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Abstract

The construction sector is linked to the general development of a country. There is a lot of data scattered and not
properly explored in relation to the buildings constructed. However, if these scattered data on the behavior of the
real estate market are organized, combined with knowledge of civil engineering, this merger of information can
mitigate some evaluation problems, especially those that are overvalued for unknown or dubious reasons. Thus,
there is a need for models capable of working with limited data to analyze the causal relationships between
explanatory variables and sales prices and, from there, predict property values. The purpose of this article is the
innovative use of simple building inspection strategies to predict the market price for residential apartments. For
this, 19 samples of residential apartments are used in the city of Niterdi, Rio de Janeiro, Brazil, in February 2021.
The methodology uses the results of the survey of civil engineering and converts them into heuristic terms
predicting the price of the property. With this, the imprecision, uncertainty, and subjectivity of human expression
combined with the knowledge of civil engineering result in a plausible solution and easy application in the market.
Finally, the use of fuzzy logic in the evaluation of properties is an adequate unconventional method, in addition to
avoiding repetition in regression coefficients in binary logic. To check the reliability of the method, the comparison
between the market values of the samples and the values predicted by the fuzzy logic is used. The result according
to the mean absolute percentage error (MAPE) can be interpreted as a good result (7%).
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Introduction

When examine the heuristic approach applied to the associated real estate market, a range of dispersed
data not properly treated is found, which could somehow generate knowledge. Because, dispersed data
is useless, but aggregated data can generate rules, rules can generate forecasts, forecasts generate
knowledge, and knowledge generates income and increases the added value for the civil engineering
sector and consequently leverages the economy in general. Therefore, the integration of different types
of information and the recognition that the environment is constantly evolving creates the need to know
how information is created, handled, and transmitted (Delgado et al., 2020). Based on that, the use of
technology must be seen as a fundamental tool, meeting this constantly evolving scenario. In this sense,
machine learning can be used in Civil Engineering (Manu, 2019). However, some precautions must be
taken to consider a successful task. Thus, when the dispersed data becomes knowledge, there will be
positive aspects for science, education, economics, job and income generation, social (ILO, 2018).
Moreover, the methodology with Fuzzy Logic techniques is a weighted inference method that allows
users to insert inaccurate data and heuristic observations and draw correct conclusions (Jochheim-Wirtz,
2013). In addition, the real estate market involves human expression heuristics affecting the property
valuation by these heuristic variables (Renigier-Bitozor et al., 2021). However, if added to inspection
criteria based on the technical knowledge of civil engineering, combined with rules of association of
artificial intelligence, fuzzy logic, and heuristic perception, it results in the correct prediction of
apartment prices, without the occurrence of regression instability. Moreover, the mining tools and
applications make the scientific community pay attention to engineering, this can bring fascinating
results (Arvindhan, Prasanna, 2016). From this, this fuzzy methodology becomes ideal for situations in
which it is necessary to consider subjective aspects that are difficult to measure. As well as those aspects
inserted as the subjective value of a property. Another aggravating factor is related to the existing
abnormality in the building, useful life, and engineering systems involved (Abbott et al., 2007). In this
context, the physical state of the building reflects its functional performance (NEN 2, 2006). Thus, that
progressive deterioration of buildings has damaged the urban image of Portuguese cities and afflicted
the habitability of many rented units (Pedro et al., 2008). Consequently, this status of conservation is
reflected in the market price. Furthermore, the lack of inspection of buildings in buildings can result in
an early loss of engineering systems (Syamilah et al., 2016). So, the earlier an anomaly is detected in a
building, the more efficient and less costly the intervention in the future will be (Che-Ani et al., 2015).
In this way, in order to make a diagnosis of a pathological manifestation in the building, it is necessary
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to carry out, initially, a visual inspection to make a collection of data, apparently dispersed (Garrido
Vasquez et al., 2016).0n the other hand (Mansuri, Patel, 2021) demand the automated use of building
inspections. Alleging a decrease in human errors at the time of inspection. Anyway, some precautions
must be followed in order to avoid errors in the inspection. Thus, it is necessary to follow some basic
procedures, such as:

