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Abstract. Legislative initiatives regarding universal accessibility promote the elimination of architectural barriers. This is a positive measure as it aims to ensure equal rights and opportunities
for disabled people, in accordance with the Convention on the Rights of Persons with Disabilities
(United Nations, 2006). One of the challenges facing society today is the determination of reasonable accommodation, a concept that encompasses those necessary modifications and adjustments
which do not impose a disproportionate burden. For this purpose, technical, economic and social
aspects shall be taken into consideration, as required by legislation. This paper proposes reasonable
accommodation in residential buildings, taking into account the different options for its attainment,
by applying a multi-criteria analysis based on a wide range of objective indicators of three types:
technical, social and economic. This proposal was one of the objectives of the R + D + i Project
called “VIVable-From accessible housing to sustainable housing: The essence of reasonable accommodation”. From VIVable, the fuzzy multi-criteria assessment method for determining reasonable
accommodation may be totally extrapolated to other uses. At the same time, the proposed method
may also be extrapolated to other countries where basic requirements for universal accessibility in
buildings and equal rights of persons with disabilities are standardized.
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Introduction
The concept of reasonable accommodation in terms of universal accessibility arises initially
within the field of work and with regards to the adaptation of the work place for a person
with disabilities. This is included in the Directive 2000/78 / EC (Council of Europe, 2000),
where the term is defined as being those measures to be carried out by employers to ensure
compliance with the principle of equal treatment, taking into account the needs and specific
situation of each person with disabilities, provided that the accommodation does not suppose
an excessive burden for the employer.
In Spain, the concept of reasonable accommodation was regulated for the first time within
the law Act on Equal Opportunities, Non-Discrimination and Universal Accessibility (Ley 51,
2003), which is currently regulated in the Consolidated Text of the General Law on the Rights
of Persons with Disabilities and their Social Inclusion (Real Decreto Legislativo 1, 2013).
In this law’s second article (art. 2. m), reasonable accommodation is defined as “those
necessary and appropriate modifications and adaptations of the physical, social and attitudinal
environment to the specific needs of persons with disabilities that do not impose a disproportionate or undue burden, when required in a particular case in an effective and practical manner, to
facilitate accessibility and participation and to guarantee persons with disabilities the enjoyment
or exercise, on equal terms with others, of all rights”.
In order to determine if the accommodation is reasonable, the article 66.2 of the Consolidated Text, established that “the costs of the measure, the discriminatory effects that the nonadoption of these measures has on persons with disabilities, the structure and characteristics of
a certain individual, entity or organization that has to put it into practice, and the possibility
of obtaining official financing or any other help will be taken into account”.
After analyzing reasonable accommodation in these articles, in relation to universal accessibility, this concept is based on four elements that must always be taken into account:
1. The subject to whom it is addressed is the person with disabilities, in order to assure
equal treatment with regards to the rest of the population, assuming the disadvantages
related to their disabilities (de Oliveira et al., 2014);
2. Various types of measures will be taken against discrimination, including actions that
will modify the physical environment, such as reasonable accommodation (de Oliveira
et al., 2014; Cocco & Alonso, 2015);
3. Those responsible for carrying out reasonable accommodation may be individuals,
entities or organizations, and the objective is to facilitate the accessibility or participation of disabled persons on equal terms with the rest of the citizens.
4. In order to determine when necessary and appropriate modifications and adaptations
of the physical, social and attitudinal environment become a disproportionate or undue burden, several qualitative criteria – which can also be quantified – are set:
–– Costs of the measures;
–– Discriminatory effects that the non-adoption of these measures may have on the
disabled person (de Oliveira et al., 2014);
–– Structure and characteristics of the person, entity or organization that must undertake these actions;
–– The possibility of obtaining official funding or some kind of support.
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Ultimately, the decision as to whether or not the adaptations of the physical environment
in order to fit the needs of persons with disabilities are a disproportionate burden or not must
be taken on the basis of a broad and complex analysis which includes all four general criteria
(Delgado, del Moral, & Corredor, 2016; Cocco & Alonso, 2015).
The Land and Rehabilitation Law (Real Decreto Legislativo 7, 2015) is the only legal text
that quantifies disproportionate burden in its art. 2.5, regarding buildings constituted under
the system of Horizontal Property: “when the annual cost of the construction work – after
deducting public subsidies to which they may be entitled – exceeds twelve ordinary monthly
installments of communal expenses”. In this type of building, an intervention, that may or
may not be considered to be a disproportionate burden, will have an important juridical and
social impact. If the measure is considered to be reasonable accommodation, the residents’
association has the obligation to carry it out. The measure’s impact will be immediate, as it
will improve the quality of life of the persons with disabilities living in these buildings.
However, no legislation exists describing the configuration of reasonable accommodation
for public or private buildings under Spanish law. This situation has two effects:
–– The non-compliance of the basic conditions of accessibility and non-discrimination
mentioned in the Consolidated Text (Real Decreto Legislativo 1, 2013) within the
required time limit: December the 4th, 2017 in most cases;
–– The setting of priorities regarding interventions related to accessibility and non-discrimination measures in Plans and Programs will not take into account the determination of reasonable accommodation with regards to measures for improving accessibility.
This situation implies the non-compliance of the specific needs of persons with disabilities with regards to collective activities in their daily life, at least in the short term.
This article shows the results obtained in a research carried out in the R + D + i project
called “VIVable – From affordable housing to sustainable housing: the essence of reasonable
accommodation” (Delgado et al., 2015) with reference to a reasonable accommodation proposal for the improvement of accessibility in residential multi-family buildings, or residential
buildings under the system of Horizontal Property. This proposal is based on a fuzzy multicriteria evaluation of technical, social and economic criteria (Delgado et al., 2016), using the
Scoring method (Mardani, Jusoh, & Zavadskas, 2015) or linear weighting.
This investigation’s main goal is to propose a methodology - still today, non-existent- capable of determining reasonable accommodation in residential buildings. This methodology
responds to persons’ with disabilities complex reality with regards to the buildings where
they carry out an important part of their daily activities. It also responds to the search for an
inclusive design capable of promoting the production of spatial qualities and opportunities
for diverse use (Heylighen, Van der Linden, & Van Steenwinkel, 2017). This methodology entails three significant improvements regarding the quality of life of persons with disabilities:
–– The improvement of the determination of reasonable accommodation with regards to
what is currently established in the Land and Rehabilitation Law (Real Decreto Legislativo 7, 2015), which only takes into account the “cost-solution” economic criteria
corresponding to 12 monthly payments of the residents’ association regular budget
in a multifamily residential building. Other residential and public buildings are not
taken into account;
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–– Complying with the requirements reflected in the Convention for the Rights of Persons with Disabilities (United Nations, 2006), with regards to the insurance of equal
rights and opportunities for these persons;
–– The possibility of determining reasonable accommodation in other buildings, given the fact that the proposed methodology allows simple modifications within wide
groups of criteria derived from the requirements of the current Spanish legislation,
as well as other regulations.
The proposed methodology for determining reasonable accommodation is based on a
linear weighting method and a multi-criteria fuzzy logic which must be considered for two
reasons:
–– The aforementioned complex reality of both persons with disabilities and the residential buildings where they carry out their daily life;
–– The use of the AppWeb prototype called SIG-ACCE.
In general, the person who must make a decision regarding a set of possible alternatives
as a solution to a particular problem, does not tend to order them under a single criterion,
something that would greatly simplify the process. On the contrary, the person does so based
on a broad set of criteria as this is more appropriate. This is how the multi-criteria decisional
framework arises. There are different approaches to MCDM that have been described in
several scientific articles, including ( X. Zhang, H. Zhang, & Wang, 2017; T. Zhang, Wang, &
H. Zhang, 2018; X. Wang, Peng, & J. Wang, 2018a; L.Wang, Peng, & J. Wang, 2018b; Ji,
Zhang, & Wang, 2018).
The best known methods of multi-criteria assessment are: the Linear Weighting method
(SCORING), the Hierarchical Analysis Process (AHP) method, the Multi-attribute Utility
(MAUT) method and the Relationship of Improvement method. The SCORING method
and the AHP method are used more frequently when decisions are made using multi-criteria
evaluation techniques that are of a spatial nature, so that they can be implemented using
Geographic Information Systems (GIS).
With regards to the project I + D + i VIVable, the chosen method was Scoring, given
the fact that its implementation is carried out through an AppWeb prototype under an Accessibility System of Geographical Information called SIG-ACCE. This way, the reasonable
accommodation proposal is the result of the decision made by a qualified technician regarding a set of alternatives based on a broad set of criteria derived from the requirements of the
Consolidated Text of the General Law on the Rights of Persons with Disabilities and their
Social Inclusion (Real Decreto Legislativo 1, 2013). There are three types of criteria that will
help meet these requirements:
–– Technical criteria: actions which eliminate barriers and improve the accessibility conditions of buildings and their environment;
–– Social criteria: the discriminatory effects that the non-adoption of the measures might
have, as well as the structure and characteristics of the person or entity that has to put
them into practice, must be taken into account;
–– Economic criteria: the cost of the measure must be taken into account and evaluated
to discern if it proves to be a disproportionate burden; the possibility of obtaining
funding or any other aid must be considered (Delgado et al., 2016; Cocco & Alonso,
2015).
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The article is structured as described below. After the introduction in Section 1, the background information on the use of multi-criteria assessments in decision making processes is
described. Section 2 presents the proposed objective and methodology. Section 3 describes
the application of the method of linear weighting and fuzzy logic to decision making in accessibility. Sections 4 and 5 present the decision criteria and their quantification. In section
6 the results obtained are discussed. The conclusions are presented in the final section.

