from low to no mortgage payments to renting. Therefore the sacrifice in space cannot be too 

big. The baseline model showed that medium sized dwellings have a significant higher probability in 

receiving a senior label compared to small sized dwellings. In addition literature showed that when 

elderly downsize they like keeping the rooms nice and spacious and prefer to have an extra bedroom 

as well. It is therefore interesting to add the <3 room dummy to the mix and see if it could be modelled 

alongside the size variables without disrupting the model.  

 Table 4.4. Logistic regression - Model I - Extended 1 - structure attributes 

  
Houses & Apartments Apartments Houses 

Variable Estimate  Z-value Estimate Z-value Estimate  Z-value 

Dummy property type -0.048   -0.920 N.A   N.A N.A   N.A 

Modern construction 0.000   -0.007 0.000   -0.005 -0.019   -0.193 

Size Small (15-75m²) -0.037   -0.685 0.024   0.338 -0.049   -0.454 

Size Medium (76-100m²) 0.077 . 1.866 0.166 * 2.564 0.000   0.001 

Dummy Lift 0.104 . 1.877 0.014  0.233 0.375   0.504 

Parking spot -0.093   -1.400 -0.118   -1.183 -0.047   -0.504 

Garage 0.046   0.866 -0.234   -1.484 0.085   1.441 

Dummy nice view -0.023   -0.665 0.024   0.513 -0.077   -1.416 

Log Transaction Price N.A   N.A N.A   N.A N.A   N.A 

Dummy <3 rooms 0.102 . 1.740 0.103 . 1.650 -0.232   -0.778 

Maintenance indoors (1-9) 0.023   1.113 0.029   1.103 0.026   0.761 

Maintenance outdoors (1-9) 0.017   0.633 0.032   0.836 -0.012   -0.294 

Dummy Balcony 0.015   0.409 0.017   0.368 -0.074   -1.041 

Observations 174,862     90,127     84,735     

Fixed Effects PC-4 YES    YES   YES     

Year fixed effects YES    YES   YES     

MacFadden 0.047     0.067     0.082     

 sign. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1    

Table 4.4 shows similar results to the baseline model. As expected the results are a little less strong but 

still in line with the previous model. The first set shows no statistically significant results but does 

suggest the importance of size, lifts and the number of rooms. The model shows that dwellings are 

more likely to get a senior label when they are of medium size, have less than 3 rooms and feature a 

lift. The subset apartments distinguishes itself from the total set by showing a stronger impact of the 

dwelling size on the senior label. On the other hand for apartments lifts do no longer contribute to 

either a higher or lower probability of retrieving a senior label. For houses it still remains unclear what 

attributes increase the probability of obtaining a senior housing label (subset 3). This might suggest 

that extension model 1 is not able to point out the attributes that distinguish senior houses from regular 

houses. As previously discussed this could have to do with the lack in my data of attributes defining 
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specific adjustments (i.e. indoor accessibility) or location attributes. In addition the added variables 

such as indoor- and outdoor maintenance and dummy balcony do not have any significant influence 

on the senior labelling process. However the two room dummy variable approaches confidence levels 

of statistical significance. This suggests that for the first two subsets dwellings with 1 or 2 rooms have 

a higher probability in receiving a senior label.  

In conclusion it can be said that the extended housing model did not add any previously unobserved 

relationships with the exception of the 2-room dummy. Although the dummy is correlated with size 

the addition helps us better understand the phenomenon of “downsizing” which is not just reducing 

the living space or just the bedrooms. In general size and lifts keep playing a role while it remains 

unclear how senior houses are labelled. 

4.4.3 Extended Model 2 - Structure Attributes + Price 
 Table 4.5. Logistic regression - Model I - Extended 2 - structure attributes + price 

  
Houses & Apartments Apartments Houses 

Variable Estimate   Z-value Estimate Z-value Estimate   Z-value 

Dummy property type -0.106 . -1.948 N.A   N.A N.A   N.A 

Modern construction 0.030   0.504 0.036   0.423 0.006   0.061 

Size Small (15-75m²) -0.182 ** -2.823 -0.163 . -1.759 -0.195 . -1.654 

Size Medium (76-100m²) -0.009   -0.199 0.052   0.696 -0.084   -1.324 

Dummy Lift 0.107 . 1.931 0.019  0.317 0.437   0.588 

Parking spot -0.076   -1.131 -0.099   -0.990 -0.027   -0.287 

Garage 0.094 . 1.722 -0.210   -1.331 0.142 * 2.309 

Dummy nice view -0.010   -0.292 0.033   0.701 -0.054   -0.972 

Log Transaction Price -0.277 *** -4.079 -0.335 ** -3.128 -0.313 ** -3.224 

Dummy <3 rooms 0.055   0.910 0.043   0.653 -0.287   -0.962 

Maintenance indoors (1-9) 0.037 . 1.767 0.047 . 1.730 0.043   1.225 

Maintenance outdoors (1-9) 0.021   0.804 0.036   0.933 -0.006   -0.160 

Dummy Balcony 0.018   0.477 0.004   0.092 -0.048   -0.671 

Observations 174,862     90,127     84,735     

Fixed Effects PC-4 YES    YES   YES     

Year fixed effects YES    YES   YES     

MacFadden                   

sign. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1    

First and foremost the results in table 4.5 should be interpreted with caution. The correlation matrix 

in section 4.3 showed that variables such as size, rooms, modern construction are (relatively) highly 

correlated with the price variable. Although the addition of price clouds the model it still gives valuable 

information. The price variations serve merely as a sensitivity check and allow for the possibility to 

check the impact of the variable price. Acknowledging this the results show strong statistical evidence 

for the theory that a price increase lowers the probability for a dwelling to obtain a senior label. This 

holds for all three subsets. The previous models showed they were rather robust when additional 

variables were added. This could not be said when the price is added to the model. Variables as nice 

view, garage, parking spot, balcony are stable. The variables modern construction, property type, 

dummy rooms, maintenance and lift are as expected sensitive to the addition of the price.  
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4.5 Reflection model I 
Table 4.6 compares the results to the hypotheses and shows which hypotheses are in line with the 

results. The signs behind the hypotheses means whether a positive or negative relation is expected with 

regard to the probability on senior houses. Non-significant results are only assessed with V/X for 

correct/incorrect sign. Significant results are marked with confidence levels as described below.  

4.5.1 Reflection 
The results of the price models are also shown in table 4.6 However they will not be excessively 

discussed as the results are found unreliable. Set 1 is the total set, set 2 subset apartments and set 3 

subset houses. 

 Table 4.6. Overview reflecting results for Model I per subset, per model 

  
Toal set Apartments Houses 

Hypothesis Base 1 Ext. 1 Price 1 Base 2 Ext. 2 Price 2 Base 3 Ext. 3 Price 3 

1 - lift + * . . V V V V V V 

2 - size small +  4 X X ** V V . X X . 

2 - two rooms + N.A. . V N.A. . V N.A. X X 

2 - size medium + . . X ** * V V V X 

3 - modern construction + V X V V X V X X V 

4 - maintenance indoor - N.A. X . N.A. X . N.A. X X 

4 - maintenance outdoor - N.A. X X N.A. X X N.A. V V 

5 - parking spot - V V V V V V V V V 

5 - parking garage + V V . X X X V V * 

6 - nice view + X X X V V V X X X 

7 - single story + X X . N.A. N.A. N.A. N.A. N.A. N.A. 

8 - balcony + N.A. V V N.A. V V N.A. X X 

9 - price - N.A.  N.A. *** N.A. N.A. ** N.A. N.A. ** 

v= intuitive non-statistically significant result   green = supported  statistically significant result     

x= non-intuitive non-statistically significant result red = non-supported statistically significant result    

sign. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1    

Lifts: The lift hypothesis is always in line with expected output. However it is not always found to be 

significant. Only in the case of the total dataset a lift would contribute positive significant to the 

designation of listed senior labels. In other cases the presence of a lift was found to be insignificant 

but the signs always point in favor of the hypothesis.  

Size small: The small size variable shows negative results for the total set & subset houses and a 

positive result for subset apartments. However none of the results is of significant importance in any 

case. Based on most literature a positive relation between senior labelling and small sized dwellings is 

expected because of financial affordability and the frequently named reason of “downsizing”. However 

some researches showed that elderly do indeed consider downsizing but do not want to live too small 

as the feel they would be trading in too much while paying relatively more. Therefore the direction 

here could go either way. However the evaluation of the hypothesis is based on the majority of the 

literature and thus a positive relation between small sized dwellings and senior labels is expected. The 

results show otherwise. Though one should bear in mind that this how brokers label the listed housing 

stock which is not necessarily according to the wishes of the elderly nor does it contain social housing 

                                                   
4 Size small can be both positive and negative. The relationship depends on the research angle. Elderly want to downsize but only to some 
degree. However in this comparison analysis any downsize is expected to have a positive influence on the senior label allocation.  
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and nor does it contain non-listed houses. In conclusion the results show that small sized houses are 

not a significantly determinant for the senior label.  

Size medium: Medium sized apartments are always correlated positively when they are not under the 

influence of the price variable. In the total dataset (estimation 1) there is reasonable evidence that 

supports the hypothesis that mediums sized dwellings have a higher probability to obtain a senior label. 

This thought gets confirmed when running the second estimation on apartments. In this case medium 

sized apartments become a significant determinant for real estate brokers. In the last estimation (on 

houses) the result is still positive but lost its significance. In general it can be assumed that especially 

medium sized apartments have a higher chance to receive a senior label opposed to small and large 

apartments.  

Construction year: It is assumed that modern construction could also contribute and increase the 

odds of receiving a senior label. Brokers can be assured that after 2003 and after 2013 more strict rules 

regarding door thresholds, corridors and door sizes were implemented due to the introduction of new 

building laws. Yet there seems to be no significant relation at all between modern construction and 

senior labels.  

Parking: A similar observation can be made for parking spots. Parking spots have no single significant 

relation with the probability to get a senior label. However in all cases the coefficient is pointing in the 

right direction which suggests outdoor parking is not seen as elderly-friendly by the brokers. Parking 

garages differ from parking spots in the sense that they are indoors. However the parking garages were 

only found to be significant in the less reliable models namely the price models. It is expected they are 

correlated with the price. Once the price is excluded the garages lose their significance and they do not 

show any unanimous results however they tend in some degree to improve the chances on receiving a 

senior label in most cases.  

View: Apartments and houses with a so called “nice view” have no statistically significantly higher 

chance on being labeled as a senior dwelling either. It does not seem real estate brokers prioritize the 

view the building has, or at least not in most cases.  

Single floor dwellings: An even more interesting outcome concerns the coefficient one-story 

dwellings. The literature study clearly showed that a one story dwelling is almost a must for a senior. 

And yet there seems to be no significant relation between one-story dwellings and senior dwellings. It 

is expected that in the total dataset a one-story apartment would have a much higher chance being a 

senior dwelling. The estimators are not just statistically insignificant but they are also pointing in the 

wrong direction. A possible explanation for the insignificance could be that more people are staying at 

home and might change and adapt their houses to their needs which is unobservable with the current 

data and makes regular houses also suitable for elderly. This in combination with a shortage of senior 

apartments might lead to the result where there are almost as many single family dwellings given a label 

as well as apartments especially since the senior label is still relatively young.  

Price: All three estimations that included the price show that price has a negative and significant 

influence on the probability of the senior label. In other words when two exactly the same dwellings 

are compared the cheaper house has a higher probability of having a senior label. The brokers seem to 

take price and financial affordability into consideration when assigning labels to the listed housing 

supply. Though one should keep in mind that the preferences of downsizing could also lead to a lower 

price and thus a higher probability on receiving a senior label. The correlation matrix (figure 4.2) 

showed they cannot be seen as two unique parameters. However since the correlation is not 1:1 either 

there is still the possibility brokers take both size and financial affordability into account.  

Two room dummy: The most prominent result of the extended model is the addition of the two 

room dummy. The variable is of moderate strength and suggests that dwellings have a higher chance 
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of getting a senior label when they have less than 3 rooms. However the statistical significance 

decreases when it is being estimated on the subset houses. In addition it is important to note that in 

contrast to the price addition, the addition of the two-room dummy does not jeopardize the reliability 

and predictability of the model in a way that it causes signs to flip and confidence levels to significantly 

drop.  

Maintenance: The importance of maintenance is not as large as expected. In addition the relationship 

is expected to be negative since classification 1 is excellent maintenance and 9 is poor maintenance. 

The results show that in most cases the point estimators are not in line with the hypothesis. Since the 

results are not statistically significant there seems to be no evidence that a well maintained dwelling 

makes more chance on getting a senior label than a regular/poor maintained dwelling. 

Balconies: The balconies do not seem to be a significant criterion for real estate brokers although the 

signs point in the right direction for most subsets. Especially apartments seem to benefit from 

balconies although the results are not conclusive enough to state this with confidence. When it comes 

to the subset houses the positive relationship completely disappears.   

In conclusion the added variables did not reveal strong significant unobserved relationships.  

4.5.2 Yearly trends 
The models are corrected for yearly developments by including dummies for the years 2011-2015 and 

using the year 2016 as a reference point. The estimated coefficients show there might be statistically 

significant exogenous trends or patterns in the amount of senior labels being assigned. However the 

sample size in the early years is too small to say something with confidence (table 4.7). The results of 

the models show that all years are negatively statistically significant correlated with the reference year 

2016, except for 2011. Meaning all other years contribute statistically significant less to the number of 

listed senior dwellings compared to 2016. The inconsistency in the year 2011 could be caused by the 

small sample size. When judging the absolute numbers of senior dwellings on the supply side we see 

an increase from 2011 until 2015 after which it somewhat stabilizes. Most probably, the senior label 

has been becoming more and more accepted by the brokers and has reached some kind of equilibrium 

now. Possible reasons for the senior label becoming more popular is the attention which is given in 

politics and society to the topic of ageing at home as long as possible.  

Table 4.7. Observations per year for senior dwellings and regular dwellings 

 2011 2012 2013 2014 2015 2016 Total  

Total observations               

all dwellings 6,039 18,116 40.847 54,151 61,278 54,873 235,304 

Variable               

Senior dwellings 50 292 640 1,024 1,309 1,311 4,626 

 

Table 4.8. Sales and listing data on senior dwellings 

              

Variable 
Listed 

S. 
share 

Sold 
Sold 

senior 
Sold S/ 

Sold 
Variable Estimate 

Standard 
Error 

Z-value 

2011 0.009 n.a. n.a n.a. Dummy seniors in 2011  -0.026 0.148 -0.178 

2012 0.072 n.a. n.a. n.a. Dummy seinors in 2012 -0.261 0.066 -3.941 

2013 0.163 20,512 493 2.40% Dummy seniors in 2013 -0.331 0.050 -6.677 

2014 0.236 29,190 733 2.51% Dummy seniors in 2014 -0.225 0.043 -5.249 
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2015 0.277 36,379 951 2.61% Dummy seniors in 2015 -0.153 0.040 -3.801 

2016 0.243 41,814 1,269 3.03% Dummy seniors in 2016 REFERENCE REFERENCE REFERENCE 

 

However it is more interesting to look at the sold property dummies in table 4.8 as they monitor the 

actual sales of senior dwellings as a market share. Table 4.8 shows that there is an increase in relative 

numbers as well. In other words the increased supply might not be the main cause for the recent years 

to perform better because the sold market share grew as well. This also indicates that more listed senior 

dwellings are sold both in absolute numbers and relative numbers. In a way this makes sense due to 

the demographic trends, political policies and the attention that is given to ageing in place (Appendix 

I). However the exact reason cannot be derived from studying the sales and listing numbers alone.  

It is likely to assume that the share of sold senior dwellings increased due to exogenous effects such as 

the growth of Funda, the current real estate market, the senior label itself and the attention given to 

ageing in place. A recent article in NRC by Voogt (2017) shows that the Dutch real estate market on 

sold properties does considerably well from 2013 and onwards. The housing prices have risen and so 

have the amount of sales (Voogt, 2017). In addition PBL (2013) shows there is an increased shortage 

in senior dwellings even though the supply has increased. Assuming this shortage is still present it 

could explain why it gets more easy to sell houses which on its turn could explain one of the reasons 

why most recent years report higher senior sale ratios in addition to more supply and attention to 

ageing in place. Furthermore Funda reports in 2013 an “explosive” growth of visitors on their website 

due to the support of mobile devices (Daris, 2013). It is also the year that senior dwellings are sold for 

the first time since 2011. 

In conclusion it seems recent years report both statistically significant higher overall sales as senior 

sales. Possible reasons are (i) the better performing Dutch real estate market, (ii) higher supply while 

still experiencing a shortage of senior dwellings and (iii) the attention given to ageing in place. However 

the sample sizes in the early years are too small to say something with confidence. Since the research 

does not compare specific years with each other it is expected that these effects have no major 

influences on the outcome of the models estimated in chapter 4 and 5.  

