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Perfis Municipais na Integragdo ao Sinter: uma analise fatorial e espacial

RESUMO

Objetivo - identificar e mapear os perfis de posicionamento municipal em face do Sistema Nacional de Gestdo de
Informagdes Territoriais (Sinter).

Metodologia — aplicacdo de questionario para diagndstico, em ambito nacional, das percepgées dos municipios
brasileiros em face do Sinter utilizando uma amostragem de conveniéncia n3do-probabilistica. Foram analisadas as
respostas dos itens em escala Likert do questiondrio aplicado e as andlises seguiram as seguintes etapas: medidas de
tendéncia central e dispersdo (média, desvio-padrdo, mediana e intervalo interquartil); validagdo do questionario por
abordagem psicométrica em multiplas etapas; analise fatorial exploratdria (AFE) e confirmatdria (AFC) utilizadas para
investigar a estrutura latente dos construtos; extragdo dos fatores pelo método dos minimos residuos com rotagdo
obliqua; avaliagdo da consisténcia interna das dimensdes identificadas por alfa de Cronbach e pelo 6mega de
McDonald; por fim, andlise de clusters pelo método hierarquico de Ward (Ward.D2) para identificagdo dos perfis
municipais.

Originalidade/relevancia — a literatura acerca do Sinter tem avancado na descri¢cdo de seu funcionamento, potencial
e desafios normativos; contudo, permanecem inexploradas trés dimensdes analiticas complementares: a mensuragio
psicométrica das percepgdes municipais sobre o sistema; a segmentagdo empirica dos municipios em perfis
institucionais de posicionamento; e a representac¢do cartografica desses perfis no territério nacional. O presente
estudo preenche simultaneamente essas trés lacunas, produzindo — de forma inédita na literatura — um mapa
coroplético da distribui¢cdo espacial dos perfis municipais de adesdao ao Sinter, ancorado em estrutura fatorial validada
por analise confirmatdria. A relevancia académica é demostrada em quatro dimensdes: i) relevancia metodoldgica —
o estudo demostra a viabilidade de aplicar métodos psicométricos ao campo da gestdo territorial; ii) relevancia
substantiva — o achado de que os determinantes da adesdo ao Sinter sdo predominantemente institucionais e ndo
regionais; iii) relevancia para a politica publica - odiagndstico produzido pelo estudo pode instrumentalizar os érgdos
competentes na priorizagdo de municipios e na alocagdo diferenciada de recursos de apoio técnico; e iv) relevancia
para a agenda de pesquisa — o instrumento validado e a tipologia de cinco perfis constituem uma base empirica
replicdvel para estudos longitudinais que monitorem a evolugdao da adesdao municipal ao Sinter ao longo do tempo.
Resultados — oitenta e dois municipios, de todas as cinco regiGes do pais, participaram da pesquisa. Foram
identificados dois fatores latentes: Beneficios percebidos do Sinter (F1; a = 0,847) e Desafios para integragdo e uso
(F2; o = 0,866), ambos com consisténcia interna adequada. A analise de cluster hierarquica (Ward.D2) segmentou os
municipios em cinco perfis distintos, cujos escores fatoriais revelaram combinag&es especificas entre percepgdo de
valor e percepgdo de barreiras. A distribuigdo espacial desses perfis, representada por mapa coroplético, demonstrou
auséncia de padrdo geografico sistematico, sugerindo que os determinantes da adesdo ao Sinter ndo sdo regionais,
mas predominantemente de natureza institucional, técnica e financeira.

Contribui¢des tedricas/metodoldgicas — identificacdo de dois fatores latentes: Beneficios percebidos do Sinter e
Desafios para integracdo, indicando uma dupla racionalidade na adesdo. Classificagdo dos municipios em cinco perfis
(clusters) mostrando a heterogeneidade institucional e a necessidade de ag¢Ges diferenciadas. Constatagdo de que a
distribuicdo espacial dos perfis ndo segue padrdo regional ou geografico, sugerindo que determinantes sdo
institucionais, técnicos e financeiros. Validagdo de construtos, clusters hierarquicos e mapa coroplético para leitura
espacial dos perfis utilizando método robusto: AFE e AFC.

Contribuigées sociais e ambientais — os resultados tém potencial para subsidiar o planejamento de estratégias
diferenciadas de apoio técnico, capacitagdo e comunicagdo institucional orientadas ao perfil de cada grupo visando a
integragdo dos municipios ao Sinter o que resultara em beneficios para o adequado planejamento urbano em virtude
da troca de informacgGes territoriais.

PALAVRAS-CHAVE: Cadastro Territorial. Sinter. Gestdo de Informagdes Territoriais.
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Municipal Profiles in Sinter Integration: a factor and spatial analysis

ABSTRACT

Objective — to identify and map municipal positioning profiles regarding the National System for Territorial
Information Management (Sinter).

Methodology — national-diagnostic survey of Brazilian municipalities’ perceptions toward Sinter, using a non-
probabilistic convenience sample. To achieve the study’s objective, responses to Likert-scale items from the applied
questionnaire were analyzed. Analyses followed these steps: measures of central tendency and dispersion (mean,
standard deviation, median, and interquartile range); validation of the questionnaires through a multi-stage
psychometric approach; Exploratory Factor Analysis (EFA) and Confirmatory Factor Analysis (CFA) to investigate the
latent structure of the constructs; factor extraction by the least squares method with oblique rotation; assessment of
internal consistency of the identified dimensions via Cronbach’s alpha and McDonald’s omega; finally, cluster analysis
using Ward'’s hierarchical method (Ward.D2) to identify municipal profiles.

