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ABSTRACT

The present study proposes a tool for assessing universal accessibility in the interior of apartments, presenting a novel quantitative
model for assessing the accessibility of buildings for buyers or tenants. For this, a multicriteria analysis for aggregating the assess-
ment indicators with different units and scales is employed using a unique grade of accessibility according to four main pillars: Auto-
nomy, Mobility, Comfort, and Safety. The assessment method has been applied in 35 show apartments in the urban area of Santiago
in Chile. This work shows the application and results of 4 departments. The evaluation results are presented visually with a circular
bar plot and a final grade in letter format from F to A. In general, it is observed that the four apartments proposed have a low degree
of accessibility (letters F to D). And, the Autonomy pillar is clearly the lowest pillar in the selected apartments.
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RESUMEN

El presente estudio propone una herramienta para evaluar la accesibilidad universal al interior de viviendas, presentando un
novedoso modelo cuantitativo para evaluar la accesibilidad de edificios para compradores o arrendatarios. Para ello se emplea
un andlisis multicriterio que reagrupa indicadores con diferentes unidades y escalas utilizando un tinico grado de accesibilidad
para cuatro principales pilares: Autonomia, Movilidad, Confort y Seguridad. El método de evaluacién fue aplicado en 35 depar-
tamentos en venta en el casco urbano de Santiago de Chile. Este trabajo muestra la aplicacion y resultados de 4 departamentos.
Los resultados de la evaluacion se presentan de forma visual con un grafico de barras circulares y una calificacién final en escala
de letras de la F ala A. En general, se observa que los cuatro departamentos tienen un bajo grado de accesibilidad (letra F a la D).
Y el pilar de Autonomia es claramente el pilar mds bajo de los departamentos seleccionados.
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1. INTRODUCTION

The lack of accessible housing meeting the needs of people
with disabilities is a worldwide issue. The inadequacy of
accessible housing development is partially the result of di-
verging priorities vis-a-vis the realities and needs of people
experiencing disabilities (PeD) in different areas such as
health, support organizations for PeD, developers (real es-
tate), architects, and occupational therapists. The increase
of this type of housing has become one of the goals of the
Sustainable Development Objectives 11.1 and 11.b (1).

Access to adequate housing is a basic human right and a
health factor (2, 3). Housing should be inclusive and ac-
cessible, thus meeting all its users’ needs at every stage of
their lives. Simultaneously, it should not be a hindrance to
the user’s health (4, 5), their autonomy or independence
(6). Furthermore, it should, at least, ensure the comfort
and safety of its inhabitants (7-9).

The ageing population’s growth poses a social challenge
for accessible housing design as their limitations increase
in both severity and frequency as they age (10). From a
health perspective, physical inaccessibility at home leads
to the need for long-term care with significant costs, but
also negative health outcomes (11). According to Stine-
man, et al., (12) and Olivares-Tirado (4), housing acces-
sibility changes over time as people encounter more diffi-
culties in carrying out routine activities. Therefore, house
renovations occur without there being any technical ad-
vice or the guidance of health care personnel. Some au-
thors have shown that housing provides critical support
to older people or PeD for keeping good health (13) or a
certain degree of independence (14). Furthermore, as peo-
ple grow older, they spend most of the day at home (15).
Hence the need for accessible housing design for a healthy
ageing process (16).

It is also worth mentioning that an accessible design will
benefit PeD. According to World Health Organization
(WHO), a disability is the interaction between a person
with a health condition and personal and environmental
factors (17). An estimated 1000 million people, 15.3% of
the world population, had “moderate or severe disability”,
while 2.9% experienced “severe disability” (18). This num-
ber is expected to increase in the future, owing to an age-
ing population and increasing chronic health issues (19).

The universal design also can focus on the so-called “age-
ing-in-place” that allows the elderly to live in the commu-
nity, maintaining a level of independence and autonomy
(20), keeping the connection with social support services,
and maximizing self-fulfillment and preferred lifestyle
(21). This is relevant as older adults prefer to grow old at
home and thus avoid having to live in institutional long-
term care facilities (22).

