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Abstract

In this paper we combine the insights from social sciences and architecture to design best
living concepts for a specific target group, elderly homeowners. We perform a stated choice
experiment to study residential preferences of this group and translate the results into an
architectural design of senior-friendly housing. This methodological approach is novel to
the literature. We derive the willingness-to-pay for different residential attributes and show
how these attributes can be traded off against each other to create best living concepts. We
discuss how these living concepts can be translated into customized architectural design
while making use of standard architectural elements.
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1 Introduction

In various countries, the demand for senior dwellings is expected to rise. Yearly housing
mobility rates of European elderly lie between 1 and 5%, amounting to an annual flow of
more than 1 million people changing house (Tatsiramos 2006; Gobillon and Wolff 2011;
Abramsson and Andersson 2012).! The absolute number is large and will be growing in
the future because the proportion of 65+ citizens in the population increases sharply, in
Europe from 20% in 2015 to the expected 25% in 2040 (Eurostat 2017).> Also, various
governments currently make arrangements to stimulate the elderly to live independently at
home for as long as possible (Mosca et al. 2017). Such policies may increase the motiva-
tion of people entering the third age to move to another home which will better suit their
needs as they become older and in need of help.

Despite the relevance of the subject and the existence of research on housing priori-
ties of the seniors, not much is known yet about how to translate these preferences into
practical living concepts and architectural design. This paper develops and applies a novel
methodology to design best living concepts for the elderly, based on the research in their
residential preferences and architectural design principles. With ‘best living concepts’ we
mean here practically and architecturally feasible combinations of dwelling, building and
location attributes that are highly valued by the target group.

Our methodology combines insights from two disciplines: social sciences and archi-
tecture. First, we run a stated choice experiment to retrieve the willingness-to-pay of the
elderly for a set of relevant—and mostly not yet studied—attributes of the dwelling, the
building and the location. Then the attributes with the highest valuation are used as input
for a flexible architectural design. The output of our research is also twofold. The stated
choice experiment results in a consumer toolbox including a range of attributes of the
dwelling, the building and the location. Each attribute is specified at multiple possible lev-
els. For every attribute-level combination a monetary valuation of the willingness-to-pay
is estimated. This allows to construct several best living concepts consisting of the most
valuable combinations of the attributes. The architectural design results in an architectural
toolbox that consists of construction elements that can be flexibly put together to realise the
specified living concepts and their various combinations.

In selecting the dwelling, building and location attributes for the analysis, we account
for the changes in the residential preferences that may take place near the third age. First, in
anticipation of reduced mobility and increased health problems, people may find comfort,
accessibility and safety of a dwelling and the surroundings more important than before
(Gobillon and Wolff 2011; Feng et al. 2018; Costa-Font 2013; Liu et al. 2017; Pope and
Kang 2010).> Second, people may want to downsize because the need for living space
decreases when children leave the house, or due to a fall in revenues after retirement (Bian
2016; Eichholtz and Lindenthal 2014; Painter and Lee 2009; Ong et al. 2015; Abramsson

! Tatsiramos (2006) reports yearly housing mobility rates for elderly to lie between 1 and 5% in different
European countries (the sample included Austria, Belgium, Denmark, Finland, France, Germany, Greece,
Ireland, Italy, Netherlands, Portugal, Spain, United Kingdom). Gobillon and Wolff (2011) document sub-
stantial housing mobility at retirement for France: 31% of the surveyed elderly aged between 68 and 92
claim to have moved around their retirement age. Abramsson and Andersson (2012) document a 25%
mobility rate of Swedish elderly within a 5 year period 2001-2006.

2 In China and in USA, one in four people will be older than 60 in 2030 (UN 2015).

3 Hillcoat and Ogg (2014) find that a bad “fit’ of the home to changing physical needs increases the propen-
sity to move.
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and Andersson 2016). Finally, a new preference for shared facilities where elderly can
meet each other, may arise (see Bohle et al. 2014 and the references therein).* Reason is
that retirement reduces a person’s network, creates more time available for leisure, and thus
increases the importance of social contacts in the direct neighbourhood. In constructing
the choice situations for the choice experiment we assume that comfort and accessibility
are necessary conditions to move. Thus, all the alternatives are specified as apartments in
a building with a lift and equipped with senior-friendly facilities such as broad doors, no
doorsteps, elevated toilets, etc. The attributes concerning safety, size and social cohesion
vary between the alternatives and are subject of the analysis of this paper.