Originality/Relevance — Although the literature on Sinter has advanced in describing its functioning, potential, and
regulatory challenges, three complementary analytical dimensions remain unexplored: psychometric measurement
of municipal perceptions of the system, empirical segmentation of municipalities into institutional positioning profiles,
and cartographic representation of these profiles across the national territory. This study simultaneously fills these
three gaps, producing—unprecedented in the literature—a choropleth map of the spatial distribution of municipal
profiles of Sinter adoption, anchored in a factor structure validated by CFA. Academic relevance is demonstrated in
four dimensions: i) methodological relevance — the study shows the feasibility of applying psychometric methods to
the field of territorial governance; ii) substantive relevance — the determinants of Sinter adoption are predominantly
institutional rather than regional; iii) policy relevance — the diagnostic can inform authorities in prioritizing
municipalities and allocating differentiated technical-support resources; and iv) research agenda relevance — the
validated instrument and the five-profile typology provide a replicable empirical basis for longitudinal studies
monitoring how municipal adherence to Sinter evolves over time.

Results — effectively 82 municipalities participated, distributed across all five regions of the country. Two latent factors
were identified—Perceived Benefits of Sinter (F1; o =0.847) and Challenges for integration and use (F2; a =0.866)—
both with adequate internal consistency. Hierarchical cluster analysis (Ward.D2) segmented municipalities into five
distinct profiles, whose factor scores reveal specific combinations of value perception and perceived barriers. The
spatial distribution of these profiles, represented by a choropleth map, showed no systematic geographical pattern,
suggesting that determinants of Sinter adoption are predominantly institutional, technical, and financial rather than
regional.

Theoretical/ Methodological Contributions — Identification of two latent factors: Perceived Benefits of Sinter and
Challenges for integration, indicating a dual rationality in adoption. Classification of municipalities into five profiles
(clusters) shows institutional heterogeneity and the need for differentiated actions. The spatial distribution of profiles
does not follow a regional pattern, suggesting determinants are institutional, technical, and financial, not
geographical. Use of a robust method: EFA and CFA for construct validation, hierarchical clustering, and choropleth
mapping for spatial reading of profiles.

Social and Environmental Contributions — The results support the planning of differentiated strategies for technical
assistance, capacity-building, and institutional communication tailored to each group's profile, with the objective of
municipalities integrating into Sinter, benefiting from the exchange of territorial information that underpins
appropriate Urban Planning.

KEYWORDS: Land Cadastre. Sinter. Territorial Information Management.
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Perfiles Municipales en la Integracion al Sinter: un analisis factorial y espacial

RESUMEN

Objetivo — identificar y mapear los perfiles de posicionamiento municipal frente al Sistema Nacional de Gestion de
Informacién Territorial (Sinter).

Metodologia — aplicacién de un cuestionario para diagndstico a nivel nacional de las percepciones de los municipios
brasilefios respecto al Sinter, utilizando una muestra por conveniencia no probabilistica. Para alcanzar el objetivo de
este estudio, se analizaron las respuestas de los items en escala Likert del cuestionario aplicado. Los analisis siguieron
las siguientes etapas: medidas de tendencia central y dispersion (media, desviacién tipica, mediana e intervalo
intercuartilico); validacion de los cuestionarios mediante un enfoque psicométrico en multiples etapas; Analisis
Factorial Exploratorio (AFE) y Andlisis Factorial Confirmatorio (AFC) para investigar la estructura latente de los
constructos; extraccion de factores por el método de minimos cuadrados con rotacion oblicua; evaluacion de la
consistencia interna de las dimensiones identificadas mediante alfa de Cronbach y omega de McDonald; por ultimo,
analisis de clusteres por el método jerarquico de Ward (Ward.D2) para identificar los perfiles municipales.
Originalidad/relevancia — Aunque la literatura sobre el Sinter ha avanzado en describir su funcionamiento, su
potencial y los desafios normativos, siguen inexploradas tres dimensiones analiticas complementarias: la medicidn
psicométrica de las percepciones municipales sobre el sistema, la segmentacion empirica de los municipios en perfiles
institucionales de posicionamiento y la representacion cartografica de estos perfiles en el territorio nacional. Este
estudio cubre simultdneamente las tres lagunas, produciendo —de forma inédita en la literatura— un mapa
coroplético de la distribucion espacial de los perfiles municipales de adhesion al Sinter, anclado en una estructura
factorial validada por un andlisis confirmatorio. La relevancia académica se demuestra en cuatro dimensiones: i)
relevancia metodoldgica — el estudio demuestra la viabilidad de aplicar métodos psicométricos al campo de la gestidn
territorial; ii) relevancia sustantiva — el hallazgo de que los determinantes de la adhesién al Sinter son
predominantemente institucionales y no regionales; iii) relevancia para la politica publica — el diagndstico producido
por el estudio puede instrumentalizar a las autoridades competentes en la priorizacién de municipios y en la
asignacion diferenciado de recursos de apoyo técnico; y iv) relevancia para la agenda de investigacion —el instrumento
validado y la tipologia de cinco perfiles constituyen una base empirica replicable para estudios longitudinales que
monitorear la evolucion de la adhesion municipal al Sinter a lo largo del tiempo.