a) Inspection for mapping symptoms. This procedure begins with a visual inspection, where the aim is
to identify the symptoms of existing anomalous in the structure through a mapping of the evidence;

b) Collection of data and scattered information. Furthermore, in several countries, the physical condition
of a building is assessed and inspected based on the diagnosis of the degree of deterioration of the
building elements (Costa Branco De Oliveira Pedro, et al., 2008). The Portuguese method of building
inspection allowed for an extraordinary update of the lease agreements signed in that country. To that
proposal, the National Civil Engineering Laboratory (LNEC) developed the “method to assess the state
of conservation of buildings” within the legal framework of Portugal (Pedro et al., 2009). The same
authors saws that the resource with only visual inspection was considered adequate because it allows
the detection of the most notorious anomalies and at the same time contributes to the balance of time
and resources with the low cost of the process. The method allows converting the anomaly index
(expressed on a continuous scale from 1.00 to 5.00). That scale reflects the status of conservation of the
under appraisal (expressed in a nominal scale from poor to excellent). For practical purposes, anomalies
in buildings are classified into 5 basic categories. 1) Very light (excellent), 2) Light (good), 3) Medium
(average), 4) Serious (bad), 5) Very serious (terrible). The anomaly index (Al) building's conservation
status are: very light 5.00 > Al > 4.50; Light 4.50 > Al > 3.50; Medium 3.50 > Al > 2.50; Serious 2.50 >
Al > 1.50; very serious 1.50 >Al > 1.00 (Pedro et al., 2008). So, heuristics are ideal for solving poorly
structured problems (Abel, 2003). In this context, they also provide acceptable solutions to complex
problems, if supported by artificial learning algorithms. This cognitive heuristic form influences the
decision, which starts to be made based on a balance between reasons for and against the various
alternatives. This source of discovery of motives occurs in situations of uncertainty, conflict (Tversky,
Kahneman, 1974). Thus, among the most important characteristics of the property, in the particular case
of the real estate market (Libby, Kyle, 2014) it has some differentiating characteristics, such as strong
influences on the location and heterogeneity of assets, in addition to operating under imperfect
competition. So, the purpose of this article is to use simple building inspection strategies to predict the
market price for residential apartments. For this, only 19 samples of residential apartments are used in
the city of Niteroi, Rio de Janeiro, Brazil in February 2021. Thus, the process of appraisal follows by
the Fuzzy method combined with the incorporation of the association rules originated from Weka
“apriori” algorithm (Witten et al. 2011). In Mandami defuzzification process, the interpretation of the
ambiguous set of output inferred carried out, to obtain a numerical value. So, the InFuzzy software was
chosen to discover the prices of the residential flats. To verify the reliability of the method, a comparison
between the market values of the samples and the values predicted by the fuzzy logic was used, by the
mean absolute percentage error (MAPE).

Materials and Methods

This experiment uses the samples with only 19 residential apartments in Niterdi, Rio de Janeiro in
February 2021. So, for a better understanding of the methodology used it was divided into 5 phases
described below. Phase 1 — selecting scattered data, Phase 2 - Preparing files to association rules, Phase
3 — Generating association rules, Phase 4 - Fuzzy Inference process, Phase 5 - Interpretation of the
precision of the experimental model. So, detailing the phases.

Phase 1 - Search for the data source available on the World Wide Web. The variables evolved are the
dependent variable Y is housing price (Euro per m?) and following factors or independent variables were
chosen: AREA (m?), CONSV_AP = apartment conservation (index from inspection), CONSV_BUILD
= building conservation (new (1), renewed (2), old (3)), ROOMS = number of rooms (1), (2), (3), (4);
PARKING = car parking (inside build (1), outside build (2), no parking(3)), AIR CONDITIONING =
comfortable (direct (1), uncomfortable (2)), VIEW = environmental / OCEAN VIEW (direct (1), no
direct (2)). Performs a practical survey of the real estate market in the city of Niter6i in Rio de Janeiro,
Brazil and collects scattered data from this real estate market. This is related to offers for the sale of 1,
2, 3 and 4 rooms residential apartments. Determines the heuristic variables to be used in the evaluation
process.; Analyzes the characteristics of these apartments using civil engineering inspection techniques.;
It describes the state of the apartment's degree of anomaly according to the score (Table 1) obtained on
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the field application form (Pedro et al., 2008).; compiles all the dispersed data obtained in the civil
engineering inspection and selected heuristic variables.