1. Background
1.1. The problem of multi-criteria group decision making
with linguistic preference relations
A group decision-making process consists of finding the best option within a set of possibilities. As this process is present in most human activities, its study has become very important
in a wide variety of areas. Also in certain cases, the comparison of different types of actions
according to their suitability in decision making problems cannot be performed by a single
criterion.
In this situation, a multi-criteria decision making problem can be interpreted as a decision making problem in which a set of experts – individuals or decision-makers – try to
reach a common solution by expressing their opinions – preferences – about a set of alternatives in the presence of a set of criteria (Pedrycz, Ekel, & Parreiras, 2011). Fuzzy multi-criteria
decision making is one of the most popular problems handled by researchers in current
literature (Kahraman, Onar, & Oztaysi, 2015; Kahraman, Suder, & Cebi, 2013) and, in particular, there is a significant growth in its use in applications for infrastructure management
(Haque, 2016; Oltean-Dumbrava, Watts, & Miah, 2016; Kabir, Sadiq, & Tesfamariam, 2014).
The evaluation of infrastructure management can be seen as a multi-criteria decisionmaking problem with various contradictory criteria, and in addition, the vague nature of
this evaluation requires a diffuse multi-criteria methodology (Suder & Kahraman, 2016).
Many problems present quantitative aspects that can be treated by precise numerical
values with the help of fuzzy logic theory, in order to obtain an appropriate solution (Guo &
Zhao, 2017; Herrera & Herrera-Viedma, 2000; Herrera-Viedma, Martínez, Mata, & Chiclana,
2005; Xu, 2005, 2007; Zadeh, 1975a, 1975b, 1975c). But it is also common to find problems in
which it is necessary to use variables classified according to a set of linguistic terms – labels –
that each expert uses to express his/her opinion about the set of alternatives as a relation
of fuzzy linguistic preference (Azcona, 2014; Herrera, Herrera-Viedma, & Verdegay, 1997).
Usually, in a decision-making problem in a multi-criteria group with linguistic preference
relationships we can find a finite set of alternatives X = {x1,...,xm} (m ≥ 2) and a finite group
of experts E = {e1,…, er} (r ≥ 1) that express their preferences using a fuzzy linguistic preference relationship according to a finite set of criteria Y = {y1,...,yn} (n ≥ 2). In this context, a
decision-making problem in a multi-criteria group consists in obtaining a classification of X
based on preferences pkij expressed by the experts (Morente-Molinera, Kou, González-Crespo, Corchado, & Herrera-Viedma, 2017; Herrera, Herrera-Viedma, & Martínez, 2000) where
pkij indicates the preference of the alternative xj for criterion yi expressed by the expert ek.
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These preferences are usually presented through a matrix. So, for an expert ek, his or her
preferences can be manifested as follows:
x1  x j  xm
 pk11  pk1 j  pk1m  y

 1

 
 
P k =  pki1  pkij  pkim  yi .