Resultados — participaron efectivamente de la encuesta 82 municipios, distribuidos en las cinco regiones del pais. Se
identificaron dos factores latentes - Beneficios Percebidos del Sinter (F1; a = 0,847) y Desafios para la Integraciény
Uso (F2; o= 0,866) -, ambos con consistencia interna adecuada. El analisis de cluster jerarquico (Ward.D2) segmentd
los municipios en cinco perfiles distintos, cuyos puntajes factoriales revelan combinaciones especificas entre la
percepcién de valor y la percepcién de barreras. La distribucion espacial de estos perfiles, representada por un mapa
coroplético, mostrd ausencia de un patron geografico sistematico, sugiriendo que los determinantes de la adhesién al
Sinter son predominantemente institucionales, técnicos y financieros — y no regionales.

Contribuciones tedricas/metodolégicas — Identificacidon de dos factores latentes: Beneficios Percebidos del Sinter y
Desafios para la integracion, indicando una doble racionalidad en la adhesidn. La clasificacion de los municipios en
cinco perfiles (clusteres) muestra heterogeneidad institucional y necesidad de acciones diferenciadas. La distribucion
espacial de los perfiles no sigue un patrén regional, sugiriendo que los determinantes son institucionales, técnicos y
financieros, no geograficos. Uso de método robusto: AFE y AFC para la validacion de constructos, cluster jerarquico y
mapa coroplético para la lectura espacial de los perfiles.

Contribuciones sociales y ambientales — Los resultados respaldan la planificacidon de estrategias diferenciadas de
apoyo técnico, capacitacion y comunicacion institucional orientadas al perfil de cada grupo con el objetivo de que los
municipios se integren al Sinter, beneficiandose del intercambio de informacion territorial que fundamenta una
adecuada Planificaciéon Urbana.

PALABRAS CLAVE: Catastro Territorial. Sinter. Gestion de Informacion Territorial.
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GRAPHICAL ABSTRACT

Municipal Profiles in Sinter Integration: A Factor and Spatial Analysis

Objective: to identify and map municipal positioning profiles regarding the National System for the
Management of Territorial Information (Sinter).
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1 INTRODUCTION

Specialized literature indicates that several countries have adopted centralized models
of territorial cadastral management. European nations such as Austria, Belgium, Spain (with the
exception of 5% of its territory), France, the Netherlands, and Luxembourg, as well as Latin
American countries such as Chile, Costa Rica, and Uruguay, centralize the management of their
land cadastres under a single national administration, encompassing both urban and rural
properties (Amorim et al., 2018; Espafia, 2021; Loch & Erba, 2007).

Brazil, in turn, adopts a significantly different model. Brazilian territorial cadastral
administration is characterized by a fragmented structure, with segregation between rural and
urban land cadastres. The urban land cadastre is dispersed among the various municipalities,
lacking standardization and systemic integration at the national level; the administration of
urban land cadastres is the responsibility of each municipality within its respective territory.
Meanwhile, authority over the rural land cadastre lies with the federalgovernment, underthe
responsibility of the National Institute for Colonization and Agrarian Reform (INCRA).

The complexity of Brazilian cadastral managementis amplified by the country's
continentaldimension and the large number of municipalities 5,570 (IBGE, 2023), which causes
boundary conflicts and overlapping property areas, hindering the correlation between title
records and cartographic documents (Erba, 2005).

Brazilian urban land cadastres exhibit considerable variation in their levels of
technological and structural development. At one extreme are basic systems composed of
nothing more than elementary spreadsheets; at the other, sophisticated land cadastres that
have achieved international recognition for their technical excellence. This heterogeneity
reflects differences in technical staff capacity and in levels of investment in the cadastral field.
Built upon this uneven foundation, problems of a distinct nature accumulate: the lack of
standardization in data collection and storage compromises the information consistency;
excessive focuson fiscalaspects and frequent outdatedness neglect the current territorial reality
and hinder integrated territorial management, further aggravated by the absence of adequate
georeferencing; and the dispersion of information among different municipal departments
creates administrative silos that reduce management efficiency. Together, these weaknesses —
technological, methodological, and organizational — shape a scenario of structural
fragmentation that compromises municipalities' ability to fully exercise their cadastral function.
This situation is particularly evidentin small municipalities; Stephan and Souza Maria (2015)
identify the fragility of the municipal land cadastre as one of the main bottlenecks to urban
planning in small Brazilian cities.

Concomitant with the evolution of this fragmented land cadastre, demands for
information generated by the Land Cadastre have intensified, both in the public and private
spheres. Cadastral information is primarily essential for its managing bodies, such as
municipalities, which, underthe City Statute, Law No. 10,257 (2001), are required to implement
the Master Plan, thus demanding a high-quality land cadastre. Likewise, municipalities need to
know their territory to exercise their tax authority over property. At the federal level, the
cadastral registration of rural properties constitutes an essentialelementforland regularization
policy and territorial planning.
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Beyond direct managers, various other agencies have an interest in the information
generated by land cadastres. In the absence of direct access to this information, such entities
resort to their own means of obtaining it, processes that frequently prove costly, slow,
inefficient, untimely, and duplicative.

