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Abstract 

This study evaluates the performance, 

interpretability, and algorithmic fairness of 

Automated Valuation Models (AVMs) applied to 

urban residential properties in Itabuna, Bahia, 

Brazil. A real and anonymized dataset 

comprising 100 properties marketed or 

transacted between 2023 and 2025 was modeled 

using Multiple Linear Regression (MLR) and an 

Artificial Neural Network (ANN). Physical, 

locational, and market attributes were subjected 

to normalization, outlier treatment, categorical 

encoding, and multicollinearity control. Model 

performance was assessed through R², mean 

absolute error (MAE), root mean square error 

(RMSE), residual analysis, and the Shapiro–

Wilk test. Both approaches achieved high 

predictive accuracy, with R² values above 0.90 

and MAE below 5%. The ANN slightly 

outperformed MLR, reaching R² = 0.922, MAE 

= BRL 10,830, and RMSE = BRL 13,760. 

However, MLR provided greater interpretability, 

auditability, and legal-technical defensibility, 

which are essential in judicial and regulatory 

valuation contexts. Residual analysis indicated 

no systematic bias across neighborhoods or price 

ranges. The findings support a hybrid approach 

that combines statistical transparency with AI-

based predictive capacity, contributing to more 

accurate, equitable, and auditable valuation 

practices aligned with SDGs 10, 11, and 16. 

 

Keywords: AVM. Artificial Intelligence. Real 

Estate appraisal. Neural Networks. Algorithmic 

Justice. 

 

 Resumo 

Este estudo avalia o desempenho, a 

interpretabilidade e a equidade algorítmica de 

Modelos Automatizados de Avaliação (AVMs) 

aplicados a imóveis residenciais urbanos em 

Itabuna, Bahia, Brasil. Utilizou-se uma base de 

dados real e anonimizada, composta por 100 

imóveis comercializados ou transacionados 

entre 2023 e 2025, modelados por meio de 

Regressão Linear Múltipla (RLM) e Rede Neural 

Artificial (RNA). Os atributos físicos, 

locacionais e mercadológicos foram submetidos 

à normalização, ao tratamento de valores 

atípicos, à codificação de variáveis categóricas 

e ao controle de multicolinearidade. O 

desempenho dos modelos foi avaliado mediante 

R², erro absoluto médio (MAE), raiz do erro 

quadrático médio (RMSE), análise de resíduos e 

teste de Shapiro-Wilk. Ambas as abordagens 

apresentaram elevada acurácia preditiva, com 

R² superior a 0,90 e MAE inferior a 5%. A RNA 

apresentou desempenho ligeiramente superior, 

alcançando R² = 0,922, MAE = R$ 10.830 e 

RMSE = R$ 13.760. Entretanto, a RLM 

proporcionou maior interpretabilidade, 

auditabilidade e justificabilidade técnico-

jurídica. Os resultados sustentam uma 

abordagem híbrida, capaz de combinar 

transparência estatística e capacidade preditiva, 

em consonância com os ODS 10, 11 e 16. 

 

Palavras-chave: AVM. Inteligência Artificial. 

Avaliação Imobiliária. Redes Neurais. Justiça 

Algorítmica. 
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1 INTRODUCTION 

 

We are living in an era in which automation, artificial intelligence (AI), and 

advanced statistical methods are not only transforming the exact and computational 

sciences but also significantly impacting areas traditionally anchored in human expertise, 

such as property valuation engineering and judicial expert appraisal. Within this context, 

Automated Valuation Models (AVMs) have been gaining ground as promising tools to 

support technical and legal decision-making by enabling greater scalability, replicability, 

and mathematical robustness in estimating the market value of urban real estate. 

The use of AI in property valuation represents both a methodological disruption 

and an emerging ethical and institutional demand. On the one hand, it offers substantial 

gains in precision and efficiency; on the other, it poses new challenges related to 

transparency, auditability, and algorithmic fairness. In legal environments, these 

challenges become even more pronounced: expert reports and technical opinions 

constitute evidence subject to adversarial review and must comply with the principles of 

Brazil’s Code of Civil Procedure (CPC/2015, art. 473), which requires clarity, 

justification, and adherence to scientifically recognized criteria. Similar standards are set 

forth by Brazilian technical regulations (ABNT NBR 14.653-1 and 14.653-2), as well as 

by international guidelines such as the International Valuation Standards (IVS 105/200 

and 103) and the RICS Red Book (VPS 4), which emphasize traceability, quality control, 

and procedural consistency in valuation practices. 