4.6 Conclusion Model I 
Model I gives insight on what attributes increase the probability that a listed dwelling receives a senior 

label. In other words, what attributes are the most important for senior housing according to the NVM-

brokers. At the same time these attributes were cross-examined with the hypotheses about living 

preferences of the elderly that were retrieved from the literature study.  

The first conclusion is that not many attributes come out of the econometric analysis as statistically 

significant predictors of a senior label. The statistically significant predictors include: Medium size (70-

100m²), lift, price and 1-2 room dwellings. This is in line with some of the hypotheses derived in 

chapters 2 and 3 (table 4.9). The data did not support other hypotheses as no statistically significant 

relationships were found between the senior label and the variables construction period, parking spot, 

parking garage, nice view or one-story dwellings. The extended models estimated other attributes that 

were not significant present in the literature such as maintenance both indoors and outdoors, balconies 

and rooms. None of these additions was of statistical significance with the exception of dummy rooms. 

Dwellings that have less than 3 rooms have a higher probability on receiving a senior label. However 

some variables such as parking showed occasionally confidence intervals close to 10% significance. 

There is also a possibility that there were unobserved building characteristics in model I such as specific 

adjustments to the senior dwellings. This might explain the lack of statistically significant results for 

the subset houses. This data is not included in the NVM-set I got. Overall the model showed consistent 

results within the subsets. The different specifications were not susceptible to much change unless the 
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variable price was added. Although the model did not yield a great number of statistically significant 

results it did not yield any contradictory results either.  

The most prominent result is the relationship between the size attribute "Medium" and the probability 

of obtaining a senior label. Medium sized houses (70-100m²) are statistical significant more often 

marked as suitable for seniors compared to dwellings of other sizes such as small houses (15-69m²) 

and large houses (>100m²). In addition the estimation results also suggest that a two-room or one-

room apartment could increase the odds of being selected and marked as a senior dwelling. 

Furthermore the importance and valuation of small sized houses differ. This might have to do with 

the following 2 aspects. First: The definition of “small” and the corresponding high standard errors. 

Second: The literature showed that people want to live smaller but do not want to pay more for it. 

There is no statistical significant evidence for that other than medium sized dwellings were preferred 

by the brokers. Other results showed that lifts only contribute in the total subset and lose significance 

in the subset apartments. Finally an increase in price is always negatively associated with the probability 

on obtaining a senior label. Table 4.10 presents a simplified overview of all results. 

A sensitivity check is done on a subset level (sensitivity 1) and on a model level (sensitivity 2). Sensitivity 

1 compares i.e. for the total subset the results between base 1 and extended 1. Sensitivity 2 compares 

for base 1 the three subsets (total, apartments and houses). Although it is done for all variables it is 

most useful for the significant predictors such as lift, size and rooms. Sensitivity check 2 is less 

important because houses and apartments do differ in some aspects. However when sensitivity check 

1 is not met this means the model is sensitive and might be suffering from overfitting. Fortunately 

sensitivity check 1 is always met for the statistically significant results.  

Table 4.9. Validation hypotheses and sensitivity results 

  
Total set Subset Apartments Subset houses sensitivity sensitivity 

Hypothesis Base 1 Ext. 1 Base 2 Ext. 2 Base 3 Ext. 3 1 2 

1 - lift + 
  

V V V V 
  

2 - size small +/-  * X X V V X X 
 

 

2 - two rooms + N.A. 
 

N.A. 
 

N.A. X N.A. 
 

2 - size medium + 
    

V V 
  

3 - modern construction + V X V X X X 
  

4 - maintenance indoor - N.A. X N.A. X N.A. X N.A. 
 

4 - maintenance outdoor - N.A. X N.A. X N.A. V N.A. 
 

5 - parking spot - V V V V V V 
  

5 - parking garage + V V X X V V 
 

 

6 - nice view + V X X V V X 
  

7 - single story + X X N.A. N.A. N.A. N.A. 
  

8 - balcony + N.A. V N.A. V N.A. X N.A. 
 

9 - price - (price model) N.A. 
 

N.A. 
 

N.A. 
   

* size small can be both positive and negative, depends on research angle. For the comparison plus is the reference.   

v= intuitive non-statistically significant result 
 

supported statistically significant  
 

not sensitive 

x= non-intuitive non-statistically significant result 
 

non-supported statistically 
significant 

 

sensitive   
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Table 4.10. is a reduced and simple overview statistically significant predictors of model I.  

Table 4.10. Model I summary 

  
Base  Extended 1 

Pseudo R² Total House Apartment Total House Apartment 

MacFadden 0.046 0.082 0.066 0.047 0.082 0.067 

MacFadden adjusted 0.009 0.007 0.006 0.009 0.006 0.006 

Nagelkerke 0.005 0.009 0.074 0.052 0.091 0.074 

Variable             

Dummy property type   N.A. N.A.   N.A. N.A. 

Modern construction >2000             

Size Small (15-75m²)             

Size Medium (76-100m²) 0.070 .   0.167 ** 0.077 .   0.166 * 

Dummy Lift 0.111 *     0.104 .     

Parking spot (outdoor)             

Garage (indoor)             

Dummy nice view  N.A. N.A. N.A.       

Log Transaction Price N.A. N.A. N.A. N.A. N.A. N.A. 

Dummy <3 rooms N.A. N.A. N.A. 0.102 .   0.103 . 

Maintenance indoors (1-9) N.A. N.A. N.A.       

Maintenance outdoors (1-9) N.A. N.A. N.A.       

Dummy Balcony N.A. N.A. N.A.       

Observations 174,862 90,127 84,735 174,862 90,127 84,735 

Fixed Effects PC-4 YES YES YES YES YES YES 

Year fixed effects YES YES YES YES YES YES 

sign. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1     
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5. Location attributes of senior-labeled dwellings 
Model II provides insight into which location attributes have an influence on the suitability and thus 

senior attraction of a postcode (4 digits) according to real estate brokers whilst controlling for housing 

characteristics. The information about location is contained in the fixed effects of Model I. The reason 

to look into location attributes is two-sided. First the literature suggested that location aspects are 

important to elderly both from a physical and psychological point of view. Second although the 

building attribute model (model I) yielded convincing results, not many parameters were found to be 

statistically significant besides size, rooms and lifts.  

It could be that the listed senior dwellings show more variation in terms of accessibility and location 

rather than building characteristics. The remaining of this chapter attempts to identify the role of 

amenities on postcode 4 level with regards to the senior housing suitability established by the NVM-

brokers.  

5.1 Research Hypotheses 
The results of the literature study form the basis for the location model. The literature suggests for 

example that although the majority of the elderly does not want to move, those who move name as 

reasons one floored-dwellings, becoming less mobile, need for care, current dwelling getting too large 

and being more close to children/family. In general it is assumed the reasons vary widely as the group 

of elderly is diverse.  

Good accessibility of amenities becomes especially important when people become less mobile. While 

housing attributes can be changed through adjustments, location attributes are more static. It is 

expected that daily shopping and hospital/general practitioner’s office are valued most. The reason for 

this is that the literature showed that the ability to receive care, the decreasing health and mobility are 

items that concern elderly. Regarding the location the literature showed that elderly do not want to live 

in crowded places and do not value business perspectives anymore. Furthermore elderly have more 

time available and are significantly more home than the working population. It is therefore expected 

that the elderly- friendly supply should be located in the suburbs and further away from cafes and other 

nightlife while having unobstructed views from the windows and enough greenery and scenery in the 

vicinity. This leads to the following hypotheses.               

Postcodes have a higher probability of receiving a senior label if they: 

1. Are located close to daily shopping amenities such as supermarkets  
2. Are located close to hospitals/general practitioner’s office  
3. Are located further away from cultural facilities such as cinemas, cafes, nightlife etc.  
4. Are located close to public transport such as a station.  
 
These hypotheses form the basis for the estimations in this chapter.  

5.2 Empirical framework 
Expression (2) below describes the to be estimated model. 

(2) 𝑌𝑖 = (𝛽
0

+ 𝛽
1
𝑧1𝑖

+  𝛽
2
𝑧2𝑖

+ ⋯ + 𝛽
𝑛

𝑧𝑛𝑖
) + 𝑒𝑖 

Where Y are the zip code fixed effects estimated in model I, {z} are location characteristics such as 

like: distance to: hospital, general practitioner, supermarket, pharmacy, daily shopping, department store, cafe, 

restaurant, station, library, and cinema  and e is the error term.  

The expression represents the relationship between the distance to amenities and the attractiveness for 

the elderly as seen by the brokers. Due to the clustering of amenities I expect some form of multi-

collinearity in my data (see section 5.3). Therefore the empirical framework is designed to cope with 
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this. In order to tackle the multi-collinearity I introduce three different methods based on variable/data 

reduction and regularization techniques. 

Method 1. Naïve linear modelling using OLS + a different specification  
Method 2. Least Absolute Shrinkage and Selection Operator model (LASSO) 
Method 3. Principal Component Analysis (PCA) 

In the first method {z} represents the chosen variables derived from literature. In order to tackle 

multi-collinearity the input variables are selected manually. In the second method the {z} is 

established by a machine learning procedure. In the third method the {z} represents principal 

components. 

Method 1 
The first method is a linear regression model (OLS). The model is used to make two different 

estimations. The first estimation uses all the variables as discussed in section 5.2 and the second OLS 

estimation uses a reduced set to tackle multi-collinearity by means of a variable reduction method. 

Method 2 
LASSO is short for Least Absolute Shrinkage and Selection Operator model. LASSO has a lot of 

similarities with standard regression except it does not assume that the variables are non-correlated 

with each other. With multi-collinearity present in the data an OLS model tends to overreact and 

overcompensate for the slightest change in the data. In that case the model will likely overfit and could 

result in flipping signs and insensibly big coefficients. In that case the LASSO regression (although it 

adds bias by shrinking) might be a better option to estimate the given location model.  

A LASSO regression allows for more complexity compared to an OLS regression. LASSO has the 

ability to exploit the tradeoff between variance and bias in the mean square error by penalizing the 

regression sum of squares by adding an additional constraint (Jones, 2014). LASSO imposes penalties 

on the estimates of the betas. It shrinks betas by a fixed number (lambda). Lambda controls the 

strength of the penalty (Jones, 2014). This number is automatically and optimally computed by cross 

validation. Therefore LASSO is able to set certain correlating predictors to zero. In short LASSO 

selects certain variables and leaves out variables that worsen the model to create an optimum result. In 

the end the LASSO model has less input predictors (less chance of multi-collinearity) and only uses 

the best predictors. This is useful when the data suffers from multi-collinearity (which it does to some 

extent, see data section 5.3). The main two downsides of this procedure is the fact that it still is a 

variable reduction method which lowers the usability and implacability of the overall model. Second, 

the output does not give any standard deviation and therefore no p-value either (Goeman, Meijer, & 

Chaturvedi, 2018). Expression 3 , based on McGann (2018) describes the corrected LASSO algorithm. 

(3) 𝑅𝑆𝑆 =  ∑(𝑦𝑖 − 𝑦�̂�)² +  λ ∑ |β𝑗| 

In short the LASSO procedure is as follows: It takes the sum of the squared residuals as a regular 

regression would do but adds a penalty which is the sum of the absolute values of the coefficients 

∑ |β𝑗|. Lambda (λ) is a scaling term to determine the impact the penalty term has on the coefficients. 

The term varies from 0 to ∞ whereas 0 represents no regularization at all and gives the same coefficients 

as a linear regression would do whereas infinity represents maximum regularization which sets all 

predictors to zero. The λ is automatically and optimally computed by cross validation.  

Method 3 
The third method is a principal component analysis. The main reason for using it is two sided. On the 

one hand it deals with the multi-collinearity problem and on the other hand it does not compromise 

the applicability of the model since all predictors are used. All variables will and can be used to estimate 

the model. Due to the orthogonal character of the factors used in the PCA the components have no 
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correlation with each other. The data undergoes two modifications. During the principal component 

analysis process the data will be centered and scaled. During the centering the mean is subtracted from 

each variable. This produces a data set whose mean is zero. The scaling is achieved by dividing each 

variable by its standard deviation. This helps minimizing the variance of variables in the data (Sthda, 

2018). 

The PCA method consist out of three steps: 

- variance matrix 

- eigenvalue decomposition 

- selection of main components 

The eigenvalue decomposition will be computed using R. The result of the decomposition will be a 

vector with x eigenvalues, where x is the number of variables used in the model (distance to 

supermarket, etc.). Every eigenvector has a corresponding eigenvalue. The eigenvalue is reflecting the 

amount of variance in the data. The eigenvectors with the highest eigenvalues become principal 

components.   

The selection of the main components: Ideally one would want to have a model with a small number 

of factors (components) that at the same time explains a relative high share of variance. The computing 

algorithm determines the amount of factors depending on the complexity of the data. The criteria for 

choosing the number of components depend on several aspects. The thesis aims to use components 

that approach (combined) 70% of explained variance. In addition it prioritizes components with 

Eigenvalues > 1 since the average of all Eigenvalues is usually around 1. Furthermore the next 

component in line needs to add a sensible additional amount of unique variance. Less interesting 

components that add relatively negligible variance shall be dropped since they make interpretation of 

the analysis much more complex without gaining much information. The final criterion for the 

component is to be of statistically significant value. The assessment will be done individually for every 

subset in section 5.6.4. 

5.3 Data  
Table 5.1 describes and summarizes the data used in the estimation. The Statistics Netherlands (CBS) 

dataset (2015) is used as a source of location attributes. The set provides detailed neighborhood 

amenity characteristics such as distance to: hospital, general practitioner, supermarket, pharmacy, daily 

shopping, department store, cafe, restaurant, station, library, cinema, pre-school, etc.  

The estimation required data on amenities on the level of a postal code. To arrive at this dataset, the 

neighborhood data were aggregated to the postcode level using the variable “most common pc4 in a 

neighborhood”. If more than one neighborhood had the same “most common pc4”, then one of these 

neighborhoods was selected randomly. Further, the data contains both postcodes with and postcodes 

without senior dwellings. A choice was made to include both in the estimation, in order to keep the 

realistic variation in the data. See Appendix IV for further discussion. Finally, the data have been 

modified by removing missing values from the dataset (Appendix V). The only additional modification 

done to the variables is to convert them into logarithms. 

 

 

 

 

 



45 
 

Table 5.1. Descriptive statistics dataset CBS 2015 (amenity data) 

Number of observations = 613 postcodes minimum maximum mean Stand. Dev. 

Distance hospital 0.6 24.8 3.8 3.069 

Distance general practitioner 0.2 8.0 1.0 0.926 

Distance supermarket 0.2 8.1 0.9 0.929 

Distance pharmacy 0.2 8.2 1.1 1.070 

Distance daily shopping 0.1 8.0 0.8 0.899 

Distance department store 0.2 22.6 2.4 2.511 

Distance café 0.1 8.4 1.1 1.148 

Distance restaurant 0.1 7.8 0.8 0.879 

Distance pre-school 0.2 8.7 0.8 0.930 

Distance daycare 0.2 8.1 0.8 1.010 

Distance station 0.4 46.0 4.0 5.831 

Distance library 0.3 10.8 2.1 1.497 

Distance cinema 0.3 26.0 4.1 3.314 

Estimated fixed effects from chapter 4 -14.5 3.0 -3.3 6.586 

in km         

 

Table 5.2. Cleaning method and observations of the  merged postcode dataset (PC4). 

Performed action Apartments&Houses Apartments Houses 

Before cleaning 787 643 771 

After cleaning (missing values) 613 492 605 

Deleted 174 151 166 

 

Table 5.2 shows that the CBS dataset contains several missing values. For some postcodes the 

amenities data are not available. Appendix V shows a more extended overview of the descriptive 

statistics by including the subsets and missing values as well.  

The used CBS-data presents a challenge because the amenity 

variables are highly correlated (see figure 5.1). When plotted a 

number of clusters are revealed. The biggest cluster is the 

general practitioner together with the pharmacy, supermarket, 

and daily shopping amenities. This cluster has correlation values 

up to 0.8-0.9. Another cluster is the pre-school and daycare. 

These clusters are not surprising as amenities are often clustered 

together in urban environments. However they do pose a 

problem to OLS regression analysis since OLS assumes 

variables are not correlated. Since the correlation matrix shows 

early signs of the presence of multi-collinearity, a more 

sophisticated method will be used to check for multi-

collinearity. The so called variance inflation factor 𝑉𝐼𝐹𝑖 =
1

1−𝑅𝑖
2 

measures what percentage of the variance (i.e. the standard 

error squared) is inflated for each coefficient (table 5.3). Usually 

a high R² is desirable between the explanatory variables and the 

dependent variable as for example in Model II. However since all these variables in this example are 

Figure 5.1. Correlation Matrix 

http://www.statisticshowto.com/what-is-the-standard-error-of-a-sample/
http://www.statisticshowto.com/what-is-the-standard-error-of-a-sample/
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explanatory variables used for model II, a low R² between them is desirable because a low R² indicates 

a low explained variance and thus a low correlation 

between the to be estimated variables. For example a 

number of 1.745 (hospital) means the coefficient’s 

variance explains 1.745 times more (~75%) which suggests 

there is collinearity. In other words it is 1.745 times bigger 

than in a case where there would not be any correlation 

with other variables (Statisticshowto, 2015). As for 

references: 1 = no correlation with other variables, [1-5] 

moderate correlation and [>5] strong correlation. There is 

no rule as to how large the VIF is allowed to be: This 

depends on the model’s objectives and type of variables. 