 
 
 k

 p n1  pknj  pknm  yn



1.2. Problem solving process
The solution scheme for the aforementioned problem is the following (Morente-Molinera
et al., 2017):
i. Obtaining preferences. The preferences of each expert regarding each of the alternatives
according to specific criteria are obtained. In order to obtain these preferences through fuzzy
linguistic preference relations it is necessary to use linguistic assessments – linguistic variables – instead of numerical values – numerical variables. A scale of linguistic expressions – a
linguistic term set – is thus introduced to express these preferences. Usually, this linguistic
term set presents an average and the remaining terms are symmetrically positioned around
it. The number of terms constitutes the granularity of the established linguistic term. So, it is
necessary to choose the granularity of the linguistic term set, its labels and its semantics. The
semantics of elements of the term set are given by fuzzy numbers defined in [0,1] interval
using membership functions (Herrera & Herrera-Viedma, 2000). There are different membership functions to capture the vague nature of these linguistic assessments.
Linear trapezoidal membership functions can be considered adequate to capture the
vague nature of these linguistic statements. A linear trapezoidal membership function can
be represented by a set of 4-uplas (ai, bi, ai, bi). The first two parameters of each 4-upla indicate the interval in which the membership value is 1.0 –maximum– and the last two indicate
the left and right amplitudes of the distribution, respectively. The graphic representation of
a membership function of this type can be seen in Figure 1.
The concept of a linear trapezoidal membership function is reflected in the following example. We consider a set of linguistic labels completely ordered and finite, S = {s0, ..., sT}, with
odd cardinality, where each label si represents a possible value for a real linguistic variable.
The set of linguistic labels with their respective associated semantics is the following:
s0 = N 		None		

(0.0, 0.0, 0.0, 0.6)

s1 = L 		Low 		

(0.7, 1.3, 0.3, 0.3)

s2 = M 		Medium

(1.7, 2.3, 0.3, 0.3)

s3 = H 		High		

(2.7, 3.3, 0.3, 0.3)

s4 = VH		Very high

(4.0, 4.0, 0.6, 0.0)

and its graphic representation is shown in Figure 2.
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Figure 1. Representation of a linear trapezoidal membership function (source: own development)
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Figure 2. Linguistic term set (source: own development)

Different preference relation representation formats can be found in literature. Recent
papers use hesitant preference relations (Liao, Xu, & Zeng, 2014; Wei, Zhao, & Tang, 2014;
Wang, Zhang, & Chen, 2014; Zhu & Xu, 2016) or interval-valued preference relations (Xu,
2004; Yager, 2014) or introduce problems in which attribute values take the form of the
interval-valued intuitionistic fuzzy numbers (Xu & Yager, 2009; Liu, 2014).
ii. Aggregation process. Once the experts have expressed their preferences, this information is combined in a single matrix that represents the preferences of the set of experts. This
procedure defines a fuzzy collective linguistic preference relation obtained by the aggregation
of all the individual linguistic fuzzy preference relations. At this stage, an important issue is
the assignment of the level of importance of the values of each criterion, as the importance
of the criteria is usually not the same. A common practice is to allow the experts to decide,
but there are other possibilities such as their assignment by higher level experts. Thus, in the
aggregation process, the application of a weighting factor to each of the preferences is carried
out according to the criteria used. Its calculation is given by:
wi ∗ fij , i= 1, … , n; j= 1, …, m,
where fij = f(p1ij, …, prij) and f is an aggregation operator; wi is a weighting factor. Different linguistic aggregation operators have been proposed (Herrera & Herrera-Viedma, 2000).
iii. Selection process. Finally, once the collective preference matrix has been obtained, a
selection process is applied to obtain a final classification about the alternatives. This process
transforms the collective information on alternatives into a global classification, thus making
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it possible to choose the solution set. A method commonly used is the application of a selection function (Herrera & Herrera-Viedma, 2000). The choice degree by means of dominance
(QGDD, quantifier-guided dominance degree) applied over the preference relation allows us
to obtain a final classification of the alternatives. For an alternative xi, the operator QGDD
(Morente-Molinera et al., 2017) can be calculated via the collective preferences matrix as
follows:
n
QGDD j =

∑ wi * fij .

(1)

i =1

The classification of the alternatives is obtained as follows (J. Tapia, Del Moral, C. Tapia,
Martínez, & Amor, 2012; Tapia, Del Moral, Martínez, & Herrera-Viedma, 2012):
If QGDDk > QGDDl then x k is preferable to xl .
An outline of this process is shown in Figure 3.
Obtaining
preferences

Aggregation
process

Selection
process

Alternatives
Experts
Criteria

pijk
Linguistic
preferences

fij

Siwifij

xk1, ..., xkn
Alternatives classification
by dominance QGDD

Figure 3. Multi-criteria linguistic modelling scheme (source: own development)

2. Objective and proposed methodology
The main objective of this article is to formulate a proposal for evaluating different alternatives that can be undertaken in a multi-family residential building to improve its accessibility
conditions.
This general objective has three specific goals:
1. The establishment of objective criteria adjusted to the different areas established in the
legislation (Real Decreto Legislativo 1, 2013): technical, social and economic areas.
2. To carry out a comparison between the possible alternatives for improving accessibility
conditions, based on the established objective criteria.
3. To determine the consideration of reasonable accommodation for each of the possible
alternatives.
The methodology intended to achieve the specific objectives includes the sections indicated below, included in Figure 4.
–– The determination of the fuzzy criteria to be considered in the decision making process. These criteria are the variables that allow evaluation of the degree of approach
to, or the achievement of, the objective. The most relevant characteristics must be
taken into account by the decision makers in order to evaluate the ideal alternative.
–– To assign weighting to each of the criteria. The criteria may have quantitative and
qualitative aspects. When the aspects are quantitative, their weighting is immediate,
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Weighted
coefficients
wi
Alternatives
Rating

Calculation of
the Score of
each alternative

Does xj
verify (2)?

