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Abstract. Risk analysis of residential real estate investments requires careful analysis of certain vari-
ables (or determinants). Because real estate is a key sector for economic and social development, this
risk analysis is seen as critical in supporting decision processes relating to buying or selling residen-
tial properties, partly due to the pressures caused by the current economic environment. This study
aims to develop a conceptual reference model for risk assessment of residential real estate using
fuzzy cognitive mapping. This fuzzy model allows cause-and-effect relationships between determi-
nants to be identified and better understood, which in turn allows for better informed investment
decisions. The results show that the use of cognitive maps reduces the number of omitted criteria
and favors learning with regard to how the criteria relate to each other, holding great potential and
versatility in structuring complex decision problems. Practical implications, strengths and weak-
nesses of our proposal are discussed.
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Introduction

Risk analysis of real estate investments is simultaneously one of the most important and
undervalued areas of finance. The uncertainty of the current economic climate, however,
motivated initially by the subprime crisis and, more recently, by the sovereign debt crisis,
has been asserting itself as a determining factor in how the financial sector analyzes the
housing segment. Changes in the real estate market have a significant impact on other sec-
tors of economic activity and, therefore, on the well-being of the society at large. Ebru and
Eban (2009), Kauko (2010), Rybak and Shapoval (2011) and Warren (2011), among oth-
ers, argue that the real estate market, namely the housing segment, is crucial for economic
development. This idea is further reinforced by Syz et al. (2008) and Rybak and Shapoval
(2011), who point to the relevance of this market for national wealth. Yet despite the grow-
ing importance that has been given to risk analysis of residential real estate investments,
this field of research is still relatively unexplored, an issue that is reinforced by the effects
of the current global economic crisis. As a result, there is considerable scope for new meth-
odological approaches to support decision-making processes and allow for better informed,
more transparent and robust investment decisions.

Starting from the premise that the use of fuzzy cognitive mapping techniques fosters an
understanding of how the determinants of investment risk relate to each other, this study
aims to contribute to the development of a decision-making framework for risk analysis of
residential real estate investments. Specifically, by constructing a fuzzy cognitive map (FCM),
our framework aims to: (1) identify the determinants of the risk of investment in residential
real estate; (2) contribute to reduce the number of omitted criteria in the decision making
process; and (3) increase our understanding of how the determinants of risk analysis in the
context of this study relate to each other. In this sense, it is worth noting that, according to
Carlucci et al. (2013: 208), “FCM is a well-established artificial intelligence technique, incor-
porating ideas from artificial neural networks and fuzzy logic, which can be effectively applied
in the domain of management science”.

The remainder of this paper is structured as follows. The next section provides the liter-
ature review on risk assessment of residential real estate investments. The ensuing section
presents the methodological background, justifying the use of FCMs in the context of this
study. The following section describes the process followed for the construction of our FCM,
and discusses the major advantages and shortcomings of our methodological proposal. The
last section presents concluding remarks and some lines for future research.

1. Risk assessment of real estate investments and related work

Owning a house is the largest single investment most households will make; and at the
same time, in most cases, it is limited by severe budget restrictions. In such circumstances,
bank loans become the most common and, perhaps, easiest practice for house acquisition
(Ferreira et al. 2013a). From an economic development standpoint, it is worth noting that,
due to the current economic instability (which affects the real estate market, reducing the
purchasing power of households and, consequently, motivating falls in private consump-
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tion, housing included), financial institutions have become more demanding in approving
loan applications and, as a result, have reduced lending concessions by imposing higher
credit underwriting standards to compensate the risk they face (cf. Ferreira et al. 2013a).

In practice, the real estate market has presented a generalized oversupply over the last
two decades (cf. Catalao 2010) and, due to the current economic climate, it is particularly
directed at those who have capital available to invest. For those who do not, bank loans have
been the solution. Thus, it seems clear that financial institutions help support investment in
this sector, and that without the support of banks it would not be possible for families to
invest in real estate. It is in this sense that bank loans stimulate the economy of a country; i.e.
they encourage property acquisition by householders, strengthening the construction sector
and, consequently, increasing employment, money circulation and GDP growth (for further
discussion, see Ferreira et al. 2013a).

