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Abstract: This paper examines key aspects of the behavior of housing demand from a sustainable
standpoint. Most studies have mainly focused on housing supply, looking at quantitative predictions
without considering the qualitative relationship found between housing values and housing demand
on a sustainable and microeconomic scale. We used a multicriteria decision methodology (analytic
hierarchy process—AHP) for the analysis of preferences in demand, based on the theory of multi-
attribute utility of housing, to determine the relative importance of each characteristic of housing
and its influence on the decision-making process. For this purpose, we carried out the study over
three main groups of stakeholders in the housing market: real estate surveyors, real estate agents,
and housing buyers (the latter representing the housing demand). Results show that although there
might be some slight discrepancies among the three groups in the decision-making process and
the weighting of housing attributes, the three groups agree in most of the process, especially when
defining the criteria and the importance that each criterion has on the process of valuation. This
study provides important managerial and sustainable implications for the real estate market related
to urban public policy, as we highlight which criteria are most preferred.

Keywords: preferences; sustainable real estate market; housing demand; housing supply; multicriteria;
AHP; public urban policies

1. Introduction

There is a broad consensus in scientific literature on the multi-attribute nature of
housing and there are many studies that, based on the hedonic price model [1], have
analyzed the contribution of different attributes in the formation of housing prices [2–4].
Thus, these studies have introduced diverse solutions to the qualitative character of some
of these attributes [5–8].

Most of these studies focus on the supply side and are based on broad housing
databases that include the sale price (or supply). The values they reach and those at-
tributes which are considered relevant in the study usually explain the final price of the
house. However, there are many studies based on demand and on the a priori desirable
characteristics of these economic goods [9,10].

In fact, most studies on the demand for housing have a strong macroeconomic ap-
proach, in which housing appears as a mono-attribute good, and the willingness to pay
for it is determined by a series of economic variables (population, per capita income, GDP,
etc.); the ultimate objective is usually to quantify the global demand for space to cover
this basic need and to give some insights for property valuation and future urban public
policies [11–14].
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However, the use and growth of buildings’ environmental performance assessment
methodologies has contributed greatly to the integration of methods and practices that
favor sustainability in the housing sector. Those methods are built upon various principles
and different data, criteria, and evaluation [15].

Among them, it is worth mentioning:

- Green Building Tool (GB Tool), an international project coordinated from Canada;
- Leadership in Energy and Environment Design (LEED), a method developed in the

USA with worldwide application;
- Comprehensive Assessment System for Building Environmental Efficiency (CASBEE),

a method developed in Japan;
- Building Research Establishment Environmental Assessment Method (BREEAM). a

method developed in the U.K.

Focusing on Europe, the most frequently used are:

- High environmental quality (HQE), developed in France during the last decade;
- The VERDE method developed in Spain.

Thus, in this study we consider the analysis of the demand for housing from a
sustainable microeconomic perspective, considering the characteristics desired by the
potential buyers of the good that would determine their initially willingness to pay [16].

Therefore, given the importance of the decision when buying housing and the lack
of transparency of the market, it is logical that in the decision-making process leading to
the purchase, a series of intermediary real estate agents and/or surveyors (experts) can
influence the demand [15–17]. On the other hand, the high value of housing implies that
the acquisition process requires financing in which the home itself serves as a guarantee,
triggering a valuation process whose result can also condition the decision of the potential
housing buyer.

From this approach we developed the present study to determine to what extent does
the appraisal of the attributes of the dwellings made by the potential housing buyers in
determining their willingness to pay coincide, in a sustainable way, with the valuation of
the intermediary real estate agents of those same attributes and with that of the real estate
surveyors.

With this aim, we conducted a survey of a set of recent housing buyers (we gave
preference to real housing buyers rather than potential because the goods can be identified
and their attributes contrasted in a more suitable and sustainable way), real estate agents,
and real estate surveyors in the city of Valencia [16]. For the weight of the different
attributes in determining the value of the good, the methodology of the analytic hierarchy
process (AHP) was used, considering that it is the most suitable method to analyze the
decision-making process of housing purchases as evidenced by the abundant literature on
the subject [18–22].

The remainder of the paper is structured as follows. The first part deals with Saaty’s
AHP methodology [23] and its different stages of fulfilling decision making in a business
context. The next part outlines the case study for the analysis of the preferences in demand,
based on the theory of multi-attribute utility of housing. Similar analyses thus focus on
the real estate surveyors’ and real estate agents’ opinions. Then, the new AHP model is
clarified with the dissimilar hierarchy levels and variables. Finally, the results from the
interviews are evaluated and a comparison is made based on the interview results.