Farias and Carneiro (2015) point out that, in the past, information was seen as
belonging exclusively to a single institution, being generated and maintained internally. With
administrative and technological evolution, however, entities began to take advantage of the
benefits of dataintegration among different institutions, enabling cost reduction, greater speed
in information production, and advances in territorial management. Queiroz (2018) states that
we live in a society in which information has become a strategic asset, and that data obtained
from a multipurpose land cadastre are essential in the process of transforming a municipality
into a Smart City. Silva et al. (2021) argue that only a nationally comprehensive territorial
administration system can enable a nation's sustainable development. In this sense, to minimize
the obstacles related to the Land Cadastre, the Brazilian federal government implemented an
important initiative in 2016 to unify property cadastral information across the entire national
territory. Established by Decree No. 8,764 (2016), the National System for Territorial
Information Management (Sinter) aims to integrate urban and rural property data from across
the country into a single platform, providing access to information- subjectto legal limitations -
for public administration bodies and entities at all levels of government, forregistry and notarial
services, as well as for other agencies, entities, and concessionaires or licensees of public
services that manage data related to real estate, and for natural and legal persons under public
or private law (Brazil, 2022).

In his analysis of Sinter's compliance with national legislation, and its insertion within
the context of land governance, Cardoso (2018) highlights that Sinter represents an initiative
aimed at addressing a historical deficiency in Brazilian land governance: the absence of a unified
land cadaster encompassing both public and private lands. Sinter thus represents a Brazilian
institutional response to the challenge of reconciling the autonomy of federative entities and
the diversity of cadastral systems with the growing needforintegration of territorial information
to support public policies, ensure legal certainty, and promote the country's sustainable
development.

For Sinter to effectively fulfill the purpose for which it was created, the active
participation of municipalities as providers of data and information generated in their territorial
registries constitutes a sine qua non condition. Initially, municipal participation in Sinter was
based on voluntary accession, formalized by means of an agreement between the municipality
andthe federalbody responsible for managing the system, the Brazilian Federal Revenue Service
(RFB), as established by Decree No. 11,208 (2022).

In contrast, the recent tax reform, consolidated by Complementary Law No. 214
(2025), simplifies consumption taxation and establishes new principles to guide the Brazilian tax
system: simplicity, transparency, tax fairness, cooperation, and environmental protection. In the
context of the reform, Sintertakes on a centralrole, since the legislation makes it mandatory for
all urban properties to obtain the CIB code (Cadastro Imobilidrio Brasileiro) and determines that
the reference value of real estate properties be disclosed and made available by the system
itself. In other words, the tax reform decisively drives the integration of municipal territorial
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registries into Sinter, giving it a character thatis no longer merely voluntary, but structural to
the new national tax model.

However, it was found thatin the period between the system's entry into operation in
December 2022 (Langamento [...], 2022) and February 2025, only 65 (sixty-five) municipal
governments had formalized their accession to the program. Even more concerning, of this total,
only 7 (seven) municipalities had completed theintegration by sending their first data shipment.

Given the situations outlined above, it is considered that the well-established
relevance of the land cadastre for the formulation and implementation of efficient public
policies positions Sinter as a strategic solution to historical challenges in territorial
administration in Brazil. However, despite its transformative potential for Brazilian territorial
management, the system faces a critical obstacle: low municipal accession. This scenario
significantly undermines the system's integrative purpose, since active municipal participation
constitutes a fundamental condition for the initiative's success.

From this perspective, this article aims to present the results of a nationwide diagnostic
assessment of Brazilian municipalities' integration into Sinter, with an emphasis on identifying
and spatially mapping municipal profiles derived from factor and cluster analysis. Specifically, it
seeks to: validate the factorial structure of the applied instrument; segment municipalities into
distinct profiles regarding their perception of the benefits and challenges associated with Sinter;
and represent the geographic distribution of these profiles through a choropleth map, verifying
whether systematic regional patterns exist.

2 METHOD
2.1 Participants

The study included the participation of 82 Brazilian municipalities. The participating
municipalities span all five regions of the country, with a predominance of the Southeast
(32.93%) and South (28.05%) regions, followed by the Northeast (20.73%), North (12.20%), and
Central-West (6.10%). In terms of population size, the sample encompasses municipalities of all
categories, from Small-Sized | to Metropolises, according to the classification adopted by the
National Council for Social Assistance (Conselho Nacional de Assisténcia Social, CNAS) based on
the IBGE's 2022 Demographic Census.

2.2 Instruments

The instrument applied to the municipalities was a structured questionnaire composed
of dichotomous questions and five-point Likert-scale items (1 = Strongly disagree; 5 = Strongly
agree), organized into three domains: Benefits of Sinter (Q7—Q11), Challenges to integration
(Q12-Q19), and Evolution and opportunities for improvement (Q21-Q25). For the factor
analysis, items Q7 through Q19 were used—a set of 13 items answered by all 88 participants,
with no missing data.

2.3 Procedures
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To obtain responses,anon-probabilisticconvenience sampling approach was adopted,
with three lines of contact with municipalities to provide access to the survey to as many
municipalities as possible. The survey link was disseminated by the National Confederation of
Municipalities (Confederacdo Nacional de Municipios, CNM) and by the Brazilian Association of
Capital Cities' Finance Departments (Associacdo Brasileira das Secretarias de Financgas das
Capitais, ABRASF), and was sent by e-mail to 2,580 municipalities directly to the sectors related
to the municipality's territorial registry, such as the Real Estate Registry, Property Tax
Department, Urban Planning, Urbanism, Cartographyand Registry, among others. The response
collection period was from July to September 2025.