But one should keep in mind that the higher the value the more collinearity there is in the model. It is 

fair to state that the non-adjusted model suffers to some degree from multi-collinearity.  

Not controlling for this phenomenon leads to models that are exposed to and therefore biased by the 

effects of multi-collinearity. This makes it hard to disentangle one variable's effect from another. A 

naïve estimation will most likely produce non-sensible beta weights and signs that are against the 

hypotheses and the literature. Typically the model also gets high standard errors and therefore 

statistically less- or non-significant results. However the empirical framework was built in specific way 

to tackle this problem (section 5.2). 

5.4. Results model II 
Section 5.4 reports the results of Model II. Model II consists of several specifications which differ in 

terms of: 

- data sample used: houses + apartments, only apartments, only houses 
- variables included: handpicked and machine learned & automated procedures 
- method used: OLS, LASSO and PCA 
 

The models are estimated separately and interpreted separately. In the end of the chapter the methods 

will be compared and a general conclusion is given.  

5.4.1 Method 1 – OLS  
Method 1 is applied to 2 models with each 3 subsets. 

The first model is a naïve estimation in the sense that it 

includes all variables and does not take the multi-

collinearity into account. It will serve as a base and 

reference to compare the improved models to. The 

second OLS version is a smaller model that uses variable 

reduction as a first attempt to improve the reliability of 

the model. It takes the correlation between the 

predictors into account. It uses only one variable per 

sector (health, daily shopping, culture, transit, etc). Since 

the multi-collinearity was not that extreme (see section 

5.3) this intervention might already give a less biased 

capture of reality.  

The selected variables are based on the correlation 

matrix table (5.4). As can be denoted from the table 5.4 

there is a cluster that contains supermarket, pharmacy 

and the doctor’s office. Of all 3 health components the 

Table 5.4. Correlation matrix 

Table 5.3. variance inflation factor 
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hospital is the least correlated with supermarkets. Therefore for the component health the variable 

“distance to hospital” will be chosen, and for shopping the variable “distance to supermarket”. Another 

important aspect for elderly was transit. The only available transit variable is the nearest distance to a 

station. As can be seen in table (5.4) the distance to a train station is relatively low correlated with the 

other variables. The model is now reduced to three relatively low correlated variables that represent 

health, daily shopping and transit. 

Naïve model – OLS regression A 

Table 5.5. Results Model II, OLS Regression A, Location attributes 

Variable Houses & Apartments Apartments Houses 

distance to nearest Estimate   Std. Error Estimate   Std. Error Estimate   Std. Error 

log hospital -1.120 * 0.460 -1.505 * 0.636 -0.691   0.570 

log general practitioner -1.559 * 0.701 1.082   0.987 -2.192 * 0.882 

log pharmacy -1.641 * 0.691 -1.838 . 1.017 -1.277   0.888 

log other daily shopping 0.881   0.653 0.323   0.969 2.339 ** 0.824 

log department store -0.706   0.484 0.288   0.707 -0.897   0.599 

log cafe    1.379 *** 0.410 0.049   0.656 2.208 *** 0.522 

log cinema    -0.264   0.491 0.891   0.677 -1.036 . 0.623 

log supermarket -1.930 ** 0.697 -2.315 * 1.058 -2.668 ** 0.870 

log restaurant -0.066   0.499 -2.130 * 0.885 0.610   0.627 

log station    -0.718 . 0.396 0.194   0.580 -0.303   0.500 

Observations (PC-4 ) 613     492     605     

Fixed Effects PC-4 YES     YES     YES     

Years (previous input) YES     YES     YES     

R² & R²adj 0.22   0.21 0.12   0.10 0.12   0.10 

sign. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1   

Table 5.5 shows the results OLS model A. When examining the signs of the coefficients most signs 

make sense. The expectation is that most signs are ought to be negative with the exception of several 

nightlife components. Based on the literature study the expectation was formed that elderly prefer the 

presence of amenities but dislike the nuisance of nightlife. Another point of interest is the fact that the 

model in its current state is rather sensitive and coefficients can flip over which is most likely caused 

by multi-collinearity.  

Counterintuitive statistically significant results: The estimations show one counterintuitive 

statistically significant result. For the subset houses a negative relationship between other daily 

shopping and postcode suitability was expected however the relationship turns out to be positive. A 

positive relationship represents that the further away from other daily shopping amenities the higher 

the score on senior postcode suitability given by brokers. This result is not in line with the literature 

and hypothesis. However this model is rather sensitive due to high correlation between daily shopping 

and the variable supermarkets. This outcome was foreseen by the calculated VIF value that showed 

that other daily shopping was in the danger zone.  

Intuitive statistically significant Results: 1) Apartments & Houses set: When examining the size of 

the coefficients supermarkets turn out to have the largest impact. According to this model postcodes 

with listed apartments & houses become more suitable (attractive) for elderly housing when they are 

closer to hospitals, pharmacy, doctor’s office, supermarkets, stations and further away from nightlife 

such as cafes. 2) Apartments set: According to this model postcodes with listed apartments become 

more suitable for elderly housing when they are closer to hospitals, pharmacy, supermarkets and 
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restaurants with supermarkets and pharmacies once again being among the strongest predictors. 3) 

Houses set: According to this model postcodes with listed houses become more suitable for elderly 

housing when they are closer to a general practitioner, supermarkets, cinemas and further away from 

café’s with supermarkets being the strongest predictor. 

Comparison: When comparing the three subsets several conclusions can be made. 1) Although there 

are three different subsets it seems that supermarkets always turn out to be statistically significant and 

a strong predictor. 2) A second observation is the presence of health components. In all models there 

is some sort of health component that turns out to have an influence on the suitability of the postcodes. 

Which health predictor this is, is however not always clear as the three health components do not 

always show up in the same configuration. This might be due to the character of the standard OLS 

prediction. However it is clear that health in general does matter one way or another. 3) A third 

observation is that the distance to stations do not seem to matter in either one of the subsets while it 

does matter in the total set. This is an interesting result. One would expect a stronger effect in either 

one of the subsets since the total set is a combination of the two. In this case it could be that the results 

are slightly biased by multi-collinearity. Therefore it is a challenge to draw reliable conclusions on this 

OLS model.  

Conclusion. It is evident based on OLS model A that supermarkets and health components matter 

but the latter cannot be as simply said about other facilities such as stations and cinema’s. Neither is 

there one health component that dominates the other two health components. At best it can be 

concluded that health and daily shopping facilities have a relatively high impact on the suitability and 

that facilities in general improve the suitability for elderly housing in the estimated postcodes. The 

following sections contain models with higher reliability that allow for more specific conclusions.  

Adjusted model – OLS regression B 

Table 5.6. Results Model II, OLS Regression B, Location attributes 

Variable Houses & Apartments Apartments Houses 

distance to nearest Estimate   Std. Error Estimate   Std. Error Estimate   Std. Error 

log supermarket -2.682 *** 0.423 -3.927 *** 0.729 -1.449 ** 0.538 

log hospital -1.208 ** 0.424 -1.670 ** 0.602 -0.688   0.535 

log station    -1.011 ** 0.356 0.257   0.535 -0.649   0.459 

Observations (PC - ) 613     492     605     

Fixed Effects PC-4 YES     YES     YES     

Years (previous input) YES     YES     YES     

R² & R²adj 0.18   0.18 0.10   0.10 0.04   0.04 

sign. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1   

Expectation: Table 5.6 shows the results of OLS model B. It is expected that these “prime” variables 

show importance in all sets. In addition, OLS model B aims to reduce multi-collinearity by reducing 

variables and picking out the least and yet most valuable variables which should result in lower standard 

errors and stronger statistically significant results compared to OLS model A. 

Statistically significant results: When looking at the individual sets the following is observed. 1) 

Apartments & Houses set: According to this model postcodes with listed houses and apartments 

become more suitable for elderly housing when they are closer to all three “sectors” namely, daily 

shopping (represented by distance to supermarket), health (represented by distance to hospital) and 

transit (represented by distance to station). In addition all the relationships are in line with the literature. 

Moreover the strongest predictor remains to be the distance to the nearest supermarket.  2) Apartments 

set: The distance to the nearest hospital and supermarket are still important for the attractiveness of 
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postcodes for senior housing as seen by the brokers. However the distance to the nearest train station 

has become statistically non-significant for estimating the suitability for postcodes that contain listed 

senior apartments. It seems that apartments vary a lot less in terms of distance to transit than expected. 

Although this is speculation - it could have to do with the assumption that apartments are more center 

oriented and less randomly spread compared to the listed senior houses. 3) Houses set: When zoomed 

in on the subset that contains listed senior houses it seems that the postcodes do not become more or 

less suited based on their distance to a hospital or to the nearest train station. However a supermarket 

is still capable of making a 4 digit postcode more attractive for senior housing. This is in line with the 

previous found results that close distances to supermarkets matter most in the attractiveness of 

postcodes for senior housing.  

Explained variance: The comparison of R² reveals interesting information. First of all the non-

adjusted R² values for OLS model A were 0.22-0.12-0.12 and OLS model B 0.18-0.10-0.04 respectively. 

Three things can be denoted from the comparison of R² values. First, although OLS B uses less 

variables, the model is almost as good since the non-adjusted R² of the models do not lower much 

either (relatively to each other). However there is one exception to this statement. In the subset of 

houses there is a difference observed in levels of R² (12% vs 4%). Meaning that the choice of these 

three variables were a bit more unfortunate for the subset of houses in comparison with the other two 

sets. However at this level with this model it is so less of a difference it probably will not have any 

effect on the predictive power of the overall situation. Second: The adjusted R² values do not drop 

significant in OLS B although it has less predictors. The adjusted R² values for OLS model A were 

0.22-0.12-0.12 and OLS model B 0.18-0.10-0.04 respectively. This is most likely due to the reduction 

of the number of estimated variables (lower penalties). In other words it shows similar predictive power 

with less variables. Third: The R² in general is not particularly high in both models. This means the 

model cannot perfectly explain the observed data points with the given coefficients. In general this is 

almost never the case, but ~20% is not particularly high. Although building characteristics were 

controlled for, the given location predictors do not account for more than 20% of the actual 

observations.  

Conclusion: OLS model B showed slightly lower standard errors (in most cases) and yielded stronger 

statistically significant results. In addition the reduced model is slightly more reliable, uses less variables 

but has similar explanatory power except for houses. In the total set all three sectors (health, daily 

shopping and transit) were found to be a statistically significant factor for the suitability of postcodes 

for senior housing. In the set of apartments, the transit became statistically non-significant. This might 

have something to do with the fact that apartments are already located ~25% (2.9 km vs 4.0 km5) on 

average closer to a train station compared to the dwellings in the other two sets. When it comes to the 

set of houses only supermarkets seem to have a statistically significant influence. 

5.4.2 Method 2 – LASSO model  
The second method that is used to estimate relationship between the distance to amenities and the 

attractiveness of a postcode for the elderly as seen by the brokers is the LASSO method. Table 5.7 

represents the output of the LASSO regression.  

 

 

 

                                                   
5 Derived from mean comparison in Appendix IV 
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Table 5.7. Results Model II, LASSO, Location attributes 

Variable House&AP Apartments Houses 

Distance to nearest Estimate Estimate Estimate 

Log Distance hospital -0.397 N.A. -0.319 

Log Distance general practitioner -0.382 N.A. -0.895 

Log Distance supermarket -0.777 -1.395 -0.668 

Log Distance pharmacy -1.052 -0.216 -0.227 

Log Distance other daily shopping N.A. N.A. N.A. 

Log Distance department store -0.199 N.A. -0.420 

Log Distance café N.A. N.A. 1.119 

Log Distance restaurant N.A. -0.609 N.A. 

Log Distance pre-school -0.253 N.A. -0.712 

Log Distance station -0.304 N.A. -0.239 

Log Distance library N.A. N.A. N.A. 

Log Distance cinema N.A. N.A. N.A. 

Observations (PC - ) 613 492 605 

Fixed Effects PC-4 YES YES YES 

Years (previous input) YES YES YES 

 

Expectation: A higher estimation represents a larger effect of a 1% shorter distance. The larger this 

effect the more senior houses in certain postcodes become attractive. A negative relationship with all 

variables is expected except for the distance to cafes and cinema’s. Generally speaking this negative 

correlation between distance and facilities shows that when dwellings within postcodes are located 

significantly closer to facilities they get a higher score and become more suited for elderly housing.  

Results: The results of the LASSO model (table 5.7) shows that all variables have a negative 

relationship with the estimator except for the distance to the nearest café. The exact value of the 

coefficients should not be used for prediction purposes due to the character of the model (shrinkage 

operators). The model excels to spot which variables matter and what their relationship to the estimator 

is and is less suited for prediction purposes. However the coefficients can still be compared in an 

ordinal way. For example the health components and supermarket component score the highest which 

is in line with the previously found results so far. Café scores high too but has a positive relationship. 

In addition a new predictor that arises is the distance to a pre-school. This sounds counter-intuitive 

but LASSO penalizes variables the way it sees fit to optimize the long term prediction which made 

distance to pre-school come out rather positive. Although the method is machined learned it does not 

show any intuition. This does not mean the result is not reliable, but it might be a weak one. This 

cannot be said with any certainty as the std. error and p-value cannot be assessed in this LASSO model. 

In the subset of "houses and apartments" the model put daily shopping, café, restaurant, library and 

cinema to zero and suggests the importance of the distance to all health components, supermarkets, 

department stores, pre-schools and train stations. In the subset of “apartments” only supermarkets, 

pharmacies and the distance to restaurants seem to have an impact on the suitability of postcodes. The 

subset of "houses" show similar results as the subset "houses & apartments" except café is also put in 

the mix.  

Conclusion: Overall it seems that in the total set pharmacies and supermarkets have the biggest 

influence on the attractiveness of postcodes for seniors. The second apartments set shows mainly 
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strong signs for supermarkets and the houses set is more averaged whereas the distance to cafes and 

the doctor’s office seems to be of most importance. 

5.4.3 Method 3 – Principal Component Analysis  
This section discusses the PCA estimations for model II. The PCA results show how much individual 

facilities contribute into explaining the direction of several principal components. The results show in 

what way specific facilities contribute to the relation between distance to amenities and the 

attractiveness of postcodes seen by the brokers. The method consists of 5 steps. Step 0 includes data 

modification. For example the dataset needs to be transformed into a matrix, as well as scaled and 

centered in order to perform a proper PCA. The analysis is useful for exploring and verifying patterns 

in a set of correlating variables.  

1. Determining and inspecting the proportion of variance 
2. Checking the Eigen values and scree plot in order to pick the number of principal components 
3. Inspect patterns and groups in the rotated matrix 
4. Run the principal component regression 
5. Interpret the results 

Set 1 - houses and apartments 

 

Step 1 - variance 

The first output is the table of variance. It shows how much variance each component is adding to 

the mix as well of the cumulative value. Acceptable ratios are around 50-70% however components 

can become irrelevant in step 2 and 3 which can lower the explained variance.  

Table 5.8. Proportion of variance, Total set (Houses & Apartments) 

 

Based on table 5.8 the first three components would make most sense to choose from. Although all 

components could be add in this stadium it would make the model overly complicated with adding 

little additional variance. The first component is the most important one with explaining more than 

half of the variance on itself. Component 2 and 3 add 9.4 and 7.1% variance respectively which yields 

a cumulative value of 73% which is a good starting point.  

Step 2 – Eigen values and variance 
However not all PC’s can just be randomly added. It is strongly preferred to only add components 
with Eigen values (table 5.9) above 1 or those that add a sensible amount of variables (screeplot). The 
Eigen value is the total correlation value of a component. The average of all Eigenvalues is usually 
around 1, so values >1 are considered above average. Based on the table and the >1 condition only 
PC1 and PC2 meet the conditions. When examining the scree plot (figure 5.2) and the “elbow” it looks 
like also here PC1 and PC2 are the two most sensible components to work with. So the analysis 
continues with step 3 examining component 1 and component 2.  
  

Table 5.9. Eigenvalues, Total set (Houses & Apartments) 
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Figure 5.2. Screeplot Eigenvalues, Total set (Houses & Apartments) 

Step 3 – Patterns components 
For step three the matrix is rotated so that all variables lined up with the principal components.  
 