2. Materials and Methods

AHP sets out a hierarchical structure of the decision-making problem with the purpose
of presenting, deconstructing, and ordering all of the information to carry out the process
in the following context: social preferences on housing by considering the individual and
the sustainable function of the attributes. The AHP model was created by Thomas L.
Saaty in 1980. It is a technique for analyzing and realizing decision making and is used
across wide-ranging fields within the business sector [24,25]. For Saaty and Vargas, this
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technique is a universal theory of measurement. The AHP is a descriptive theory, which
treats individuals independently from their basic circumstances [26–28].

This methodology forecasts a way of measuring demand on a non-monetary scale
and its results can be interpreted and validated in terms of sustainable and social utility,
since it rates the priority of the intervening groups. There is existing literature in which
this methodology is applied and compared with other methods [5,18–22] showing this new
approach can overcome some of the problems faced by the traditional methods. Given
the multifunctional role of housing, we study the preferences of demand and two other
collectives: real estate agents and real estate surveyors. By aggregating the individual
preferences and determining the sustainable and social preferences from a representa-
tive sample, we will see if the aggregated preferences can be used as representative of
sustainable and social preferences.

The foundation of Saaty’s mathematical statistical methodology is the creation of the
AHP hierarchy with the objective at the highest level, followed by the criteria as well as
sub-criteria in the next levels. In the following stages, there is an in-depth assessment
of the variables by realizing pairwise comparisons and the calculations of the weights in
every level, followed by the calculations of the weights of the entire AHP hierarchy. These
pairwise comparisons lead to matrices, from which ratio scales result in eigenvectors [27,28].

A set of alternatives enables these to be prioritized, by comparing elements pairwise,
using a fundamental scale designed for this purpose (see Table 1).

Table 1. Fundamental scale for pairwise comparisons.

Numerical Scale Verbal Scale Explanation

1 Equal importance Both elements contribute equally to the property or criterion

3 One element is moderately more important
than the other

Judgement and prior experience favor one element over the
other

5 One element is significantly more important
than the other

Judgement and prior experience strongly favor one element
over the other

7 One element is much more important than the
other

One element is favored very strongly over the other. Its
dominance is demonstrated in practice

9 Extreme importance of one element over the
other

One element is dominant over the other to the highest
possible order of magnitude

Source: [23]. Note: The values 2, 4, 6 and 8 can be employed to express intermediate situations. We have not considered these values to get
a greater defined position of the interviewed individuals.

By comparing the alternatives two-by-two in terms of a particular criterion and using
the pairwise comparison scale, square matrices are obtained:

A = baijc, 1 ≤ i, j ≤ n (1)

which must fulfil the properties of reciprocity, homogeneity, and consistency.

aij =
1
aji

(2)

If aij = x then aji =
1
x

, 1/9 ≤ x ≤ 9 (3)

The eigenvector of the proposed matrix indicates the importance or weight of each
alternative in terms of this criterion [29–31].

Therefore, the consistency matrix must fulfil the characteristics:

aik × akj = aij (4)

for all 1 ≤ i, j, k ≤ n

∂λmax/∂λaij = ∂λmax/∂λaji (5)

for all i and j



Sustainability 2021, 13, 7550 4 of 16

AHP enables the evaluation of inconsistency of the decision maker when making
judgements. To measure this, what is known as the consistency ratio (CR) is calculated.
In general [32], inconsistencies below 10% are accepted for matrices of the range n ≥ 5
(5% for n = 3 and 9% for n = 4). Otherwise, the judgements made must be revised or the
matrix discarded.

AHP possesses two important characteristics which are worth nothing. The first
is that it can be applied individually or collectively, with the latter case involving con-
sultation with real estate agents and arriving at an ultimate solution by aggregating the
opinions of everyone involved. This aggregation takes place using the geometric mean [33].
The second characteristic, referred to above, is that by means of the CR we can deter-
mine the consistency of the information used in the process and therefore eliminate the
inconsistent information.

The variables that can exert influence on housing price are turned into questions
to study the weight each variable adds to the final valuation through the individual
preferences; to check the weight each variable adds to the final valuation through individual
preferences and the differences that might exist among the three groups.