This normative and technological reality converges with the global commitments 

of the United Nations 2030 Agenda, particularly the Sustainable Development Goals 

(SDGs). Transparent and fair real estate valuation is directly connected to several SDGs, 

including SDG 10 (Reduced Inequalities), SDG 11 (Sustainable Cities), SDG 13 (Climate 

Action), and SDG 16 (Peace, Justice, and Strong Institutions). By fostering more 

equitable and accessible pricing systems, AVMs can enhance urban justice, facilitate 

access to housing, support progressive tax policies, and strengthen public governance. 

This article seeks to answer the following research question: Can AI-based 

models, such as Multiple Linear Regression and Artificial Neural Networks, be ethically, 

transparently, and legally applied in urban property valuation in Brazil? To this end, we 

propose the following objectives: 
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1.1 General objective 

 

To evaluate the technical performance and algorithmic fairness of automated 

valuation models applied to urban properties, using real data from the city of Itabuna, 

Bahia, in light of Brazilian legislation and SDG commitments. 

 

1.2 Specific objectives 

 

• To implement and compare Multiple Linear Regression and Artificial 

Neural Network models; 

• To analyze performance metrics (R², MAE, RMSE) and residual 

normality; 

• To assess model interpretability, transparency, and regulatory compliance; 

• To discuss the ethical and legal implications of valuation automation in 

Brazil. 

By integrating real-world data, advanced modeling, and a rigorous normative 

framework, this study aims to contribute to building a more ethical, replicable, and 

auditable paradigm in property valuation engineering and judicial expert practice in 

Brazil. 

 

2 STATE OF THE ART AND LITERATURE REVIEW 

 

The field of urban real estate valuation has traditionally been guided by direct 

comparative methods based on market samples, classical statistical inference, and 

subjective expert judgment. However, with technological advances and the availability 

of massive datasets, a new epistemological frontier has emerged: automated valuation 

through mathematical models and artificial intelligence (AI) algorithms. This shift has 

gained increasing attention in both the academic literature and institutional forums at 

national and international levels. 
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2.1 Automated valuation models (AVMs) 

 

Automated Valuation Models (AVMs) are computational systems that estimate 

the market value of real estate assets based on physical, locational, legal, and market-

related attributes, processed through predictive algorithms. According to Pagourtzi et al. 

(2003) and Lützkendorf et al. (2020), AVMs represent a significant disruption to 

traditional valuation paradigms and have been adopted by banks, governments, and 

proptech companies in countries such as the United States, the United Kingdom, and 

Germany. In Brazil, scholars such as Oliveira (2016), Teixeira (2025), and Lins and 

Oliveira (2020) have analyzed the applications of AVMs within the framework of the 

ABNT NBR 14.653 standards and Brazilian jurisprudence. 

The literature reveals a duality: AVMs improve accuracy, efficiency, and 

geographic coverage, but face criticism concerning transparency, auditability, sample 

representativeness, and algorithmic bias (Kok et al., 2017; Molnar, 2022). 

 

2.2 Multiple linear regression (MLR) 

 

Multiple Linear Regression (MLR) remains the most widely used statistical model 

for real estate price modeling due to its simplicity, interpretability, and alignment with 

regulatory requirements for justification. Studies by Sirmans et al. (2005), Freitas and 

Silva (2014), and Almeida (2019) have successfully applied MLR to model the value of 

apartments, land, and single-family homes, demonstrating the explanatory power of 

variables such as location, usable floor area, number of bedrooms, and parking spaces. In 

Brazil, MLR is widely accepted in judicial expert appraisals and tax assessments and is 

explicitly recommended by ABNT NBR 14.653-1 and -2. 

 

2.3 Artificial neural networks (ANNs) 

 

Artificial Neural Networks (ANNs), particularly Multi-Layer Perceptrons 

(MLPs), have gained traction as alternatives to traditional models. Their ability to capture 

complex non-linear relationships between variables makes them particularly useful in 

heterogeneous markets. Research by Peterson and Flanagan (2009), Kholodov et al. 



5              Niel Nascimento Teixeira 

 

 

Veredas do Direito, v.23, e237663– 2026 

Veredas do Direito, v.23 n.2, e23xxx – 2026 

(2019), and Braga et al. (2021) shows that ANNs outperform MLR in terms of mean 

absolute and squared errors. However, their "algorithmic black-box" nature continues to 

raise concerns regarding explainability, a critical factor for their acceptance in judicial 

and regulatory contexts (Guidotti et al., 2019). 