2.4 Data Analysis

The statistical analysis of this study was designed with the aim of characterizing the
profile of the participating municipalities, validating the data collection instrument, synthesizing
perceptions of Sinter through scores, and investigating patterns, associations, and groupings
among respondents.

In the initial stage, a descriptive analysis of all study variables was performed.
Categorical variables were expressed as absolute and relative frequencies (n and %), while
guantitative and ordinal variables were described using measures of central tendency and
dispersion: mean, standard deviation, median, and interquartile range, considering the ordinal
nature of the Likert scales used.

Validation of the questionnaires followed a multi-step psychometric approach.
Initially, an Exploratory Factor Analysis (EFA) was conducted with the aim of investigating the
latent structure of the constructs, identifying the grouping of items into factors and reducing
data dimensionality, as well as verifying the adequacy of the items to the proposed theoretical
dimensions.

Given the ordinal nature of the variables, a polychoric correlation matrix was
employed, whose adequacy was assessed using the Kaiser-Meyer-Olkin (KMO) index and
Bartlett's test of sphericity. Factor extraction was performed using the minimum residual
method with oblique rotation (oblimin), allowing for correlation among factors. The
determination of the number of factors jointly considered statistical and inte rpretive criteria,
including parallel analysis and inspection of the scree plot, with selection of the model showing
the best fit, greatest stability, and preservation of sample size. In interpreting the factorial
solution, factor loadings with a magnitude > 0.40 were adopted as the retention criterion; in
cases of cross-loadings, items were allocated to the factor with the highest absolute loading
value, respecting conceptual coherence.

The internal consistency of the identified dimensions was estimated using Cronbach's
alpha and McDonald's omega, with values equal to or greater than 0.70 considered adequate,
complemented by an analysis of corrected item-total correlations. Items with high uniqueness
(=0.70) were analyzed individually, as they represented a substantial proportion of variance not
explained by the factors.
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Confirmatory Factor Analysis (CFA) was conducted to test the adequacy of the model
obtainedin the EFA. The WLSMV estimator, recommended for ordinal variables, was used, and
model fit was assessed using the following indices: chi-square (x%) and degrees of freedom,
Comparative FitIndex (CFl), Tucker-Lewis Index (TLI), Root Mean Square Error of Approximation
(RMSEA) with a 90% confidence interval, and Standardized Root Mean Square Residual (SRMR).
CFl and TLI values equal to or greater than 0.90 (acceptable fit) or 0.95 (good fit), and RMSEA
equalto or lessthan 0.08 (acceptable) or0.06 (goodfit), were adopted as reference thresholds.
An alternative model excluding items with lower factorial adherence was also tested for
comparative purposes. After model confirmation, factor scores were calculated for each
dimension, subsequently standardized as z-scores to ensure comparability across dimensions.

Finally, with the aim of identifying municipal profiles, a cluster analysis was performed
based on the standardized factor scores. Ward's hierarchical method (Ward.D2) with squared
Euclidean distance was initially applied, with the number of clusters determined by the elbow
criterion and the average silhouette index, together with the interpretability of the groupings.
The k-means method was employed as a complementary analysis to assess the robustness of
the solution obtained. Results were presented through descriptive tables, scatter plots on the
factorial plane, and a choropleth map. All analyses were conducted using R software (RStudio),
adopting a significance level of 5% (o = 0.05) at all inferential stages.

2.5 Results
2.5.1 Characterization of the Respondent Municipalities

The study included the participation of 82 Brazilian municipalities, from which 88
responsestothe questionnaire were obtained, given that 6 municipalities each submitted two
responses, from different professionals. It was decidedto retain all 88 responses to pres erve the
statistical power of the analysis. Excluding the responses from the 6 municipalities that had
already responded would reduce the sample and compromise the robustness of the results, in
addition to eliminating the individual perception of the municipal respondent.

The participating municipalities span all five regions of the country, with a
predominance of the Southeast(32.93%) and South (28.05%) regions, followed by the Northeast
(20.73%), North (12.20%), and Central-West (6.10%). Regarding the federative unit, a higher
concentration of respondents was observed from the states of Sdo Paulo, Santa Catarina, and
Minas Gerais, followed by Parana and Rio Grande do Sul.

The classification of the respondent municipalities by population size is presented in
Table 1.

e2555
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Table 1 — Classification of municipalities by size that responded to the survey

Municipality size Number of inhabitants Number of municipalities
Small | up to 20,000 18
Small lI 20,001 to 50,000 23
Medium 50,001 to 100,000 9
Large 100,001 to 900,000 23
Metropolises More than 900,000 9
Total 82

Source: prepared by the authors based on the CNAS classification, data from the IBGE 2022 Demographic Census, and
survey data (2026).

Initially, through the descriptive analysis of the variables, the results shown in Table 2
were obtained, characterizing the participating municipalities in terms of their knowledge of
Sinter, whether they have a georeferenced land cadastre and an alphanumeric land cadastre,
the municipality's status of integration with Sinter, and their perception regarding the system's
benefits, challenges, evolution, and improvements.