Real estate investments are generally considered high risk. Not only do they typically in-
volve significant amounts of money, but the investor is negotiating an asset that is expected to
be profitable in the long term. This type of business is also risky for the financial institutions
which fund the investment and, naturally, require a thorough evaluation of loan applications.
This, in turn, requires taking into account the house value, the amount required and the
duration of the lending contract. According to Tavares et al. (2009), real estate appraisal is
an activity that depends on many factors, and should be conducted by those who operate in
the field and possess a broad range of knowledge about prices, construction costs, urbanism,
supply-demand behavior, as well as about market trends and fluctuations.

Given the increased risk of default, risk analysis is thus paramount for the housing mar-
ket. It is worth noting, however, that ‘emerging markets’ real estate performance is nowadays
heavily affected by lack of investor confidence, risk perceptions, increasing cost of finance and
finally market fundamentals” (Onofrei, Anghel 2012: 481). In this sense, risk evaluation of real
estate investments needs to be as complete as possible. As pointed out by Yancang and Juan-
juan (2009: 138), “the risk evaluation of the real estate is more and more important. But, how
to find an effective method to determine the weight of every risk factor and how to deal with the
uncertainty of the evaluation are urgent questions. Lots of efforts have been done. But, we still
have a long way to go”. This premise is further supported by Wenpo and Minli (2012: 1815),
who argue that “real estate investment is a high-risk [...] activity, the key of real estate analysis
is the identification of their types of investment risk and the risk of different types of effective
prevention”. This means that it is important to identify both the risks associated with invest-
ing in real estate but also to achieve effective solutions that allow appraisals to be improved.
Following this, and according to Doumpos and Zopounidis (2001: 98), “while several multi-
variate statistical and econometric analysis techniques (e.g. discriminant analysis, logit and pro-
bit analysis, the linear probability model, etc.) have been used to address this type of problems,
their methodological shortcomings have already led researchers towards the exploitation of new
operational approaches”. Indeed, as noticed by Sustersic et al. (2009: 4736), the classic para-
metric approaches (e.g. linear discriminant analysis, linear regression, logit, probit, tobit and
binary tree) “are reported to have a lack of accuracy [in this field]”. In addition, the current ap-
proaches for residential real estate risk evaluation are usually limited by: (1) lack of necessary
data (Lopez, Saidenberg 2000); (2) lack of rationality in the way trade-offs between criteria
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are calculated (Ferreira et al. 2012); and (3) the need to make subjectivity explicit in the deci-
sion making process (Santos et al. 2002) (for further discussion, see also Wang et al. 2011).

In light of these limitations, there seems to be considerable scope to explore the applica-
bility of fuzzy cognitive mapping techniques in the context of risk analysis of residential real
estate investments. Although several fuzzy risk evaluation models for real estate investments
exist in the literature (e.g. Wenpo, Minli 2012), it is worth noting that cognitive mapping not
only enables a large number of determinants to be identified, but it increases transparency
in the sense that it is clear where the data is coming from (Ackermann, Eden 2001; Ferreira,
Jalali 2015). In addition, with FCMs, the relative importance of the criteria is calculated
according to the experts’ own perceptions of that importance and after discussion and ne-
gotiation among the panel members, whereby subjectivity is not only made explicit, but it is
incorporated and turned into a strength of the process.

Because FCMs are grounded on the practical experience, technical skills and realism
brought by the decision makers, they can potentially be used by parties investing in real
estate. The proposal presented here is constructivist in nature (see Ferreira et al. 2014), and
offers a perspective of complementarity rather than substitution. The next section presents
the methodological background of our proposal and explores the applicability of the fuzzy
cognitive mapping approach in the context of this study.