On the other hand, many people with disabilities live in
housing not adequate for their needs, especially those who
acquired a disability later in life while living in a space that
was not designed for accessibility (23). Thus, in developed
countries such as Sweden, there is a high prevalence of
physical barriers and considerable accessibility problems
for senior citizens with functional limitations despite high

housing standards in the housing stock and obligations to
provide individual housing adaptation grants (16). Also, in
the United Kingdom, 70% of people with muscle-wasting
conditions live in houses that do not adapt to their mobili-
ty needs and lack enough adaptations to use the bathroom
or kitchen (24).

The central studies addressing accessibility and housing
approach the accessibility analysis “to” a place or places in-
stead of “from” a place. The “to” mainly refers to the study
of transport networks in urban areas (25, 26), accessibil-
ity assessment in housing exteriors (27), or accessibility
analysis in common areas of a building (28). In “from” a
place in housing, the principal analysis must focus on older
adults (29, 30).

Regarding older people, some research examples include
the research of Leung et al. (31) who studied the relation-
ship between the indoor components of private housing
and the quality of life of the elderly, and the research of
Gracia and Olivera - Pueyo (32), who analyzed architec-
tural barriers in community areas in the homes for elderly
with hip fracture. Furthermore, some studies examined
accessibility related to other disability situations. For ex-
ample, Mostafa (33) analysed the spatial conditioning in-
side the house for autistic people. They assessed the adapt-
ability of a unique house model to wheelchair users. The
authors concluded that in that case, it is more appropriate
to adapt the existing house of the person with a disability
than design a new wheelchair-accessible house, as reloca-
tion can lead to isolating people from their existing social
networks. While these studies deal with housing acces-
sibility, they are mainly focused on assessing perception
(34) or only one type of housing (32).

However, few studies are focused on the housing interior
with appropriate safety standards and criteria, comfort,
and mobility of its users. An apartment or a single-fam-
ily house could have been conditioned for PeD. Still, the
occupant will not be able to visit its neighbors if the other
houses or apartments in the surroundings haven’t been
adapted as well. The type of housing that people occupy as
they age is important to foster health and social well-being
(35). It is necessary to have homes that consider acces-
sibility issues to minimize the need for improvements or
modifications once people age, becoming more flexible to
adapt to each member’s individual needs (10). In this re-
gard, people need to make the best choice regarding their
housing options, especially when they have any disability.

To help people identify houses designed to respond to
the requirements of their inhabitants through all their
life, following concepts of universal design or accessibil-
ity guidelines, some organizations have developed home
certifications (36, 37). These certifications recognize the
need for people to identify houses that are inclusive and
help designers and builders include these concepts to dif-
ferentiate their construction projects from the competi-
tion (38, 39).

People’s type of housing as they age is important to foster
health and social well-being (35). It is necessary to have
homes that consider accessibility issues to minimize the
need for improvements or modifications once people age
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(40). In this regard, people need to make the best choice
regarding their housing options, especially when they
have any disability (41, 42). Nevertheless, no studies or
tools insightfully assess the accessibility in the real estate
market.

Shortage in the accessible housing offer is due, in part,
to the complexity of developing accessible designs or de-
cision-making about how to adapt them. It is mainly be-
cause implementing new accessibility policies is slow and
the multiple building regulations that projects must meet.
And although norms and rules exist, their inspection tools
are scarce and not very functional (43).

Considering the above, this research proposes a tool for
assessing universal design in the interior of apartments,
presenting a novel quantitative model for assessing the
accessibility of buildings for buyers or tenants. For this,
a linear multicriteria analysis is employed for aggregating
the assessment indicators with different units and scales
by using a unique grade of accessibility according to four
main pillars: Autonomy, mobility, comfort, and safety.
This assessment tool delivers a simple, easy-to-understand
visualization of accessibility performance through a letter
grade mark and a colour scale. It also allows to deepen
the analysis, disaggregating the global performance to the
main pillars and each accessibility indicator.

The following sections of this article present the research
methodology, followed by the leading research results,
such as the final assessment model with all its constituent
elements. Later, an example of how to use this instrument
is shown, followed by the article’s discussion and conclu-
sion.

2. METHODOLOGICAL APPROACH

Complex decisions related to accessible housing design
are often taken without early and significant consideration
of the final user (44). Accordingly, various stakeholders
(estate managers and architects) are mainly misinformed
about the preferences and requirements of PeDs for suit-
able housing. Furthermore, they have the misconception
that the final user must adapt to the limited choices open
to them. This approach is less than optimal because the
necessities of PeDs cannot be covered (45).