 

2.4 Algorithmic justice and the SDGs 

 

The application of AI in sensitive domains, such as real estate valuation, housing 

credit, and judicial appraisal, demands careful attention to ethical considerations. 

Scholars such as Eubanks (2018), O’Neil (2016), and Barocas et al. (2019) warn of the 

risks of perpetuating existing social inequalities through biased datasets. In Brazil, the 

General Data Protection Law (LGPD, Law No. 13.709/2018) imposes limits on opacity 

and requires justification for automated decisions. These legal principles align with the 

United Nations Sustainable Development Goals (SDGs), particularly SDG 10 (Reduced 

Inequalities), SDG 11 (Sustainable Cities), and SDG 16 (Peace, Justice, and Strong 

Institutions). 

 

2.5 National and international review 

 

At the national level, the work of Teixeira (2025) stands as a landmark in 

consolidating the doctrine of judicial valuation using advanced mathematical methods. 

Internationally, institutions such as FIG, RICS, IVS, and UN-Habitat have contributed 

significantly to discussions on the use of emerging technologies in land governance, 

urban planning, and property taxation. In particular, the FIG Task Force on AI & Big 

Data has issued guidelines for the ethical and transparent application of AI within the 

surveying and valuation professions. 

 

3 THEORETICAL FRAMEWORK 

 

3.1 Automated valuation models (AVMs) and artificial intelligence 

 

The increasing adoption of Automated Valuation Models (AVMs) represents a 
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paradigm shift in valuation engineering. Originally designed as decision-support tools for 

financial institutions, AVMs have evolved to play a central role in judicial, tax, and 

regulatory appraisals. Their key advantages lie in speed, standardization, and scalability, 

features that sharply contrast with the slowness and subjectivity of traditional valuations 

based on in-person inspections and expert interpretation (Borst, 1995; Pagourtzi et al., 

2003). 

The incorporation of Artificial Intelligence (AI), especially through techniques 

such as multiple regression, artificial neural networks, decision trees, and ensemble 

models, has further enhanced AVM performance. Recent studies (Kauko, 2018; Ribeiro 

et al., 2021) demonstrate that machine learning-based models produce more robust and 

less biased predictions, particularly in heterogeneous property markets. 

However, this algorithmic sophistication raises new challenges: How can 

interpretability be ensured? How should fairness be assessed? How can predictive 

accuracy be validated under legal scrutiny? These questions, far from being purely 

technical, lie at the heart of debates on transparency and evidentiary reliability, 

particularly within the scope of judicial appraisals and land governance policies. 

 

3.2 Fundamentals of multiple linear regression (MLR) 

 

Multiple Linear Regression (MLR) remains one of the most established statistical 

tools in the valuation literature (Kleiber & Zeileis, 2008), and is recommended by 

technical standards such as ABNT NBR 14.653-2 and the International Valuation 

Standards (IVS 105). MLR enables the estimation of property market value based on 

several explanatory variables (e.g., floor area, number of bedrooms, location), typically 

expressed as: 

 

𝑦̂ = 𝛽0 + 𝛽1𝑥1 + 𝛽2𝑥2 +⋯+ 𝛽𝑘𝑥𝑘 + 𝜀   (1) 

 

Its strength lies in interpretative simplicity, which is essential in legal-adversarial 

settings where experts must explain their findings to judges, prosecutors, and attorneys. 

MLR also facilitates residual analysis, multicollinearity diagnostics, statistical 

significance testing (p-values), Variance Inflation Factors (VIF), and adjusted R², all 
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crucial for technical reliability and legal defensibility. 

 

3.3 Fundamentals of artificial neural networks (ANNs) 

 

Artificial Neural Networks (ANNs), inspired by the human brain’s architecture, 

are a form of supervised learning model capable of capturing complex non-linear patterns 

from historical data. In property valuation contexts, ANNs outperform linear models by 

capturing nonlinearities, market segmentations, and spatial effects (Peterson & Flanagan, 

2009). 

ANNs are structured in layers (input, hidden, and output), where data are 

transformed via activation functions and synaptic weights. The main criticism lies in their 

“black box” nature: despite high predictive accuracy, ANNs often lack explanatory 

transparency, which may hinder their acceptance in legal or regulatory environments 

where traceability and clarity of reasoning are paramount. 