Table 2 — Institutional Characterization and Perceptions of the Municipalities Participating in the Study (n = 88)

Variable Category n (%)
Do you know Sinter? Yes 67 (76.1)
No 21 (23.9)
Has a Georeferenced Land Yes 52 (59.1)
Cadastre? No 36 (40.9)
Has an Alphanumeric Land Yes 52 (59.1)
Cadastre? No 36 (40.9)
Not integrated 60 (68.2)
Integration status In implementation phase 19 (21.6)
Integrated 9(10.2)
Perceptions (scale Likert)
Dimension Scale Mean t SD Median (IQR)
Benefits of the Sinter 1-5 4.03+0.81 4.20(3.35-4.8)
Challenges to integration 1-5 3.86 £+ 0.674 3.94 (3.38 — 4.28)
Evolution and improvements 1-5 3.91+0.71 3.80 (3.40 — 4.50)

Notes: SD: standard deviation; IQR: interquartile range
Source: prepared by the authors with survey data (2026).

It was observed that most respondents had already heard of Sinter (76.1%), while the
minority (23.9%) reported having no prior knowledge of the system. Regarding integration
status with Sinter, it was found that 68.2% were not yet integrated, 21.6% were in the
implementation phase, and only 10.2% reported already being integrated into the system. As
for cadastral infrastructure, most municipalities reported having a Georeferenced Land Cadastre
as well as an Alphanumeric Land Cadastre, although important gaps persist, especially among
those that had not yet begun the integration process with Sinter. Regarding the perceptions
assessed onthe Likert scale, the mean scoresindicated high agreementregarding the potential
benefits of Sinter (mean = 4.03; SD = 0.81) and moderate agreementregarding the challenges
faced by municipalities in the integration process (mean = 3.86; SD = 0.674).

2.5.2 Factorial structure and internal consistency
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Before proceeding with the exploratory factor analysis, the adequacy of the
correlation matrix for items Q7-Q19 was assessed, resultingin a KMO = 0.761 and a significant
Bartlett's test (p < 0.001), indicating satisfactory conditions for the EFA, as shown in Table 3.

Table 3 — Adequacy measures of the correlation matrix for EFA

Measure Complete items Q7-Q19
Overall KMO 0.761
Bartlett’s Chi-square 750.65
df 78
p-value <0.001
Total n of the analysis 88
n of complete cases 88

Source: prepared by the authors based on research data (2026).

Parallel analysis and the scree plot consistently indicated the retention of two factors,
which jointly explain 57.0% of the total variance.

Figure 1 presentsthe two-factor modelobtained through the EFA, with its respective
standardized factor loadings and the interfactorial correlation (¢ = 0.123), reinforcing the
interpretation that the two identified dimensions represent distinct factors, with relative
independence between the perception of Sinter's benefits and the perception of challenges to
its integration and use.

Figure 1 — Two-factor model of the Benefits and Challenges dimensions

Source: prepared by the authors based on research data (2026).

Factor 1 — Perceived benefits of Sinter comprised items Q7, Q8, Q9, Q10, Q11, and
Q19, with factor loadings ranging from 0.593 to 0.914. Item Q8 (contribution to tax collection)
showed the highest loading (0.914) and the lowest uniqueness (0.128), indicating strong
adherence to the dimension.

Factor 2 — Challengesto integration and use grouped items Q12, Q13, Q14, Q15, and
Q18, with loadings ranging from 0.517 to 0.899. Items Q16 and Q17 did not show relevant factor
loadings on either factor and were kept out of the multi-item structure.

The CFA confirmed the two-dimensional structure with good incremental fit (CFl =
0.986; TLI = 0.982) and partially adequate absolute fit (RMSEA = 0.111; SRMR = 0.122). The
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interfactorial correlation was low and non-significant (¢ = 0.175; p = 0.118), reinforcing the
relative independence between the two dimensions.

Both dimensions showedadequatelevels of internal consistency, as shown in Table 4.
Internal consistencyis a measure of coherence amongthe itemsthat make up the same factor
of the questionnaire. Itindicates the extentto which the questions grouped within a factor are
indeed measuring the same aspect in a cohesive and reliable manner, that is, whether a
respondent who agrees with one question tends to agree with the others in the same group.

Table 4 - Internal consistency and descriptive statistics of the validated dimensions (n = 88)

Dimensions Items Cronbach’s McDonald’s Mean + SD Median Cl 95%
alfa (a) omega (w) (I1GR)

Factor 1 — Q7, Q8, Q9,

Perceived benefits Q10, Q11, Q19 0.847 0.904 4.00 £ 0.78 417 383 416
_ (3.33-4.67)

of Sinter

Factor 2 — Q12, Q13, Q14, 3.80

Challenges to Q15, Q18 0.866 0.89 3.68 £ 1.09 : 3.44-3.91

. > (3.00-4.65)
integration and use

Notes: reference values: a = 0.70 and w = 0.70 indicate adequate internal consistency. SD: standard deviation; IQR:

interquartile range.
Source: prepared by the authors based on research data (2026).

Factor 1 — Perceived benefits of Sinter — obtained a Cronbach's alpha of 0.847 (95%
Cl: 0.797-0.898) and a McDonald's omega of 0.904, while Factor 2 — Challenges to integration
and use — showed an alpha of 0.866 (95% Cl: 0.823—0.908) and an omega of 0.890, both above
the minimum criterion of 0.70 adopted in the study, attesting to the reliability of the proposed
dimensions.