2.1. Data Collection

During the first stage, we gathered a group of 15 real estate agents to build a decision
tree with all the characteristics and/or variables reflecting the kind of housing which will
eventually make the difference among values. To avoid any kind of preceding influence,
those real-estate agents were independent and not included in the group of analysis. As
Saaty [32] states, the participation of a group of real estate agents will help to validate
the results. Thus, this supports our selection of a hierarchy to be used as the basis for
our survey.

Although the study in origin was focused on the demand preferences, we considered
it useful to carry out the same survey over a group of real estate surveyors and real estate
agents, with the aim of showing differences in opinion regarding the importance each group
might give to the preferences and, therefore, the real estate valuation. Thus, we sought an
additional support to contrast the housing demand group preferences, considering most of
the housing types were condominiums. Therefore, we identified three groups of analysis:

Demand: male and female adults who bought a property in Valencia (Spain) before
the survey took place. Thus, from a total population of 6000 people who bought housing,
we randomly took a sample of 153 individuals. This amount fulfilled the requirement of
confidence level (95%) and margin of error (10%), since the minimum number of recom-
mended surveys was of 95. We carried out individual and private surveys at the place of
residence or workplace.

Real estate surveyors: a group of 13 architects, engineers, economists, etc., whose main
professional activity is related to real estate surveyors and work for real estate companies.

Real estate agents: a group of 28 real estate professionals whose main professional
activity is related to real estate and property brokerage between buyers and sellers.

The surveys consisted of pairwise comparisons which were carried out following a
hierarchy and from the high-level characteristic or variable standpoint. Thus, individuals
compared the alternatives two-by-two in terms of a particular criterion and using the
pairwise comparison scale (from 1 to 9) according to Saaty [23]. Figure 1 and Tables 2–6
show the hierarchy and comparisons carried out in the survey. The survey had the same
structure. We considered that the survey results might be extrapolated to other territorial
areas outside Valencia. However, we also considered the fact that the housing demand
group preferences have strong local influences. For example, the low-level of air pollution
and contamination in relation to housing environment; the importance given to a balcony
or air conditioning installations; the energy performance of the dwelling; existence of
infrastructures; access to public transport, environment, etc. These might affect the prefer-
ences of environment or the choice of neighborhood. Therefore, we should consider the
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condition of the local housing market, even though the methodology used can be applied
to any location.

Figure 1. AHP hierarchy for housing value. Source: authors’ own elaboration.

Table 2. Housing value matrix example for housing demand.

Housing Value Environment Dimensions Housing Building

Environment 1 2.13 2.37 4.35
Dimensions 0.47 1 1.48 3.74

Housing 0.42 0.68 1 3.20
Building 0.23 0.27 0.31 1

Source: authors’ own elaboration.
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Table 3. Environment matrix example for housing demand.

Environment Urban Micro-
Environment Atmosphere Facilities and

Amenities Accessibility

Urban micro-
environment 1 1.45 1.54 1.92

Atmosphere 0.69 1 0.82 1.21
Facilities and

amenities 0.65 1.22 1 1.48

Accessibility 0.52 0.83 0.67 1
Source: authors’ own elaboration.

Table 4. Dimension matrix example for housing demand.

Dimensions Surface Rooms Balcony/Terrace Layout Ceiling
Height

Surface 1 2.62 3.59 4.01 6.32
Rooms 0.38 1 1.71 1.55 3.80

Balcony/terrace 0.28 0.58 1 1.00 3.25
Layout 0.25 0.64 1.00 1 3.34

Ceiling height 0.16 0.26 0.31 0.30 1
Source: authors’ own elaboration.

Table 5. Housing matrix example for housing demand.

Housing State of
Conservation Exterior Floor Views Orientation

State of
conservation 1 1.18 1.45 2.18 1.59

Exterior 0.84 1 1.34 2.34 1.54
Floor 0.69 0.75 1 1.91 1.34
Views 0.46 0.43 0.52 1 0.80

Orientation 0.63 0.65 0.74 1.24 1
Source: authors’ own elaboration.

Table 6. Building matrix example for housing demand.

Building Building Quality Building Facilities Parking Space/Garage

Building quality 1 2.12 1.45
Building facilities 0.47 1 0.47

Parking space/garage 0.69 2.14 1
Source: authors’ own elaboration.

As we have previously commented, one of the secondary objects will be to show if
there are any differences of opinion among the real state surveyors, real estate agents,
and the housing buyers. Real estate agents and real estate surveyors were asked to answer
as if they were walking in buyers’ shoes when discussing which variables they consider
important regarding housing demand preferences. House buyers were asked about their
wishes, requirements, and beliefs.