Phase 2 - The data is organized by the author to aggregate the attributes of each apartment. The author
created the ARFF file on the Notepad++ with the content of the price /square meter ratio. The application
of the ARFF file is developed by the author is later launched in the Weka software (Witten et al., 2011).
Phase 3 - From the data obtained in phase 2, the use of artificial intelligence to obtain association rules
begins. For that, data mining is necessary. Weka Software will generate association rules that will present
a pattern of behavior (Steven et al., 2019), which in this case are related to the data collected from the
property samples. For this task, the “apriori” algorithm was chosen. Apriori performs the mining of
association rules. This algorithm is suitable for a small amount of data, ideal for this experiment.
Phase 4 - In this part, the InFuzzy software is used (Posselt et al., 2015). It is a tool for the development
of diffuse system applications. In this task, the author inserts the association rules of interest chosen for
this experiment, as selected in Step 3 which will insert in the InFuzzy software to generate association
rules used in Fuzzy Logic. In this important phase, the price of the property is forecast, using the InFuzzy
Software for modeling the diffuse system. The modeling of a tree is done using linguistic terms to
generate a function per variable. From that, the methodology is based on ambiguous logic and precedes
the following basic steps (Figure 1) Moreover, the range is chosen based on the experience of this
researcher. In this way, the variables, scope, classification, parameter, and association function are
defined. To define the parameter item in the area variable, the author chooses a Gaussian function,
defined below. For this, was checking the relevance of the samples by Chauvenet's exclusion criterion.
By this criterion, the sample is relevant if the quotient between its deviation (which is the difference in
absolute value between the sample value and the mean) and the standard deviation is lower than the
tabulated Chauvenet critical number. Applied statistical theory: where t.= percentile values for the
distribution “t” Student to “n” samples and “n-1" degrees of freedom with the confidence of 80%. The
confidence limit is defined by the model

Phase 5 - The purpose of this step is to interpret the precision of the experimental model. It is about
reporting the results of step 4 and checking for compatibility. This compatibility and precision of these
results are accomplished by the following metrics, the mean percentage absolute error (MAPE).

Results and Discussion

Phase 1 — selecting scattered data. 19 samples of apartments advertised on the World Wide Web are
used to compose the learning of the "apriori" algorithm, 37 construction items are analyzed visually
through a form, involving various specialties within the field of engineering science. The linguistic terms
are introduced after the comparison with the information in Table 2 and after transcribed in Table 1 and
Table 2. The Icarai beach at Niteroi City 53% roughly are residential flats in good condition, these are
among new and reformed residential apartments.

Table 1
Abnormalities took from inspection (inside) (Source: author)
Number of anomalies found after civil engineering inspection
inside of the apartment building
Variable Very light Light Medium Serious Very serious
(excellent) (good) (medium) (bad) (terrible)
5.00>1A>4.50 4.50>1A > 3.50>1A> 2.50>1A> 1.50 >1A>
3.50 2.50 1.50 1.00
Consv_ap 9 10 0 0 0
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Table 2
Result of examination on residential flats in Niteroi city (Source: author)

Variables
Index: Index: The linguistic term used The linguistic term
consv_ap | Area (m?) | consv_build in “consv_ap” used in “consv_build”
1 4,79 70,00 1.00 excellent new
2 3,96 85,00 3,00 good old
3 3,95 100,00 3,00 good old
4 4,33 90,00 1,00 good new
5 4,34 88,00 3,00 good old
6 4,01 180,00 3,00 good old
7 4,63 110,00 1,00 excellent new
8 4,79 200,00 2,00 excellent renewed
9 4,03 240,00 1,00 good old
10 4,07 94,00 1,00 good old
11 4,08 95,00 1,00 good old
12 4,52 372,00 1,00 excellent new
13 4,57 180,00 1,00 excellent new
14 4,56 250,00 1,00 excellent new
15 4,60 91,00 1,00 excellent new
16 4,66 150,00 2,00 excellent renewed
17 4,19 90,00 1,00 good old
18 451 93,00 1,00 excellent new
19 4,63 94,00 1,00 excellent new

Phase 2 - Preparing files to association rules. The author created the ARFF file on Notepad++ with
the content of the price /square meter ratio. It was possible to analyze the purpose of price prediction in
this first result, 90 best rules following 70% (confidence) were chosen. Figure 1 shows a partial view
construction of the ARFF file extension. Thus, phase 3 starts only from the creation of this file.