2. Methodological background

Steiger, D. and Steiger, N. (2008: 313) defend that “mental models are tacit, hypothetical
knowledge structures that integrate the ideas, practices, assumptions, beliefs, relationships,
insights, facts and misconceptions that together shape the way an individual views and in-
teracts with reality”. Decision aids based on human cognition can thus be seen as an op-
portunity for problem structuring because, according to Keeney (1996), ‘decision makers
usually think of decision situations as problems to be solved, not as opportunities to be taken
advantage of”. Cognitive maps become useful in decision making processes, because they
can help identify opportunities of action, reduce errors and search for good solutions (cf.
Ferreira et al. 2012). In practice, these maps are tools for structuring complex problems;
and as such, they contribute to reduce the rate of omitted criteria, promote discussion, and
lead to increased learning among the actors involved in the decision making framework,
as a result of the exchange of ideas and experiences (cf. Tegarden, Sheetz 2003; Eden, Ack-
ermann 2004; Jalali et al. 2016).

Carlucci et al. (2013) and Ferreira et al. (2016), among others, note that cognitive maps
have two main functions: (1) a descriptive function, i.e. they provide visual representations,
helping individuals to have a better perception of the problem at hand, thus facilitating its
resolution; and (2) a function of reflection, in which the map is seen as a tool to support the
development of new ideas. In practical terms, a cognitive map consists of a network of ideas,
hierarchically structured and connected by arrows, whose direction indicates the cause-and-
effect relationship between criteria (cf. Eden 2004; Eden, Ackermann 2004). In addition,
the arrows can have positive (+) or negative (-) signs, depending on the type of cause-and-
effect relationship between the existing concepts (cf. Montibeller, Belton 2006; Ferreira et al.
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2012). In short, cognitive maps are presented as representations of the environment; provide
a snapshot of reality and allow the understanding of cause-and-effect relationships between
concepts or variables to be clarified.

2.1. Fuzzy cognitive maps

The concept of FCM was introduced by Kosko (1986), who combined cognitive maps with
fuzzy logics. As pointed out by Carlucci et al. (2013: 212), “Kosko enhanced the power of cog-
nitive maps considering fuzzy values for the concepts of the cognitive map and fuzzy degrees of
interrelationships between concepts”. Fuzzy logics was developed in the 1960s and has been
widely used to model social, economic and political problems (cf. Carvalho 2013). It is an
approach that holds great potential in dealing with investment decisions in residential real
estate, namely because it helps to understand and analyze the associated risk.

FCMs have two particular characteristics: (1) the cause-and-effect relationships W;; be-
tween concepts/criteria C; and C,; follow a fuzzy logic; and (2) the system is dynamic, i.e. it
involves feedback links between criteria (Fig. 1).

In addition to the graphical representation, FCMs have a mathematical basis. According
to Kok (2009), Mazlack (2009), Carlucci et al. (2013) and Ferreira and Jalali (2015), there is
a state vector n x I, which includes the value of n concepts; and a n x n weight matrix W
(also known as adjacent matrix), that gets together all the weights W; and the relationships
between the n criteria. Accordingly, the value of each concept is influenced by the values
of its interconnected concepts and by its own previous value. This can be represented by
formulation (1), where Ai(”l) is the activation level of concept Ci at time t +1; f stands for a
threshold activation function; A,\¥) represents the activation level of concept C;at time t; Aj(t)
is the activation level of concept Cj at time t; and Wﬁ is the weight defined for the relation-
ship between both concepts:

Al.(“l): f Aft)+zn:A§’).V\/ji . (1)
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Fig. 1. Typical structure of an FCM
Source: Salmeron (2012: 3706).
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Fig. 2. FCM stabilization and value convergence points
Source: Kok (2009: 125)

Following Carlucci et al. (2013: 213), “the resulting transformed vector is then repeatedly
multiplied by the adjacency matrix and transformed until the system converges to a fixed point.
Typically it converges in less than 30 simulation time steps”. Figure 2 exemplifies this exercise
based on a simulation carried out by Kok (2009).