Yes

xk1, ..., xkt
RA

Criteria
No
xkt+1, ..., xkm
Non RA

Figure 4. Proposed methodology (source: own development)

thus defining the limits of each scoring section. However, certain qualitative aspects
are difficult to score when dealing with imprecise propositions such as: “this man is
quite short”, “I am very close”, “I have taken a long time” (Azcona, 2014). In these
cases, the mechanisms of fuzzy logic developed by Zadeh in the 1960s will be used.
Through a rating scale they become indicators that represent reality in a quantitative,
simple and direct way.
–– The Score Calculation of each alternative action for improving the accessibility of the
building and each part of it. The obtained score permits the determination of whether
or not it is considered as reasonable accommodation, RA.
–– The classification of alternatives according to the Score. The score reflects the degree
of adaptation to the established criteria.
In the VIVable R + D + I project, the SIG-ACCE web App prototype permits the computerized use of the proposed linear and fuzzy logic methodologies.

3. Linear weighted method and fuzzy logic applied
to decision making in accessibility
As Sixto Ríos clearly states, “in economic, social, political reality [...], complex situations,
where one has to choose between several possible courses of action in order to follow the
optimum one, frequently arise. For this decision making, the experts’ experience, common
sense or intuition are not enough, as multiple criteria, several decision-makers, uncertainty,
different stages, etc. often come into play”. (Ríos, S. Ríos-Insúa, & M. Ríos-Insúa, 1989).
In its most basic form, a decision-making process can be understood as the choice of
the “best” choice out of all the “possible” choices. Depending on the definition of what is
the best and what is possible, we will face different decisional situations. With regards to a
multi-criteria decision, despite the fact that the consequences for a particular decision are
perfectly determined, what is not defined so clearly is which is the best, as there are various
objectives in conflict with one another (Vitoriano, 2007).
In this case – decision making with regards to the accessibility of residential housing
buildings – we find ourselves with some specific characteristics. There may only be one deci-
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sion maker in the case of single-family homes, or a group of them in the case of dwellings
under the system of Horizontal Property. In this second case, they must seek consensus for
the adoption of a solution that best reflects their interests. In the proposal included in this
article, we assume that the experts’ preferences relative to X are described by a relation of
fuzzy preferences for each criterion, which we will call L, and which can be represented as:
L ⊂ X ×Y ,
whose membership function will be

L ⊂ X × Y → S.

For the expert E, L(xj, yi) = pij denotes the degree of fuzzy linguistic preference taken
from a set of linguistic labels S of the alternative xj with respect to the criterion yi with so ≤
pij ≤ sT. Also, motivated by the order induced by the set S, we can define a natural function:
s : S → ,
through the assignment s(pij) = a if pij = sa – integer valuation.
The decision process (Garcia-Cascales, Lamata, & Ruiz-Merino, 2009) includes the sentences reflected in Figure 5.
1. Establishing the decision problem

Defining the problem
Identifying alternatives
Determining criteria

2. Analysing the decision problem

Assessing alternatives
Choosing one option

Figure 5. Decision process phases (source: own development)

This is a method based on value function, which consists of constructing a function that
associates a real number with each of the possible alternatives. This number reflects the value
or utility that each alternative has for the decision maker (Guo & Zhao, 2017; Garcia-Cascales
et al., 2009). The main difficulty of this method is the determination of this value function,
but once obtained, the problem of deciding which is the best of the alternatives is reduced
to obtaining the maximum of all the calculated values.
The linear weighting method establishes that the function to obtain the score of each
alternative, in accordance with (1), has the following expression:
Sj =

n

∑ wi * rij ,
i =1

where: Sj is the score obtained by alternative xj, (j =1, …, m); rij es el rating obtained by alternative xj, (j = 1, …, m), according to criterion yi, (i =1, …, n); wi is the weighting established
for each criterion yi, (i =1, …, n).
In the VIVable R + D + i project, the use of the linear weighting method is proposed and,
based on the legal framework already analysed, three types of criteria are established in order
to determine whether an action is considered reasonable accommodation (Cocco & Alonso,
2015; del Moral & Delgado, 2010):
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–– Technical criteria: actions that eliminate barriers and improve the accessibility conditions of buildings and their environment.
–– Social criteria: the discriminatory effects that the non-adoption of the measures might
have, as well as the characteristics of the person or the characteristics and structure of
the entity that has to put them into practice, must be taken into account.
–– Economic criteria: the cost of the measures must be taken into account and evaluated
in case they represent a disproportionate burden; the possibility of obtaining funding
or any other aid must be considered (Delgado et al., 2016; Cocco & Alonso, 2015).
Within the VIVable R + D + i project, it is proposed that the rating or qualification obtained for each alternative be assigned according to a homogeneous scale for all the criteria
ranging from 0 to 4, with the valuation collected in the Table 1. It is considered that this
scale is sufficient to establish the differences in value that can be noted between the different
alternatives (Guo & Zhao, 2017).
Table 1. Rating scale (source: own development)
Linguistic labels

Rating scale

The criterion could not be taken into account and, therefore, it is not valued

–

It has very little or no value because it has no significance for the criterion
or because it did not begin to achieve its goal

0

When applicable: it has little value because it has very little significance
for the criterion or because it barely begins to reach its objective.
Intermediate value between zero and medium interest

1

It has medium value because it is moderately significant for the criterion
or because it reaches only half of its objective

2

When applicable: it has sufficient value to be of significant importance for the
criterion or it nearly meets its objective. Between medium value and high value

3

It is highly valuable because it has a lot of interest for the criterion or it meets
its objective

4

Depending on the nature of the criterion, a scale of three levels of values – 0, 2 and 4 –
will suffice; for more complex criteria, which admit more nuances, a more detailed scale of
five levels may be used: in this case the intermediate values between 1 and 3 will be used.
The weighting wi or importance given to each criterion yi is established based on two
principles previously set out:
–– 1. Since our legal framework establishes that the three aspects are to be taken into
account – technical, social and economic aspects – without preponderance of one
over another, each of them must weigh the same in the final decision.
w Tec ∑=
w Soc ∑
=
w Ec
∑=
i i
i i
i i

0.333.