2.5.3 Municipal Profiles: Cluster Analysis

The hierarchical cluster analysis segmented the 88 municipal respondents into five
distinct profiles based on the standardized factor scores of F1 and F2. The five -cluster solution
presented the highest average silhouette index (0.397) and a balanced distribution among
groups and was therefore adopted as the final partition. The identified profiles are described in
Table 5.
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Table 5 — Municipal profiles identified by the cluster analysis (k= 5; n = 88)
Profile n (%) F1 F2 Description
Benefits Challenges
(mean £SD) (mean SD)

High perception of benefits; low
C1 - Most favorable and i
: ' 12 (13.6%) 0.84+0.34 -1.03 +0.34 perceptlc.m of chaI.Ienges. FSreater
with fewer barriers readiness for integration.

Positive perception of benefits;
average level of challenges.
17 (19.3%) 0.48 £ 0.37 0.12+0.37 Requires technical operational
support.

C2 - Favorable, with
moderate barriers

Below-average perception of both
benefits and challenges. Lower
31(35.2%) -0.88+0.54 -0.64+0.54 level of conviction, but without
major obstacles.

C3 - Less favorable, but
with fewer barriers

Strongly convinced of the benefits,
C4 - Very favorable, yet but heavily constrained by

. , 13 (14.8%) 1.02+0.31 1.24+0.31 )
with many barriers structural barriers.

Lowest perception of benefits and
C5 - Challenged and less i i ifficulti
g 15(17.0%) -049+051 080+051 _ehestperception of difficulties.
favorable Requires broad awareness-building
efforts.

Notes: interpretation relative to the sample meaning.
Source: prepared by the authors based on research data (2026).

The dispersion of municipalities by factor scores is illustrated in the cluster plot in
Figure 2, showing that Cluster 3 ("Less favorable, but with fewer barriers") concentrates the
largest share of municipalities (35.2%), followed by Cluster 2 (19.3%) and Cluster 5 (17.0%).
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Figure 2 — Dispersion of municipalities by factor scores (F1 x F2)

L]
L] . e N ’ : [ ] L
4 .
.
. - . . :
.
‘2 : . y . . ® . l
.
= s ™
o s ® @ s Cluster
- -

E' ™ . # il - &
.'ﬁ . - . o ® X
5 - . = . . . 2
a . L] - . ® 3
h =] . ® i
@ .1+ M
2 T o.u e ® @ r ol s 5
8 e . .
=4 L oy .
] .
o
I
™ .24
(s

F2 - Challenges to integration and use

Source: prepared by the authors based on research data (2026).

These findings are supported by the dendrogram (Ward.D2 method)in Figure 3, which
represents the hierarchical similarity structure among municipalities and the final formation of

the five groups.

Figure 3 — Dendrogram of the hierarchical cluster analysis with 5 groups
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Source: prepared by the authors based on research data (2026).

Itis noted thatthe colored branchesreflectthe progressive separation of the identified
profiles, allowing visualization of the relative proximity among municipalities within each cluster
and the distance between clusters. Some groups can be observed to form more cohesively, with
mergers occurring at lower distance levels, while others show greater internal heterogeneity,
consistent with the differences observed in the means and dispersions of the factors.
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2.5.4 Spatial distribution of municipal profiles: choropleth map

Figure 4 presents the spatial distribution of the 82 participating municipalities
according to the profiles identified in the cluster analysis, allowing for an examination of
whetherthe resulting segmentation exhibits any pattern of regional concentration or whether
the profiles are heterogeneously distributed across the national territory.

The spatial distribution analysis reveals that municipal profiles are geographically
dispersed across the Brazilian territory, without forming clear regional clusters or systematic
spatial patterns. Municipalities belonging to distinct profiles appear side by side across various
regions, indicating that municipalities' positioning toward Sinter — both in terms of perceived
benefits and challenges to integration — is not determinantly associated with geographic
location or administrative region of belonging.

Figure 4 — Spatial distribution of municipal profiles
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Source: prepared by the authors based on research data (2026).
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It is observed, however, that participating municipalities are predominantly
concentrated in the South and Southeast regions, with a sparser presence in the North,
Northeast, and Center-West regions, reflecting the survey's own response pattern. In these
regions with a higher density of respondents, it is possible to identify the coexistence of multiple
profiles in neighboring states or even within the same state — for example, in Santa Catarina,
Minas Gerais, and S3o Paulo — reinforcing the internal heterogeneity of these regions regarding
the stage of relationship with the system.

The absence of a clear territorial pattern suggests that the determining factors of
municipal profiles are institutional, technical, and financial in nature — such as management
capacity, technological infrastructure, and availability of specialized staff — rather than
geographic. This finding reinforces the relevance of differentiated support strategies by profile,
regardless of regional scope.

3 DISCUSSIONS

The results of this study reveala scenario marked by the simultaneous recognition of
Sinter's strategic value and the persistence of concrete challenges to its implementation. The
validated factorial structure — composed of the Perceived Benefits and Challenges to
Integration factors — proved consistent with the literature on the adoption of territorial
information systems (Amorim et al., 2018; Farias & Carneiro, 2015; Silva et al., 2025), indicating
that the integration decision is not unidimensional and involves the simultaneous weighing of
perceived gains and institutional barriers.