In practice, the method is characterized as simple, flexible and supported on dynamic
modeling, which allows complex decision problems to be converted into dynamic systems
that evolve over time. Following Ozesmi, U. and Ozesmi, S. (2004), the FCM approach has
the ability to: (1) allow for feedback analyses; (2) deal with many variables that may not
be well defined; (3) model relationships between variables that are not known; (4) model
systems where scientific information is limited, but where there are experts with knowledge
about the decision problem; (5) reach similar results in comparison to other approaches, but
with lower sample sizes; (6) combine different knowledge sources; and (7) increase the speed
of the decision aid process.
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In terms of limitations, and in accordance with Schneider et al. (1998) and Ozesmi, U.
and Ozesmi, S. (2004), decision-makers’ ignorance and misconceptions are also coded in the
maps. Additionally: (1) the problem can be modeled as FCM but this does not guarantee its
resolution; (2) the map may not be able to model the occurrence of multiple causes; (3) the
FCMs do not provide the actual value, but estimates of parameters or inferential statistical
tests; and (4) FCMs are not clear as far as the concept of time is concerned. Other authors,
such as Lee et al. (2013), also present the following limitations to FCMs: (i) when applied
to the real world, FCMs are generally too large or complex; (ii) there are techniques for the
construction of FCMs which are sometimes inadequate or impractical; (iii) existing efforts
to deal with delays require the creation of fictitious nodes/criteria, artificially increasing the
complexity of the map; and (iv) FCMs are non-linear systems. All in all, however, it is worth
noting that FCMs have been acknowledged for holding “powerful and far-reaching conse-
quences as a mathematical tool for modeling complex systems” (Mazlack 2009: 5).

3. Model development

3.1. The structuring phase

Many major decisions in organizations are made on a collective basis (Ferreira et al. 2012).
In this sense, and because the facilitator (i.e. researcher) should “relate personally to a small
number (say, three to ten persons)” (Eden, Ackermann 2001: 22), our study involved a group
of seven residential real estate experts (i.e. 3 investors, 2 appraisers and 2 realtors), who
operate in the metropolitan area of Lisbon. The housing market in Lisbon is similar to
that in the rest of the country, and as such is characterized by strong access of families to
property through credit; a relatively small rental market; a favouring of new construction
at the expense of rehabilitation; and the strong importance of the construction sector and
public works in the creation of wealth.

The experts included in our panel participated on a voluntary basis (i.e. after expressing
interest in collaborating in the definition and analysis of our decision problem). Two group
meetings with an average duration of 4.5 hours each were coordinated by two facilitators,
assisted by an ICT technician, who was responsible for registering the meetings’ outcomes.

The first group meeting started with a presentation of the study objectives and of the
methodological procedures to be followed, allowing misunderstandings between the partici-
pants to be avoided. After this initial intervention, and in order to focus the panel members’
attention on the problem at hand (i.e. risk assessment of residential real estate investments),
the decision makers were asked the following trigger question: “Based on your values or
professional experience, what are the main factors and/or characteristics of a house that influ-
ence its value and the associated risk of investment?”. For clarification purposes, the concept
of house was associated to single family apartment, because this is the most common type of
residential real estate in the metropolitan area of Lisbon. In addition, the concept of risk was
also clarified. In this context, this referred to the level of risk incurred by a purchaser when
investing in real estate (in this case, a house); which in turn would result from the market
value of that investment over time. This is why the trigger question focused on the determi-
nants of house value, which in turn determine the associated risk of investment.
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Given these initial clarifications, the ensuing procedure consisted in the application of
the “post-its technique” (Ackermann, Eden 2001), which “helps to identify clusters of linked
aspects” (Bana e Costa et al. 2002: 229). During this phase of the process, the panel mem-
bers were invited to share opinions, perceptions, experiences and values and, in sequence, to
identify relevant criteria for the problem at hand, writing these criteria on post-its (i.e. one
criterion per post-it). As expected, this allowed a wide range of different (but interrelated)
criteria to be made explicit.