Consequently, this tool proposed to deliver an easy visual-
ization of the level of fulfilment of accessible housing de-
sign according to many indicators gathered in four princi-
pal pillars of accessibility. These methods make it possible
to identify the optimal combination of parameters accord-
ing to a set of objectives (46). The literature offers many
techniques. For example Nestico & Somma(47) compared
four techniques: Analitic Hierarchy Process (AHP), ELim-
ination Et Choix Traduisant la REalité (ELECTRE), Tec-
nique for Order Preference by Similarity to Ideal Solution
(TOPSIS), and the Compromise Ranking Method (VIKOR)
.Mardani et al., (48) reviewed the techniques presented
by Nestico & Somma (47) with eight other techniques:
the Hybrid fuzzy multi decision-making (FMCDM), ANP,
PROMETHEE, ordered weighted averaging (OWA), DE-
MATEL, FWA or ENTROPY methods are analyzed. Mu-
liticriteria analysis methods are used in various areas, such

as building thermal modelling (49), evaluation of indoor
environmental quality (50) or Climate Adaptation (51).

Many sectors of industry such as mechanics, chemicals,
telecommunications, the environment, or transport are
concerned by complex problems of large dimensions and
multicriteria (financial costs, quality of services) for which
decisions must be made optimally. The multicriteria analy-
sis methods allow for comparisons of different design solu-
tions based on multiple criteria (financial, social, cultural,
and environmental), expressed through quantitative or
qualitative indicators (52, 53).

To develop this tool, a linear multicriteria analysis meth-
od was chosen based on a weighted sum of normalized in-
dicators according to four main pillars. The linear method
was chosen to prevent a null evaluation of an indicator from
prejudicing the result, since the main objective of the tool
is to provide detailed information on the degree of acces-
sibility and not just a design objective. Therefore, like an
environmental certification, the linear method allows the
intermediate and final scores to be the sum of the score of
all its indicators.

The proposed assessment tool will deliver degrees of fulfil-
ment at different levels of detail. It should help identify the
gap between the actual design of an existing house or new
project and a fully accessible house for PeDs. This tool must
deliver a global performance index and disaggregate this
global assessment in more detailed levels such as Safety,
Comfort, Autonomy, and Mobility. The assessment must be
thorough enough to ensure the user’s confidence in the re-
sults. But the result visualization needs to be intuitive for all
the profiles of potential users such as stakeholders, PeD and
final customers. Finally, the tool should be applicable to ex-
isting buildings to assess accessibility in the sale of a house or
before and after an adaptation project. It also should be used
in the early stages of the design process of new buildings

2.1. Selection of indicators and associated ranges

Various evaluation schemes were studied to select the in-
dicators and range to be included in the tool. The exten-
sive lists were reduced to several indicators reasonable for
this first version and an operational tool. According to the
main international certifications and evaluations, the in-
dicators and associated ranges of acceptability are defined
through a detailed review of the indicators to be evaluated
(37, 54-58). Although more than the selected indicators
are available in the literature, priority was given to those
that should be considered from the perspective of the de-
sign of an apartment. Therefore, their incorporation after
construction implies a high cost or significant remodelling
for the potential homebuyer (43). Considering this re-
quirement, 19 indicators were selected.

Table 1 summarizes the main themes evaluated in differ-
ent international certifications, evaluations, or regulations
(marked with a tick), allowing the definition of the leading
indicators and intervals used in our proposed method. The
table also shows that most of the studied countries focus
on accessibility requirements of Autonomy, mobility, and
safety; however, few consider the indicators of comfort in
their certification.
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Table 1. Comparative summary of requirements for accessibility in housing.