(@relation price_per_square_meter

(@attribute area_m2
{70.00,85.00,100.00,90.00,88.00,180.00,110.00,200.00,240.00,94.00,95.00,372.00,180.01,250.00,9
1)

(@attribute cons_ap {terrible, bad, medium, good,excellent}

@attribute cons_build {new, renewed, old}

@attribute ocean_view {no_view, indirect, direct}

@attribute rooms {small, normal, good, very good}

(@attribute air_conditioning {comfortable, uncomfortable}

@attribute parking {inside, outside, no_parking}

@attribute price? {low, average, expensive}

(@data

70.00, excellent,new,no_view,normal,comfortable,inside,average

85.00, good, old, no_view, normal, uncomfortable, inside, expensive
100.00, good, old, no_view, normal, comfortable, no_parking, low
90.00, good, new, no_view, very good, uncomfortable, no parking, low

Figure 1. Partial view of ARFF file creates in Notepad++ (Source: author)

Phase 3 — Generating association rules. The file format required for the Weka software to understand
is not obtained automatically. The domain of the attribute is described by the author. Thus, the Weka
software generated 2,189 association rules. It occurs due to the learning/data mining algorithm called
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"apriori". The criterion established by the researcher was 70% confidence. After analyzing the purpose
of the price forecast, 90 best rules were selected with the price as a consequence. In this context some

of these rules are presented below.

IF  (air_conditioning = comfortable) AND (parking = inside)

THEN (Price = average)

Phase 4 - Fuzzy Inference process. By the way, in this step, the price of the property is forecast, using
the Infuzzy software for modeling the diffuse system. In the defuzzification activity. The rules’s
association from Weka were written in InFuzzy software. Fuzzy outputs are converted into discrete
values needed to drive the control mechanism. The method of defuzzification used is the center of
gravity. Sample number 12 was eliminated after verification by the exclusion criterion "Chauvenet".
Chauvenet’s criterion makes the assumption that the values in a dataset are normally distributed.
Therefore, of the 20 samples were used. Nevertheless, only 19 remained. For this, the calculation below
defines the maximum and minimum values, mean, the standard deviation of the variable “area”. These
values will be necessary to write the Gaussian function in the Infuzzy software. Where:

Calculation of sample average ...................... (x) = 140.63 m?
The standard deviation of the sample............... (§) = 78381
Sample — maximum area found .................... Max 372.00
Sample — minimum area found .................... Min 70.00
Sample NUMDbETS .......c.ovvvviiiiiiiiiniieieenennen, (n) 19
Degrees of freedom ............cccooeeviiiiiiinninnn, (n-1) = 18 (with 80% confidence)
Percentile values for Student's t-distribution...... (tc) = 1.33 (table value)
Table 3
Variables Range Classification Parameters Function
low 0.00 116.58 | Left ramp
AREA [0, 375] normal 140.63 78.81 | Gaussian
big 164.68 375.00 | Right ramp
terrible 0.0 1.5 Left ramp
bad 1.5/2.0 2.5 Triangle
CONSV_AP [0, 5] medium 2.5/3.0 3.5 Triangle
good 3.5/4.0 4.5 Trapezoidal
excellent 4.5 5.0 Right ramp
new 1 Discreet
CONSV_BUILD | [0, 3] renewed 2 Discreet
old 3 Discreet
In-put no view 0.5 1.2 Left ramp
OCEAN VIEW [0, 3] indirect 0.8/1.65 | 2.5 Triangle
direct 2.1 3.0 Right ramp
small 1 Discreet
ROOMS [0, 4] normal 2 Discreet
good 3 Discreet
very good 4 Discreet
AIR [0, 2] comfortable 1 Discreet
CONDITIONING uncomfortable 2 Discreet
inside 1 Discreet
PARKING [0, 3] outside 2 Discreet
no parking 3 Discreet
low 150 1100 | Left ramp
Output PRICE [0, 3200] average 700/ 2200 | Triangle
1400
expensive 1900 3500 | Right ramp

Summary Fuzzy sets (Source: author)

Confidence limits were defined by the Chavenaut criterion, according to the following model.
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S ) Xnax = 164.68 m?
Nowy Xoin = 116.58 m?