The second phase of the process consisted in grouping the criteria by “areas of concern”
(i.e. clusters) and, subsequently, in the analysis of the cause-and-effect relationships between
the criteria in each area of concern. The analysis of the cause-and-effect relationships was
performed using the Decision Explorer software (http://www.banxia.com), which allowed a
group map to be obtained. Figure 3 illustrates the final version of the collective map, which
was discussed and validated by the expert panel.

The validated version of the collective map contained more than 150 concepts, and cannot
be fully displayed in this paper (a full version can be obtained from the authors upon re-
quest). It should be highlighted, however, that its main contribution results from the insights
brought to the process by the participating decision makers, as well as from the high amount
of information analyzed and discussed regarding the cause-and-effect relationships between
criteria. According to Carvalho (2013), the term “relationship” derives from the description
of how the variables interact and are defined in a cognitive map. In this sense, the concept
of fuzzy cause-and-effect relationships arises naturally, since it allows intermediate values of
logical causality to be associated to the links.

Following this, the decision makers were asked to concentrate their attention on the
cause-and-effect relationships between the criteria previously identified, and to define their
respective degrees of intensity. The entire analysis was grounded on a saturated process of
discussion and negotiation between the members of the expert panel, which included several

131 Factors of Comfort
and Security

/ \ 153 Comfort of the Family
/

. 130 Type of Customer

152 Quality of Life
150 Type of Contract

145 Urgency of the Sale 151 Credibility of the Real.”

Estate Agent
Z

Fig. 3. Final version of the collective cognitive map



148 M. L E Ribeiro et al. A fuzzy knowledge-based framework for risk assessment of residential ...

logical analyses regarding risk assessment of residential real estate investments. The next step
consisted in the introduction of the degrees of intensity in the cognitive structure, which was
rebuilt using the FCMapper (http://www.fcmappers.net) and Panjek software (http://pajek.
imfm.si/doku.php), allowing an FCM to be obtained. Resembling a neural network, Figure 4
illustrates the cognitive structure of the FCM, where the numbers represent the criteria iden-
tified in Figure 3 (a full version using concept names instead of numbers can be obtained
from the authors upon request).

The panel members were provided with the cognitive structure illustrated in Figure 4.
The ensuing discussion then allowed dynamic analyses to be performed, namely in terms
of the impact that any fluctuation in the intensity levels between variables would have on
the overall structure. This type of analysis was performed in all clusters, as exemplified in
Figure 5, where the decimal values represent the degrees of intensity indicated and validated
by the decision makers after negotiation.

Fig. 4. Basic structure of the FCM
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Fig. 5. Intensity degrees between criteria

From a learning perspective, the dynamic analysis carried out in this study, which is
based on the use of fuzzy cognitive mapping techniques, was extremely important because it
allowed the manner in which certain variables influence the risk of investment in residential
real estate to be clarified. This benefit was explicitly highlighted by the group members. The
conclusion of this phase of the session ended when, by consensus, the group validated the
degrees of intensity defined. The next step consisted in analyzing the centrality of the deter-
minants of investment risk included in the FCM.

3.2. Centrality analysis on the determinants of investment risk

Once the intensity values had been stabilized, it was possible to calculate a centrality level
for each determinant of investment risk, and to conduct additional analyses to determine
the consistency of the results. In practice, according to Carlucci et al. (2013: 216), “through
a proper neural network computational model, [...] what we can get is an idea of the ranking
of the variables in relationship to each other according to how the system is perceived in the
FCM”. Indeed, every single criterion identified in Figure 3 has a degree of centrality; and,
because the development of an FCM allowed for the calculation of these degrees, it fostered
an understanding of how the determinants of investment risk relate to each other, provid-
ing a knowledge base that can inform, for instance, the integrated application of an apprais-
al method or of a multiple criteria decision analysis (MCDA) technique to select the best
investment alternative (for discussion and/or further details on the integrated use of these
methodologies, see Zavadskas, Turskis 2011; Ferreira et al. 2012; Zavadskas et al. 2014).