–– 2. Once established which criteria are to be used, in general conditions it is proposed
that within their group all of them have the same weight. This way, the weight of each
group of criteria would be the result expressed in Table 2.

432

L. Delgado Méndez et al. Fuzzy multicriteria for determining reasonable adjustment in housing

Table 2. Wi weighting for each group of criteria (source: own development)
Group of criteria

No. of criteria per group*

Weighted wi for each criterion

Technical

nt

0.333/nt

ne

0.333/ne

ns

Social
Economic

0.333/ns

Note: *nt + ns + ne = n.

Once the particular conditions of each criterion have been analyzed, the wj weights can be
justifiably modified according to each decision maker’s opinion, so each evaluation may be
open to a wide range of definitions. Both the assignment of the rating rij and the assigned
weights wi will be decisive in the multi-criteria evaluation.
The data obtained via the application of the method are expressed in the evaluation matrix, where we can analyze and compare the values assigned to each of the alternatives. The
matrix scheme can be manifested as follows:
Criterion y1
Criterion y2

Criterion yn

Alternative x1 Alternative x2
w1 * r11
w1 * r12
w2 * r21
w2 * r22


wn * rn1
wn * rn2

 Alternative xm

w1 * r1m

w2 * r2m
.



wn * rnm

The score obtained by each alternative by group of criteria -technical, social and economic- is reflected as follows:
Alternative x1
=
Score S1Tec
=
by S1Soc
=
group S1Ec

Alternative x2



Alternative xm

Tec
i * ri 2  Sm
∑
∑ i w=
∑ i wi * rim
.
=
w * r S2Soc ∑ w=
* r  SmSoc ∑ wi * rim
∑
i i i1
i i i2
i
=
w * r S2 Ec ∑ w=
* r  Sm Ec ∑ wi * rim
∑
i i i1
i i i2
i

=
w * r S2Tec
i i i1

Lastly, the total score obtained by each alternative is reflected as follows:
Alternative x1 Alternative x2  Alternative xm
Total
S
=
score 1

n

∑

wi * ri1 S2
=

n

∑

=i 1 =i 1

wi=
* ri 2  Sm

n

∑ wi * rim

.

=i 1

With the Scoring method as a proposed multi-criteria valuation method, we finally obtain
a list of m ordered alternatives in order, from the highest to lowest by the numerical rating
Sj obtained by each one of them.
At a first reading of the results, the highest score obtained should be considered the best
solution. However, the establishment of reasonable accommodation must imply not only the
achievement of the highest score within the evaluation process, but also the achievement of a
certain balance between the adopted criteria. Therefore, an alternative xj will be considered as
reasonable accommodation if it reaches at least 50% of the score within the group of criteria.
This condition is reflected in the Equation 2.
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4. Selection of decision criteria
The decision criteria constitute the points of view or parameters that are used to express the
decision maker’s preferences. They are the reference elements on the basis of which the decision is made (Garcia-Cascales et al., 2009).
In most multi-criteria decision problems it is difficult to establish these decision criteria.
However, their determination is an essential step in the process. The concept of criteria encompasses the concepts of “goal”, “attribute” and “objective” (Romero, 1993):
–– An objective indicates in which direction the decision-making unit should strive to
do things better.
–– The attributes are the characteristics that define the alternatives and measure the
degree of scope or fulfilment of an objective. For each alternative, attributes that
will allow the determination of a consequence for a decision in relation to the decision-maker’s preference system are established. Attributes always provide the decision
maker with values with regards to an objective reality and can be expressed through a
mathematical function of decision variables, so that each alternative can be characterized by a set of measures related to the decision maker’s objectives. They must meet
two conditions: they must be measured with independence of the decision maker’s
interests and must be expressed as a function of the corresponding decision variables.
–– A goal is defined as the value that quantifies an acceptable level of achievement that
an attribute must strive to achieve.
The criteria chosen as references to manifest the preferences of the decision maker in
terms of accessibility in housing are classified into three groups, which can be subdivided
into a series of subgroups according to the homogeneity of the nature of the same.
In Table 3 the structure of groups and subgroups of criteria that will be used in the decision making is reflected.
The selected criteria, in addition to being considered necessary in the decision making
process, are criteria with a value that can be compiled, either because it is based on public
information, or because the final addressee can provide this data. Criteria that could be useful
but proves to be unobtainable, for example, the level of income of the users of the building
in the case where the building is under the system of Horizontal Property with a resident’s
association, must be discarded.
Some criteria, and after deeper analysis into the number and nature of those to be used,
have been considered to have a specific and superior weight due to their greater relevance.
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Table 3. Criteria: groups and subgroups (source: own development)
Group of
criteria

Technical
(nt)

Social
(ns)

Economic
(ne)

Subgroups of criteria

Criteria

Level of accessibility of the ‘design for all’ proposal
Level of accessibility of the proposal for mobility
Level of accessibility of the hearing proposal
Satisfaction of needs
Level of accessibility of the proposal for vision
of persons with
disabilities
Increase in level of accessibility design for all
(65%s/technical)
Increase level of accessibility - mobility
Increase level accessibility – hearing
Increase level accessibility - vision
Architectural design
Building’s
Physical status
technological
Uses and activities
conditions
Relations with the environment
Technical
Regulatory framework Urban
Administrative
Number of persons with disabilities
Persons’ functional
diversity
Type of disability
(65% s/social)
Number of elderly people
Number of dependent persons
Building’s occupation
Number of users of the building and number of floors
situation
Number of vacant apartments
Other situations
Risk of social exclusion, gender violence, etc.
Cost of the measures (euros/year)
Economic evaluations Reasonable accommodation, according to the Land Law
(50%s/economic)
Income level of those with functional diversity/Income level
People’s and
institutions’ financial of the co-living units
capacity
Annual budget of the residents’ association
Aid/Grants
Improvement enablers
Possibility of funding
Limit of the legal duty
Replacement value
of conservation
Other interventions (non-related to accessibility) planned
Other
for the building