The existence of five distinct profiles demonstrates that municipal heterogeneity
cannot be underestimated in the planning Sinter implementation policies. Profile C1 ("Most
favorable and with fewer barriers"), composed mainly of municipalities in the South of the
country with greater institutional capacity, represents the segment best prepared for
accelerated integration and could serve as a benchmark of good practices. In contrast, profiles
C4 ("Veryfavorable, yet with many barriers") and C5 ("Challenged and less favorable") indicate
situations that call for distinct interventions: the former primarily requires technical and
financial support to overcome structural barriers, while the latter additionally requires
communication and awareness-raising actions regarding the system's value.

The fact that Cluster 3 — municipalities classified as "Less favorable, but with fewer
barriers” — accounts for 35.2% of the sample is particularly relevant. Although these
municipalities do not face major operational barriers, they report relatively less favorable
perceptions of Sinter's potential benefits. This pattern suggests a gap in institutional
communication: municipalities that could advance their integration but lack sufficient
information about the system's concrete advantages for their territorial and fiscal management
routines.

From a methodological standpoint, the combination of EFA, CFA, and cluster analysis
with cartographic representation constitutes an integrative approach that advances beyond
purely descriptive diagnostics. The psychometric validation of the dimensions ensuresthatthe
differences between profiles reflect reallatent constructs ratherthan mere spurious variations
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in responses. The spatial representation of profiles through a choropleth map adds an analytical
layer that facilitates the identification of priority territories for institutional action.

The study presents limitations that should be considered. The convenience sampling
and the relative concentration of respondents in the South and Southeast regions may introduce
regional biases and limit the generalizability of the findings. The exclusive use of a structured
guestionnaire, although appropriate for the proposed objectives, did not allow for an in-depth
exploration of the qualitative aspects underlying the identified perceptions.

For future studies, it is recommended to incorporate qualitative approaches,
longitudinal studies that monitor the trajectory of municipal integration over time, and
comparative investigations between integrated and non-integrated municipalities, controlling
for variables such as population size, fiscal capacity, and regional location — elements that may
contribute to the identification of predictive factors for successful Sinter implementation.

4 CONCLUSIONS

This study demonstrated that Brazilian municipalities are distributed into five distinct
profiles regarding the perceived benefits and challenges associated with Sinter, revealing a
scenario of marked institutional heterogeneity. The psychometricvalidation of the dimensions
— with Cronbach's alpha values above 0.84 and a CFA with CFI=0.986 — ensuresthe quality of
the measures used in the segmentation. The choropleth map of the spatial distribution of
profiles confirmed the absence of a systematic geographic pattern, reinforcing that the
determinants of adherence are predominantly institutional.

The practical implications are direct: agencies responsible for implementing Sinter
should abandon uniform approaches and adopt differentiated strategies by profile. For
municipalities in Clusters 1 and 2, technical support for integration should be accelerated. For
Clusters 3 and 5, communication actions and value demonstration are priorities. For Cluster 4,
the focus should be on strengthening technical and financial capacity. The operationalization of
the Tax Reform — which makes the CIB mandatory for properties affected by the Tax on Goods
and Services (IBS) and the Social Contribution on Goods and Services (CBS) — lends urgency to
these actions, given that only 10.2% of the surveyed municipalities were integrated with Sinter
during the study period.

In this context, it is worth reflecting on the developments that the Tax Reform is
expectedto produce in the dynamics of municipal adherence to Sinter. Until the enactment of
Complementary Law No. 214 (2025), integration into Sinter, regulated by Decree No. 11,208
(2022), was configured as an essentially voluntary initiative, whose adoption depended on the
political will and technical capacity of each municipal entity, weighing the costs of cadastral
structuring against benefits that, for most administrators, remained largely intangible in the
short term. Adherence to Sinter, which previously constituted a discretionary prerogative of
local administrators, is thus transformed into a structural condition for the municipality's
inclusion in the new nationaltax architecture — a change that should accelerate, albeit unevenly
among federative entities, the cadastral modernization movement evidenced by the different
profiles identified in this study.
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Giventhis scenario, it is possible to anticipate at least three impacts arising from this
new mandatory condition, associated with the risk of revenue loss for municipalities that remain
outside the system. The first concerns its role as a driver of cadastral modernization: as
highlighted by Roveri (2024), the dissemination of Multipurpose Territorial Cadastre (CTM)
technology constitutes an essential condition for the municipalterritory to be effectively known
and exploredtoits full potential, such that the regulatory requirementtends to convertinto an
administrative imperative what previously depended solely on the local administrator's
initiative. The second expected impact is an exponential growth in adherence to Sinter, since
remaining outside the system will no longer be a viable option for municipalities, given the link
established between CIB integration and the assessment of reference property values for IBS
and CBS purposes. The third impact, in turn, falls upon Sinter itself: as municipalitie s with widely
varying degrees of cadastral maturity — as revealed by the five profiles identified here — begin
to join the system on a mandatory basis, its technical architecture and support mechanisms will
need to adapt to accommodate this heterogeneity, under penalty of formal integration failing
to translate into effective quality of the incorporated territorial data.

It can therefore be concluded that the transition from a voluntary adherence regime
to a compulsory integration regime not only lends urgency to the differentiated support
strategies proposed in this study, but also requires Sinter to develop sufficient flexibility to
progressively accommodate municipalities at widely varying stages of cadastral development
while ensuring technical robustness throughout the integration process.
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