Due to the large number of criteria validated by the panel members (i.e. more than 150),
Table 1 reveals only the ones with the highest centrality indices. In practice, the results ob-
tained here mean that when an investor intends to acquire a residential property, s/he is
primarily focused on the housing characteristics (40.70), location (31.50), characteristics of the
‘common spaces” (16.90), social and economic factors (10.90), factors of comfort and security
(4.40), stigmas (3.40) and construction/structure of the building (1.80).
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Table 1. Criteria with highest degrees of intensity (based on centrality)

Concept/Criterion Reference ~ Outdegree Indegree Centrality
Housing characteristics 1 0.80 39.90 40.70
Location 4 0.70 30.80 31.50
Characteristics of the “Common Spaces” 52 0.80 16.10 16.90
Social and economic factors 132 1 9.90 10.90
Factors of comfort and security 131 0.90 3.50 4.40
Stigmas 154 0.80 2.60 3.40
Construction/structure of the building 55 1.80 0.00 1.80

Our findings using the FCM approach are consistent with the results of Cebula (2009)
with regard to the importance of housing characteristics, in so far as this was the criterion
identified by the experts displaying the highest level of centrality (this is also in accordance
with the findings of Coulson, Leichenko 2001; Leichenko et al. 2001; Coulson, Lahr 2005;
Laurice, Bhattacharya 2005; Sirmans et al. 2005; Ferreira et al. 2013b, who highlight the
importance of (internal physical) housing characteristics in the assessment of housing value
or investment). The FCM approach further identified a large number of other concepts or
criteria, however; of which our focus was on the ones with the highest levels of centrality (see
Table 1), and which are not, in our opinion, without consequence. The issue of stigma, for
instance, is one that can be easily overlooked, but can at times affect the value of an invest-
ment over and above even housing characteristics. Indeed, as pointed out by one of the group
members, some of the variables included in the FCM are rarely taken into consideration in
current risk assessment practices, but the FCM allowed for their identification, reducing the
rate of omitted criteria.

In addition to the ranking of variables provided, it should be noted that the major contri-
bution of Table 1, as well as of the appraisal system itself, results from the ability to dynami-
cally understand which variables support the calculation of each index. This allows infor-
mation about the cause-and-effect relationships that support the analysis of risk assessment
in residential real estate investments to be more structured and, as a result, can empower
investment decisions. Furthermore, it was possible to identify some advantages of this ap-
proach, namely: the interactivity and dynamism of the techniques used and the fact that these
techniques are extremely flexible and of simple application. Again, it was also noticed that
the use of FCMs, despite its subjectivity, allows often omitted criteria to be contemplated in
the modeling process, reinforcing the extant literature (cf. Ferreira, Jalali 2015). Taking into
account that the fuzzy evaluation model developed in this study is dynamic, it is also possible
to understand the impact that any change in the variables considered can bring to the overall
assessment of the risk of investment. Naturally, this study is not without limitations, which
form the basis of our recommendations.
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3.3. System validation, limitations and recommendations

The cognitive structure developed in this study allows for greater transparency in the analy-
sis of risk assessment in residential real estate, reinforcing the relevance of using FCMs in
this domain. In addition, and as reported previously, the direct collaboration of a panel
of experts proved to be valuable, providing realism, consistency and functionality to the
system developed, which in turn allowed for its validation. It should be noted, however,
that the greatest contribution of this study results, perhaps, from the learning process in-
herent to the use of FCMs, which, following a constructivist logic, allows reflections on
risk assessments to take place and improvement suggestions to be formulated. As pointed
out by Zavadskas and Turskis (2011: 398), “most importantly perhaps was the finding that
decision analysis can be useful to help multiple stakeholders understand what they agree and
disagree about, focus on the things that they disagree about and explore options that are better
for everyone involved”. Moreover, it is worth noting that, due to the constructivist nature
of FCMs, our framework is flexible enough to accommodate new information, allowing
real estate investors to immediately assess the impact of new criteria on the results. In this
sense, it should be recalled that the proposal presented in this study is a work-in-progress,
and improvements are always possible (and desirable) to strengthen real estate investment
decisions.