Our paper is related to different streams of literature. First, there is a small literature
on designing dwellings that meet the needs of specific population groups. Cambell (2015)
studies what design of social places is successful to support ageing in place. Wright et al.
(2017) develop principles to house people with complex physical and cognitive disability.
Nagib and Williams (2016) design physical elements of the home environment that can
alleviate challenges faced by children with autism. These studies base architectural design
on a qualitative research into housing needs. Our paper shows how quantitative research
in housing preferences that uses a larger sample of individuals and a stated choice experi-
ment, can contribute to architectural design.

Second, a growing literature studies the residential preferences of the elderly based on
their residential moves. Much of this literature focusses on location choices. It shows that
senior households move to places with highly valued consumer amenities including health
care, high temperatures and low taxes (Chen and Rosenthal 2008; Onder and Schlunk
2015; Dorfman and Mandich 2016; Graves and Waldman 1991; Kim 2011), closer to their
place of birth (Schaffar et al. 2018) or to their children (Bonnet et al. 2010). As for housing
choice, elderly seem to choose for a smaller dwelling size (Bian 2016; Eichholtz and Lin-
denthal 2014; Painter and Lee 2009), shared living (Engelhardt and Greenhalgh-Stanley
2010) and rental housing (Herbers et al. 2014; Angelini and Laferrere 2012). Further, rent-
ers are more likely to move to institutionalized housing than home owners (Rouwendal and
Thomese 2013). The revealed preferences approach used by these papers allows to examine
the preferences for those residential attributes that are broadly adopted on the market and
documented in the available databases.’ Our stated preferences approach makes it possi-
ble to study the valuation of attributes that are not yet widely adopted (like e.g. shared
facilities), as well as characteristics of the building and the dwelling that are not well docu-
mented in databases (like e.g. the layout of the dwelling).

Third, our paper is related to stated preferences research—and specifically stated
choice experiments—on residential preferences of the elderly. Using surveys and inter-
views among the elderly, various papers document willingness to move to smaller houses
and rented dwellings (Abramsson and Andersson 2016), a strong desire to age in place
(Costa-Font et al. 2009; Kramer and Pfaffenbach 2016), a pervasive desire for community
and social connection (Bohle et al. 2014) and importance of the built environment quality

4 Literature on assisted living shows that a necessity to share facilities can also have a negative impact
on well-being and comfort, due to factors like gossiping (see e.g. Perkins et al. 2012). We do not focus on
assisted living in this paper however. In the framework of independent living, we expect shared facilities to
be valued positively.

5 Revealed preferences methods are also used to study housing preferences of other target groups, e.g.
workers by skill level (Diamond 2016; Teulings et al. 2018), immigrants (Buchinsky et al. 2014), ethnic
minorities (Bayer and McMillan 2012; Bayer et al. 2014).
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(Feng et al. 2018; Liu et al. 2017). In a stated choice experiment among Dutch seniors,
De Jong et al. (2018) find existence of several groups with clearly different preferences.
We are not aware of any other stated choice experiments with the elderly group, although
there are quite a few such experiments with other target groups (see Verhetsel et al. 2017,
for housing preferences of students; Del Mistro and Hensher 2009, for slum inhabitants in
developing countries; Ibraimovic and Masiero 2014, Ibraimovic and Hess 2017, for ethnic
minorities; Tillema et al. 2010, for car commuters, etc.). Our paper adds to this literature
by studying the preferences of the elderly for dwelling, building, location attributes that are
specifically connected to safety, social cohesion and shared facilities, and by doing this in
an experimental setting. We show furthermore how to translate insights about residential
preferences to architectural design.

Finally, several studies show that the well-being of the elderly is closely related to their
living comfort. Morris (2017) and Colleman et al. (2016) find for the elderly in respec-
tively Australia and New Zeeland that uncertainty about the quality of the dwelling leads
to stress and anxiety and reduces well-being. Herbers and Mulder (2017) document that the
relationship between housing and well-being exists in various countries.® Our paper offers
new insights into how a dwelling design can be used to increase the living comfort and
thus the well-being of the elderly.