Table 5.10. Rotation matrix, Total set (Houses & Apartments) 

Variable PC1 PC1 PC2     

Log hospital 0.244 0.367 

Log doctor  0.303 -0.342 

Log supermarket 0.317 -0.231 

Log pharmacy  0.307 -0.319 

Log dailyshopping  0.326 -0.204 

Log depart. store  0.277 0.389 

Log cafe        0.290 -0.079 

Log restaurant 0.307 -0.015 

Log pre-school        0.277 -0.162 

Log train station    0.227 0.464 

Log cinema     0.273 0.390 

Log library       0.246 0.004 

  
Table 5.10 shows the loadings of every variable to every principal component. It is common to set up 

a cut off value in PCA in order to identify patterns more easily. A common threshold is <0.4 but since 

the spread and size is rather small in this set the cut off is set at 0.3. It is still important to not forget 

about the values that lie just under that threshold.  

Matrix Results: PC1 shows a range of values from 0.22 to 0.32. The size and spread of the component 

values are rather small compared to other factor analyses done in the field. However the small spread 

is not problematic per se. It just shows that all questions (PCA is a method developed in psychology, 

variables are called questions) more or less explain the same phenomenon represented by PC1. This 

phenomenon could be for example the overall idea that facilities improve the suitability for listed senior 

houses in postcodes for elderly housing. If specific clusters would have been formed i.e. a group of 

high values and a group of low values then the high values would contribute more in explaining the 

direction of the factor. However in this case the overall spread is so small that all variables contribute 

to a similar degree in explaining the vector. 

Facilities in general make a difference (section 5.4.1 and 5.4.2) but according to the most important 

component (PC1) it seems that no specific facility matters significantly more than the other and that 

they are all represented by the same vector namely PC1. On the other hand PC2 shows more of a 

specific pattern unfortunately the spread of values is still relatively small (0.3-0.5). Therefore the 

clusters are not distinctive enough which makes it near to impossible to detect a specific effect other 

than accessibility of some kind that is measured by PC2.   
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PC1 seems to be of more importance since it explains a much greater deal of the variance. The direction 

of the signs for PC1 are all positive which means the greater the distance the bigger PC1 one becomes. 

In addition all variables contribute the same way to the explained phenomenon represented by PC1. 

Therefore a negative relation is expected between PC1 and the estimate during step 4 (regression).   

Step 4 – Regression 

Table 5.11. Principal component regression, Total set (Apartment & Houses) 

Variable Estimate Std. Error t value Pr(>|t|) Sig. 

Intercept -3.299 0.237 -13.923 <2e-16 *** 

PC1 -1.113 0.088 -12.697 <2e-16 *** 

PC2 -0.134 0.215 -0.625 0.532   

R² & R²adj 0.210 0.207       

P-value <2e-16         

sign. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Step 5 – Interpretation 
Unfortunately PC2 did not turn out to be statistical significant (table 5.11). This leaves the model with 

PC1. Since the variables in the matrix had a positive relationship on PC1 (when the distance increases, 

PC1 increases) the expected relationship in the regression is expected to be negative. It is expected that 

the estimate goes up when the distance decreases and thus should PC1 also decrease. This is the case 

as PC1 gets smaller when the estimate gets bigger. In general can be said that facilities (including cinema 

and cafés) as a whole have a statistically significant effect on the factor that is regressed on the estimate 

which indicates that facilities as a whole have an effect on the attractiveness of senior postcodes.  

Set 2 - Apartments 

Step 1 – variance 

Table 5.12. Proportion of variance, Subset Apartments 

 

The distribution of variance for the apartment set (table 5.12) is similar to the overall set in table 5.8. 

In order to achieve the 70% threshold 4 principal components are needed. The components add up 

to 71% with component 1 explaining almost half of the entire variance (48%) and around 2/3th of the 

4 components together.  

Step 2 – Eigen values and variance 
Setting an arbitrary threshold is one of the measures of picking out the components. Other measures 

are looking at the amount of unique variance the next component in line adds and another measure is 

looking at Eigenvalues > 1. PC1 and PC2 meet both conditions (see table 5.13). PC3 is almost 1 but 

since it is not a hard rule, PC3 is chosen as well. However PC4 will be dropped due to the lower Eigen 

value and its value is also way past the so called “elbow” of the screeplot (figure 5.3). 

Table 5.13. Eigenvalues, Subset Apartments 
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Figure 5.3. Screeplot Eigenvalues, Subset Apartments 

Step 3 – Patterns components 
For step three the matrix is rotated so that all variables are lined up with the principal components 
(table 5.14).  
 
Table 5.14. Rotation matrix, Subset Apartments 

Variables PC1 PC2     PC3 

Log hospital -0.220 0.047 -0.262 

Log doctor  -0.288 -0.347 0.080 

Log supermarket -0.321 -0.165 -0.059 

Log pharmacy  -0.308 -0.316 0.157 

Log dailyshopping  -0.349 -0.051 -0.060 

Log depart. store  -0.270 0.369 0.413 

Log cafe        -0.332 0.078 -0.120 

Log restaurant -0.348 -0.007 -0.104 

Log pre-school        -0.244 -0.250 -0.012 

Log train station    -0.196 0.463 -0.325 

Log cinema     -0.278 0.392 -0.290 

Log library       -0.226 0.201 0.697 

 

Similarly to the previous set PC1 looks like a representation of facilities in general. The factor represents 

something that is an aggregation of all variables with similar predictive power. This means that all 

variables contribute more or less the same to the composition of factor 1 which most likely explains 

accessibility as a whole. The relationship between the variables and PC1 is negative for all variables. 

Since factor loadings can be interpreted the same way as regression coefficients one could say that all 

variables have a negative correlation with PC1. This means for example that when the distance of the 

supermarket decreases the total factor loading of PC1 increases or vice versa when the distance of a 

supermarket increases the value of PC1 decreases. This is typical for the first component.  

PC2 shows a bigger spread with some variables contributing weaker and others stronger compared to 

PC1. Another difference is the fact that some variables are loaded the other way around in PC2. For 

example the health components are plotted against the direction of the factor (PC2). While stations, 

department stores and cinema’s show a stronger contribution to PC2 than the other variables. 

Although the correlations are still low (around 0.3 and 0.4) it suggests that PC2 represents the impact 

of the distance to a station better but it is not like it stands out since it still loads quite average generally 

speaking.  

PC3 shows a true dominant component (the library) and is reinforced by the effect and correlation of 

the department stores. The variable station is oppositely correlated with the other variables as was 

observed in PC2 as well. With high caution one could suggest that PC1 represents accessibility as a 
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whole, PC2 prioritizes the effect of the station and PC3 is strongly represented by the library variable 

but no single variable stands out in terms of importance. They all seem to load together, hence the 

small range in values.  

Step 4 – Regression 

Table 5.15. Principal component regression, Subset Apartments 

Variable Estimate Std. Error t value Pr(>|t|) Sig. 

Intercept -5.881 0.305 -19.285 < 2e-16 *** 

PC1 1.084 0.123 8.842 <2e-16 *** 

PC2 2.926 0.289 10.119 <2e-16 *** 

PC3 1.177 0.307 3.829 <1e-04 *** 

R² & R²adj 0.286 0.281       

P-value <2e-16         

sign. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Step 5 – Interpretation 
Table 5.15 shows the principal component regression for the subset apartments. PC1 is expected to 
have a positive relation on the estimation. Principal component 1 is represented by all facilities and 
had a negative correlation with all variables. Meaning an increase in PC1 would mean a decrease in 
distance or vice versa. Which means PC1 should have a positive effect on the estimator since the 
estimator represents the elderly housing suitability for the postcodes. This principle does not hold for 
component 2 and 3 since the “dominant” estimators were positive. Which means an increase in 
distance from the station was positively correlated with PC2. Therefore we expect a negative 
relationship for PC2 in the regression as it is assumed that living closer to a station would have a 
positive effect on the estimator. This same logic applies to PC3. However the regression shows that 
all components are positively regressed against the estimator. This is against any expectation but is in 
line with previous results from different methods. The previous methods did not find the station to be 
of statistically significant importance in the subset of apartments. However the influence and 
relationship of the library is somewhat unexpected. In addition note that these variables were called 
“dominant” variables but as the rotation tables showed the range of correlations amongst the 
components were very minimal. So PC3 does not júst explain library nor does PC2 júst explain the 
impact of stations. The correlations are way too low to assume that. However it is fair to say that these 
components are relatively stronger represented by these variables.  
 
In conclusion it makes sense that PC1 is positively correlated and represents accessibility as a whole. 

In addition it seems that PC2 suggests that living closer to a station does not improve the estimator 

however keep in mind the representation of the station in PC2 is not dominant by any means and PC3 

shows that living closer to a library does not improve the suitability which makes sense on itself but to 

state that living closer to it makes the situation worse is a whole other thing.  

Set 3 - houses 
Step 1 – variance 

Table 5.16. Proportion of variance, Subset Houses 
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Table 5.16 shows that principal component 1 is the most dominant component with a variance of 

around 55%. In order to obtain the wished variance of at least 70% three components need to be 

selected.  

Step 2 – Eigen values and variance 
The second criteria is to select components with at least an Eigenvalue of >1 which means the 

component performs better than the average component as the mean of all components lie around 1. 

Both the screeplot (figure 5.4) and table 5.17 show that the first three components meet the 

requirements which means no components need to be dropped and the regression can be run with all 

three selected components.  

Table 5.17.  Eigenvalues, Subset Houses 

 

 

Figure 5.4 Screeplot Eigenvalues, Subset Houses 

 

Step 3 – Patterns components 
For step three the matrix is rotated so that all the variables are lined up with the principal 
components.  
 
Table 5.18. Rotation matrix, Subset Houses 

Variables PC1 PC2     PC3 

Log hospital -0.241 0.380 0.025 

Log doctor  -0.308 -0.316 -0.154 

Log supermarket -0.319 -0.223 -0.092 

Log pharmacy  -0.314 -0.295 -0.137 

Log dailyshopping  -0.331 -0.220 0.071 

Log depart. store  -0.279 0.381 0.056 

Log cafe        -0.296 -0.129 0.267 

Log restaurant -0.310 -0.048 0.171 

Log pre-school        -0.279 -0.118 -0.201 

Log train station    -0.228 0.468 0.010 

Log cinema     -0.277 0.371 0.152 

Log library       -0.253 -0.005 0.061 

 

A quick glance at table 5.18 reveals that the PC1 is yet another overall summary of the impact of 

facilities. It measures facilities as a whole as the variables all load together pretty much the same way 

both in terms of size and direction. The latter cannot be said about principal component 2. The 

variables hospital, department store, station and cinema all load relatively well together while the 



57 
 

doctor’s office is loaded in the opposite direction. Once again PC2 seems to explain the impact of non-

daily facilities a bit better than principal component 1. The accent lies on “a bit” because the 

correlations are still not particularly high and the majority of the variables just lie under the 0.3 cut-off 

threshold. One should think about the practical use for principal component three as it is mainly based 

on the variable café. All the other variables show very low numbers that are not worth mentioning. 

However since variable café showed to have some impact in the previous models the component will 

not be dropped from the regression as it can be interesting to see if the variable popped up in previous 

model due to multi-collinearity or not. A general remark which also applies to the other two subsets is 

the fact that the values are not particularly high which means no one single facility is very dominant in 

determining the factors. This leaves room for interpretation which should be approached with caution 

in step 5.  

Step 4 – Regression 
 

Table 5.19. Principal component regression, Subset Houses 

Variable Estimate Std. Error t value Pr(>|t|) Sig. 

Intercept 9.850 0.100 98.280   *** 

PC1 0.549 0.038 14.590 <2e-16 *** 

PC2 -1.477 0.099 -16.310 <2e-16 *** 

PC3 6.852 0.097 70.440 <2e-16 *** 

R² & R²adj 0.901 0.900       

P-value <2e-16         

sign. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Step 5 – Interpretation 
Table 5.19 shows the principal component regression for the subset houses. PC1 is expected to have 

a positive relation on the estimation. Principal component 1 is represented by all facilities and had a 

negative correlation with all variables. Meaning an increase in the pc1 would mean to have a decrease 

in distance or vice versa. Which means pc1 should have a positive effect on the estimator since the 

estimator represents the elderly housing suitability for the postcodes.  

PC2 measures the non-daily activities a bit better but is also represented by other facilities as many 

variables just lie under the cut-off threshold. Although non-daily facilities seem less important 

according to literature they still matter to some degree. Since the strongest predictors load positive a 

negative relationship between the estimator and the PC is expected, which is indeed the case.   

According to the literature nightlife should have a negative effect on the suitability of elderly housing. 

Meaning living close to café’s should not increase the estimator. In that case a negative value is expected 

in the regression for PC3 because in the rotated matrix cafés correlated positively with component 3. 

However a positive value is observed which suggests that living close to cafés would improve the 

situation too. This might have to do with the fact that cafés are often located in city centers and thus 

also closer to other facilities.  

In conclusion PC1 makes sense as it shows all facilities contribute to a better suitability for the listed 

houses in the different postcodes. PC2 also makes sense and suggests that closer to non-daily facilities 

also improve the chances on a senior label. PC3 shows a different result from the rest of the models 

but the result is plausible and also in line with the contribution of cafés in PC1 which suggests that 

café’s also contribute to a better suitability.  
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5.5 Method Reflection 
This section compares the results of the three different methods for the three subsets.  The methods 

are set out on the x-axis and the estimators are put in each column.  

 Table 5.20. Reflection Estimation results by method , Total set (Houses & Apartments) 

Variable 
OLS A   OLS B   LASSO Loadings on principal components 

Distance to nearest M1   M1   M2 M3 PC1 M3 PC2 M3 PC3 

Log Distance hospital -1.120 * -1.208 ** -0.397 0.244 0.367 N.A. 

Log Distance general practitioner -1.559 * N.A.   -0.382 0.303 -0.342 N.A. 

Log Distance supermarket -1.930 ** -2.682 *** -0.777 0.317 -0.231 N.A. 

Log Distance pharmacy -1.641 * N.A.   -1.052 0.307 -0.319 N.A. 

Log Distance other daily shopping 0.881   N.A.   0 0.326 -0.204 N.A. 

Log Distance department store -0.706   N.A.   -0.199 0.277 0.389 N.A. 

Log Distance café 1.379 *** N.A.   0 0.290 -0.079 N.A. 

Log Distance restaurant -0.066   N.A.   0 0.307 -0.015 N.A. 

Log Distance pre-school N.A.   N.A.   -0.253 0.277 -0.162 N.A. 

Log Distance station -0.718 . -1.011 ** -0.304 0.227 0.464 N.A. 

Log Distance library N.A.   N.A.   0 0.246 0.004 N.A. 

Log Distance cinema -0.264   N.A.   0 0.273 0.390 N.A. 

Observations (PC - 4) 613   613   613 613 

R² 0.22   0.18   N.A. 0.21 

Principal component            -1.113*** -0.134 N.A. 

sign. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1   

Table 5.20 shows all results found for the subset “houses & apartments”. Although different kind of 

methods are used the most statistically significant results are for the most part in line with each other. 

OLS model A is a good starting point as it shows plausible results. OLS model B uses a reduced 

variable method with similar predictive power and confirms the strong impact of supermarkets, health 

and transit. In method 2 the selection happens by a machine learned algorithm. It makes use of the 

entire dataset. Also here the earlier found counter intuitive result is filtered out by the algorithm. The 

LASSO does not find the exact same predictors as the OLS models but prioritizes the same three 

variables as the OLS models. The most important component (PC1) of the principal component 

analysis shows by means of the negative correlation that facilities in general play an important role. 

Some facilities score little better than others but generally speaking there is not one variable that 

dominates. 

Both the LASSO and PCA are less convinced of the earlier found OLS result for the distance to cafés. 

The OLS result suggested that the further away from cafés the better for the senior suitability. LASSO 

neglects this result and the PCA shows that all facilities were orientated in the same direction with 

respect to the estimator. This suggests that all facilities matter and contribute to a better senior 

suitability and thus also cafés. Therefore the previously found positive relation with café in the OLS 

model might have occurred due to multi-collinearity.  