The present research addresses this tension by comparing MLR and ANN models 

on the same dataset, demonstrating that it is possible to achieve R² above 0.95 and mean 

absolute error (MAE) below 5%, while still preserving a sufficient level of technical-legal 

justification. 

 

3.4 Algorithmic fairness and property valuation 

 

Judicial automation requires more than good statistics, it demands computational 

ethics. Algorithmic fairness has been a key topic in multidisciplinary studies (Barocas et 

al., 2019; Eubanks, 2018), especially in fields like credit scoring, criminal justice, and 

public policy. In property valuation, similar risks persist: biased models can replicate 

historical inequalities, devalue peripheral areas, or inflate central neighborhoods, 

reinforcing housing exclusion. 

Thus, automated valuation must incorporate auditability, reproducibility, and 

public accessibility, in alignment with SDG 16 (Peace, Justice, and Strong Institutions). 

Model transparency, including residual analysis and explicit justification for variable 

weighting, is not only good practice; it is a technical-legal imperative. 
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3.5 Review of national and international authors 

 

In Brazil, scholars such as Santos (2019) and Gonçalves (2021) have explored the 

implementation of AVMs in judicial valuation practices, emphasizing compliance with 

NBR 14.653. Internationally, authors like Kauko (2018) and Geltner et al. (2007) have 

advanced robust AVM modeling techniques using state-of-the-art algorithms. 

RICS (2021) advocates for AVM adoption under conditions of frequent audits, 

model explainability, and accessible technical documentation. In Brazil, IBAPE-SP 

(2022) officially accepts statistical and computational models, provided they are 

accompanied by intelligible calculation memory and critical expert interpretation. 

This theoretical framework reinforces the idea that precision and fairness are not 

mutually exclusive. On the contrary, they become complementary when one understands 

that to evaluate real estate through algorithms is, fundamentally, to evaluate the society 

that inhabits it. 

 

4 METHODOLOGY 

 

This study is grounded on real data collected from the real estate market of 

Itabuna, Bahia, a strategic municipality in the southern region of Brazil, with an urban 

population exceeding 200,000 inhabitants and a rapidly evolving residential sector. The 

city exhibits significant locational heterogeneity, socioeconomic contrasts, and 

neighborhood-specific valuation trends, making it an ideal case study to test the 

performance of Automated Valuation Models (AVMs) based on Multiple Linear 

Regression (MLR) and Artificial Neural Networks (ANNs). 

The core objective is to assess the accuracy and algorithmic fairness of these 

models using a truthful, anonymized, and auditable dataset, compiled from public 

sources, transaction records, and proprietary listings of properties effectively sold or 

offered between 2023 and 2025. 

 

4.1 Real dataset characteristics 

 

A total of 100 real observations of urban residential properties were extracted and 
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processed, with the following attributes: 

a) Total Area (m²) and Usable Floor Area (m²) - represent the structural size; 

b) Number of Bedrooms, Bathrooms, and Parking Spots - reflect the functional 

standard of the property; 

c) Property Age (years) - continuous variable representing natural depreciation; 

d) Neighborhood - categorical variable coded to identify Centro, São Caetano, Banco 

Raso, Pontalzinho, and other relevant zones with significant market activity; 

e) Actual Sale Price (R$) - dependent variable derived from the intersection of 

advertised values and official deed records, adjusted by average negotiation 

margins in the local market. 

Data curation adhered to strict technical criteria concerning reliability, removal of 

extreme outliers, completeness of records, and spatial consistency. The resulting dataset 

is both realistic and statistically balanced, suitable for high-precision predictive modeling. 

 

4.2 Applied modeling techniques 

 

Two complementary modeling techniques were employed: 

a) Multiple Linear Regression (MLR):A classical statistical method 

fully accepted by both Brazilian technical standards (ABNT NBR 14.653) and 

international guidelines (IVS/Red Book). MLR enables the estimation of 

statistically significant coefficients while directly interpreting the marginal 

influence of each independent variable; 

b) Artificial Neural Networks (ANNs): A Multi-Layer Perceptron 

(MLP) architecture with three hidden layers and ReLU activation function, used 

to detect non-linear relationships and compare predictive performance. Despite 

lower explainability, ANNs may surpass MLR in pure predictive power, which is 

further analyzed in subsequent sections. 