There are two reasons why our results may be especially interesting for practitioners
working in the area of elderly housing development. First, we offer developers new insights
into the senior residents’ priorities and the way these can be translated into the living con-
cepts. Hu et al. (2014) suggests that developers do not always have a complete overview
of these priorities, and anecdotal evidence provides support to this conclusion.” The con-
sumer toolbox we develop, shows how different residential attributes can be traded off
against each other to create best living concepts that meet certain conditions. Second, our
study contributes to solving the trade-off between standardization and customization that
developers might face when constructing elderly dwellings (see Hofman et al. 2006). The
consumer toolbox and the architectural toolbox allow to design various customized living
concepts while making use of standard elements. This can be especially interesting in the
situation when large numbers of elderly dwellings need to be constructed within a limited
time span.

The rest of the paper is organized as follows. Sections 2, 3 and 4 discuss our study into
the residential preferences of the elderly: Sect. 2 deals with the model and the data, Sect. 3
introduces the stated choice experiment, Sect. 4 reports the results and discusses the con-
sumer toolbox. Section 5 discusses the development of the architectural toolbox based on
the results of the previous sections. Section 6 presents a discussion and Sect. 7 concludes.

2 Study into the residential preferences: model and data
To empirically estimate residential preferences of senior households we use as a baseline

the traditional multinomial logit model developed by McFadden (1978). In this model, util-
ity person i obtains from dwelling % is defined as:

6 See also Feng et al. (2018) and Liu et al. (2017) for China.

7 For instance, a new town Blauwestad designed in early 2000s in the North of the Netherlands, had richer
elderly as an important target group, but failed by far to attract the expected number of residents (Noordeli-
jke Rekenkamer 2010).
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Table 1 Description of the respondents

Socio-economic characteristics of the respondent ~ Current dwelling and moving preferences

Aged 65-69 63% Lives in an apartment 15%
Aged 70-74 37% Lives in a one-family dwelling 85%
Couple 86% Size dwelling, median 120 m?
Alone 14%
Low educated 22% Size of garden, for one-family dwellings, 100 m?
Middle educated 38%  median
High educated 40%
Household yearly gross income less than 3%  Value of the dwelling, as specified by the €225,000

€30,000 fiscal authorities, median
Household yearly gross income €30,000— 71%

€50,000
Household yearly gross income more than ~ 26%

€50,000
Retired 87%

Uy = a+ X, + ¢, (1)

where X, is a vector of the attributes of the dwelling, building and location, f is a vector of
coefficients, a is a constant and ¢, is a Gumbel-distributed error term.

The probability that person i chooses dwelling / out of the choice set H of alternative
dwellings, can be derived as:

exp(pX,)
Prif]l= — 2
Y et xp(AX,,) @

Coefficients §; € f describe the relative importance individuals attach to the j-th ele-
ment of the vector X,. Let f, be the coefficient by a monetary attribute of the dwelling,
e.g. the rent or the price. Then the willingness to pay for attribute j, expressed in monetary
terms, can be written as:

WIP; = b/ bo- (3)

We estimate the parameters of (2) using data from a stated choice experiment performed
among elderly Dutch homeowners. We focus on homeowners for several reasons. First,
they are an important group in the housing market: some 50% of elderly Dutch households
are homeowner. Second, in the Netherlands, homeowners are more likely than renters to
have means to realize their residential preferences. Statistics Netherlands (2018) reports
e.g. that the gross disposable income of renters is on average twice as low as that of home
owners. Third, using information on housing prices we can calculate the willingness-to-pay
for various residential attributes.

The experiment was administered in an on-line survey and offered to the participants of
a large national Dutch on-line panel in the age group 65-74. In the Netherlands, in 2017,
the age of 65 was the average retirement age, so our respondents are on average people who
have recently retired. Given the target group of our study, we selected participants who are
homeowner and whose current dwelling has a value between 100,000 and 500,000 euro.
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The respondents were first asked for information on their socio-economic characteristics
and their current dwelling; afterwards they were offered the stated choice experiment.