2.2. Data Analysis: Measurement and Assessment of Model

In the interaction of multiple factors which affect complex decisions such as the choice
of housing, it is essential to identify the importance of each factor and to determine the level
at which they have an effect. To determine our hierarchy, we structured the situation by
identifying the criteria and other tangible and intangible factors, so that we could measure
the interaction among them and synthesize all the information to obtain the priorities,
in our case, about the housing demand group preferences.

To achieve this aim, a wide range of variables were positioned at the next levels of
the hierarchy: environment, dimensions, housing, and building. On the second level,
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the criteria (macro-variables) were positioned. The first criterion, environment, comprised
the environment, micro-urban environment, low-level of pollution, urban and retail pres-
tige of the area, existence of equipment, facilities and amenities, socio-economic environ-
ment, security, heritage areas, green areas, accessibility, etc. The second criterion, dimen-
sions, focused on the real estate equipment and layout, number of rooms and bathrooms,
balcony/terrace, height of ceilings, etc. The third criterion, housing, covered housing state,
energy performance, orientation, floor, views, etc. The fourth criterion, building, covered
the state of conservation and features of quality (aesthetics, age, state of conservation,
eco-efficiency, eco-construction, health and safety, comfort, and sensory including visual,
olfactory, acoustic, etc.), common facilities (swimming pools, gyms, children’s areas, etc.)
and access to garages and/or parking.

We then set the following scheme (see Figure 1).
The pairwise comparisons were carried out from the high-level characteristic or

variable standpoint. We were trying to identify the housing demand group preferences
which have influence on the housing value. This high level contains this element only. As
previously commented, we identified 4 macro-variables that exert influence at the higher
level and 17 micro-variables which depend on the macro-variables; thus, every element of
a level is related to another at the level immediately above.

First level: Housing value
Second level: Macro-variables

(a) Environment: environment location, low-level of air pollution and contamination,
low level of noise pollution

(b) Dimensions: housing surface, capacity, volume, and dimensions
(c) Housing: what makes the housing unique and different
(d) Building: what makes a building which includes a group of housing unique and different

Third level: Micro-variables

(a.1) Urban micro-environment: Environment quality and consolidation, building aesthetic,
urban equipment, retail, and residential prestige

(a.2) Atmosphere: low-level pollution, neighborhood socio-economic profile, cohabitation,
and security

(a.3) Facilities and amenities: proximity to commercial areas, workplaces, heritage areas,
green areas, and social facilities

(a.4) Accessibility: commuting and transport facilities.
(b.1) Surface: length and width of property measured in square meters.
(b.2) Number of rooms and bathrooms
(b.3) Balcony/terrace: open-air areas
(b.4) Layout: spatial relation of all the housing areas
(b.5) Ceiling height: available height, from the floor to the ceiling
(c.1) State of conservation: quality design, energy performance, age, state of conservation,

need for renovation, additional facilities
(c.2) Exterior: main rooms have a window or balcony to the street
(c.3) Floor: location inside the building
(c.4) Views: from the property
(c.5) Orientation: location with respect to the sun and cardinal points
(d.1) Building quality: aesthetics, age, state of conservation, eco-efficiency, eco-construction,

health and safety, comfort, visual-olfactory-acoustic, etc.
(d.2) Building facilities: common areas, swimming pools, sport zones, children’s areas,

green areas, surveillance, etc.
(d.3) Parking space/garage

Once the hierarchy was built and defined, we carried out the interviews.
Each survey (see Appendix A) had three levels and each survey respondent, by showing

his/her preferences, generated five matrices, a 4 × 4 matrix about generic preference with
respect to 4 macro-variables, a 4 × 4 matrix about environment preferences, a 5 × 5 matrix



Sustainability 2021, 13, 7550 8 of 16

about dimensions preferences, a 5× 5 matrix about housing preferences, and a 3 × 3 matrix
regarding building preferences. This made a total of 35 pairwise comparisons.

The first level of pairwise comparisons compared the relative importance of the criteria
with respect to the overall goal of housing value; data for the housing demand group are
shown in Table 2.

The second level of pairwise comparisons compares the relative importance of the
sub-criteria with respect to the environment criterion (Table 3) as well as the space criterion
(Table 4), housing criterion (Table 5), and building criterion (Table 6).