National regulations Certification Guides
Pillars Room Indicator Unit | Chile | Canada Spain Australia | Belgium USA
(54) (55) (56) 37 (57) (58)
. height kitchen
Kitchen furniture cm 70 - 70 - 85 69
Bathroom sink top height cm 8o 73.5 70 - 90 86
Bathroom the aval.lable area ) y y y ) y y
under sink cover
Autonomy Bathroom toilet height cm | 46—48 - 45—50 46—48 50 38
Bathroom toilet transfer area | m* |0.8 x 1.2 - >80 - 1.10 x 1.5 | 107 to axis
Bathroom Z}I}S;Ner transfer m? [0.8x1.2| 0.8x1.5 >80 1.2 x 1.2 >90 0.91 x 1.22
Bathroom shower tray height | cm 0 - 0.02 - - 0
. - wheelchair turning
Living-dining room m 150 150 150 225 150 152
space
Access i;fiet;s door free cm 90 80-101 100 82 95 81
Mobility
throughout the hall width cm 0 150 - 0 80-110 101
apartment 9 5 9
throughout the interior doors free
apartment width cm 8o 90 90 82 85 81
Bathroom and
Kitchen Faucets (lever) - v - v - - v
throughout the Type opening ) y ) y ) ) )
apartment doors (lever)
Comfort In at least one room .
that the personin | Type of windows ) y ) ) ) ) )
a wheelchair can (lever and slide)
access
throughoutthe |y 40 cill height | em | 60 - - 100 ; -
apartment
Bathroom shower area m?> [0.9x12| 09x15 | 1.35x% 1.35 0.9 X 0.9 - 0.91 x 1.22
throughout the opening mechanis-
. cm | 90—-120 - 80-120 - 80-110 122
apartment ms height
Safet
ey throughout the Switches height cm | 40-120 120 40-120 90-110 80-110 122
apartment
throughout the .
apartment Outlets height cm | 40-120 45 40-120 30 80-110 38

The acceptability ranges associated with the indicators should
be defined according to the national regulations and certifica-
tion. Nevertheless, Table 2 proposes a range of acceptability
based on the values from the literature review summarized
in Table 1. It describes the accessibility pillars, the room to
be evaluated, and the indicators used for the evaluation. Be-
sides, the units of measurement are detailed with the interval
and type of the interpretation function used. The value refers
to the acceptability functions presented in Figure 2.

2.2, Creation of accessibility pillars

The selected indicators are mainly related to people with re-
duced mobility. Subsequently, the indicators are gathered in
the four pillars of accessibility: 1) Autonomy, 2) Mobility, 3)
Comfort, and 4) Safety necessary to facilitate everyday life for
those with reduced mobility. 1) The Autonomy pillar gathers
the indicators that ensure the individual performs daily tasks,
such as cooking or using the bathroom, independently. 2)
The Mobility pillar gathers the indicators that allow a person
with reduced mobility to move around the house and from
one room to another without obstacles. 3) The Comfort pillar
gathers house elements that allow the performance of daily
tasks comfortably and straightforwardly. Finally, 4) the Safe-
ty pillar gathers all the indicators that ensure that a person

with reduced mobility does not need to modify the pillar of
stability, avoiding falls. Each accessibility pillar was consid-
ered equally important. Table 2 shows the range of accepta-
bility for the study based on the literature review presented
in Table 1. However, these limits can be discussed and set at
a national level according to the existing regulations or cer-
tification.

This assessment model aims to aggregate multiple indicators
with different units and their associated range of acceptability
(maximum value, minimum value, or range) into four grades
according to the four pillars of accessibility and then into a
unique grade named global performance index (GPI). These
grades are calculated on a scale from o to 1. Finally, they are
also converted on a letter grade scale to communicate the re-
sults to the final user in an intelligible way (see Figure 1). This
model is made up of three consecutive steps, as depicted in
Figure 3: 1) the interpretation step, 2) the first aggregation
step, and 3) the second aggregation step.

The interpretation step evaluates the degree of compliance
according to each indicator and ensures the transformation
of all objective functions according to an acceptability scale
ranging from o to 1. Figure 2 shows the functions used to nor-
malize the indicators according to the desired objective. For
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Table 2. Comparative summary of requirements for accessibility in housing.