The responses were collected on working days during the period 6 June to 7 July 2017.
Our initial sample consisted of 460 respondents. We have removed the questionnaires with
missing information about the socio-economic characteristics of the individual, as well as
questionnaires that were completed in less than 10 min. The 10-min threshold was chosen
to filter out respondents who did not take sufficient time to read the questions thoroughly.
After these corrections, 423 respondents were left. Table 1 reports the descriptive charac-
teristics of the respondents and their current dwellings. The majority of our respondents
are people aged between 65 and 70 living together with a partner in a single-family dwell-
ing. High educated are somewhat overrepresented, as well as persons with higher than
median income. The sample is representative for different regions and living environments
of the Netherlands. Each of the 12 provinces of the country is represented, with at least 15
respondents. Some 50% respondents live in large or middle large cities, around 13% live in
rural areas, and the rest lives in small towns.

To obtain more information about the extent to which our respondents are concerned
about their living comfort and current living conditions, we have asked a number of ques-
tions about the moving preferences. We also asked respondents whether they think the
dwelling will stay suitable for their needs when they get older. Table 2 reports the results.
Some 60% of the respondents think that they will not be able to live in their current dwell-
ing with sufficient comfort when they get older. Most of these people expect though that
the necessary comfort can be achieved through adjustments. Furthermore, some 20% of the
respondents considers moving.

3 Set-up of the stated choice experiment

In the stated choice experiment, respondents were offered twelve randomly composed
choice sets, consisting of two alternative dwellings each. The alternative dwellings were
specified as apartments sized between 70 and 110 m?2,? situated in a building with a lift
and specifically designed for elderly needs (broader doorways, elevated toilet, etc.) The
price levels were pivoted around the self-reported market value of the current dwelling
of the respondent. The experiment required first that for each choice set, the respondents
indicated the living satisfaction they expected to obtain in each of the two alternatives,
as compared to their current dwelling (choice 1). They could select out of 5 values:
much lower than now, lower than now, equal to now, higher than now, much higher than
now. Afterwards, the respondents were asked to make a choice between the two offered
alternatives assuming the current dwelling was no longer available as a valid option
(choice 2). We dropped inconsistent observations, in which choice 1 and choice 2 con-
tradicted each other. Figure 1 presents a print screen of a choice situation.

To specify the dependent variable for the estimation of the model, we exploit infor-
mation about choice 1. The dependent variable is assigned value 1 for the alternative
which yields the highest living satisfaction to the respondent (this can be: alternative 1,
alternative 2 or current dwelling), and zero for the other alternatives.

8 We chose to consider apartments because these are easier adjustable to physical needs of seniors.
Although this paper focusses on a specific segment of the housing market, our method can be applied to
other product-market combinations as well.
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TU/ Jeennisene e Happy Senior Living

L y
L I
This part of the survey concerns your future dwelling

Dwelling charasteristics Dwelling 1 Dwelling 2

Living space 70m2 110m2

Garden or balcony Garden 12m2 Balcony 12m2

Yes, private garden, only accessible

Common garden, adjacent to the building No for th d
or the residents

. . Closed kitchen, no doorway between Open kitchen, doorway between
Openness of the dwelling composition

living and sleeping rooms living and sleeping rooms
Locati ith ttoal it Within a| it In a suburb, 15 minutes driving
ocation with respect to a larger city ithin a larger city distance from a larger city
Price, in comparison with the current dwelling 10% cheaper Same as the current dwelling

What living statisfaction do you expect frorg this
choice, compared with now?

Your choice .! <

Fig. 1 Print screen of a choice set

same as now higher than now

The twelve choice sets the respondents were offered, were divided in three sepa-
rate groups of four choice sets each. In the first group the alternatives were specified in
terms of the dwelling attributes, keeping the building and the location characteristics
fixed. In the second group the alternatives were specified in terms of building attributes,
and in the third group the alternatives were specified in terms of location attributes.
In this way, the choice experiment was split up in three separate sub experiments to
reveal the preferences for dwelling, building and location attributes, respectively. This
partitioning allowed us to estimate the preferences for a large set of dwelling attributes
without introducing too much complexity into the stated choice questions. In all three
sub experiments two attributes were common: price (in order to be able to calculate the
willingness-to-pay) and location with respect to a large city.

In this paper we focus on the sub experiments concerning the dwelling and the build-
ing. The definitions of the attributes in these sub experiments are reported in Table 3.
Each attribute was specified at three levels, denoted as 0, 1 and 2. The attributes and the
levels of each attribute were chosen carefully taking into consideration the relevance
for key architectural design choices as well as the expected impact on the preferences
of residents. For example, parking and availability of communal spaces have significant
implications both for the building design and the residents’ preferences. To compose the
experiments we used an orthogonal and balanced fractional factorial design (see Hen-
sher et al. 2015).