Because of the involvement of the different interview partners mentioned above,
for Aczél and Saaty [33] the necessity of an aggregation of the preferences of each inter-
viewee into a consensus conclusion is essential. Therefore, the geometric mean of the
decisions of the individuals, which specifies the principal tendency of a cluster of numbers
by realizing the product of the pairwise comparison value into group decision making,
is required.

f (x1, x2, . . . , xn)= ∏n
k=1 x1/n

k (6)

3. Results
3.1. General Analysis

Focusing on the housing demand group, we carried out a survey over a sample of 153
randomly selected individuals from a population of approximately 6000 homebuyers in the
city of Valencia (although the sample size for a 10% margin of error and a 95% confidence
level is 95, more surveys were collected in anticipation of the possible eliminations by level
of insufficient consistency). Regarding the other two groups of interest, we obtained a total
sum of 13 individual surveys in the case of real estate surveyors and 28 individual surveys
in the case of real estate agents.

All the consistency ratios of these pairwise comparisons of the three groups lay
between 0.0% and 5.0% for the matrices with a rank of three variables and between 0.0%
and 9.0% for the matrices with a rank of four variables, which is satisfactory according
to Saaty [29]. However, for the matrices with five, whose consistency is considered to
range between 0.0% and10.0%, we obtained a slightly superior average consistency. As
Saaty states, due to the lack of accuracy in individuals’ minds, judgements might not be
consistent, especially when valuating intangibles; therefore, a minimum of inconsistency
might be good. Moreover, Aull-Hyde, Erdogan, and Duke [34] show how the aggregate
consistency is good for large size samples, even when the individual consistencies are
not acceptable.

Therefore, some inconsistency might be good for determined situations. In our
case—without having eliminated the surveys with a high inconsistency—the consistency
mean of the 153 surveys which corresponds to the housing demand group results in 12%,
the consistency mean of the 28 surveys which corresponds to the real estate agents results
in 11%, and the consistency mean of the 13 surveys which corresponds to the real estate
surveyors results in 12%. Furthermore, 45% of the housing demand group, 57% of the real
estate agents, and 62% of the real estate surveyors have a consistency ratio lower or equal
to 10%. This is the reason we decided to eliminate the surveys whose inconsistency was
greater than 20% in order to obtain an average consistency ratio of 10%; thus, the number of
surveys was reduced to 12 real estate surveyor interviews, 26 real estate agent interviews,
and 132 housing demand group interviews, which implies a total of 170 accepted surveys.

Given the personal preferences of each survey respondent, some characteristics will
have more relevance than others. The measure of this relative importance is called weight.
We chose the eigenvector as the method for aggregating preferences [35]. Then, we pro-
ceeded to aggregate the individual judgements to obtain our global utility function.

We checked how the three surveyed groups behave in a homogeneous way. All the
individuals in the surveyed population have similar status, education, and experience;
and their answers (preferences and intensities) were similar too. Therefore, because of
the involvement of the different interview partners mentioned above, the necessity of
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an aggregation of the preferences of each interviewee into a consensus conclusion was
essential. Therefore, the geometric mean of the decisions of the individuals, which specifies
the principal tendency of a cluster of numbers by realizing the product of the pairwise
comparison value into group decision making, is required, as shown in Equation (6) [3,36].

By means of the real estate agent choice software package, we found the inconsistency
ratio and relative weights with respect to the goal of housing value. We chose the distribu-
tive mode, to make clear the dominance (represented by the weight) of one variable with
respect to others under the same criterion.

To illustrate the process, we show the application of the first and second levels of
the global matrices for the housing demand group (Table 7), real estate agents (Table 8),
and real estate surveyors (Table 9):

Table 7. Interview example of criteria comparisons for housing demand.

Housing Value Environment Dimensions Housing Building Eigenvector

Environment 1 2.13 2.37 4.35 0.455
Dimensions 0.47 1 1.48 3.74 0.264

Housing 0.42 0.68 1 3.2 0.203
Building 0.23 0.27 0.31 1 0.078

CR * 2% <8% 1
* Consistency ratio. Source: authors’ own elaboration.

Table 8. Interview example of criteria comparisons for real estate agents.

Housing Value Environment Dimensions Housing Building Eigenvector

Environment 1 1.62 3.26 6.53 0.471
Dimensions 0.62 1 2.02 4.66 0.300

Housing 0.31 0.49 1 3.69 0.169
Building 0.15 0.21 0.27 1 0.060

CR * 1% <8% 1
* Consistency ratio. Source: authors’ own elaboration.