Conclusions

Bearing in mind the importance of the housing sector to the socio-economic development
of a country, the use of FCMs in this study allowed a comprehensive fuzzy model for risk
assessment of residential real estate to be structured. This was an important achievement,
given that the results obtained were consistent with the expert panel members’ value judg-
ments; and that the analysis of the cause-and-effect relationships between criteria allowed
a new evaluation system for the assessment of residential real estate investment risk to be
developed.

A major benefit of this evaluation system is that it enables a large number of determinants
of risk assessment to be analyzed and structured. It also allows for greater transparency in
the manner in which new information is integrated within it. This, in turn, allows for bet-
ter informed and more comprehensive risk analysis decisions. In this sense, the application
of FCMs to the real estate market (and investment risk analysis within it in particular), is
not only of theoretical interest, in that it shows a new application of FCMs, and one which
enables some of the previous limitations in real estate research to be overcome; but is also of
practical interest, because it provides decision makers (in this case investors) with a tool for
more informed decision making.

In its identification of determinants of real estate risk assessment, the framework devel-
oped not only confirmed some of the key variables previously referred to in the literature,
but also highlighted a far greater number of variables, some markedly understudied, than is
possible through traditional methods. In addition, the framework was endowed with added
transparency and flexibility, insofar as there was transparency as to the source of the deter-
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minants, and the dynamic interactions between them are able to be mapped. While these
results are in themselves of interest, an arguably more relevant contribution of this study is its
illustration of the applicability of FCMs to the structuring and analysis of complex decision
problems within the real estate industry. An applicability which, its limitations notwithstand-
ing, has the advantage of being both replicable and dynamic.

In light of this reasoning, and although subjective in nature, the proposal presented in this
study is above all a consolidated knowledge-based risk analysis framework for residential real
estate investors. This is particularly important if we consider that “knowledge engineering is
one of the most important tasks in developing expert systems. One of the primary objectives |...]
is to develop a complete, consistent and unambiguous description of the knowledge base” (Kim,
Lee 1998: 303). In this sense, our framework has an implicit strategic planning purpose,
which consists in assisting decision makers to obtain important information about the impact
of each determinant to support investment decisions in residential real estate. Although FCM
managerial implications go far beyond the context of this study, we have found no previous
documented evidence reporting the use this approach to identify key determinants of risk
assessment in residential real estate.

Our results are encouraging but should be analyzed with caution, namely because the
conception of an FCM is always context-dependent and, thus, subjective in nature. As al-
ready pointed out in the extant literature (¢f. Carlucci et al. 2013; Ferreira, Jalali 2015), the
context-dependence of an FCM structuring process results from the combination of several
variables, such as: the decision circumstances, participating experts, facilitator skills and ses-
sion duration. Still, it is more than compensated by the amount of information discussed and
by the direct involvement of the experts in the decision making process.

As for future research, it is recommended to conduct similar analyses using other meth-
odological approaches, such as MCDA, which offers a vast portfolio of techniques that allow
trade-offs between criteria to be calculated (for further discussion and practical examples, see
Belton, Stewart 2002; Zavadskas, Turskis 2011; Ferreira 2013; Ferreira et al. 2014; Zavadskas
et al. 2014; Huguenin 2015). Another possibility may be to compare different methods and/or
replicate the process followed in this study with a different set of decision-makers in order to
receive another type of feedback and determine the robustness of the results. It is also noted
the need to extend the methodological approach adopted in this study to other contexts, as
well as the computerization of the model developed and/or its adaptation to online platforms
in order to enable decision makers to evaluate, in a fast, transparent and intuitive manner, the
risk of investment in residential real estate. Following this, any progress will be regarded as a
breakthrough in supporting risk assessment of residential real estate investments.
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