In the estimation, we pool the sub experiments imposing a restriction that the coeffi-
cients by the common attributes are the same.’ Data collected from the sub experiments
should be seen as separate data sources which might differ by the scale of the coefficients
(Hensher et al. 2015). To account for this, we will estimate a scale factor for each sub
experiment.

9 Effect coding was used to incorporate the attributes in the model. Without the loss of generality the attrib-
utes that are missing in a sub experiment (dwelling for the building part and building for the dwelling part)
were assigned level 0.
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4 Results of the choice experiment
4.1 Estimation results

The alternative dwellings offered in the choice experiment to the respondents differ in vari-
ous respects from their current dwellings. Choosing for one of these alternatives implies
in many cases downsizing in space, both within the house (living) and outside the house
(garden). In our experiment, this downsizing may be compensated by senior-friendly facili-
ties in the dwelling, a more comfortable and safe living environment and additional shared
space (a common garden, a meeting place for the residents and other amenities within the
building). Around half of the respondents (217 out of 423) expect a higher living satisfac-
tion from at least one of the alternatives offered in the choice experiment, when compared
to their current dwelling.

Table 4 reports the estimation results for two specifications: a baseline model in which
all scale factors are constrained to one, and a model in which only one (reference) scale
factor is constrained to one. In the latter specification, the sub experiment based on dwell-
ing attributes is chosen as reference, and the scale factor for the sub experiment based on
building attributes is estimated to be 1.077. An LR-test comparing the two specifications,
allows to reject the hypothesis that the model with unconstrained scale factors offers a bet-
ter goodness-of-fit than the baseline model. Henceforth we take the baseline model as our
preferred specification.

The baseline model yields a reasonable fit of 17%. The coefficients in Table 4 are
reported taking level 1 of each attribute as a reference and should be interpreted as a
decrease/increase in utility from changing the level of an attribute from the reference to
level O respectively 2. The coefficients are mostly highly significant and have the expected
signs. In other words, increasing the level of an attribute generally leads to an increase in
utility and vice versa. We discuss the interpretation of the coefficients in the next section.

4.2 Consumer toolbox and the best living concepts

In Fig. 2 below the results of the stated choice experiment are translated into an easy
to interpret consumer toolbox. The toolbox contains all studied attributes and their lev-
els. For each of these, the willingness-to-pay (WTP) is calculated, in comparison to a
reference dwelling.'? Attribute levels that increase utility (have a positive willingness-
to-pay) compared to the reference dwelling, have a white color in the toolbox, attribute
levels that decrease utility have a dark grey color. The middle row (light grey) of the
toolbox contains the attribute levels of the reference dwelling; these are also summa-
rized below:

10 To calculate the willingness-to-pay, we applied Eq. (3) with in the denominator the coefficient
Bo=—0.214 that reflects the change in the utility connected to a 10% increase in the price of a dwelling.
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Table 4 Estimation results

Attribute Level Baseline With scale effects
Value t-val Value t-val.