Pillars | Index Room Indicator Unit | Function (;gts::‘;:(l:)
A1 | Kitchen height kitchen furniture cm Delimit [70; 75; 75; 80]
A2 | Bathroom sink top height cm Delimit [70; 75; 75; 80]
A3 | Bathroom the available area under sink cover - Maximize [0-100]
Autonomy| A4 |Bathroom toilet height cm Delimit [46; 47; 47; 48]
A5 | Bathroom toilet transfer area m? | Maximize [0.96; 1.65]
A6 | Bathroom shower transfer area m? | Maximize [0.96; 1.44]
A7 | Bathroom shower tray height cm | Minimize [0; 5]
M1 | Living-dining room wheelchair turning space m | Maximize [1.5; 2.25]
. M2 | Access access door free width cm | Maximize [90; 101]
Mobility - —
M3 | throughout the apartment hall width cm | Maximize [90; 150]
M4 | throughout the apartment interior doors free width cm | Maximize [80; 90]
C1 Bathroom and kitchen Faucets (lever) - Maximize [0; 100]
C2 |throughout the apartment Type opening doors (lever) - Maximize [0; 100]
Comfort C3s In at least' one room that the person in a Type of windows (lever and slide) - Maximize [0; 100]
wheelchair can access
C4 |throughout the apartment Windowsill height cm | Minimize [o; 60]
S1 Bathroom shower area m? | Maximize [0.96; 1.82]
Safety S2  |throughout the apartment opening mechanisms height cm Delimit | [90; 100; 110; 120]
S3 | throughout the apartment Switches height cm Delimit [40; 66; 94; 120]
S4  |throughout the apartment Outlets height cm Delimit [40; 66; 94; 120]

GPI
0.00 0.25 0.50 0.75 1.00

Figure 1. Color scale and letter grade according to the GPI.

z(y;)

2(y;) o
2(y) =i

0 Ac sL 0sL, AC, AC, Sl 0 s AC

Vi Yi i
(a) Maximun value (b) Delimited value (c) Minimun value

Figure 2. Acceptability functions used to normalize the indicators
according to the desired objective.

example, when a) minimizing the height of a sill, b) delim-
iting the heights of plugs or switches, or ¢) maximizing the
turning radius in a department room.

2.3. Tool operation

In the first step, the interpretation model normalizes the se-
lected indicators with different scales and units into a dimen-
sionless numerical value through three possible acceptability
functions: maximum value (Figure 2a), range (Figure 2b),

and minimum value (Figure 2¢). These functions present-
ed in Table 2 evaluate the degree of compliance according to
each criterion and ensure the transformation of all objective
functions according to an acceptability scale ranging from o
to 1. Acceptability functions are parametrized by soft limits
(SL) and absolute constraints (AC). AC should be the values
determined by the national regulations because the mini-
mum grade of 0 should be assigned for houses which do not
comply with the law. Regarding SL, the values might be de-
fined at national scale by national experts or using the scien-
tific literature.

The selection of an acceptability function depends on the ac-
ceptability range of the indicator being respectively a maxi-
mum value, a minimum value, or an interval. For example,
when 1) a maximum value for the height of a sill, 2) delim-
iting the heights of plugs or switches, or 3) maximizing the
turning radius in a department room.

Values of SL and AC presented in Table 2 are defined based
on the literature review.

The maximum value function assigns the maximum score of
1is below the lower limit of the interval

The second step of the methodology is the “aggregation”
model, which aggregates the individual evaluations of each
indicator in the accessibility pillar through an aggregation
function (design objective index, DOI). The aggregation
function proposed by Scott and Antonsson (59) was used in
two steps (Formula. [1]) First, the indicators are aggregated
according to four DOIs of accessibility: Autonomy, mobili-
ty, comfort, and safety. Then, the DOIs are aggregated into
a unique global performance index. Among the several ag-
gregation strategies proposed through Scott and Antonsson
(59) function, we used the weighted arithmetic mean of all
the interpretation values associated with computing the DOIs
and GPI. It was selected to equally weigh the interpretation
variables to calculate the DOIs as follows:
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[ Observation variables ]

I

desirability function z z i
0 ac SL 0sL, AC, AC; Sk 0sL AC
w Y ¥
height of
— kitchen
furniture n
DOl = E i,
I sink top height .I
=1
available area
— under sink
cover
1st Aggregation I toilet height — “‘::f:sk::)f;e — faucets (lever) — shower area

function

|| toilet transfer | | access f!oor | | typeopening | | m:f::ri?sgms

area free width doors (lever) height
[ ) type of
- sh?wer —  hall width I windows (lever I switches height
transfer area and slide)
H sh(:]v;::h(‘ray u in‘treereiovrv%ﬁrs H  windowsill — outlets height
Autonomy Mobility Comfort Safety GRADE OF
ACCESSIBILITY
nd . WonIwA .. .~ ot :‘29[51)«
2" Aggregation DOI 4+ DOI + DOIy + DOIg

function GPI = 1

Figure 3. Different elements and steps composing the multicriteria analysis model.