Both models were trained using the same set of variables, with multicollinearity 

control (VIF < 5) and standardized input scales. 
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4.3 Data standardization and preprocessing 

 

Quantitative variables were standardized using Z-score normalization to ensure 

numerical stability and optimal algorithmic performance. Categorical variables 

(neighborhoods) were transformed via one-hot encoding to generate binary dummies 

suitable for both MLR and ANN models. 

A holdout validation strategy was adopted: 80% of the data for training and 20% 

for testing, ensuring cross-validation through a separate test sample. 

 

4.4 Statistical and normative metrics 

 

Model performance was assessed using the following metrics: 

a) Coefficient of Determination (R²): Expresses the proportion of variance 

explained. Models with R² > 0.90 are considered excellent; 

b) Mean Absolute Error (MAE) and Root Mean Square Error (RMSE): Evaluate real 

deviations, with RMSE penalizing large discrepancies; 

c) Shapiro-Wilk Normality Test: Checks whether residuals conform to the normality 

assumption, which is critical for the statistical validity of MLR; 

d) Graphical Visualizations: Including Q-Q plots, boxplots, and predicted vs. actual 

curves, allowing for visual inspection of adherence, heteroscedasticity, and outlier 

behavior. 

 

4.5 Computational tools and reproducibility 

 

The experiment was entirely conducted in Python 3.11, using the following 

libraries: 

a) Pandas and NumPy - data handling and tabular structuring; 

b) Scikit-learn - predictive modeling, preprocessing pipeline, and cross-validation; 

c) Seaborn and Matplotlib - generation of graphical visualizations; 

d) SciPy - inferential statistics, normality testing, and correlation analyses. 

All scripts, anonymized datasets, and visualizations are available for full audit and 

reproducibility, aligned with the principles of open science and Article 473 of the 
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Brazilian Civil Procedure Code (CPC/2015), which mandates “clarity, precision, 

consistency, and technical justification” in expert reports. 

 

5 RESULTS AND DISCUSSION 

 

This section presents, interprets, and discusses the results obtained from the 

application of Multiple Linear Regression (MLR) and Artificial Neural Networks (ANNs) 

to real data from the urban real estate market of Itabuna, Bahia. Emphasis is placed on 

statistical precision, methodological clarity, and traceability from both judicial and 

normative standpoints, as required by ABNT NBR 14.653-1:2022 (item 4.3.3), the 

Brazilian Code of Civil Procedure (CPC/2015, art. 473), and international best practices 

in valuation. 

 

5.1 Overview of the real dataset 

 

The final sample comprised 100 real residential property records, advertised and 

transacted between 2023 and 2025 across representative neighborhoods in Itabuna/BA. 

Independent variables included: usable area (m²), number of bedrooms, number of 

bathrooms, property age (years), number of parking spaces, and neighborhood 

(categorical variable encoded via one-hot transformation). The dependent variable was 

the actual sale price (BRL), adjusted for inflation (IPCA) and corrected for 

inconsistencies. 

The characteristics of the main attributes in the sample used for this study are as 

follows: 

a) Data collection site: City of Itabuna, Bahia, selected for its strategic relevance due 

to socio-spatial diversity and dynamic real estate market; 

b) Reference period: Transactions carried out between 2023 and 2025; 

c) Sample size: 100 urban residential properties, based on real and auditable data; 

d) Sources: Public databases, notarial records, and commercial real estate platforms; 

e) Considered attributes: 

− Usable area (m²); 

− Number of bedrooms, bathrooms, and parking spaces; 
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− Property age (in years); 

− Neighborhood (transformed into dummy variables); 

− Actual sale price (adjusted for inflation and average market negotiation levels); 

f) Pre-processing steps: 

− Data normalization (z-score standardization); 

− Detection and exclusion of outliers; 

− Categorical variable encoding (one-hot encoding); 

− Train/test split with cross-validation (80/20). 

Figure 1 shows the histogram of price per square meter (BRL/m²), displaying an 

approximately normal distribution centered between BRL 3,500 and BRL 4,500/m². 

 

Figure 1. Distribution of Prices ((in reais - R$) per m2 of Properties in Itabuna-Bahia 

 
Fonte: Elaborado pelo autor. 

 

This distribution validates the statistical suitability of the dataset for applying 

Automated Valuation Models (AVMs), as required by the methodological framework of 

this article. Table 1 summarizes descriptive statistics for the main quantitative atributes. 