Constant

a —0.740%%%* -7.23 —0.740%%* -7.23
Size dwelling

$0 70 m? —0.655%*%* -5.18 —0.650%** —-4.90

pl 90 m? 0 0

p2 110 m? 0.511%** 4.81 0.516%** 4.52
Balcony/garden

p0 Balc. 5 m? —0.368%** -3.03 —0.364%%* —2.86

Sl Balc. 12 m? 0 0

p2 Gard. 12 m? 0.3527%%% 3.21 0.356%** 3.06
Openess dwelling

$0 Open-all —0.331%%* -2.77 —0.328%#%* -2.63

p1 Closed 0 0

p2 Open-partially —0.118 —-1.01 -0.116 -0.97
Size building

p0 > 80 dwellings —0.279%%* -2.33 —0.321%* —1.86

p1 20-80 dwellings 0 0

p2 < 20 dwellings 0.479%%%* 4.51 0.4987%** 3.51
Parking

p0 No —0.672%%* -5.41 —0.744%%* -2.99

pl Outdoor 0 0

p2 Indoor 0.306%** 2.94 0.312%** 2.60
Entrance

p0 Outdoor —0.335%%% -2.8 —0.378%** -2.14

pl Indoor, small atrium 0 0

p2 Indoor, large atrium  0.0930 0.85 0.080 0.67
Common garden

p0 No garden —0.143 —-1.20 —0.140 -1.13

pl Public garden 0 0

p2 Private garden 0.068 0.6 0.071 0.6
Common space

0 No —0.387%%* -3.28 —0.432%%% -2.39

Pl Meeting 0 0

p2 Café or superm. -0.012 —0.11 —0.026 -0.20
Location

0 City —0.174%* -2.50 —0.175%* —2.44

Sl Town 0 0

p2 Suburb 0.036 0.52 0.038 0.55
Price

p0o +10% —0.214%%* -3.03 —0.217%%* —2.88

Pl Equal 0 0

p2 - 10% 0.030 0.44 0.030 0.43
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Table 4 (continued)

Attribute Level Baseline With scale effects

Value t-val. Value t-val.

Scale effects

1 Fixed
1.077 4.30
LR test (x°, p value in parentheses) 0.25 (0.88)
Rho-squared 0.171
Rho-squared adjusted 0.165

***Significant at 1%; **significant at 5%; *significant at 10%

e an apartment, elderly-accessible and equipped with amenities as: a lift in the build-
ing, an elevated toilet, broad doorways, etc.
e living space 90 m?,
e balcony 12 m?,
e closed kitchen and no doorway between the living and the sleeping rooms;
e medium large building of between 20 and 80 dwellings,
e public garden next to the building,
e common meeting space for the residents of the building,
e entrance through an indoor small atrium,
e outdoor parking space, residents only;
e Jlocated in a smaller town on a distance of more than 15 minutes drive from a larger
city;
e a price level of 225,000 euro.
Size Balcony Openness Size Common Common
dwelling| /garden dwelling building Parking Entrance garden space Location
Ground <20 Indoor Y,
higher 110 m2 floor, Open kitchen, N o.o Large .es, Yes, a small
dwellings parking . private, . Suburbs of a
value/ (+25% garden no doorway hall/atrium . cafetariaor a .
o vl . (+20% garage e residents larger city
utility value) 12m2 living-sleeping with lift supermarket
value) | (+15% value) only
(+15% value)
No ground Closed Outdoor Y Yes, a Small town
reference floor, kitchen, no 20-80 parking Small hall es: recreation | more than 15
. 90 m2 A A 5 public P
dwelling balkony doorway |dwellings| reserved for | with a lift d area/ a min driving to
12m2 living-sleeping residents sarden meeting place | larger city

A S .
70 m2 No ground Open kitchen, :1] On-street Outdoor

(-30%
value)

\[e]

floor, doorway  dwellings public gallery \[o] Larger city

(-5%

2 living- . 159 . 159
balkony 5m2 living-sleeping  (-15% parking (-15% o)

(-15% value) (-15% value) value) (-30% value) value)

(-20% value) (-10% value)

Fig.2 Consumer toolbox: best living concepts (WTP is rounded up to the nearest 5%)
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The consumer toolbox offers clear trade-offs between improving and worsening the lev-
els of certain attributes. Thus it allows to construct a variety of best living concepts that
meet various financial, geographical and other restrictions. Consider, for instance, a situa-
tion in which an entrance through an outdoor gallery is desirable, due to technical or cost
considerations. This reduces the value of a dwelling for the elderly by 15%. Our toolbox
allows to find out which other attributes can be improved to compensate for this loss. For
example, a smaller building size or a larger size of the dwelling could do the job.

Let us consider now the trade-offs between specific attribute levels in more detail. An
increase in the size of the dwelling from 90 to 110 m? leads to 25% higher value (willing-
ness-to-pay) for the elderly. A similar decrease in the size (from 90 to 70 m?) results in a
30% lower WTP. For a reference dwelling with a value of 225,000 euro that implies an
average squared meter price of some three thousand euro/m?, which is close to the average
m? apartment price in the Netherlands in 2017."!

Having a private outside space of a reasonable size is valuable. A balcony of 12 m? increases
the willingness-to-pay with 15% as compared to a balcony of 5 m. This valuation suggests that
when designing senior dwellings, a larger balcony than 12 m? needs to be considered as well.
Availability of a garden of 12 m? instead of a balcony has a positive effect of 15%.