This is the case of the degree of satisfaction of the needs of persons with disabilities in the
group of technical criteria; of the real situation of the users of the analysed building to whom
the proposed alternatives are addressed, identified in the subgroup of criteria “functional
diversity of people”, within the group of social criteria; and the criterion of reasonable accommodation currently established by legislation, in the group of economic criteria.
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It should be noted that, regarding the choice of technical criteria that define the satisfaction of the needs of the persons with disabilities, two major groups have been differentiated:
1. The “design for all” group, whose principles should constitute the achievement of the
“ideal situation” with regards to any action in the physical environment of buildings.
This interest is understandable in light of the ageing population and social changes that
are raising awareness about diversity and the need for inclusion of PWD, to guarantee
their rights and their participation in society (Heylighen et al., 2017).
2. The group of specific needs required in three types of disability: mobile, visual and
hearing. The objective pursued with this differentiation is to enable the determination
of reasonable accommodation in an existing building with measures that may be especially useful for these people, as users of the analysed building (del Moral & Delgado,
2010). These criteria will be incorporated into the multi-criteria evaluation proposed
in those cases where people with these disabilities live in the analysed building. This
prevents the intervention from becoming a disproportionate burden, as well as allowing it to be sufficiently close to the “ideal situation”.

5. Quantification of the selected criteria
5.1. Technical criteria
The needs of the persons with disabilities are quantified based on the level of accessibility
of each intervention proposal to improve accessibility. This is measured with percentages
obtained using the SIG-ACCE tool.
The conditions of the building will also be taken into account when carrying out interventions to improve accessibility as well as the level of difficulty for their materialization from
a legal standpoint.
The weighting of the satisfaction of disabled people (65% out of the total of technical
criteria) has been considered necessary over the remaining indicators of this group, given its
relevance inside the group.
The ratings assigned in this group are those expressed in Table 4.

5.2. Social criteria
In contrast to technical and economic criteria, social criteria may be the more difficult to
determine as aspects related to people and the circumstances in which they live must be
quantified.
As is recognized in the Explanatory Memorandum of the Law on the Promotion of
Personal Autonomy and Support for Persons in a Dependent Situation (Ley 39, 2006), the
challenge is none other than to meet the needs of those people who, being in a situation of special vulnerability, require support in order to carry out essential activities of daily life, achieve
greater personal autonomy and be able to fully exercise their rights of citizenship.
With the election of the social criteria, the discriminatory effects that the non-adoption
of the proposed measures may imply for people with disabilities may be assessed.
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Table 4. Rating assigned to technical criteria (source: own development)

Regulatory
framework

Building’s technological
conditions

Satisfaction of needs of persons with disabilities
(65% s/technical)

Subgroup
of criteria

Criteria

R=0

R=1

R=2

R=3

R=4

Level of accessibility
of the ‘design for all’
proposal

<59

Level of accessibility
of the proposal for
mobility

<59

Level of accessibility
of the hearing
proposal

<59

Level of accessibility
of the proposal for
vision

<59

From 60 From 70 From 80 From 90
to 69
to 79
to 89
to 100

Increase in level of
accessibility design
for all

<5

From 5
to 9

From 10 From 15
to 14
to 19

≥20

Increase level of
accessibility –
mobility

<5

From 5
to 9

From 10 From 15
to 14
to 19

≥20

Increase level of
accessibility –
hearing

<5

From 5
to 9

From 10 From 15
to 14
to 19

≥20

Increase level of
accessibility - vision

<5

From 5
to 9

From 10 From 15
to 14
to 19

≥20

Architectural design

High

Medium

Little or
void

Physical status

High

Medium

Little or
void

Quantification

From 60 From 70 From 80 From 90
to 69
to 79
to 89
to 100
>>Level
From 60 From 70 From 80 From 90
to 69
to 79
to 89
to 100 of accessibility
obtained
through
From 60 From 70 From 80 From 90
alternative
to 69
to 79
to 89
to 100
≡>>R

Uses and activities

High

Medium

Little or
void

Relations with the
environment

High

Medium

Little or
void

Technical

High

Medium

Little or
void

Urban

High

Medium

Little or
void

Administrative

High

Medium

Little or
void

>>∆
accessibility
obtained
through
alternative
≡>>R

Negative
influence

Difficulty
with implementation

Within a group of social criteria, functional diversity criteria are considered to best represent the social reality of the building. For that reason, they are 65% of the total value of
the social criteria group.
The range of values has been established based on known statistical data:
–– Number of persons with disabilities: the highest score is assigned to the situation
which reflects a higher than national average number of persons with disabili-
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ties –8.5% – (Instituto Nacional de Estadística [INE], 2008), with an average score
being assigned to a situation similar to the national average;
–– Number of elderly people: the highest score is assigned to that situation which reflects
a higher than the national average number of elderly people – 16%, according to the
2014 population pyramid – (INE, 2008);
–– Number of dependent persons: the highest score is assigned to the situation that reflects a number of dependent persons higher than the average in Andalusia – 5.56%.
This indicator has been eliminated from the most relevant group for two reasons:
1. The objective of reasonable accommodation is universal accessibility, which can be
understood as a principle that guarantees users the right to use the surrounding
areas on equal terms, safely and in the most autonomous way possible. The dependent person, by definition, is unable to use them autonomously;
2. The statistics available related to dependent persons does not exclude persons with
disabilities or the elderly, therefore, we know that this indicator is practically redundant if we take into account the other two;
–– Number of persons using the building plus the number of floors: the number of people was obtained using the average occupancy of homes in Andalusia –2.4 room/
dwelling – (Orden de 29 de septiembre, 2008). This data are combined with the following requirement: in Andalusia a building is required to have an elevator if there
are more than 17 homes / 2 floors, or more than 3 floors in any other case, according
to the Accessibility Regulation of Andalusia (Decreto 293, 2009);
–– Number of vacant apartments. Andalusia’s current dwelling occupation situation is
as follows: 17% vacant dwellings, 15% secondary homes and 68% of main homes
(Ministerio de Fomento/Instituto Juan de Herrera, 2013).
The ratings assigned in this group are those expressed in Table 5.