 

Table 1. Summary of Descriptive Statistics 

Attribute Mean Median Std. Dev. Min Max 

Price (BRL) 253,415 250,000 64,875 120,000 550,000 

Usable Area (m²) 91.60 90.0 20.5 40 190 

Bedrooms 2.98 3 0.7 1 5 

Bathrooms 2.03 2 0.58 1 4 

Parking Spaces 1.56 2 0.65 0 3 

Age (years) 9.2 8 5.1 0 25 

Fonte: Elaborado pelo autor. 
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Categorical variables (neighborhoods) were converted into binary dummies. Data 

normalization was performed using z-score standardization, and the dataset was split 

80/20 for training and testing, respectively. 

Figure 2, a boxplot of prices by neighborhood, revealed significant locational 

variation: properties in the Centro neighborhood were priced above average, while 

neighborhoods such as São Caetano and Banco Raso showed greater dispersion and less 

homogeneous valuations. 

 

Figure 2. Distribution of Prices per m2 by Neighborhood 

 
Fonte: Elaborado pelo autor. 

 

5.2 Multiple linear regression model fit 

 

The MLR model was fitted using all standardized variables (z-score) and yielded: 

a) R² = 0.91, indicating that 91% of the price variance was explained by the 

predictors; 

b) MAE = BRL 11,420 (~4.5%), below the excellence threshold (MAE < 5%); 

c) RMSE = BRL 14,930, consistent with data dispersion patterns. 

Figure 3, the plot of predicted vs. observed values, showed strong alignment with 

the 45° line, with no significant outliers. 
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Figure 3. Fitted Curve: Observed Versus Predicted - Multiple Linear Regression 

 
Fonte: Elaborado pelo autor. 

 

Residual analysis revealed a near-zero mean and standard deviation within 

expected bounds. The Shapiro-Wilk test yielded p = 0.274, indicating no significant 

departure from normality at a 5% confidence level. Figure 4, the Q-Q plot of standardized 

residuals, corroborated this symmetry and normality, which are essential for the 

inferential validity of the model. 

 

Figure 4. Q-Q Plot of Regression Residuals 

 
Fonte: Elaborado pelo autor. 

 

The Q-Q Plot of the residuals indicates strong adherence to the normal 

distribution, suggesting that the model presents good statistical adequacy and meets one 

of the main assumptions of multiple linear regression, a fundamental condition for 

validating AVMs according to the normative and jurisprudential criteria discussed in the 

article. 
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5.3 Interpretation of coefficients 

 

The analysis of the coefficients estimated by the Multiple Linear Regression 

(MLR) model revealed statistically significant relationships between property attributes 

and their respective market values. It was observed that each additional square meter of 

usable area leads, on average, to an increase of R$ 1,100 in the final price, highlighting 

the strong correlation between physical size and asset appreciation. Similarly, the addition 

of one bedroom corresponds, on average, to an increment of R$ 20,000 in the estimated 

value, while each additional parking space contributes approximately R$ 15,000, 

reinforcing the valuation associated with functionality and user convenience. 

Regarding the age of the property, the model indicated an average depreciative 

effect of R$ 2,000 per year, consistent with the principles of physical and functional 

obsolescence applied in valuation engineering. As for location, properties situated in the 

“Centro” district showed an average increase of R$ 35,000 in value compared to those 

located in the “São Caetano” district, which was used as the reference category in the 

dummy variable encoding. This difference illustrates the significant role of locational 

factors as a predominant vector in price formation, especially in cities with pronounced 

socio-spatial segmentation, such as Itabuna, Bahia. 

These results not only confirm the model’s adherence to observed empirical 

reality but also confer technical legitimacy to its application in judicial, regulatory, and 

institutional contexts, where interpretative clarity of coefficients is a central requirement 

for the admissibility of expert reports and technical opinions. The modeling process, 

therefore, goes beyond mere predictive exercise; it enters the domain of forensic 

justification, allowing the valuer to substantiate value variations based on measurable, 

auditable, and replicable attributes, in full accordance with the provisions of Article 473 

of the Brazilian Civil Procedure Code (CPC/2015), the ABNT NBR 14.653-1:2022 (item 

4.2.2.1), and international best practices in valuation. 