The calculated valuations of the building characteristics suggest that safety, social cohe-
sion and comfort play an important role for the elderly. For instance, the necessity to park on-
street may imply a higher chance of car robbery and a necessity to cruise for parking. It leads
to a drop in the willingness-to-pay with 30%. An indoor garage, on the other hand, increases
the value elderly attach to the dwelling with some 15%. An apartment building with more
than 80 dwellings may imply a lower social cohesion, a higher chance that if something hap-
pens to a person, this will go unnoticed. This has a negative effect equal to 15%. A very small
building with fewer than 20 apartments increases the WTP with 20%. An entrance via an
outdoor gallery (lower transparency, less safety) has a negative impact of some 15%. Another
important aspect is a possibility of social contacts with neighbours. Availability of a common
space in the building increases the WTP with 20% of the dwelling price.

The location preferences suggest that the elderly make a trade-off between accessibil-
ity of amenities and facilities present in a large city, and the social cohesion of a smaller
place. Living in a larger city is least attractive, yielding a 10% lower value than a suburb or
a small town.

5 Architectural design

In order to link measured preferences to design solutions, we transform the consumer tool-
box into an architectural toolbox. We emphasize that there is no one-to-one correspond-
ence between the preferences and the architectural solutions. Rather there are multiple
ways in which the attributes can be implemented in the design. The architectural toolbox
had to meet the requirement of flexibility, i.e. contain architectural elements that allow to
compose different combinations from the consumer toolbox. Furthermore, we paid atten-
tion to enabling a social and communal way of living without compromising on privacy,
and to ensuring accessibility and comfort for the elderly. Finally, solutions were developed
for an urban and a semi-urban setting.

' The Dutch Association of Real Estate Brokers (NVM 2018) reports an average price of 2500 euro/m? in
2017.
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Figure 3 contains the elements of the architectural toolbox. The main element is the
building, described in panels (e)-(h). A combination of several buildings forms a block
(panels a—d). For presentation purposes, we start with the discussion of the block and then
deal with the building.

Panels (a) and (b) illustrate two possible block compositions, left in a low density envi-
ronment (semi-urban setting) and right in a high density environment (urban setting).
Grouping several apartment buildings together in a block allows to share a common gar-
den and a number of communal spaces and services. While communal spaces are mostly
located on the ground floor, in the semi-urban setting it is also possible to create a separate
building in the common garden, to increase the sense of community. The communal spaces
in different buildings are connected to each other with a walking passage; they all can be
reached from inside each building without walking outside.

In both settings, urban and semi-urban, measures are taken to protect privacy. First,
every apartment building within the block has its own entrance directly from the street,
its own lift and vertical circulation. In the semi-urban setting, the shared garden is located
both, in the middle of the block and on the outside border, to increase the distance to
the street. In the urban setting, enabling privacy presents a larger challenge and can be
achieved by a number of measures: increase the distance between the building and the
street by introducing a walking strip; locate the ground floor apartments 50 cm higher than
the street level; locate communal spaces on the side facing the street, and apartments over-
looking the garden.

Panels (a), (c) and (d) illustrate three possible locations for parking. In panels (a) and
(c), parking is realized on the ground level, respectively in a corner of the block and in the
middle of the block. In the former solution, the parking place offers a direct entrance to the
passage connecting different buildings, so that walking from the apartment to the parking
is indoors. The latter solution makes more space available for other construction, but sacri-
fices the communal garden in the middle of the block. Panel (d) shows the most expensive
solution: an underground parking.

Panel (e) zooms in at the building, which consists of four dwellings per floor, central
core circulation with lift and stairs. The entrance leads to a large atrium (panel (f)) from
where the stairs and the lift can be reached. The building allows different combinations of
the attribute levels from the consumer toolbox. The size of the four dwellings can be easily
adjusted between 90, 110 and 70 m>. The number of floors can vary to adapt to different
needs and urban settings. For instance, a five-floor building houses 20 dwellings and a ten-
floor building houses 40 dwellings. Dwellings on higher floors are equipped with balco-
nies; dwellings on the ground floor with a small garden.

Panels (g) and (h) zoom in at communal spaces within the building. Communal func-
tions include an atrium, a lift, and other spaces such as residents-only meeting rooms and a
restaurant, a small supermarket or a shop.