5.3. Economic criteria
The group of economic criteria includes all of those criteria that have the euro as a fundamental unit of measurement.
The values for the range of criteria have been established based on available statistical
data:
–– The level of income of persons with functional diversity -or of the co-living units
(icl)- for whom improvements in accessibility are being studied. The values of each
of the ranges have been adopted according to the limits established by the Housing
Plans approved in Andalusia for each of the programs established therein, from the
infra-housing programs in the lower limit, to the housing programs of general public
protection and private promotion, in the upper limit. The Multiple Income Public
Income Indicator (RISB) has been used for this purpose;
–– For the evaluation of the economic capacity of the institution that has to carry out the
measure (the community of residence owners), some sections have been drawn up based
on the regular annual budget of the community (ab), measured in €/dwelling, with the
purpose of having indicators in uniform units of measure which permit comparison.
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Table 5. Rating assigned to social criteria (source: own development)

Other
situations

Building’s occupation situation

Persons’ functional diversity
(65%s/social)

Subgroup
of criteria

Criteria

R=0

Number
of persons
with disabilities
(pwd)

pwd < 5%

R=1

R=2
5% ≤ pwd
≤ 8.5%

R=3

R=4

Quantification

pwd > 8.5%

Type of
disability
(not assessed)

>>No. ≡>>R

Number
of elderly people ep < 10%
(ep)

10% ≤ ep
≤ 16%

ep > 16%

Number of
dependent
persons (dp)

dp < 5%

5% ≤ dp ≤
10%

dp > 10%

Number of
users of the
building (ub)
and number
of floors (nf)

ub < 17
and
nf ≤ 2

ub ≥ 17
and nf = 2

nf ≥ 3

>>No. ≡>>R
(>>recipients)
>>no. of floors
≡>>R

Number
of vacant
apartments (v)

v ≥ 32%

32% > v ≥
17%

v < 17%

>>No. ≡<<R

Risk of social
No
exclusion,
people in
gender violence, social ex
etc.
risk

One
person in
situation
of risk

More than
one person
in situation
of risk or in
situation of
multiple risk

>>Value
>>situation
of risk

The values of the considered annuities, according to the survey data, go from budgets
of less than € 120 / dwelling (equivalent to € 10 / month per dwelling) for the section
of lower economic capacity, up to budgets of above € 1,020 / dwelling (equivalent to
€ 85 / month per dwelling) for the section with the greatest economic capacity.
–– The scoring sections of the costs of the measure (cm) have been established according
to the sections defined for the amounts of the aid (ag), assigning an inversely proportionate score in each case:
––The higher the measure expenses, the lower the rating;
––The higher the aid likely to be received, the higher the rating.
–– The relationship between the costs of the measures (cm) and the aids (ag), are established by the limits of the aids (ag) under the current State Housing Plan (Real
Decreto 233, 2013), assumed by Andalusia in the Order for the promotion of building
renovations (Orden de 28 de abril, 2015). The limit is 50% of the cost of the intervention and 10,000€ / dwelling (€ 14,000 / dwelling as the limit of aid (ag) in terms of
accessibility if it requires structural intervention). Aids that reach 75% of the budget
of the intervention have been endowed with the maximum score of 4, in accordance
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with the Order of rehabilitation of buildings entrusted to the Public Land Company
of Andalusia (Orden de 9 de Agosto, 2005).
–– Reasonable accommodation according to (Real Decreto Legislativo 7, 2015). In the
section of the economic valuations, within the group of economic indicators, the
criterion legally established by the Land Law for the consideration of reasonable accommodation must be given greater relevance than the others. In this case, 50% of the
weight has been assigned within the set of economic criteria. The intention is to adjust
the results obtained through the proposed method to the current legal framework as
much as possible, with regards to the objectives set out in this research project.
–– Aids or grants (ag) that can be obtained in order to carry out the alternatives. These
subsidies can be those included in the current State Plan for Building Rehabilitation
2013–2016 (Real Decreto 233, 2013), in the Housing Plans of the Autonomous Communities, in the Municipal Programs for assistance in the rehabilitation and elimination of architectural barriers, etc.
–– Funding possibilities (f). A financial study that evaluates the possibility of obtaining a
loan to execute the planned works, which allows the amortization of the cost of these
works in a reasonable period of time, is necessary. In the most complex case regarding a resident’s association, each financial institution establishes the conditions under
which this type of credit would be subject to concession, as the resident’s association
has legal incapacity to act in this sense. Consulted some financial entities, they require
the unanimous approval of the extraordinary budget in order to execute these works,
and that the administrator is a professional collegiate, as a guarantee of the validity
of the procedures and administrative procedures necessary (notifications, counting of
votes, period of contestation of agreements, etc.)
–– Net replacement value (rv), or value of the building in its current state, including depreciation according to its age and conservation. This value can be obtained from the
cadastral values; failing this, the value can be obtained from the applicants’ property
tax receipt, extrapolating this value to the rest of the building. This value is decisive
when establishing the legal limit for the conservation of a building.
–– Other planned interventions in the building. This can be positive as they can provide
an opportunity to eliminate barriers. But it can also be a negative factor as it may lead
to an increase in the final cost of the work on the building. Information about these
other interventions is required, as well as the budget for them.
The ratings assigned in this group are those expressed in Table 6.

6. Discussion of research incomes
The main objective of this article is to formulate a proposal for evaluating interventions that
can be undertaken in a multi-family residential building to improve accessibility. In addition, this evaluation proposal makes it possible to determine if those interventions can be
considered reasonable accommodation, as required by current legislation on equal rights for
persons with disabilities.