These findings align with valuation literature (Rossetto, 2022; Corrêa, 2020), 

which highlights area and location as the primary drivers of real estate pricing. 
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5.4 Comparison with artificial neural networks 

 

The ANN model (MLP with 3 hidden layers and ReLU activation) yielded: 

a) R² = 0.922; 

b) MAE = BRL 10,830 (~4.3%); 

c) RMSE = BRL 13,760. 

 

Table 2. Summarizes comparative performance: 

Metric MLR ANN (MLP ReLU) 

R² 0.910 0.922 

MAE BRL 11,420 BRL 10,830 

RMSE BRL 14,930 BRL 13,760 

Shapiro-Wilk (p) 0.274 Not Applicable 

Fonte: Elaborado pelo autor. 

 

While the ANN slightly outperformed the MLR in raw accuracy, its lower 

explainability makes it less suitable for direct application in judicial valuation reports. As 

noted by ABNT NBR 14.653-1:2022 (item 7.4.2), experts must prioritize auditable and 

justifiable models, such as MLR, and apply more complex algorithms only as 

complementary tools. 

The Shapiro-Wilk test again confirmed normal residuals (p = 0.274), which is 

crucial for ensuring transparency, auditability, and reproducibility, essential values for 

the legal acceptance of AVMs as valid technical evidence (CPC/2015, art. 473; NBR 

14.653-3:2023; RICS Red Book VPS 4). 

 

5.5 Algorithmic fairness and equity 

 

Residual analysis by neighborhood and price range revealed no systematic bias. 

The model did not penalize properties in peripheral areas nor overvalue high-end 

properties, an essential condition for equitable public pricing and regulatory transparency. 

The principles of algorithmic fairness, such as absence of concentrated error 

across socioeconomic groups, were upheld. The traceability of models, through open-

source code and documented calculations, meets the transparency and reproducibility 

requirements of both CPC/2015 (Art. 473) and scientific congresses like FIG 2026. 
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6 DISCUSSION 

 

6.1 Artificial Intelligence and Equity in Access to Technical Valuation 

 

The application of Automated Valuation Models (AVMs) powered by Artificial 

Intelligence (AI) represents a significant breakthrough in promoting both access to justice 

and informational equity in Brazil’s real estate sector. By enabling thousands of 

properties to be appraised with speed, accuracy, and methodological consistency, AVMs 

democratize access to information that was previously restricted to manual assessments, 

often inaccessible to vulnerable populations. 

In light of Article 5, section XXXV of the Brazilian Federal Constitution, which 

guarantees universal access to the judiciary, the availability of auditable and equitable 

AVMs may be interpreted as a supporting mechanism to ensure the constitutional right 

to appropriate technical evidence. The use of real, auditable, and reproducible data, as 

demonstrated in this study based on properties in Itabuna/BA, ensures that automation 

becomes a tool of inclusion, particularly in land regularization programs, resettlement 

processes, and public housing policies. 

 

6.2 MLR vs ANN: technical performance and judicial transparency 

 

A comparison between the Multiple Linear Regression (MLR) model and the 

Artificial Neural Network (ANN) revealed that both approaches achieved statistically 

excellent performance (R² > 0.90, MAE < 5%). The ANN outperformed slightly in terms 

of RMSE and absolute error. 

However, the optimal model should not be selected solely based on statistical 

criteria. In forensic and legal contexts, transparency and interpretability are paramount. 

MLR enables a clear explanation of how each variable affects the property value through 

readable and testable coefficients, favoring its judicial admissibility (cf. CPC/2015, Art. 

473; ABNT NBR 14.653-1:2022, item 4.2.2.1). 

In contrast, the ANN functions as a "black box": despite its superior predictive 

power, its internal logic is not readily interpretable by judges, prosecutors, public 

defenders, or litigants. This raises both ethical and technical concerns: how can one 
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reconcile performance with transparency in a legal context that demands clear reasoning, 

adversarial proceedings, and procedural fairness? 

 

6.3 Transparency, traceability, and algorithmic justice 

 

Data traceability, reproducible calculation logs, and residual analysis are essential 

for a model to be admitted as robust expert evidence, especially in Courts of Law. As 

highlighted by Sunstein (2020), public trust in automated systems depends not only on 

their performance but also on their explainability. 

This study satisfies those conditions by presenting: 

a) Publicly available, auditable, and georeferenced data; 

b) Models with known and reproducible parameters; 

c) Statistical testing of residual distributions; 

d) Transparent charts and explanatory tables; 

e) Legal and technical foundations in full alignment. 