All in all it seems that for the listed houses and apartments the distance to the nearest health 

components, supermarkets and transit have a statistically significant influence on the postcode’s 

estimators while the impact of cafés is debatable.  
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 Table 5.21. Reflection estimation results by method, Subset Apartments  

Variable 
OLS A   OLS B   LASSO Loadings on principal components 

Distance to nearest M1   M1   M2 M3 PC1 M3 PC2 M3 PC3 

Log Distance hospital -1.505 * -1.670 ** N.A. -0.220 0.047 -0.262 

Log Distance general practitioner 1.082   N.A.   N.A. -0.288 -0.347 0.080 

Log Distance supermarket -2.315 * -3.927 *** -1.395 -0.321 -0.165 -0.059 

Log Distance pharmacy -1.838 . N.A.   -0.216 -0.308 -0.316 0.157 

Log Distance other daily shopping 0.323   N.A.   N.A. -0.349 -0.051 -0.060 

Log Distance department store 0.288   N.A.   N.A. -0.270 0.369 0.413 

Log Distance café 0.049   N.A.   N.A. -0.332 0.078 -0.120 

Log Distance restaurant -2.130 * N.A.   -0.609 -0.348 -0.007 -0.104 

Log Distance pre-school N.A.   N.A.   N.A. -0.244 -0.250 -0.012 

Log Distance station 0.194   0.257   N.A. -0.196 0.463 -0.325 

Log Distance library N.A.   N.A.   N.A. -0.226 0.201 0.697 

Log Distance cinema 0.891   N.A.   N.A. -0.278 0.392 -0.290 

Observations (PC - ) 492   492   492 492 

R² 0.12   0.10   N.A. 0.29 

Principal component            1.084*** 2.926*** 1.177*** 

sign. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1   

Table 5.21 represents all found results for the subset of the listed apartments. Compared to the total 

set it shows less statistically significant results. This is as expected since the variation in distance for 

the apartment set is lower than the other two sets (Appendix IV). This is most likely due to the better 

location of apartments and the fact that apartments are more densely built and high rise compared to 

the majority of regular houses.  

OLS model A shows that according to the real estate brokers facilities as hospitals, supermarkets, 

pharmacies and restaurants matter with respect to the senior attractiveness of postcodes. OLS model 

B does not estimate the same predictors as OLS model A but the variables that were estimated were 

found to be of statistically significant importance by both models. The machine learned algorithm in 

method 2 only picks 4 estimators. It brought down the 3 health components to one estimator and in 

addition picked the exact same 3 predictors as the OLS models suggested. The most important 

component (PC1) of the principal component analysis shows by means of a positive correlation that 

facilities in general play an important role. 

In general it can be said with confidence that supermarkets have a statistically significant influence on 

the suitability and thus senior attraction of a postcode according to real estate brokers. In addition in 

every situation there is at least one health component that both has a big influence as high confidence 

levels. Therefore it is fair to assume that health in general is a component that is highly valued by the 

brokers. Other OLS results are to some degree also highlighted by the LASSO and PCA models. 

However the PCA shows no dominant amenities and tends to homogenize the impact of amenities 

compared to the other models.  

Overall it seems that apartments show less variation and are more homogeneous. This suggests that 

improvement of the suitability for these listed elderly apartments in these postcodes might also be 

possible by other means than just improvements of the present amenities. However if improvement 

by facilities is wished upon, closing the distance to the nearest supermarkets seems to be the most 

efficient measure as well as improving the distance to either one of the health components.  
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Table 5.22. Reflection estimation results by method, Subset Houses 

Variable OLS A   OLS B   LASSO Loadings on principal components 

Distance to nearest M1   M1   M2 M3 PC1 M3 PC2 M3 PC3 

Log Distance hospital -0.691   -0.688   -0.319 -0.241 0.380 0.025 

Log Distance general practitioner -2.192 * N.A.   -0.895 -0.308 -0.316 -0.154 

Log Distance supermarket -2.668 ** -1.449 ** -0.668 -0.319 -0.223 -0.092 

Log Distance pharmacy -1.277   N.A.   -0.227 -0.314 -0.295 -0.137 

Log Distance other daily shopping 2.339 ** N.A.   N.A. -0.331 -0.220 0.071 

Log Distance department store -0.897   N.A.   -0.420 -0.279 0.381 0.056 

Log Distance café 2.208 *** N.A.   1.119 -0.296 -0.129 0.267 

Log Distance restaurant 0.610   N.A.   N.A. -0.310 -0.048 0.171 

Log Distance pre-school N.A.   N.A.   -0.712 -0.279 -0.118 -0.201 

Log Distance station -0.303   -0.649   -0.239 -0.228 0.468 0.010 

Log Distance library N.A.   N.A.   N.A. -0.253 -0.005 0.061 

Log Distance cinema -1.036 . N.A.   N.A. -0.277 0.371 0.152 

Observations (PC - ) 605   605   605 605 

R² 0.12   0.1   N.A. 0.9 

Principal component            0.549*** -1.477*** 6.852*** 

 sign. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1   

Table 5.22 represents the dataset that contains houses only. The coefficients in OLS model A are rather 

high. This is as expected since OLS model A reacts more strong to changes in the data due to a slight 

overfitting. OLS model B already shows lower coefficients for the biggest correlation cluster 

(supermarket). When looking at the LASSO and the PCA an even more evenly spread of coefficient 

sizes is observed. A more even spread implicates that it is important to have good facilities but one 

facility does not outperform the other. However it is too simple to state that every facility is the same. 

There is a clear distinction in importance between the primary predictors such as supermarkets & 

health facilities compared to the other type of facilities. Consistent results appear for supermarkets in 

all methods. The distance to the nearest café also shows a degree of consistency. In both OLS model 

A and LASSO it is even one of the strongest predictors along with the variable that represents the 

distance to the doctor’s office. Another interesting remark for this subset is the fact that transit does 

not seem to matter much which is against all expectation. On the other hand the variable measures 

only the distance to the train station. Other transport modes such as bus, tram and metro are not 

included.  

In general supermarkets seem to be once again one of the biggest factors among the amenities to 

improve the suitability of postcodes containing listed houses only. Furthermore a close distance to the 

doctor’s office and significantly located further away from cafés and nightlife seems to be consistently 

beneficial as well for the senior attractiveness of the houses in this subset.  

As a final reflection there are several things that could have been done better or different as certain 
choices were made. First the way the CBS neighborhood data was aggregated to postcode level might 
have led to extra noise in the data. When a postcode contains several neighborhoods, I selected one 
randomly. On itself this is a reliable method to prevent the same dwelling from being estimated twice. 
This can occur when a neighborhood ID is spread over 2 different postcode-4 (PC4) areas. However 
a better way would have been to take an average. Second, keeping postcodes without senior dwellings 
in my data might have led to a certain overestimation of the importance of the proximity to amenities 
in the senior label assignment.  
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5.6 Conclusion model II 
The set of tables below represent each a subset on which the different methods were run. A green 

check means the results of the model were in line with the hypothesis. The red cross means the results 

were either not in line with the hypothesis or the result was not statistically significant. Finally the 

ampersand means the models showed contradicting results and further explanation is given in the 

description. As a final disclaimer one should keep in mind that with a simplistic overview like this a lot 

of nuance gets lost in the process. Therefore the explanation sometimes also refers back to previous 

chapters.  

The hypothesis are: 

Postcodes have a higher probability of receiving a senior label if they: 
 
1. Are located close to daily shopping amenities such as supermarkets  
2.1 & 2.2. Are located close to hospitals/general practitioner’s office  
3. Are located further away from cultural facilities such as cinemas, cafes, nightlife etc.  
4. Are located close to public transport such as a station.  
 

A split between hospitals and pharmacies & doctors was made since the correlation between hospital 

and health facilities is considered low enough (see section 5.3.4) to test the two separately which leads 

to the possibility to test another sub-hypothesis and gain more insight.  

Table 5.23. Hypothesis evaluation by method, Total set (Houses & Apartments) 

Hypotheses OLS A OLS B LASSO PCA Overall 

1. Supermarkets 
     

2.1 Medical care Hospital 
     

2.2 Medical care pharmacy/doctor's 
 

n.a. 
   

3. Culture / cinema, cafe etc. 
 

n.a. 
   

4. Public transport (train station)      

 

Table 5.23 shows the result of the total dataset of houses and apartments. Overall the table shows 

consistent results. The supermarket was in all models statistically significant and had also the biggest 

impact with the exception of the principal component analysis that showed a rather evenly spread of 

importance. Both health components were found to be statistically significant as well as the hypothesis 

on stations. However the culture and nightlife component is less consistent. In OLS model A it looked 

like the further away from cafés the better for the suitability of the senior houses in the postcodes. 

However this might have occurred due to the presence of multi-collinearity in model 1. The LASSO 

model did not find this result statistically significant at all. The same can be said about the principal 

component analysis that basically showed with component 1 that all facilities help in achieving a better 

suitability and thus also the variable café. When all methods are weighted equally it seems that all 

hypotheses are correct except number 3. The latter still holds when the weight is put on the advanced 

models such as LASSO/ principal component analysis.  In conclusion all hypotheses are found to be 

true with the exception of hypothesis 3. Important to note is that the complex models (LASSO/PCA) 

do show unanimous results on hypothesis 3. 
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Table 5.24. Hypothesis evaluation by method, Subset Apartments 

Hypotheses OLS A OLS B LASSO PCA Overall 

1. Supermarkets 
     

2.1 Medical care Hospital 
  

 

  

2.2 Medical care pharmacy/doctor's 
 

n.a. 
   

3. Culture / cinema, café, etc. 
 

n.a. 
 

 

   

4. Public transport (train station)       & 

 

Table 5.24 represents the subset apartments. All models seem to underline the importance of the 

distance to supermarkets and pharmacies/ general practitioners. The distance to hospitals is supported 

by all models except the LASSO. Due to the characteristics of that model this is not entirely a surprise. 

On the other hand the correlation between hospital and the other health components is relatively low. 

However when assessing the other models and looking at the overall situation it is still plausible that 

the distance to hospitals matter. No single model shows statistical significant evidence that that the 

night life component worsens the senior suitability of the postcodes. The transportation component 

is a tough one to judge. First: It only represents the distance to a train station and not the distance to 

for example a bus station. Second: All models (except PCA) point in the wrong direction but only with 

statistically non-significant coefficients. In addition the impact of the variable station on principal 

component 1 is relatively weak as well (0,23). Therefore it is most likely not justified to neglect the 

contradicting results of the previous models and thus a proper conclusion would be that it seems that 

stations have little to no influence on the senior suitability in the subset apartments. In conclusion 

hypothesis 1, 2.2 and 3 show unanimous results while hypothesis 2.1, and 4 show different results.  

Table 5.25. Hypothesis evaluation by method, Subset Houses 

Hypotheses OLS A OLS B LASSO PCA Overall 

1. Supermarkets 
     

2.1 Medical care Hospital 
  

  

& 

2.2 Medical care pharmacy/doctor's 
 

n.a. 
   

3. Culture / cinema, cafe etc. 
 

n.a. 
 

 

& 

4. Public transport (train station)     

& 

 

The houses set in table 5.25 has always been an interesting subset. Model I could not find any good 

explanations on how senior houses got their senior label. It seems that when adding location 

components it is still very tough to pinpoint the exact factors. First off the positive influence of 

supermarkets on the elderly housing suitability of a postcode is acknowledged by all models. The same 

can be said for the doctor’s office & the pharmacies. The latter does not hold for the hospital variable. 

The distance to the nearest hospital is not found to be of significant importance in the OLS estimations 

but show importance in the more advanced methods. Therefore it is still plausible it plays a role one 

way or another. Furthermore regarding the nightlife and café variable it seems that the same 

phenomenon arises. The less advanced models prove the hypothesis right while the most advanced 

model does not. The advance model follows the idea that any facility will improve the suitability (even 

nightlife) while the less advanced model rules in favor of the nightlife hypothesis. However due to the 

sensitivity and collinearity of the less advanced models it could be very well that the hypothesis is 

proven to be true by random events. More faith is put in the advanced model that shows all facilities 

matter including cafés. The transportation variable shows a similar pattern where the more advanced 

methods group together versus the more simplistic methods. The OLS models cannot find any 

significant relation between transport and the estimator. The LASSO finds stations nevertheless 
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important and the PCA shows as well that stations contribute to a better senior suitability for the 

estimated postcodes. Therefore it seems plausible that the distance to stations matter for this subset 

even though there is not a unanimous result. In conclusion hypothesis 1 and 2.2 show unanimous 

results. Hypothesis 2.1, 3 and 4 show different results. However important to note is that again the 

more complex models (LASSO/PCA) show unanimous results for all hypotheses except number 3.  
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6. Conclusions and recommendations  
Chapter 6 gives an overview of the previously found results and evaluates these by means of a 

confrontation matrix. The results from the estimated models are plotted against the preferences of 

elderly. The outcome indicates to what degree the preferences match with the supply of senior labelled 

dwellings. Then a reflection is given on the senior label and recommendations are given to improve 

the senior label which ultimately should lead to a better fit and higher quality of life for the elderly.  

6.1 Conclusions 
The literature study showed that the current group of elderly are diverse and that the living preferences 

of elderly have changed. One of these preferences is ageing in place. The results showed that traditional 

housing options (mostly institutional varieties) such as service flats, care hotels, etc. are no longer or 

less favored by elderly nowadays. Housing options that support ageing in place are becoming more 

popular such as specifically designed life durable dwellings, 55+ dwellings, kangaroo dwellings and 

protected and supported housing (Dutch: aanleunwoningen). Despite the current trend elderly seem 

conservative and hesitant when it comes to making use of complicated financial products such as 

“verzilverd wonen” or “woonzorgfonds” or new living concepts such as “huis thuis”. In fact elderly 

prefer not to move and not far, but when they do the most cited reasons are: to live in a one floor 

apartment, need for care, size and mobility. These pillars form the basis for the most important housing 

preferences for elderly which are: (structural) 1-story dwelling, size medium to small, well maintained, 

indoor parking, open floorplans, ability to receive care and financial affordable. Additional 

neighborhood preferences are:  non metropolitan regions, multi-generational (no clustering of age) and 

close to amenities such as supermarkets, health facilities and transit. The models showed that brokers 

seem to take size, number of bedrooms and lifts and facilities into account. Strongest results include 

dwellings of medium size (75-100m²) and dwellings close to supermarkets, health facilities and train 

station (these results can differ a bit from subset to subset).  

6.2 Evaluation Demand vs Supply 
Part I of the thesis highlighted the preferences of the elderly whereas part II looked at the supply side 

and revealed which location and structural attributes increases the chance or had an influence on senior 

labels. In other words this implies that part II revealed what brokers would believe what makes a decent 

senior dwelling opposed to part I which showed how a senior dwelling should look like. Chapter 6.2 

plots the wishes versus the observations also known as the demand (senior preferences) versus the 

supply (labelled senior houses). Table 6.1 illustrates the degree of balance between the supply and 

demand of listed senior houses. Green indicates that there is reason to believe the observations match 

the preferences, red indicates the exact opposite whereas yellow is more situational and shall be further 

explained. The three different tiers of facilities indicate importance and are based on the literature 

study. Tier 1 is most favored whereas tier 3 is least favored.  
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Table 6.1. Confrontation matrix, literature findings (preferences) versus empirical findings (senior label) 

Preferences elderly 
check Broker's senior label 

Structural Attributes 

1-story dwelling ≠ dummy apartment 

medium size dwellings (100-150m²) = dummy size medium 

well maintained buildings ≠  indoor-outdoor maint. 

indoor parking ≠ dummy parking 

balconies ≠ dummy balcony 

Location Attributes 

tier 1 facilities  

groceries = distance to nearest supermarket 

hospital = distance to nearest hospital 

pharmacy = distance to nearest pharmacy 

tier 2 facilities  

restaurants ~ distance to nearest restaurant 

public transport = distance to nearest train station 

tier 3 facilities 

quiet neighborhood ~ distance to nearest café and nightlife 

libraries ~ distance to nearest library 

 

In general it seems that based on the given data the brokers quite underestimate the importance of the 

structural attributes. However they seem to have acknowledged that “location location location” is 

important as almost all of the elderly’s tested preferences are found important. In the case of the third 

and second degree facilities there is some variation. There is reason to believe that living further away 

from nightlife does increase the chance on a senior label however the most trusted research method 

denied this and showed that cafés also contribute to a better senior dwelling under the denominator 

of “facilities”. Libraries show some degree of importance but was only picked up by 1/3 methods. 

Concluding it looks like that the senior label is particularly based on location aspects and could be 

significantly improved on structural attributes.  

6.3 Labelling recommendation with regard to listing time 
A great part of the thesis is based on the so called “senior label”. It is used to investigate the fit between 

the preferences of elderly and the listed supply that was offered to them by the brokers. However the 

label also functions as a tool to allocate suitable houses to elderly. However section 6.1 shows that the 

label is not optimized yet and lacks important attributes. In addition Aedes-Actiz Kenniscentrum 

Wonen-Zorg (2015) goes one step further and states that in the case of social housing senior labelling 

would have negative effects. The difference in average responses on social senior houses (7) versus the 

average responses for other social housing types (97) is large. There are several different reasons that 
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could explain this observation such as but not limited to: Demographics, stigma’s, number of people 

looking for a senior dwelling, the financial situation of the potential buyers, etc. Whereas younger 

starters might have to rely on social housing. De Zeeuw (2014) shows that elderly who incline to move 

have often too much capital to apply for social housing as a result of the sale of their house. However 

solely judging on the results in Aedes-Actiz Kenniscentrum Wonen-Zorg (2015) it looks like in social 

housing elderly labels are not coming much off the ground and the practical effect of labelling is 

debatable since the demand for social housing is high. This leaves the question whether labelling is 

useful or not.   