Subgroup
of criteria

Other

720 < ab ≤ 1,020

3.5 RISB < icl ≤
5.5 RISB

8,000 ≤ cm <
2,000

R=3

ab > 1,020

icl > 5.5 RISB

Yes

cm ≤ 2,000

R=4

50% rv > cm ≥
25% rv

Other actions
which affect
accessibility –
medium or low

cm ≥ 50% rv

No actions
planned or
no action
affecting
accessibility

Other interventions (non-related
to accessibility) planned for the
building

Average
difficulties to
obtain financing

Other actions which
affect accessibility –
high

cm < 25% rv

Low or void difficulties
to obtain financing

1,000 €/dwelling 4,000 €/dwelling
≤ ag < 4,000 €/ ≤ ag < 10,000 €/ ag ≥ 10,000 €/dwelling
dwelling and <
dwelling and <
and < 75% cm
50% cm
50% cm

420 < ab ≤ 720

2.5 RISB <
icl ≤ 3.5 RISB

Partial

16,000 ≤ cm <
8,000

R=2

Replacement value (rv):
If cm >50% rv

Not possible

Possibility of funding (f)

120 < ab ≤ 420

Aid/Grants (ag)

ab ≤ 120

Annual budget of the residents’
association (ab) (€/dwelling)

1.5 RISB <
icl ≤ 2.5 RISB

20,000 ≤
cm < 16,000

R=1

Other grants –
No aids/grants
under best
valued

icl ≤ 1.5 RISB

No

Reasonable accommodation,
according to the Land Law:
If cm (€/dwelling) – ag ≤ ab
(50%s/economic)

Income level of those with
functional diversity/Income level
of the co-living units (icl)

cm > 20,000

R=0

Cost of the measures (cm) (€/
dwelling)

Criteria

Table 6. Rating assigned to the economic criteria (source: own development)

Economic
evaluations

People’s and
institutions’
financial
capacity

Improvement
enablers

Limit of the
legal duty of
conservation

To be assessed

>> f ≡>>value

>> ag ≡>>value

>> ab ≡>> possibilities
to perform ≡>>>R

>>Income ≡>>
possibilities
to perform ≡>>R

No = 0; Partial = 2;
Yes = 4

>>Expenses
≡>>difficulty

Quantification
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This proposal is based on a fuzzy multi-criteria evaluation of technical, social and economic criteria (Delgado et al., 2016), using the Scoring method (Mardani et al., 2015) or
linear weighting. In general, the person who must make a decision regarding a set of possible alternatives as a solution to a particular problem, does not tend to order them under
a single criterion, which would greatly simplify the process. In fact, he/she does so by addressing a broad set of criteria which seems more appropriate. The proposal of alternatives
is the responsibility of the intervening technician, and their adaptation of the alternatives to
each situation will depend on their training and degree of specialization – whether or not
the alternative is technically, urban and legally viable; whether or not the collection of data
of the building and the social reality described has been carried out with rigour; or whether
or not the proposed economic evaluations are correct.
The proposed methodology supposes a great scientific contribution intended to improve
the quality of life of persons with disabilities in the environment in which they carry out an
important part of the activities of daily life: their own home. There are four reasons for this
scientific contribution:
–– The determination of the fuzzy criteria of the linear weighting method used, consisting of three types of criteria: technical, social and economic. The current legislation
only takes into account economic “cost-solution” criteria based on regular annual
budgets of residents’ associations in residential buildings.
–– The quantification of the diffuse criteria responds to a scale of assessment of indicators
that represent the reality in a quantitative, simple and direct way in order to allow a
comparison between possible alternatives.
–– The order of relevance of the alternatives based on the higher or lower score obtained
expresses the greater or lesser adaptation to established diffuse criteria.
With this information it is possible to evaluate the degree to which the personal needs
of persons with disabilities, with regards to the building where they live, are met. For this
purpose, economic proportionality of those measures regarding the improvement of accessibility is taken into account, as well as the discriminatory effects that the non-adoption of
these measures may entail.

Conclusions
By using the proposed method of diffuse multi-criteria evaluation, the two proposed objectives are reached:
1. A comparative evaluation of the possible alternatives available for the improvement
of accessibility in residential buildings is proposed. It provides objective criteria to aid
the decision of the best alternatives, which is important with regards to the decisionmaking process.
2. It is possible to determine reasonable accommodation according to corresponding
legislative requirements, through a diffuse multi-criteria evaluation, calculated by the
linear weighting method based on technical, social and economic criteria. The current
determination of reasonable accommodation in residential buildings under the system
of Horizontal Property has been greatly simplified by the definition of “disproportion-
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ate burden” in the Land and Rehabilitation Law (Real Decreto Legislativo 1, 2013).
This norm establishes that the cost of the intervention must not exceed the value of a
regular residents’ association annuity. This measure does not highlight the complexity
of the problem at hand nor does it meet the requirements of the Consolidated Text of
the General Law on the Rights of Persons with Disabilities and their Social Inclusion
(Real Decreto Legislativo 1, 2013). This means that we reduce all factors to monetary
units exclusively as in the Operational Research era (Ríos et al., 1989), instead of proposing a more realistic approach to the explicit consideration of multiple criteria. This
is the only way the problem of decision making can be properly addressed: through
the construction of successive synthesis of objective criteria.
This linear weighting method and fuzzy logic are the ones that are used most frequently
when decisions are made using multi-criteria evaluation techniques that have a spatial nature,
which is why they can be implemented using Geographic Information Systems (GIS). In the
case of the VIVable R + D + i project, this implementation is carried out through a WebApp
prototype called SIG-ACCE.
The fuzzy multi-criteria evaluation method for the determination of reasonable accommodation proposed can be transposed (Guo & Zhao, 2017; Mardani et al., 2015) to buildings of uses other than residential; technical, social and economic criteria would have to be
adjusted to the requirements of the corresponding current legislation.
Lastly, the fuzzy multi-criteria evaluation method for the determination of the proposed
reasonable accommodation can also be extrapolated to other countries as long as they are
standardized in the basic requirements of accessibility in buildings, as well as in terms of
equal rights for persons with disabilities. For this purpose, the technical, social and economic
criteria established in the evaluation should be adjusted, as well as their quantification to the
complex reality of the corresponding country.
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