Table 3 shows a summary of Fuzzy sets. So, by the simple analysis of the conventional statistical
operation, the parameters of the variable “area” found

Xmaxmin = x + tc X (

Thus, filling the form with the rules is occupied with heuristic data brought by the investigator as
reported at the time of the inspection of the building and the apartment. After that, the computer
simulation begins. Figure 2 shows part of the output variable (price) and the result obtained by the
reference point of the center of gravity.

consv_ap area  consv_build ocean_view room air_conditioning  parking “PRICE”
4.79 70.00 1.00 0.50 2.00 1.00 1.00 1,433.33
3.96 85.00 3.00 0.50 2.00 1.00 1.00 1,433.33
3.95 100.00 1.00 0.50 2.00 1.00 3.00 953.42
4.33 90.00 1.00 0.50 4.00 2.00 3.00 372.64

Figure 2. Partial view of the simulation on Infuzzy software (Source: author)

Next, figure 3 shows the results of the simulation in the Infuzzy software. The result using 19 samples
to obtain a property price forecast was analyzed using the center of mass defuzification procedure. This
shows the final variable of the process (Price at 1,433.33 Euro per m?).

1 =f= price (Y) 1
gggggg 19 18 === price forecast (Yt) ’288 14
$000.00 % 17 5250 o 13
20 '
5/1000.004¢, fls’(‘,: 16 N 2
o | 0
6 <2 3 15 L
Rr B 4 '
7 b 4 QQ\QE/\. 14 V 77
8 13 6 b g
%10 1t 7 5
8
MAPE 58% MAPE 7%

Figure 3. The results get by the center of mass reference poin (Source: author)

However, when removing samples 1, 2, 7, 13, 15 for having the hotspot or heuristic effect of the
influence of the ocean view (beach), there was a substantial improvement in the margin of error
according to MAPE (7%) (Table 4). This demonstrates that the method used meets the purpose for which
it is intended. Thus, the price forecast adjusts better to the values offered in the market. The small
variation is due to the effects of conditions and pathologies found at the time of building inspections.
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Table 4
Summary MAPE (Source: author)

price | Price forecast
(Y) (Y1) Y-Yt o (Y-YO/IYt] (Y-Yt)? abs(Y-Yt) [(Y-Y1)/Y1]?
690,72 953,42 -262,70 -0,38/  69011,29 262,7 0,14
646,38 372,64 273,74 0,42] 74933,59 273,74 0,18
915,73 372,64 543,09 0,59] 294946,75 543,09 0,35
1363,59 1433,33 -69,74 -0,05 4863,67 69,74 0,00
1373,77 1433,33 -59,56 -0,04 3547,39 59,55 0,00
1188,84 1433,33| -244,49 -0,21)  59775,36 244,49 0,04
751,14 372,64 378,50 0,50] 143262,25 378,5 0,25
1211,80 1433,33| -221,53 -0,18)  49075,54 221,53 0,03
1150,86 1433,33|  -282,47 -0,25  79789,30 282,47 0,06
1916,32 1433,33 482,99 0,25 233279,34 482,99 0,06
1079,52 1433,33|  -353,81 -0,33| 125181,52 353,81 0,11
1790,77 1433,33 357,44 0,20 127763,35 357,44 0,04
1193,84 1433,33| -239,49 -0,20]  57355,46 239,49 0,04
117184 1433,33] -261,49 -0,22|  68377,02 261,49 0,05
1391161,83| 4031,04 137%
270,59 212,16 7%
RSME MAE MAPE

Phase 5 - Interpretation of the precision of the experimental model.