In contrast to social housing the data on listed housing show different results with regard to listing 

time. Appendix VI shows a simple OLS regression with the objective to reveal the relationship between 

listing time and labelled senior dwellings. When modelling the sales data of listed properties it finds no 

statistically significant relationship between labelled senior houses and listing time. This was somewhat 

expected as the data descriptives show that on average a senior property lists 128.7 days compared 130 

days for a regular property. This does not prove there is no difference in popularity as was the case for 

Aedes in the social housing stock, but it does show that senior houses function very similar to regular 

houses on the listed housing market in terms of sales.  

In conclusion social housing shows different results than listed housing. Labelling social housing shows 

negative effects in some cases. With listed housing there seems to be no reason to assume there are 

any negative stigma’s attached. However one should keep in mind that the label is far from perfect in 

the current state. Therefore a logical step is to look how the label can be improved. Although a well 

optimized label could decrease the listing time the label is not specifically designed to be a marketing 

component. The label should also serve as a tool to allocate suitable dwellings to elderly. Therefore 

labelling could certainly be valuable when they represent the wishes of elderly in a better way.  

6.4 Senior label improvement recommendations 
Section 6.3 showed the current listing time for Funda owner-occupied properties is practical the same 

as for senior owner-occupied properties. A renewed senior label which optimizes the supply (suitable 

senior dwellings) & demand (preferences of the elderly) might lead to lower listing time for senior 

dwellings and more importantly results in a better fit between the wishes of the elderly and the houses 

they have to reside in. Of course the listing time is also subject to the actual amount of houses on the 

market at a random point in time versus the actual number of elderly that are looking for a new place 

at a random point in time. However it is believed that when supply and demand stays the same at a 

random point in time, a better senior label could both bring down the listing time as well as offering 

elderly a more future durable dwelling.  

When improving the fit between supply and demand both elderly and brokers benefit. In addition a 

well-designed senior dwelling label could also help city planners, aldermen and project developers 

developing dwellings that either stimulate/motivate elderly to take that step and move to a better 

suitable home or adjust their house accordingly. Furthermore housing elderly accordingly is also 

beneficial for the housing market as a whole when the stagnating bottlenecks get smoothened out. A 

better senior label starts with incorporating more senior attributes and more customization. Section 

6.2 shows that most can be gained by incorporating more structural preferences. The thesis gives two 

recommendations. The first comes down to extending the current label with some new features and 

the second is to make a conditional label to assure a better fit. Both recommendations can be 

implemented individually but integrating the two would make the implications of the label significantly 

more practical.  

The first recommendation is regarding data mining and recoding qualitative attributes. The thesis 

recommends real estate platforms and/or real estate broker associations to also mine the qualitative 

data in the summary of property descriptions and recode it into classes so it can be (i) be used for 
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research purposes in a quantitative way and (ii) be used in the search engine to create better filters for 

users and (iii) to also make it possible to integrate it with recommendation 2. Several properties have 

for example a bedroom or bathroom on the ground floor while also having one on the first floor. It is 

not possible to search specifically for a bedroom on the first floor or both bedroom and bathroom. At 

best these attributes are aggregated under “adjusted home” or “senior dwelling” and even then it is 

unclear at first sight what the properties have to offer. This becomes problematic when elderly want 

to further specify their search or brokers want to better classify the label with more suitable attributes. 

Therefore it could help to classify these qualitative descriptions rather than just aggregating them under 

one single denominator (senior home) or worse display them in an inconsistent way by means of text 

strings in property summaries. Figure 6.1 is an alteration of Funda’s html code and shows an 

impression of the possibilities after mining the adjustments/specialties and classify them as attributes.  

 

Figure 6.1. Implication recommendation 1 

Besides the extension and implications of a new senior label the second recommendation (figure 6.2) 

would be to create some sort of conditional tool where brokers have to check some conditional 

attributes as for example: One floor, indoor lift or adjusted bathroom etc. and some additional 

attributes such as indoor parking or balconies that could increase the fit. The conditional label also 

make sure the chosen attributes are making more sense as well. For example a 12 room villa might 

have a bath room on the ground floor but is not suited for elderly to reside in all by themselves. The 

following flow chart in figure 6.2 could help by making this decision.  
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 Figure 6.2. Implication recommendation 2 

For example the first two checks are based on what elderly find most important. These are conditional 

which means a property can never receive a label if it does not meet these requirements. In addition it 

should (for example) at least require another 2 structural and 2 locational attributes. However the 

choice is free as the elderly nowadays are quite diverse. The chosen attributes are also based on the 

literature and the models showed that most brokers did not find these structural attributes of any 

importance (with some exceptions like size and lift). When both recommendation 1 and 

recommendation 2 gets implemented the additional attributes from recommendation 1 can be placed 

in the flowchart as well making the label even more useful and detailed.  

One could also think to not let the brokers label the senior dwellings but to let the elderly go through 

the flowchart which gives them some sort of a score in the end. The brokers could provide the 

necessary data during the property inspection and add it to the property attributes. This would make 
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the label interactive and serves as an even better approach to achieve a better fit between supply and 

demand. The literature study showed that elderly nowadays are quite diverse. A tool where elderly can 

set the conditions for a senior label rather than the brokers could be beneficial as well. Elderly can 

check several conditional items (elderly preferences) and the search engine brings up all the properties 

in range. Project developers and city planners could use the model to see what attributes are important 

and when real estate platforms share the most frequent searches with developers or city planners they 

can develop more customized dwellings and improve the fit between supply and demand which is 

beneficial to all parties involved.  
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7. Limitations, Reflection & Further research 
Although the thesis took great care in overcoming empirical challenges there are things that could have 

been done differently. This chapter acknowledges several issues with respect to the representative 

power of the results, the fitting of the models and the short comings of the data with regard to potential 

critical missing estimators. The latter might be one of the biggest limitations throughout the study. In 

addition chapter 7 gives by means of further research some ideas on how to overcome this issue.  

7.1 Limitations and reflection  
The thesis was a first attempt in obtaining knowledge to what degree the preferences of elderly are 

incorporated in the senior (labelled) housing supply. The thesis yields interesting and practically 

relevant results, but as with any research, it has several limitations.  

1. Specific study group. First, the research was oriented on the Dutch housing market. Although the 
literature shows western countries develop similar trends and preferences it does not per se mean the 
thesis is representative on an international platform. The main reason for this is that the Dutch market 
is currently in a transition phase (policy wise). Second, the data was geographically constrained to the 
31 largest municipalities (by senior stock) of the Netherlands. Third, the data does not contain social 
housing, which represents according to CBS (2011) a third of the total housing stock in The 
Netherlands. On the other hand De Zeeuw (2014) argues that when elderly sell their houses they no 
longer qualify for social housing due to the freed up capital as a result of selling their property.  

2. Goodness of fit in the senior label models: Although the research problem was approached with 
great care by doing a two-step model and applying different research techniques, most models showed 
rather low goodness of fit. There are two possible explanations. On one hand it could be that labelling 
of senior dwellings happens rather random. There seem to be no rules or a clear definition of what a 
senior dwelling is or should look like. Furthermore the labelling is done by different brokers that could 
all have a different working method or different perception about a senior dwelling. On the other hand, 
the low goodness of fit could be connected to the quality of the data (see below).  

3. Data issues. In the data, dwelling specific adjustments such as “lowered kitchen countertops” or 
“bedroom on the first floor” are not present as they are included in text fields on Funda. Not being 
able to observe these characteristics may have an effect on the model results. For instance, in single-
family dwellings, a bathroom and a bedroom on the ground floor is a rather scarce attribute. Houses 
with this attribute will likely be labelled senior, but in my model there is no possibility to see this in the 
data. So the thesis might have underestimated the impact of such structural attributes on the label.  

7.2 Further research  
Generally speaking there are two main ways how the senior label can be better understood. One way 
is an expansion of the current building model and another is by a different methodological approach. 
The thesis based the supply side on the label “toegankelijk voor ouderen”, the so called senior label. 
This label is set by brokers and is a representation of what real estate brokers see as suitable enough 
for elderly. The thesis linked housing characteristics to this label in a first attempt to find relations. It 
made use of the standard attributes of the NVM Netherlands association of real estate brokers. An 
additional research could try to mine data from the so called “summary description” as explained in 
recommendation 1, section 6.3. These summaries are text strings but contain specific adjustments to 
houses such as “walk in showers”, “threshold free doors”, etc. These attributes might have a stronger 
impact than the current variables such as number of rooms, size, price, etc. Another approach is a 
decision tree model to gain insight in how the senior label is build up. Whenever more insight is gained 
into how these senior houses are labelled the better the label can serve as a tool for elderly to find a 
suitable home. The idea that the label functions as a marketing mechanism for brokers is unwished for 
and also unnecessary when the label functions properly. It is important this label fits the needs of 
elderly because when it comes to moving elderly are hesitant enough as it is already. The housing 
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market benefits from elderly moving to designated houses which frees up single family houses for 
starters. In addition a hedonic price model could help to see what elderly would want to pay per 
attribute. With this information you can both increase project development profit but also create very 
suitable and custom dwellings for different cohorts of elderly.  

Finally a total different approach could be: Should one want to label senior houses at all? Aedes-Actiz 
Kenniscentrum Wonen-Zorg (2015) reports in a research done among 16 Dutch housing associations 
that housing associations get more response on regular housing supply than on senior housing supply. 
A random housing association in the research revealed that the average response on elderly housing 
from 2010-2014 is averaged 7. At the same time the responses for regular supply were around 97. 
Aedes-Actiz Kenniscentrum Wonen-Zorg (2015) concludes that there is a lack of interest in senior 
dwellings compared to regular houses and argues that labeling might lead to a negative image among 
elderly. This might have to do with the theory that elderly do not like to admit they are “old”. And 
look for small apartments rather than senior apartments specifically. It could be an interesting addition 
to investigate if there is any stigma on the word “senior” with regards to senior social housing and 
listing time. Based on the data descriptives of the NVM dataset this does not seem to apply for the 
current listed housing stock. However this research might be relevant for the social housing stock. 
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Appendix I 

1.1 History overview on elderly housing 
Elderly housing goes back as far as the Middle Ages. When people aged and were not capable to work 

on the farmland anymore they were forced to move to the city as they were not able to provide for 

themselves anymore. The roots of this movement is still present as for today. For example the relatively 

bigger farm house was sold in exchange for a smaller house in a bigger town or in the city 

(RussenGroen, 2015). Cities were attractive since they offered more opportunities for elderly. One of 

these opportunities was the possibility of receiving charity from the rich people and the other 

possibility was receiving funds from the church.  

A popular living scenario not only back then but also still present today is the so called “hofjeswoning”. 

The houses had an introvert character and were facing a courtyard. It offered peace and rest but it also 

resulted in elderly who were to some degree secluded from the city and society (RussenGroen, 2015). 

Thus, until the World War II, elderly lived widely spread over the city and chose independency above 

clustering due to the ability to stay in contact with people of different generations (RussenGroen, 

2015). 

The biggest change occurred after the war. RussenGroen (2015) reports that in 1947 a law was 

introduced that guaranteed a pension for everyone irrespectively to the background of the individual. 

This forms the basis of the now well-known law Algemene Ouderdomswet "AOW". In the same time, 

the elderly houses were classified and adjusted to the needs of elderly. According to RussenGroen 

(2015) this is how the so called senior dwellings, nursing homes and service flats could emerge in the 

second half of the 20th century. 

In the sixties the Netherlands benefited from a strong economic growth which lead to a great amount 

of functional and rational elderly complexes. The thesis of RussenGroen (2015) shows that in the 

sixties (which was known for its functionality) elderly were no longer seen as functional and useful by 

younger generations. Elderly were boxed up in huge complexes. They got service and care but were 

totally isolated from the rest of the world. In the seventies the relation between the neighborhood and 

nursing homes/service flats got more attention again and the disproportion of scale was seen as 

something negative (RussenGroen, 2015). The hofjeswoningen got more popular again and nursing 

homes got public facilities to tighten the gap between elderly and other generations (RussenGroen, 

2015). This led to the construction of small dwellings in the city centre that were suitable for both 

young families and elderly. This supply of multifunctional dwellings led to another vision that was 

adopted in the 80’s (RussenGroen, 2015). Starting with the 80's a trend of separating care and housing 

becomes visible. The idea behind it was to cut budget and make a great part of the housing supply 

suitable for elderly (RussenGroen, 2015). Elderly were ought to make use of the current housing 

supply. 

1.2 Current Policy 
Nowadays the roots of the vision on elderly housing from the 80’s is still present: The vision includes 

separating care and housing. However the group of elderly nowadays are not as homogeneous as they 

were before. Today the elderly exist out of many small different life styles and providers of care are 

oriented on service on demand (RussenGroen, 2015). The ambition of the government is to endorse 

living & ageing in place and separating care and housing. The government refers to this as a shift from 

intramuralisation towards extramuralisation of care. This extramuralislation policy is the endeavor to 

provide care at home similarly to institutional care. According to CPB (2011) the costs on healthcare 

have been rising since 1972 towards 13% of the National GDP. The estimation of the CPB (2011) is 

that these costs are most likely to grow towards 19-31% of the GDP in 2040. The current vision on 

healthcare by the government is therefore to split care and housing. Not all types of care (especially 
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care that increases comfort) the so called low need care should be bound to a nursing or elderly home 

anymore. 

1.3 Policy Changes 
The policy originates from prime-minister’s Rutte first administration. The start of the policy became 

reality since the 1st of January 2013. In short the policy is a way of re-classifying the care profiles. In 

the Netherlands the need for care is classified in different "care profiles". Care profiles are a 

measurement to estimate what kind of care a person needs and to which he or she is entitled to. This 

classification is done by the Centrum Indicatiestelling Zorg (CIZ) and is financed through the 

Algemene Wet Bijzondere Ziektekosten (AWBZ). This label determines how much a care institution 

can declare per patient. In the past (<2013) these profiles were called “zorgzwaartepakketten” (ZZP’s) 

from now on these profiles are called “zorgprofielen”. The “zorgprofielen” now  (01-01-2015) fall 

under the Wet Langdurige Zorg” (Wlz), de Wet maatschappelijke ondersteuning (Wmo), de 

Zorgverzekeringswet (Zvw) and the new law for youth (Zorgwijzer, 2017). 

These zorgprofielen are abbreviated per target group. For example elderly that are in need of nursing 

care (verpleging & verzorging) are now called VV instead of ZZP. Care profiles ZZP 1 and ZZP 2 

were abolished in 2013 (Actiz, 2014). The ZZP 3 got abolished/extramuralisated on 01-01-2014. 

According to Buis (2012) – an advisor in the social services – the abolishing of zzp 1,2,3 comes down 

to the closure of woonverzorgingshuizen, not to confuse with verpleeghuizen (nursing homes) --> > 

VV4. This means that those people who were in need of little care (everything beneath < ZZP 4 (now 

called VV4)) are no longer qualified for institutional care. From now on only VV4-VV10 qualify for 

institutional care. Elderly with a need for care between the former ZZP1-ZZP3 are now expected to 

be able to live at home with the assistance of homecare (thuiszorg) without compromising the quality 

of life.  

In order to provide similar care at home the government transfers a great part of the responsibility 

towards municipalities in their policy. According to the vision of the government, the municipalities 

advise and provide information to elderly. In case someone is facing health complaints the municipality 

determines together with the person in question to what degree the person is capable of living on 

himself. It is also the municipalities’ task to determine to what degree family, friends and neighbors 

can take a part in the needed care of this person. As a final resort the municipality is given the 

opportunity to facilitate aging in place by applying the so called "Wet maatschappelijke ondersteuning" 

(WMO) (Rijksoverheid, 2015). This law has been created in 2007 to increase self-reliance and adjusted 

in 2015 in order to give municipalities more freedom in applying the law to whatever they see fit. The 

law does not only apply to elderly but is a general instrument to blend people into society (Zorgwijzer, 

2016). Municipalities have to partially fill the gap and are now tasked with household support, daily 

activities, protected living environment and inspiring elderly to maintain social contact and attend 

meetings (Rijksoverheid, sd). On the other hand personal care and nursing has been transferred to 

health insurance companies as for January 1, 2015 (Zorgwijzer, 2016). 