Zi
[1] poi=yr,%

where j is the pillar of autonomy (A), comfort (C), mobility
(M), or safety (S); and n is the number of indicators included
in each pillar.

Then, the GPI of the house was calculated, weighting each DOI
by the number of indicators included in the accessibility pillar
to ensure an equal weight among indicators (Formula [2]):

DOI4+ DOIc+ DOIy+ DOIg
4

[2] GPI =

The weight of indicators and pillars can be modified based on
surveys to experts of the field and PeD. The Figure 3 outlines
and summarizes the steps of the method.

3. VERIFICATION OF THE ASSESSMENT TOOL’S
APPLICABILITY

The assessment method has been applied in 35 show apart-
ments in the urban area of the Grand Santiago in the Met-

ropolitan Region of Chile. The results of GPI vary from 0.15
(F) to 0.54 (D), which show that the assessment method can
clearly discriminate against the quality of accessibility inside
the apartments. Four apartments are selected to detail the re-
sults visualization and analysis. Table 3 shows the main char-
acteristics of the four chosen apartments to evaluate their
accessibility performances.

Figure 4 presents the visual summary of the performance of
each four apartments detailed in Table 3. Figure 4 is com-
posed of a circular bar plot of the assessment indicators
grouped by accessibility pillars. Finally, a circular stamp is
in the centre with the grade letter of GPI with the associated
colour (See Figure 1).

Although the performance of these four apartments is differ-
ent, Autonomy is clearly the lower pillar in the set of selected
apartments, including apartment 4, which offers the larger
surface area with 239 m2 and the higher sale price by far. Five
indicators in the Autonomy pillar get the minimum grade
in all four apartments, which are A1 (height of the kitchen

Informes de la Construccion, Vol. 75, 570, €491, abril-junio 2023. ISSN-L: 0020-0883. https://doi.org/10.3989/ic.6144


https://doi.org/10.3989/ic.6144

A tool for universal accessibility assessment in the interior of dwellings

Herramienta para la evaluacion de la accesibilidad universal al interior de viviendas

Table 3. Characteristics of the selected apartments.

Apartment Index 1 2 3 4
Sale Price (USD) 123 850 | 308 700 | 536 476 | 971346
Floor area (m2) 71 79 133 239
Configuration II:II: Ez(ti}ﬁ)(()):ris(]()B)) 3D-2B | 2D-2B 3D-3B 4D-4B
Pillars Index Indicator
A1 Kitchen height kitchen furniture 85 86 94 90
A2 Bathroom sink top height 54 85 87 88
A3 Bathroom available area under sink cover o) o) 0 o)
Autonomy | A4 Bathroom toilet height 38 38 42 43
As Bathroom toilet transfer area 0.60 1.10 0.50 0.5
A6 Bathroom shower transfer area 0.60 0.50 1.7
A7 Bathroom shower tray height 47 35 29 5
M1 Living-dining room wheelchair turning space 2.1 1.3 1.8 2.7
. M2 Access access door free width 87 89 88 110
Mobility -
M3 throughout the apartment | hall width 89 110 88 97
M4 throughout the apartment interior doors free width 64 90 69 87
C1 Bathroom and kitchen Faucets (lever) 100 100 100 100
Comfort C2 throughout the apartment | Type opening doors (lever) 0 100 100 100
C3 In at least one room Type of windows (lever and slide) 0 100 100 100
Cyq throughout the apartment | Windowsill height 47 32 40 55
S1 Bathroom shower area 0.98 1.04 112 1.68
Safety S2 throughout the apartment | opening mechanisms height 92 96 90 98
S3 throughout the apartment | Switches height 127 112 108 105
S4 throughout the apartment Outlets height 45 35 32 35

M4

Apartment 1 Apartment 2

A Al
84

81

o2}

c3

cz2

Apartment 3 Apartment 4
Figure 4. Accessibility compass of apartments 1, 2, 3, and 4.