Table 9. Interview example of criteria comparisons for real estate surveyors.

Housing Value Environment Dimensions Housing Building Eigenvector

Environment 1 1.93 2.98 6.12 0.482
Dimensions 0.52 1 2.25 4.01 0.292

Housing 0.34 0.44 1 2.52 0.155
Building 0.16 0.25 0.40 1 0.071

CR * 0.8% <8% 1
* Consistency ratio. Source: authors’ own elaboration.

As we can see, we obtained more than acceptable global inconsistency ratios: 2% for
the housing demand group, 1% for real estate agents, and 0.8% for real estate surveyors.

Table 10 shows the environment, dimensions, housing, and building weights assigned
by each analyzed group to each one of the sub-criteria.

Table 10. Weights.

Housing Demand Real Estate Agents Real Estate Surveyors

Environment 0.454 0.471 0.482

Urban
micro-environment 0.159 0.176 0.240

Atmosphere 0.105 0.104 0.112
Facilities and

amenities 0.109 0.136 0.081

Accessibility 0.081 0.056 0.049
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Table 10. Cont.

Housing Demand Real Estate Agents Real Estate Surveyors

Dimensions 0.264 0.300 0.292

Surface 0.124 0.133 0.106
Rooms 0.054 0.086 0.083

Balcony/terrace 0.036 0.033 0.045
Layout 0.014 0.037 0.039

Ceiling height 0.055 0.012 0.019

Housing 0.203 0.169 0.155

State of conservation 0.055 0.066 0.067
Exterior 0.051 0.046 0.042

Floor 0.041 0.026 0.016
Views 0.025 0.015 0.016

Orientation 0.031 0.017 0.014

Building 0.078 0.060 0.071

Building quality 0.036 0.029 0.040
Building facilities 0.020 0.014 0.015

Parking space/garage 0.022 0.018 0.016
Source: authors’ own elaboration.

3.2. Macro-Variables Analysis

The housing demand group, real estate agents, and real estate surveyors agreed in
giving the same weight to the environment variable; however, the housing demand group
was only given a less than 2.25% percentage weighting than the average of the other
two groups.

The three groups practically provided the same importance to the variable dimensions;
however, the housing demand group gave a weighting of 3.2% less than the average
weighting of real estate agents and real estate surveyors.

For the housing demand group, housing represents a weighting of 4.1% more than the
other two groups. It could be explained by the more subjective criteria, tastes, and needs of
the housing buyers.

The three groups give similar values to the building.

3.3. Micro-Variables Analysis

In the case of environment, the urban micro-environment is the most valued variable
by the three groups; however, real estate surveyors assigned an 8% greater value to this
variable than the housing demand group. According to the housing demand group, urban
micro-environment can explain 15.9% of the housing value, whereas for the real estate
surveyors it explains 24%. The atmosphere and environment variables show no significant
differences among the groups.

The real estate agents gave a higher value to facilities and amenities compared with
the housing demand group, whereas the housing demand group gave more importance
to accessibility than the other two groups. Although the difference is not too significant,
it should be noted that it represents a characteristic that real estate surveyors and real estate
agents usually do not consider: housing buyers give higher importance to commuting to
the workplace, public transport services, proximity to the central business district (CBD), etc.

In the case of dimensions, the surface area represents the second most valued micro-
variable according to the preferences of the respondents. According to the housing demand
group, it explains 12.4% of the price, not showing significant differences with respect to the
other two groups.

The number of rooms is much less valued than the surface attribute. In fact, currently,
with an average index of 2.74 family members and a birth rate of 1.2 children per family,
large spaces with fewer bedrooms are required. The housing demand group gave a lower
weight to number of rooms than the other two groups.
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The balcony/terrace and the layout do not show significant differences among the groups.
The variable ceiling height is not considered much by the house buyers, real estate

agents, and real estate surveyors. However, in Europe, ceiling height is starting to be
considered more and the surface is starting to be measured in cubic meters rather than in
square meters.