According to the Ministerie van Binnenlandse Zaken en Koninkrijksrelaties (2015) the transition policy 

consists of 4 parts: 1. cooperation on regional level 2. new tasks for involved parties including 

municipalities. 3. renewal and innovation. 4. monitoring the transition of healthcare real estate. In a 

policy letter written by the former minister of housing S. Blok Ministerie van Binnenlandse Zaken en 

Koninkrijksrelaties (2014) it has become clear how the government is looking towards this transition 

phase from intramuralisation towards extramuralisation. The minister states that in the agreement of 

the GGZ of 2014 it is agreed upon that the amount of beds in 2020 will decrease with at least one 

third compared to 2008. Less beds and places are needed because of both the wishes of the elderly and 

the more strict rules to qualify for healthcare set out by the government. The government under 

minister Blok sees a great task and opportunity for neighborhood nurses, municipalities, friends, family 

https://nl.wikipedia.org/wiki/Centrum_Indicatiestelling_Zorg
https://nl.wikipedia.org/wiki/Algemene_Wet_Bijzondere_Ziektekosten
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and volunteers to fill the gap and bring the proper care to the right people (Ministerie van Binnenlandse 

Zaken en Koninkrijksrelaties, 2014). The minister argues that care suppliers, housing associations and 

care institutes have to cooperate more than ever before. The municipality will receive a directional task 

as part of the decentralization vision while the national government will be a watchdog that monitors 

and accommodates the markets and keeps an eye on current developments. It is wished for by the 

government that family, friends and neighbors take a greater care part in one another. It is then the 

municipality’s task to support these care givers. This is done by reinforcing the position of care givers 

in the WMO-law. In addition to the minister himself a report from Aanjaagteam Langer Zelfstandig 

Wonen (2015) also reports the roles have changed. The role of the person in question has also changed. 

From now on they (the elderly) have to organize and finance their own needs to a comfort level they 

see fit. Housing associations also get more responsibility in the supply of suitable dwellings. Elderly 

become a primary target group. Care offices manage the question whether someone qualifies for long 

term care (nursing homes etc.) and make long term deals with municipalities about finances of health 

care. The nursing homes have to expand their care outside the physical building. The Health insurances 

are now tasked with personal care and nursing at home. And finally third parties are stimulated to 

invest in elderly housing. 

In a letter of minister Blok to the parliament Ministerie van Binnenlandse Zaken en Koninkrijksrelaties 

(2014) the minister acknowledges that the transition will not proceed flawless. Therefore the 

government created a so called negotiating team which has facilitating tasks. In the vision of the 

government the municipality has to bring the corresponding parties such as home owners, renters, 

citizen initiatives, housing associations, healthcare institutions, welfare providers, commercial project 

developers, health insurance companies, entrepreneurs, etc. all together in order to make the best use 

of societal and healthcare real estate at their disposal. 

Aanjaagteam Langer Zelfstandig Wonen (2015) shows that in practice there are roughly 3 different 

approaches municipalities can take. Number one is to focus on adapting as many dwellings as possible. 

Option 2 is to transform together with health institutes and housing associations the existing real estate 

stock to prevent vacancy due to the extramuralisation. The third option named is to build new 

dwellings together with housing associations and private parties with care on demand. It also reports 

that nursing home can develop extramuralisation health services to elderly who live independently.  

The government offers plans through the WMO and the WLZ (law long term demand for care) to 

make adjustments to houses. Before the transition the elderly who qualified for the WLZ would 

automatically go to nursing homes (Rijksoverheid, 2015). Another way of keeping up the supply is 

construction of lifetime durable dwellings constructed upon order by the government. Finally there is 

a small group of elderly who still prefer service in small scaled care and support complexes such as 

"woonzorgcomplexen" and "service flats" (Ministerie van Binnenlandse Zaken en Koninkrijksrelaties, 

2014). The minister also sees opportunities to combine the house adjustments for elderly with the 

renovation of the current housing supply to accomplish his ambitions for a higher share of durable 

dwellings. The minister claims that the study of TNO21 shows that it is possible to decrease the energy 

consumption of healthcare real estate between 25-45%. Regarding institutional healthcare real estate: 

According to Ministerie van Binnenlandse Zaken en Koninkrijksrelaties (2015) the amount of people 

with a score of 1-3 on the weighted healthcare scaling system in instructional healthcare homes and 

nursing homes is decreasing. These people can nowadays because of modern technology and the 

adjusted policy retire at home or in a care taker's home. Therefore the government advises healthcare 

real estate owners to focus more on the more demanding elderly and in case of oversupply (nursing 

homes) to transform the places to independent housing units. The government stimulates this by 

offering a €10,000 discount on the property tax per realized dwelling (Rijksoverheid, sd). 
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1.4 Effects of the policy on the housing market and moving possibilities of 
elderly 
This extramuralisation policy (the endeavor to provide care at home similarly to institutional care) also 

influences the housing market and the moving possibilities of elderly. In concrete terms this means 

people in need of little care who are not able to live alone; do no longer qualify to get institutionalized 

into an elderly home with healthcare. The government states on their corresponding website 

Rijksoverheid (2015) that elderly have two alternatives. Either adjust the house through renovation in 

order to make it livable again or move to an already built lifetime durable dwelling. 

1.4.1 Social effects 
This policy has in impact on the social aspect of people’s lives. This impact can be approached from 

two different sides. The side of loneliness and depletion and the side of independency and pride.  

Benefits vs costs. A social cost benefit analysis performed by (Sociaal en Cultureel Planbureau, 2004) 

in the name of CVZ (called Healthcare Institute since 2014), showed that the extramuralisation yields 

15,964 euro per person for the government. Which can greatly be devoted to the cut on healthcare 

facilities since it is cheaper to let elderly age in place. For the elderly themselves the outcome is classified 

as "neutral". On one hand they pay way less to institutional care and are in general more happy (by 

living at home). This is also underlined by the former state secretary of health, welfare and sports, 

Clémence Ross-van Dorp, who stated that elderly who live independently are more happier than elderly 

who live in a care facility (Mandemaker & Christ, 2005). On the other hand it will require the necessary 

administration to make it work (subsidies for rent, healthcare subsidies, applying for several supporting 

laws such as WMO, etc). 

Social effects Another aspect that could limit social interaction becomes clear in the study done by 

(Platform31, Movisie, Aedes-Actiz Kenniscentrum Wonen-Zorg, 2015) (a knowledge- and network 

organization that performs scientific research) which reports that extramutalisation leads to decrease 

in many facilities for low care needing elderly (especially those who live in these so called 

"aanleunwoningen"). Named facilities are meal services, daily activities, meeting activities and 24 hour 

care. Furthermore a study done by (Dobner, Musterd, & Fortuijn, 2014) addresses the importance of 

social support, relationships and neighborhood ties when elderly age in place. They performed a study 

with qualitative data on experiences with of ageing in place policies. Their data set consisted of 27 

interviews with older residents in both Portland and Amsterdam, 13 interviews with key informants, 

institutions, churches, government, local organizations, etc. as well as participatory observations during 

neighborhood meetings. Dobner, Musterd, & Fortuijn (2014) furthermore argues that in the case of 

Amsterdam and Portland the advantaged neighborhoods offer a good and suitable living environment. 

At the same time it concludes that national and local policies and personal resources do affect the 

perceived experience of the place. In other words, for residents with limited financial means this 

current policy can become problematic. 

Another concern is put out by an Australian research (Engels & Liu, 2012) is that the ageing in place 

strategy will bring many new challenges regarding daily traveling of seniors. They compared three 

different cities by means of a survey consisting out of 32 questions held amongst 334 elderly to get 

insight in their mobility activity and whether they had a car or public transport at their disposal. It 

showed for example that between 8-23% of the elderly between 65-80 had a car, and that only a small 

minority of those who have a car makes social errands/visits just once a month. They therefore argue 

that urban planning should play a role in facilitating facilities when governments maintain to carry out 

the ageing in place policy. Furthermore state (Engels & Liu, 2012) that travel behavior of elderly is 

often poorly understood. 
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1.4.2 Supply effects 
Suitable dwellings. Since less people qualify to get into institutional facilities due to the more strict 

rules as a result of the new government policy it now becomes necessary that the supply of suitable 

dwellings must increase (Rijksoverheid, 2015).  In 2012 there was already an amount of 190,000 elderly 

who do not live in a suitable home (PBL, 2013; Aedes-Actiz Kenniscentrum Wonen en Zorg, 2013). 

It is however unclear whether this is because of the policy, the increased amount of elderly,  a 

combination of the two or other cofounding factors.  

Initiatives. A recent study from ANBO (2016) which performed a research under 114/390 

municipalities in The Netherlands shows how municipalities are carrying out the guidelines of the 

government’s policy. The study made an inventory of the municipal policies by means of a survey. The 

report reveals that most municipalities focus nowadays on facilitating suitable dwellings by 

construction and secondly by improving regular dwellings. The third most taken action is to change 

the zoning plan in order to make initiatives of other living scenarios (such as small scaled clustered 

areas for elderly) possible. A final frequently named action is the stimulation of local initiatives. The 

whole list of actions by ANBO (2016) is shown table I.1 by ANBO & Woonz (2016). Most 

municipalities facilitate mantelzorg dwellings, upgrade the existing housing stock or change the zoning 

plan to stimulate local initiatives. Although there are several actions that involve multiple stakeholders 

only a few municipalities made performance agreements regarding the plans. Most performance 

agreements were made for upgrading the housing stock and the allocation policy to make the market 

more volatile.  

Table I.1. List of most frequently taken actions by municipalities regarding elderly housing supply, Source: (ANBO, 2016) 

 

Initiatives are also start to emerge from the other parties involved. The government reports in the letter 

Ministerie van Binnenlandse Zaken en Koninkrijksrelaties (2014) that healthcare providers come with 

new concepts already. Also brainstorm-tanks have come up with initiatives. For example there are 

initiatives from VNO-NCW, MKB Nederland and Actiz who showed interest in cooperating and 

investing in elderly care. According to the minister more of these initiatives should lead to customized 

houses and customized care in the neighborhood. 

Supply. The total senior housing stock consists of several different niches. Table II shows an overview 

of the distribution of the elderly housing stock. The table is built up with data from the Ministerie van 

Binnenlandse Zaken en Koninkrijksrelaties (2014). Although the total supply seem to have risen 

between 2009 and 2012 with roughly 7% (especially the one floored and the adjusted homes) there is 
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still a shortage 84,000 dwellings in 2013 and an amount of 373,000-400,000 cumulative up to 2021 as 

can be deducted from table I.2. 

Table I.2. Distribution of senior housing stock, Source: Ministerie van Binnenlandse Zaken en Koninkrijksrelaties, 2014) 

 

 

 

 

 

 

1.4.3 Demand effects 
As can be concluded from table I.3, most of the demand is coming from demographic developments 

with 240,000-255,000 however the government policy is also contributing with 48,000-61,000 

dwellings in total and 5,000-7,000 annually (Ministerie van Binnenlandse Zaken en Koninkrijksrelaties, 

2014). This number is most likely going to grow through the years knowing that the policy was only 

put in place quite recently.  

Table I.3. Overview demand senior housing, Source: Ministerie van Binnenlandse Zaken en Koninkrijksrelaties, 2014)  

 
1.5 Supply vs demand 
1.5.1 Mismatch 
Due to the increased responsibility that municipalities got, most municipalities started doing market 

analyses. Platform31, Movisie, Aedes-Actiz Kenniscentrum Wonen-Zorg (2015) reports that 

municipalities experience a mismatch of supply and demand. They concluded that a significant part of 

elderly do not move to the designated adjusted senior dwellings and are stagnating the housing market. 

In some municipalities there is even a vacancy of senior dwellings while a shortage was estimated. The 

following chapter gives some insight in why elderly do not want to move. Great part of the literature 

in the study done by the government but also in later chapters of this literature study shows that a great 

part of the elderly want to retire in place. However adjusting the house to a more lifetime-proof 

dwelling is not as popular as one might think (Rigo Research & Advies, 2009; ANBO & Woonz, 2015; 

PBL, 2013).  

1.5.2 Consideration supply-demand 
This policy is implemented because elderly are becoming older, higher educated and more mobile. In 

addition the health costs have risen and the government reports that with just a little adjustments a lot 

of elderly are able to live on their own. And finally according to Mandemaker & Christ (2005) self-

reliance contributes to a higher level of happiness. However the government assumes that elderly think 

and plan ahead their future. According to Eenvandaag (2015) in an interview with an ageing scientist 

from the  Leyden Academy on Vitality and Ageing together with the director of the national elderly 
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agency: 1 out of 3 elderly wait too long with moving to a new home. People start to think about 

adjusting their home when they actually already need it. Adjustments take time therefore it is important 

to think about it in time. This is a clear example of the contrast between theory and practice. 

In 2012 there was an amount of 190,000 elderly who did not live in a suitable home (PBL, 2013). 

Furthermore Ministerie van Binnenlandse Zaken en Koninkrijksrelaties (2014) states there is a shortage 

of senior 84,000 dwellings for the year 2012. These observations lead to an annually construction policy 

of 42,000 dwellings until the year 2021 (Rijksoverheid, n.d.). Although judging by the results and 

preferences that were found in the upcoming chapters one could argue whether this is the right way to 

sail or not. The upcoming results will show that the inclination of moving amongst the elderly (65) has 

been low and even decreasing. Another observation was that elderly live longer independently. Finally 

the results will show that elderly live in rather big and expensive owned dwellings and for those who 

move they do not want to live all gathered into a vinex neighborhood at the edge of the city.  

One could argue whether there is really a shortage of suitable dwellings or that it is merely a matter of 

adjustment of current houses. According to PBL (2013) the problem of elderly dwellings is merely an 

adjustment of the current houses. PBL (2013) refers to a study by van Galen en Willems (2011) who 

claim that at least 275,000 dwellings are suitable for renovations. Also De Zeeuw (2014) claims there 

is no such shortage of senior dwellings. At least not in the numbers displayed by the government of 

30,000 or more per year. There is still a demand for those who do want to move. De Zeeuw (2014) 

names small housing complexes with healthcare and services (on demand). This sounds reasonable 

since Rigo Research & Advies (2009) also concluded elderly do not want to boxed up all together. It 

also makes sense when looking at the reasons why people move. The literature will show that those 

who do move, mostly do it because they become less mobile and are in need of more comfort. One 

could therefore argue that there is a need for dwellings with care or suitable dwellings. Which does not 

per se mean the construction of new houses. Especially houses with low care demands can be realized 

through adjustments to increase the suitability of these houses. It seems that De Zeeuw (2014) fears a 

mismatch between supply and demand when these enormous numbers of dwellings will be 

constructed. This is not unthinkable since some of this is already visible in several municipalities who 

experience vacancy while a shortage was predicted (Platform31, Movisie, Aedes-Actiz Kenniscentrum 

Wonen-Zorg, 2015). 

1.6 International experience and further policy opportunities 
International literature reports similar policies. An Australian study done by Richardson & Bartlett 
(2009) investigates the impact of ageing-in-place policies on resident dependency levels. They gathered 
data from all the residential aged care sector in Queensland. They gathered the data from two periods 
(1998-2001) and (2001-2004) which enabled them to do a comparative analysis. Australia introduced 
an ageing in place policy in 1997. In Australia houses are divided in 3 levels. High care, low care and 
ageing in place. They grouped it and called it residential aged care homes RACH. The research of 
Richardson & Bartlett (2009) was interested in the distribution of dependency levels amongst care 
residents. Just like the Dutch government likes to focus on high care residents in nursing homes. 
Richardson & Barlett (2009, p. 2) write “time high-care residents increased from 58.5% at 1997 to 
75.6% at 2004, showing that high-care residents are now dispersed across a much larger number of 
homes” It also showed that ageing in place could work through adjustments of houses. For example 
Richardson & Bartlett (2009) reports that in 1997 the largest group of RACH’s consisted out of homes 
that provided low care only but in 2004 the largest group of RACH's consisted out of ageing in place 
homes with roughly 45%. In general it can be concluded that the Netherlands just as other western 
countries such as Australia and the USA are experiencing a policy shift from a welfare care state 
towards “stronger reliance on private market-led services, and an emphasis on family and community as providers of 
support” Dobner, Musterd, & Fortuijn, (2014, p. 1).  
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1.7 Conclusion 
Throughout the second half of the 20th century the focus on elderly housing shifted from big service 

and care facilities towards a more individual, independent scenario with separation of care and housing. 

This separation is called extramuralisation of health care and has been intensified in the 21th century 

up to today. The current government pushes its agenda in her endeavor to provide care at home of a 

similar quality compared to institutional care.  

This leads to a shift in roles among the different stakeholders. From now on they (the elderly) have to 

organize and finance their own needs to a comfort level they see fit. Housing associations also get 

more responsibility in the supply of suitable dwellings. Elderly become a primary target group. Care 

offices manage the question whether someone qualifies for long term care (nursing homes etc.) and 

make long term deals with municipalities about finances of health care. The nursing homes have to 

expand their care outside the physical building. The Health insurances are now tasked with personal 

care and nursing at home. And finally third parties are stimulated to invest in elderly housing. Elderly 

are given two options either adjust the house or move to an already adjusted senior dwelling. The 

municipality has given different options to keep up the supply. Number 1 is adjusting as many dwellings 

as possible, number 2 is to transform the existing stock of health care providers and number 3 is to 

realize new senior dwellings. 