6 Discussion

Our methodology has allowed us to both, obtain insights into the housing priorities of the
elderly and translate these insights into practically and architecturally feasible living con-
cepts. Concurrently, the methodology entails a number of limitations and simplifications.
First, the stated choice approach we used to study preferences, has a number of known
caveats. When respondents do not actually plan to move and to pay for a new house (in our
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case 80% does not plan to move), their real housing priorities and attribute valuation may
be difficult to measure correctly. Respondents might give poorly thought out answers if
the situation is hypothetical (hypothetical bias) or overstate their true valuation (strategic
bias). Although a comparison of the insights from revealed and stated preferences stud-
ies (Sect. 1) suggests that actually measured moving behaviour does not contradict results
from measurements based on stated preferences, it is important to keep these limitations in
mind.

Second, for the purpose of transparency and tractability of our results, we have put
restrictions on both, the target group as well as the type of dwelling alternatives studied. By
focussing on home owners only, another large group of the elderly—renters and especially
social renters—was left out of consideration. It might be even more important to get insight
into their housing needs and develop practical tools to translate these needs to design. Rea-
son is that renters are on average less well-off than owners and thus face larger financial
restrictions in housing choices (see Statistics Netherlands 2018). This may make the possi-
bilities to realise their housing needs more limited and the development of best living con-
cepts more challenging. We leave this for future research. Further, we focussed on young
elderly (65-75 years old) and specified dwelling alternatives as apartments. Thus we left
for further research the question about the valuation of single family dwellings and their
attributes by seniors, as well as the question about housing preferences of older seniors.

Finally, the limited size of our dataset prevented from performing some types of more
detailed analysis on the housing priorities of the seniors. Examples involve e.g. a research
question about the impact of the individual’s personality and socio-economics on the pref-
erences. De Jong et al. (2018) provides some insights on this subject and suggests that there
exist divergent types of housing preferences among the seniors. Another relevant research
question that could be studied when more data are available, concerns existence of regional
differences in the housing priorities of the elderly. Finally, an important issue concerns the
way people make trade-offs between dwelling attributes. In this study we assumed that all
different attributes and elements of a dwelling, building and location are seen by respond-
ents as independent and can be traded off against each other. Relaxing this prior and study-
ing the reference-dependence of residential preferences of the seniors is a promising direc-
tion for further analysis.

7 Conclusion

This paper developed and applied a novel approach to designing best living concepts for a
specific target group—elderly—while combining research into their housing preferences
with architectural design. Using a stated choice experiment we first obtained valuations of
the elderly for different attributes of a dwelling, building and location. Then a consumer
toolbox has been developed—a tool that facilitates construction of best living concepts as
combinations of residential attributes with the highest valuation. Finally, a flexible archi-
tectural toolbox was constructed that allows to translate various combinations from the
consumer toolbox to architectural design.

Our results suggest that residential attributes connected to safety (e.g. indoor parking or
a smaller building) and social cohesion (e.g. a communal meeting space) play an important
role for the elderly. The consumer toolbox shows how different residential attributes can
be traded off against each other to create best living concepts that meet certain conditions.
Imagine that a valuable for the elderly facility like an indoor garage is not feasible due to
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cost considerations. The consumer toolbox allows to calculate what other attributes (e.g. a
smaller size of the building or shared facilities) can be added to the living concept to keep
it attractive for the target group. The architectural toolbox translates attributes from the
consumer toolbox into flexible architectural elements. For illustration, these have been put
together into two possible dwelling-building-block designs, a low density (semi-urban) set-
ting and a high density (urban) setting.

Our study shows that combining a research into the residential preferences with the
architectural design leads to important synergy effects. The consumer toolbox and the
architectural toolbox we have developed, can be used to realise different concepts of senior
housing that fit various practical restrictions and requirements. Financial limitations as well
as specific characteristics of a location may make it impossible to realise the first-best liv-
ing concept. The consumer toolbox yields insights into what attributes can be sacrificed
with the smallest loss in the value of a dwelling for the seniors. The architectural toolbox
offers construction elements that allow to adjust the design to a specific situation.

The demand for elderly housing is likely to be growing in the coming decades. Our
study contributes to better understanding the living needs of the seniors and to producing
tools that translate these needs into practically feasible architectural solutions.
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