In the case of housing, it is surprising that, although real estate agents report that
it is something taken as assumed, the state of conservation does not represent a highly
valued preference and has a relatively low weight. It could be said that it is a response
to the housing market maturity and to an increasing interest in architecture, interior
design, and decoration, and in an increasing interest in sustainability, energy performance,
renovation and refurbishment. The survey respondents only provided weights of 5.50%
(housing demand group), 6.60% (real estate agents), and 6.70% (real estate surveyors), to the
state of conservation (quality design, age, state of conservation, need for renovation,
additional facilities, energy performance certificate, etc.) among all the housing variables,
possibly because it represents the only characteristic that can be modified. As we can see,
the housing demand group provides a value of 1.10% less than that provided by real estate
agents and real estate surveyors. This can be explained by the house buyers’ intentions to
refurbish, rework, and improve the energy performance of the housing, which implies they
are not initially too concerned about the state of it.

Regarding the exterior rooms, there were no significant differences in the group,
whereas the floor, views, and orientation were valued by the housing demand group at
twice the value given by the other two groups.

In the case of the building (building quality, building facilities, and parking space/garage),
there were no significant differences with respect to the real estate agents’ and real estate
surveyors’ opinions.

Since there are both social and professional interests in studying the causes which
determine the variability of housing values (more than macro-economic or interventionist
factors), we were able to compile information by means of a survey and the application of
the AHP methodology to obtain the social and environment preferences of the housing
demand group (and other groups of interest) with the purpose of interpreting them in
terms of utility and sustainability. The determination of weights or individual priorities
was obtained by applying the eigenvector method; we checked the consistency of the global
judgements and obtained a utility global function. The preferences of each group provide
the utility functions, without appreciating significant differences among them.

From the comparative study of the three surveyed collectives, we want to highlight the
fact that the three groups which participated in the real estate market valuation (real estate
surveyors, real estate agents, and house buyers) might disagree in the decision-making
process regarding the housing demand group preferences and the housing attributes
weighting. In this study, we can state there is a certain criteria harmony among the three
groups, which might help the real estate sector if the macro-economic and micro-economic
conditions are fulfilled in a sustainable way.

4. Discussion and Conclusions

According to the surveyed results and from a multi-attribute standpoint, we can state
there are no significant differences among the importance that the three groups provide
to the macro-variables and micro-variables which take part in the valuation when an
individual sets their preferences.

The fact that both real estate agents and real estate surveyors think and act in a similar
way to the housing buyers is confirmed.

Environment (environment, atmosphere, low-level of air pollution, etc.) and dimen-
sions (surface, rooms, layout, etc.) are given more importance when making the decision
to buy a house and, therefore, these variables exert more influence on the housing value
(environment: from 0.454 to 0.482; dimensions, from 0.264 to 0.292).
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The housing macro-variables were much better valued (0.203, with all its inherent
characteristics) than the building (0.078) in which it is located by the housing demand group.
The quality of the building, facilities such as a swimming pool, green areas, surveillance,
and garage/parking areas acquire value as luxury characteristics; thus, they only begin to
be considered if the other housing characteristics preferences are fulfilled.

Regarding the micro-variables, the urban micro-environment (environment quality, etc.)
shows the greater weight (from 15.9 to 24) in the case of environment. Surface (from 0.106
to 0.133) and rooms (from 0.054 to 0.086) are the micro-variables which represent almost
70% of the dimensions (from 0.264 to 0.300). In the case of housing, all three micro-variables
show similar weights, with views being the one with least influence. Lastly, and as we
have previously commented, the building was given lower weights, with building quality
(aesthetics, age, state of conservation, eco-efficiency, eco-construction, health and safety,
comfort, and sensory including visual, olfactory, acoustic, etc.) being the one with most
importance (more than 50%).

Thus, we can state that the weights of the variables have determined and will deter-
mine market values in a more sustainable way. The results of our research allow us to
deduce that the foreseeable value of housing depends on a set of characteristics which are
linked with sustainability. The main novelty comes from the match of the housing demand
group preferences and the ones that come from both real estate agents and real estate
surveyors, since they are the ones who decide the main characteristics to be considered
when enquiring about housing value and, therefore, when obtaining a mortgage.

For the same housing, prices might range depending on the moment the transaction
took place, but the value proportion of the attributes will be almost the same, for all kinds
of properties. The housing demand group influences supply, in the sense that it expresses
the buying intention and buyers’ preferences of the determined sustainable characteristics
as well as willingness to pay for them.