This research demonstrates that the heuristic knowledge of a civil engineering inspection process based
on "in loco" experiments can be translated into a price estimation system with the aid of artificial
intelligence tools. It should be added that the current proposal to improve the property evaluation process
does not present the obstacles or the search for statistical strategies present in many cases in multiple
regression. It should be added that the present evaluation method, as it has heuristic precepts, artificial
intelligence and fuzzy logic associated with each other, does not present effects of multicollinearity or
redundancy in the variables involved. Allied to the result as good or close to the conventional statistical
process. In addition, this academic proposal has the advantage of establishing linguistic terms and
parameters that are easy to handle and currently used by real estate appraisers, without the need to resort
to complex statistical foundations such as those present in the multiple regression method. Table 3
provides the area parameters. The range of parameters for specific ratings overlaps a little, which can
lead to errors if we try to predict the price using conventional statistics. However, in the proposed
methodology, this possible error is absorbed by the elasticity promoted by the heuristic. In fact, after
several tests eliminating extreme areas, the results of the apartment price forecast have remained
unchanged. Because the focus here is correlated to the indexes derived from the standard form of
construction inspection and to the precepts of civil engineering and to the reality of the value of the real
estate market in the region under study. Thus, the study was not carried out on a larger data set, as it
sought to feed the database of the artificial learning algorithm with few elements. The objective is to
simulate the reality found by professional evaluators. In general, these professionals do not have, in
practice, many similar samples to perform the evaluations. Therefore, it was thought to use about 20
samples in the same area as the study. From this, it was observed in this study the behavior of the
methodology and the results obtained reflect a market equivalence in the forecast of the apartment price.
The results of this stage 5 refer to the contrast of the market prices offered for the real estate samples
with the values calculated and predicted by the ambiguous logic. The result achieved with the sending
of error metrics to evaluate the forecasts with the absolute average percentage error (MAPE), was around
58%. In some areas, for example, when working with human subjectivity, it is fully expected that
forecast values will also have a high coefficient of variation in the data generation process. This does
not mean that the forecast model is incorrect. For, several external factors may have interfered with the
forecast. In other words, this apparently high value reveals, in fact, the existence of some samples with
very high values in relation to the average of the same inquired offers. This is due to the location of
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these same samples. Some of them are located a few meters from the beach and have a direct view of
the sea. This differential causes the value to rise a lot in relation to the average of the other samples of
residential apartments. Thus, the average rate that the model is using in percentages for each forecast
has an error rate of around 58%. Thus, the Fuzzy model associated with the inspection techniques of
civil engineering is better suited to the reality of prices in the city of Niter6i. However, when the
researcher removed samples 1, 2, 7, 13, 15 for having the hotspot or strong heuristic effect of the
influence of the sea view (beach), there was a substantial improvement in the margin of error, and
according to the MAPE it was only 7% (seven). In addition to presenting a visual diagnosis on the state
of conservation of the apartment and building. In this bias, if we compare the average value of the prices
offered 1,433.91 euros per m2 with the average price of the fuzzy model 1,240.59 euros per m2, this
represents a difference of only 15% between them. Thus, in the case of real estate offer values, this
percentage of 15% can be understood as a discount to be applied to the offered value. This being a
common form of negotiation, in practice exercised by the real estate market (Thomas et al., 2015).

Conclusions

The methodological analysis in Niterdi concerns knowledge of civil engineering, artificial intelligence,
and linguistic terms appropriate to the real estate market. Thus, the values obtained are very close to
each other. The fuzzy process is better understood due to the ease with which linguistic terms are used
in relation to the conventional statistical game. Furthermore, without presenting the drawback of
multicollinearity. Therefore, with regard to the linguistic rules relevant to human behavior and the rules
of association created by the “a priori” algorithm, this study concludes that the use of fuzzy logic in the
evaluation of properties is an appropriate unconventional method, in addition to avoiding repetition in
regression coefficients in the binary logic. The good consequences of the know-how were harmonious
with the market value. Over time, the experiment acquires fabulous results in this first experiment
carried out in the city of Niterdi, Rio de Janeiro, Brazil.
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