Informes de la Construccion, Vol. 75, 570, e491, abril-junio 2023. ISSN-L: 0020-0883. https://doi.org/10.3989/ic.6144



https://doi.org/10.3989/ic.6144

Claudia Valderrama-Ulloa, Ximena Ferrada, Fabien Rouault

furniture), A2 (height of bathroom sink top), A3 (available
space under the bathroom sink cover), A4 (toilet height) and
A7 (shower tray height). Figure 5 reveals the problem of the
lack of free space under the bathroom sink in apartment 2
because a storage cabinet under the sink blocks the access
with a wheelchair.

Figure 5. available space under the bathroom sink cover in apart-
ment 2 (the best rated).

On the other hand, Figure 4 shows the indicator A5 (toi-
let transfer area) as an indicator that discriminates the ac-
cessibility performance according to the autonomy pillar
(wheelchair users). For example, Figures 6a and 6b show
the toilet transfer area of the best and worst rated apart-
ments, respectively.

Figure 6b. Indicator A5 for
apartment 1, the worst rated.

Figure 6a. Indicator A5 for
apartment 2, the best rated.

Finally, M4 (interior doors free width) is also another dis-
criminating indicator. Indeed Figure 7 shows the thickness of
the door leaf. Also, the door stop reduce the free space to pass
through the door with a wheelchair.

Figure 7. example of a problem in the free width of the door that is
limited by the thickness of the panel and the door stopper.

Some indicators reach the maximum grade in all four apart-
ments such as M1 (wheelchair turning space in the living room),
M2 (free space of the entrance door), M3 (Entrance Hall width),
C1 (type of door openings), C2 (type of window openings), S2
(height of opening mechanism), and S3 (switch heights).

4. DISCUSSION

The tool is easy and fast to apply already in the early stages
of a design process, in existing buildings or even to evaluate
purchase options. It provides a labelling system, which can be
implemented at the national level, regulation, or complement
the certification program.

Although the application of the presented method is limit-
ed to the small geographical area of the metropolitan region
of Chile, it can be applied at an international level using the
same indicators and associated intervals or adapting them to
the national context and regulation. Furthermore, the range
of indicators can be easily modified and extended, including
external accessibility in the building and the neighborhood,
which also make it possible to apply the presented meth-
od to other types of infrastructure such as public buildings,
schools, or public transport. Finally, decision-makers or us-
ers can modify the weighting of accessibility pillars according
to the degree to which objectives they want to emphasize.
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The proposed tool can be used by different profiles of users
thanks to its various levels of disaggregation. The GPI and
the four pillars can be used to inform the final customer
about the accessibility performance of an existing or new
apartment. An architect will quickly identify which indica-
tors need to be improved to reach a fully accessible apart-
ment at an early stage of the design process. Its purpose
is to promote dialogue between consultants and building
owners or developers and PeDs and their caregivers.

The design patterns of real-estate companies used in exist-
ing projects should change to include concepts of universal
accessibility from the very early stages to make apartments
more inclusive to the whole population, including those
with reduced mobility or a temporary or permanent dis-
ability from ageing. In this regard, it is crucial to consider
the size and distribution of all interior spaces to meet the
minimum requirements of accessibility. The lack of such
consideration shows how uninformed design profession-
als are regarding the real needs and requirements in living
spaces for persons with disabilities. Additionally, dwelling
designs should also incorporate the concept of adaptabil-
ity, either for versatility or convertibility. As such, living
spaces should be designed and built to respond to the ev-
er-changing needs of their inhabitants, not limiting their
design exclusively to the specific modifications required
by persons with a disability. At the very least, these hous-
es and apartments should include elements of spatial de-
sign or optional fixed furniture that would allow for easy
and safe use of all spaces, reducing physical obstacles
that these areas may present over time and satisfying the
changing needs of the occupants, regardless of the stage
in the life of the family: single, with young children, teen-
agers, elderly, or persons with disabilities. The presented
assessment tool should be implemented in software using
building information modelling (BIM) to facilitate an iter-
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