This study has some limitations which could encourage future works. Since the
study was carried out in the Mediterranean city of Valencia, this paper encourages the
development of urban public policies that include as many sustainable parameters as
possible and help to improve the real estate market in a more sustainable way. For example,
as was previously mentioned, several environmental methodologies and methods for
evaluating the environmental performance of buildings have been developed in recent
years: GB Tool, LEED, CASBEE, BREEAM, HQE, and VERDE, among others. Thus,
to include some of the parameters involved in those methods is a worthwhile direction for
future research.
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Appendix A

The total number of questions were 98 for each survey. The expected time of the
interview was 45 min, according to the recommendation by Casley and Lury [37] in order
to avoid the fatigue of the parties involved. From the 98 questions; on one hand, there were
28 of personal and general nature; on the other hand, regarding housing characteristics,
there were 70 questions related to judgments of pairwise comparison (c), 35 regarding the
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most important characteristics, and 35 to rate the importance of one characteristic with
respect to another.

Since it may be of interest to study the profile of the respondents in the hous-
ing demand group, some personal questions were included, in which we collected the
following data:

• Age
• Sex
• Education
• Current or past job position
• Level of knowledge about housing prices and housing characteristics
• Number of housing transactions
• Income level

For the real estate surveyor group:

• Years of experience
• Professional linkage in the real estate sector
• Education
• Professional position where they developed more years of activity
• Level of knowledge about housing prices and housing characteristics
• Number of appraisals or urban valuations

Consideration of the need to incorporate buyer preferences
For the real estate agent group:

• Years of experience in the real estate sector
• Professional linkage in the real estate sector
• Education
• Professional position where they developed more years of activity
• Level of knowledge about housing prices and their characteristics
• Participation in real estate transactions
• Consideration of the need to incorporate the buyers’ preferences

There were 70 remaining questions (35 preference + 35 intensity). Each survey had
three levels and each survey respondent, by showing their preferences, generated five
matrices, a 4 × 4 matrix about generic preference with respect to four macro-variables,
a 4 × 4 matrix about environment preferences, a 5 × 5 matrix about dimensions prefer-
ences, a 5 × 5 matrix about housing preferences, and a 3 × 3 matrix regarding building
preferences. This made a total of 35 pairwise comparisons.

Table A1. Goal: Housing Value.

1 Environment 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Dimensions

2 Environment 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Housing

3 Environment 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Building

4 Dimensions 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Housing

5 Dimensions 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Building

6 Housing 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Building

Notes: Compare the relative importance with respect to: Goal: Housing Value. Circle one number per row below using the scale: 1 = equal;
3 = moderate; 5 = strong; 7 = very; strong 9 = extreme.
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Table A2. Goal: Environment.

1 Urban micro-environment 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Atmosphere

2 Urban micro-environment 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Facilities and amenities

3 Urban micro-environment 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Accessibility

4 Atmosphere 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Facilities and amenities

5 Atmosphere 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Accessibility

6 Facilities and amenities 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Accessibility

Notes: Compare the relative importance with respect to: Goal: Environment. Circle one number per row below using the scale: 1 = equal
3 = moderate 5 = strong 7 = very strong 9 = extreme.

Table A3. Goal: Dimensions.

1 Surface 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Number of rooms

2 Surface 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Balcony/Terrace

3 Surface 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Layout

4 Surface 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Ceiling heights

5 Number of rooms 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Balcony/Terrace

6 Number of rooms 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Layout

7 Number of rooms 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Ceiling heights

8 Balcony/Terrace 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Layout

9 Balcony/Terrace 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Ceiling heights

10 Layout 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Ceiling heights

Notes: Compare the relative importance with respect to: Goal: Dimensions. Circle one number per row below using the scale: 1 = equal;
3 = moderate; 5 = strong; 7 = very strong; 9 = extreme.

Table A4. Goal: Housing.

1 State of conservation/ energy performance, etc. 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Exterior

2 State of conservation/ energy performance, etc. 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Floor

3 State of conservation/ energy performance, etc. 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Views

4 State of conservation/ energy performance, etc. 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Orientations

5 Exterior 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Floor

6 Exterior 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Views

7 Exterior 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Orientations

8 Floor 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Views

9 Floor 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Orientation

10 Views 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Orientation

Notes: Compare the relative importance with respect to: Goal: Housing. Circle one number per row below using the scale: 1 = equal;
3 = moderate; 5 = strong; 7 = very strong; 9 = extreme.

Table A5. Goal: Building.

1 Building Quality 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Building Facilities

2 Building Quality 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Parking Space/Garage

3 Building Facilities 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Parking Space/Garage

Notes: Compare the relative importance with respect to: Goal: Building. Circle one number per row below using the scale: 1 = equal;
3 = moderate; 5 = strong; 7 = very strong; 9 = extreme.
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