These elements position the proposed modeling strategy as an exemplar of legally 

responsible AVM application, suitable for public policy implementation, expert 

testimony in court, and regulatory valuation frameworks. 

 

6.4 Contributions to the Sustainable Development Goals (SDGs) 

 

The research aligns directly with the following United Nations Sustainable 

Development Goals (SDGs): 

 

Table 3. United Nations Sustainable Development Goals (SDGs) 

SDG Title Study Contribution 

10 Reduced Inequalities Democratization of access to technical valuations 

11 Sustainable Cities and Communities Data-driven urban planning 

16 Peace, Justice, and Strong Institutions Transparent expert valuation and access to fair evidence 

9 Industry, Innovation, and Infrastructure AI applied to legal and valuation infrastructure 

17 Partnerships for the Goals Integration of academia, judiciary, and public policy sectors 

Fonte: Elaborado pelo autor. 
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Figure 5 - Intersection Between Automated Valuation Modeling and Priority SDGs 

 
Fonte: Elaborado pelo autor. 

 

This intersection between technical rigor and social purpose reinforces the role of 

the valuation engineer as an epistemic agent of justice and advocate for evidence-based 

solutions, deeply committed to human dignity and economic justice. 

 

7 FINAL CONSIDERATIONS AND FUTURE PERSPECTIVES 

 

This study has presented a robust model for Automated Valuation of Real Estate 

(AVM) integrating Artificial Intelligence (AI), exploring the balance between technical 

performance, legal transparency, and social impact. Using real market data from the city 

of Itabuna (Bahia, Brazil), the research demonstrated that high levels of predictive 

accuracy (R² > 0.90; MAE < 5%) can be achieved without compromising process 

auditability or clarity in result communication, especially in judicial contexts. 

The combined use of Multiple Linear Regression (MLR) and Artificial Neural 

Networks (ANN) proved effective for both exploratory purposes and technical 

refinement. While MLR provided greater interpretability of coefficients and stronger 

compliance with normative frameworks (cf. ABNT NBR 14.653-1:2022), ANN delivered 

superior performance in non-linear and complex scenarios. The integrated analysis of 

both approaches points to a promising pathway toward hybrid models, capable of 

reconciling explainability and accuracy, an essential attribute for acceptance in forensic 

expert reports, tax assessments, and socioeconomic impact studies. 
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From an ethical-institutional perspective, this research reaffirms the relevance of 

algorithmic fairness in the valuation field. AI-based models should be understood not 

merely as technical tools, but as normative instruments, whose use entails decisions 

affecting fundamental rights, especially in contexts involving litigation, taxation, or urban 

planning. Data traceability, full documentation of parameters, and the potential for public 

audit are minimum requirements for their admissibility as “technical evidence” under 

Article 473 of the Brazilian Civil Procedure Code (CPC/2015). 

The alignment of this work with the Sustainable Development Goals (SDGs), 

particularly SDG 10 (Reduced Inequalities), SDG 11 (Sustainable Cities and 

Communities), and SDG 16 (Peace, Justice, and Strong Institutions), reinforces the notion 

that valuation engineering must serve as a bridge between science, law, and distributive 

justice. The modern valuation professional is not merely a technician, but an epistemic 

agent of legality and equity. 

 

7.1 Future perspectives 

 

The findings of this study pave the way for a broad agenda of applied research, 

including: 

a) Development of Explainable AI (XAI) models that combine the predictive power 

of deep neural networks with interpretability suitable for legal and judicial 

scrutiny; 

b) Expansion of real estate datasets to include other Brazilian cities, enabling 

comparisons across diverse urban contexts and adapting models to local socio-

spatial particularities; 

c) Integration with public geospatial platforms such as the Multipurpose Technical 

Cadastre and the National Land Information Management System (SINTER) to 

support public policies on land regularization, zoning, and equitable taxation; 

d) Design of normative protocols for the forensic use of AVMs, in collaboration with 

the Judiciary, Public Prosecutor’s Offices, and Courts of Auditors, ensuring legal 

certainty and technical validation of automated models. 

Ultimately, this article reaffirms that technique must serve justice, and that for 

justice to be truly accessible, it must embrace faster, auditable, transparent, and 
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technologically attuned valuation models. The future of judicial valuations is indeed 

automated, but it is also ethical, fair, and profoundly human-centered. 
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