This policy causes effects in all different kinds of fields. On the social side it makes people more 

vulnerable for loneliness and inadequate urban planning with regard to facilities and services. Regarding 

the housing market it will have an even bigger stagnating effect than is already visible since elderly are 

stimulated through the WMO to stay and make adjustments. Seen from a supply point of view there 

is still a shortage of 84,000 dwellings for the year 2012 and an amount of 190,000 elderly who do not 

live in a suitable home. The policy itself contributes with 5,000-7,000 dwellings annually to the demand 

side since less people will be institutionalized due to more strict qualifications. However most demand 

240,000-255,000 (2012-2021) and 30,000 annually is coming from demographic trends. In total the 

construction/adjusting demand is around 42,000 dwellings annually.  

Most municipalities facilitate mantelzorg dwellings, upgrade the existing housing stock or change the 

zoning plan to stimulate local initiatives. Although there are several actions that involve multiple 

stakeholders only a few municipalities made performance agreements regarding the plans. Most 

performance agreements were made for upgrading the housing stock and the allocation policy to make 

the market more volatile. Finally different sources claim that a large number of houses can be adjusted 

and that large numbers of new constructed houses is not per se necessary. These sources fear a 

mismatch between supply and demand when these enormous numbers of dwellings will be 

constructed. Some of this is already visible in several municipalities that experience vacancy while a 

shortage was predicted. 

  



87 
 

Appendix II 
Table II shows the municipalities that contained most senior-, handicap-, and adjusted dwellings at 

random point in time in June 2017. Note that the numbers of senior dwellings are only for one year 

namely 2017 and was used as an estimation on how much senior dwellings I would obtain over a 

period of 6 years (2011-2016).  

Table II. Labelled adjusted, handicapped and senior dwelling supply in June 2017, Funda.  

nummer provincie gemeenten aangepaste woning gehandicaptenwoning seniorenwoning totaal 

1 Groningen Groningen 0 5 9 14 

2 Friesland Leeuwarden 0 5 12 17 

3 Overijssel Zwolle 8 3 3 14 

4 Overijssel Enschede 0 6 6 12 

5 Gelderland Apeldoorn 0 26 44 70 

6 Gelderland Arnhem 2 20 39 61 

7 Gelderland Nijmegen 0 20 23 43 

8 Utrecht Amersfoort 0 6 11 17 

9 Utrecht Utrecht 1 20 28 49 

10 Noord-Holland Amsterdam 1 53 81 135 

11 Noord-Holland Haarlem 0 15 21 36 

12 Zuid-Holland Leiden 0 8 14 22 

13 Zuid-Holland Den Haag 0 43 69 112 

14 Zuid-Holland Rotterdam 1 54 76 131 

15 Zuid-Holland Dordrecht 0 10 15 25 

16 Noord-Brabant Breda 0 15 19 34 

17 Noord-Brabant Tilburg 1 27 39 67 

18 Noord-Brabant s-Hertogenbosch 1 10 15 26 

19 Noord-Brabant Eindhoven 1 18 22 41 

20 Limburg Sittard-Geleen 0 13 30 43 

21 Limburg Heerlen 0 8 9 17 

22 Limburg Maastricht 1 4 7 12 

23 Noord-Brabant Helmond 2 14 18 34 

24 Noord-Brabant Oss 1 11 18 30 

25 Zeeland Tholen 0 28 30 58 

26 Zeeland Terneuzen 2 14 26 42 

27 Zuid-Holland Capelle aan den Ijssel 0 13 26 39 

28 Zuid-Holland Nissewaard 1 8 13 22 

29 Flevoland Lelystad 0 14 16 30 

30 Drenthe Emmen 2 31 58 91 

31 Flevoland Almere 0 30 43 73 

Gecombineerd Dataset   25 552 840 1417 
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Appendix III 
Table III.1 gives an overview of the means and compares the total data to a subset that contains senior 

dwellings only. This is particularly useful for identifying additional parameters that were not found or 

included in the literature study. Whenever a variable’s mean in the subset deviates from the total mean 

it suggests that the variable in the senior dataset has different values compared to the overall dataset. 

This might be particularly interesting to include in an extended estimation as it might be the unique 

variance we are looking for.  

Table III.1. Mean comparison 

    
Total 

Dataset     
Senior 

Dataset   

Subset --> Total Apartments Houses Total Apartments Houses 

Number of observations raw (235,304) --> 174,862 90,127 84,735 4,626 2,379 2,247 

Transaction price 228,500 209,598 248,769 230,146 214,643 246,560 

Property type 1.515 2 1 1.514 2 1 

Construction period 1500_1905 0.074 0.093 0.053 0.080 0.103 0.056 

Construction period 1906_1959 0.342 0.385 0.297 0.350 0.398 0.300 

Construction period 1960_1990 0.339 0.308 0.372 0.318 0.271 0.368 

Construction period 1991_2000 0.123 0.090 0.156 0.127 0.096 0.159 

Modern construction period 2001_2016 0.123 0.091 0.122 0.115 0.132 0.118 

Listing time 130 126 134 129 124 134 

Dummy Lift present 0.134 0.259 0.001 0.136 0.264 0.001 

Number of rooms 4.094 3.248 4.994 4.107 3.220 5.046 

Dummy Balcony present 0.380 0.614 0.131 0.381 0.615 0.134 

Dummy Parking 0.260 0.163 0.362 0.255 0.154 0.361 

Parking Spot 0.068 0.065 0.072 0.062 0.059 0.066 

Parking Garage 0.113 0.024 0.206 0.114 0.019 0.215 

Maintenance indoors 6.989 7.087 6.884 7.037 7.157 6.909 

Maintenance outdoors 7.062 7.150 6.968 7.096 7.198 6.987 

Size (living space) 102 82 123 101 81 121 

Size small 15-75m² 0.266 0.462 0.056 0.259 0.449 0.057 

Size medium 76-100m² 0.287 0.346 0.225 0.301 0.372 0.225 

Size big >100m² 0.448 0.192 0.719 0.441 0.179 0.718 

Dummy nice view 0.323 0.398 0.243 0.318 0.407 0.223 

Year dummies             

Dummy sold in 2011 0.010 0.010 0.010 0.011 0.114 0.102 

Dummy sold in 2012 0.072 0.070 0.073 0.063 0.066 0.060 

Dummy sold in 2013  0.163 0.160 0.167 0.138 0.118 0.160 

Dummy sold in 2014 0.236 0.237 0.234 0.221 0.237 0.205 

Dummy sold in 2015  0.277 0.276 0.277 0.283 0.263 0.304 

Dummy sold in 2016  0.243 0.247 0.240 0.283 0.305 0.261 

 



89 
 

Based on table III.1 several observations can be made before estimating the model. First of all the 

means of the senior dataset in general are quite similar to the means of the total dataset. This suggests 

it might be difficult to identify unambiguously attributes that are used by real estate agents to label 

dwellings as senior dwellings. This is in line with the thought that it is not very clear how and when 

houses get labelled as senior houses.  

Data Selection & Variables 
The data selection process consists of 3 steps. The first step is to remove outliers, the second step is 

to define and characterize the variables and finally an overview is given how the variable selection 

influences the observations in the model. As mentioned before the variables are derived from literature. 

Removing outliers 
The data is modified by removing outliers from the dataset. This is done by inspecting the distribution 

of the observations and its corresponding values. These cut-off values are mostly based on common 

sense. When a variable consist of many outliers the aim is to bring the mean and the median closer 

together by cutting of the outliers. In most cases there is still a difference between mean and median 

for the sake of representativeness and functioning reference points. Table III.2 shows which variables 

were modified by removing outliers.  

Appendix III.2. Cleaning data, raw observations 235.304 

Variable Removed Deleted observations 6 

Type of property unknown type 88 

Size (living space) <15m² & >500m² 557 

Transaction Price <€75.000 & > €750.000 58321 7 

Listing time > 2  years 29851 

Number of rooms > 10 rooms 1476 

 

Clarification selected variables 

Table III.3 gives and overview on the used variables and its possible values that are used in the models.  

Table III.3. Variable clarification 

Variable Type Threshold 

Dummy apartment Dichotomous 1 or 0 

Modern construction Dichotomous 1 or 0 

Size Small, Medium, Large Ordinal >15 & <75 || >75 & <100 || >100 - 500 

Dummy Lift Dichotomous 1 or 0 

Parking spot Dichotomous 1 or 0 

Garage Dichotomous 1 or 0 

Dummy nice view Dichotomous 1 or 0 

Log Transaction Price Interval [11,23 - 13,53] 

Dummy <3 rooms Dichotomous 1 or 0 

Maintenance indoors Interval 1-9 

Maintenance outdoors Interval 1-9 

                                                   
6 Deleted observations are absolute numbers non-cumulative 
7 Relative high number of deleted observations mainly due to input errors. The variable transaction price contains a significant amount of 
properties priced under 10,000 , 30,000 and 70,000 euro’s, even as low as 1 euro. Using percentiles would not make sense since some of 
the errors would still be in there. Therefore manual threshold was set after inspecting the data.  
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Dummy Balcony Dichotomous 1 or 0 

Transaction price Interval € 75.000 - € 750.000 

Listing time Interval 2-729 days 

 

The selected variables and data for the model is based on assumptions and results from the literature 

study in chapter 2 and 3 and the cross inspection of means between the two datasets in table 2. The 

study showed that construction attributes such as “type of house”, “living area”, “price”, “presence of 

a lift”, “number of rooms” and “balconies” were important for elderly. Furthermore additional 

variables are added by the author based on assumptions to discover any unobserved relationships.  

Variable selection process 
Table III.4 gives an overview of the variable selection process for each year. The process starts with 

330,072 raw observations. This is the data which was handed over by the NVM. After selecting the 

proper time frame 235,304 observations are left. The variables are fitted in random order. In the end 

the usable dataset for the model contains 174,862 observations and its subsets of apartments and 

houses, 90,127 and 84,735 respectively.   

Table III.4 Observations during cleaning process. 

Year 2,011 2,012 2,013 2,014 2,015 2,016 Total  

Total observations 6,039 18,116 40,847 54,151 61,278 54,873 235,304 

Type of property 6,039 18,116 40,847 54,151 61,278 54,873 235,304 

Construction period 6,038 18,115 40,837 54,141 61,265 54,850 235,246 

Size (living space) 6,028 18,089 40,759 54,056 61,172 54,748 234,852 

Transaction price 5,674 15,487 31,151 43,929 50,759 45,297 192,297 

Listing time 1,742 12,567 28,566 41,279 48,460 42,621 175,235 

Dummy Lift 1,742 12,567 28,566 41,279 48,460 42,621 175,235 

Number of rooms 1,735 12,525 28,498 41,188 48,361 42,555 174,862 

Dummy Balcony 1,735 12,525 28,498 41,188 48,361 42,555 174,862 

Parking  1,735 12,525 28,498 41,188 48,361 42,555 174,862 

Dummy Maintenance indoors 1,735 12,525 28,498 41,188 48,361 42,555 174,862 

Dummy Mantenance outdoors 1,735 12,525 28,498 41,188 48,361 42,555 174,862 

Dummy Nice view 1,735 12,525 28,498 41,188 48,361 42,555 174,862 

Type of property (aprt.) 864 6,328 14,931 21,385 24,898 22,261 90,127 

Type of property (house) 871 6,197 14,107 19,803 23,463 20,294 84,735 

Senior dwellings 50 292 640 1,024 1,309 1,311 4,626 
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Appendix IV 
Table IV reports mean values for the location characteristics for 2 datasets: A dataset that contains all 

PC4 after normal cleaning procedure (realistic dataset) and a dataset with postcodes that contain at 

least 1 senior dwelling (adjusted dataset).  

Table IV. Mean comparison of dataset 1 with ≥ 0 senior dwelling per postcode vs dataset 2 ≥ 1 senior dwelling per postcode   

Variable Total Dataset (realistic) Senior pc Dataset (adjusted) 

Mean comparison dataset CBS Total Apart. Houses Total Apart. Houses 

Number of observations --> (Postcodes) 613 492 605 449 289 371 

Number of aggregated senior dwellings 4,626 2,379 2,247 4,626 2,379 2,247 

Location attributes mean mean mean mean mean mean 

Log Distance hospital 3.8 3.0 3.9 3.2 2.7 3.4 

Log Distance general practitioner 1.0 0.7 1.0 0.8 0.7 0.8 

Log Distance supermarket 0.9 0.7 0.9 0.7 0.6 0.7 

Log Distance pharmacy 1.1 0.9 1.1 0.9 0.7 0.9 

Log Distance daily shopping 0.8 0.6 0.8 0.6 0.5 0.6 

Log Distance warehouse 2.4 1.7 2.4 1.9 1.6 2.0 

Log Distance café 1.1 0.9 1.1 0.9 0.8 1.0 

Log Distance restaurant 0.8 0.6 0.8 0.6 0.5 0.7 

Log Distance pre-school 0.8 0.6 0.8 0.6 0.5 0.6 

Log Distance daycare 0.8 0.6 0.8 0.6 0.5 0.7 

Log Distance station 4.0 2.9 4.0 3.0 2.7 3.3 

Log Distance library 2.1 1.8 2.1 1.8 1.6 1.9 

Log Distance cinema 4.1 3.3 4.1 3.4 3.0 3.6 

Estimate -3.3 -5.9 9.8 0.6 0.8 -1.1 

Discussion 
As table IV.1 shows, the postcodes without senior dwellings are characterized by longer distances to 
amenities. A choice was made to use the realistic dataset, in order to keep as much variation as possible 
in the data. Indeed, a sensitivity check with the adjusted dataset showed that the R² of model 2 drops 
significantly from 20% to 5%. So it seems that there is a large difference between postcodes that have 
senior dwellings and those which do not, and a much smaller variation among different postcodes that 
have senior dwellings. However, it is still possible that using the realistic dataset somewhat 
overestimates the importance of the proximity to amenities for the probability that a dwelling obtains 
a senior label.  
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Appendix V 
Table V.1 summarizes the descriptives of the subsets. There is a difference noticeable between the 

total set of houses and apartments and the subsets apartments and houses. When looking at the entire 

set one can denote that every single facility is closer located to apartments compared to houses. It 

seems that apartments in general are closer located to the facilities. By natural instinct this makes sense. 

Apartments are more often located around city centers or neighborhood centers, in addition there are 

usually more densely build due to high-rise construction. Since the “houses & apartments” is a 

combined set of “houses” and “apartments”, apartments also score better in comparison with the total 

set. In addition table 5.1 in section 5.3 shows that houses are averaging 31% less close to facilities. 

Table V.1. Mean comparison total dataset 

Variable Total Dataset 

Mean comparison dataset CBS Total Apart. Houses 

Number of observations --> (Postcodes) 613 492 605 

Number of aggregated senior dwellings 4,626 2,379 2,247 

Location attributes mean mean mean 

Log Distance hospital 3.8 3.0 3.9 

Log Distance general practitioner 1.0 0.7 1.0 

Log Distance supermarket 0.9 0.7 0.9 

Log Distance pharmacy 1.1 0.9 1.1 

Log Distance daily shopping 0.8 0.6 0.8 

Log Distance warehouse 2.4 1.7 2.4 

Log Distance café 1.1 0.9 1.1 

Log Distance restaurant 0.8 0.6 0.8 

Log Distance pre-school 0.8 0.6 0.8 

Log Distance daycare 0.8 0.6 0.8 

Log Distance station 4.0 2.9 4.0 

Log Distance library 2.1 1.8 2.1 

Log Distance cinema 4.1 3.3 4.1 

Estimate -3.3 -5.9 9.8 
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Table V.2 gives an overview on the used variables and the range of values that are used in the models.  

Table V.2. Clarification variables 

Variable Type Threshold in km. 

Log Distance hospital Interval [0.6-24.8] 

Log Distance general practitioner Interval [0.2-8.0] 

Log Distance supermarket Interval [0.2-8.1] 

Log Distance pharmacy Interval [0.2-8.2] 

Log Distance daily shopping Interval [0.1-8.0] 

Log Distance warehouse Interval [0.2-22.6] 

Log Distance café Interval [0.1-8.4] 

Log Distance restaurant Interval [0.1-7.8] 

Log Distance pre-school Interval [0.2-8.7] 

Log Distance daycare Interval [0.2-8.1] 

Log Distance station Interval [0.4-46.0] 

Log Distance library Interval [0.3-10.8] 

Log Distance cinema Interval [0.3-26.0] 
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Appendix VI 
 Table VI. Linear OLS regression on listing time for Houses & Apartments 

Variable 
Estimate Stand. Error t-value 

Dummy senior dwelling -1.323 2.272 -0.582 

Fixed Effects PC-4 YES     

Years YES     

Adjusted R² 1.94e-06     

Observations 174,862     

 sign. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1   

Table VI shows the results for the listing time model on the total dataset. The model uses the same 

data as model I. The regression is a one-on-one prediction of the senior label on the listing time. The 

results show no statistically significant relation between the number of days a property is listed and the 

chance on a senior label. Therefore it seems that senior dwellings are not listed statistically significant 

longer nor shorter than regular dwellings.  

 


