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Abstract 

This study examines the regional variation of the Indonesian Democracy Index (IDI) across 34 provinces from 2021 to 

2024 in the context of global democratic backsliding. Understanding spatial disparities in democracy is crucial for 

promoting inclusive and evidence-based governance. Using the Random Forest Clustering (RFC) method, provinces were 

grouped based on indicators of civil liberties, political institutions, and community participation. Model selection was 

optimized by the Bayesian Information Criterion (BIC), with performance evaluated through R², silhouette score, and the 

Calinski–Harabasz index. The optimal model produced four clusters (R² = 0.806; silhouette = 0.310), revealing significant 

spatial diversity in democratic quality. Cluster 1 represents provinces with moderate stability and high heterogeneity; 

Cluster 2 includes those with limited democracy and low participation; Cluster 3 demonstrates consistent and balanced 

democratic performance; and Cluster 4 contains provinces with cohesive and mature democratic institutions. These results 

highlight interregional inequalities in democracy linked to institutional capacity and civic engagement. At the national level, 

the findings guide more targeted policy interventions for democratic strengthening. At the global level, this research 

contributes to understanding democratic resilience in developing countries and demonstrates the analytical value of machine 

learning for comparative studies of governance and political systems 
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Introduction 

Democracy is one of the main indicators of the quality of 

modern governance because it guarantees civil liberties, 

political accountability, and a strong power control 

mechanism between state institutions and citizens. 

However, in recent years the phenomenon of democratic 

backsliding, that is, the decline in the quality of democracy 

through the weakening of civil liberties, the rule of law, and 

political accountability, has emerged in many countries in 

different parts of the world, showing that democracy does 

not always move forward in a linear manner but can 

undergo regression (Hellmeier et al., 2021). International 

studies show a global trend in which the right to freedom of 

expression, the rule of law, and political competition have 

weakened in the last decade, so that the number of countries 

showing signs of democratic erosion continues to increase 

even though some countries maintain a relatively free 

electoral process (Little & Meng, 2024). This phenomenon 

is also positioned as part of a global challenge to 

contemporary democracy, where there is debate about the 

nature, size, and consequences of the declining trend in the 

quality of democracy in the post-1990 era (Bartels et al., 

2023). The literature states that backsliding can occur 

through elected government actions that gradually weaken 

power-balancing institutions such as parliament, 

independent media, and the judiciary to strengthen 

executive control (Hellmeier et al., 2021). In addition, the  
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relationship between democratic performance and the 

provision of public services is an important study material 

in understanding public trust in the modern democratic 

system: government performance in meeting economic and 

social outcomes can strengthen democratic legitimacy or 

conversely accelerate public dissatisfaction if the 

democratic system fails to show results (Fukuyama et al., 

2025). A multidimensional approach to democracy 

emphasizes that democracy is not only about electoral 

competition, but also inclusivity, protection of civil rights 

and the effectiveness of government (Hellmeier et al., 

2021). Empirical evidence from global comparative studies 

shows that although not all indicators of democracy show a 

uniform downward trend, there have been substantial 

declines in several dimensions such as media freedom and 

judicial law in various countries, suggesting that the quality 

of democracy in aggregate is under significant pressure 

(Little & Meng, 2024). Cross-border analysis also shows the 

complexity of the phenomenon of democracy in the 

contemporary era: while some countries are experiencing 

stagnation or improvement in the quality of democracy, 

many others are showing signs of institutional weakness 

amid increasing political polarization and other internal 

challenges (Bartels et al., 2023). In the Indonesian context, 

this situation demands serious attention to the dynamics of 

democracy at the sub-national level, as similar challenges 

can arise in the form of weaknesses in political pluralism, 

social fragmentation and pressures on civil liberties if not 

anticipated through inclusive, data-driven and responsive 

democratic policies to socio-political change. Thus, a 

deeper understanding of democratic patterns in each 

province will provide an empirical basis to support strong 

and sustainable democratic policies, while also considering 

the complexity of diverse global democratic challenges. 

Although Indonesia's democracy has evolved since the post-

reform era, empirical evidence suggests that the quality of 

democracy at the subnational level tends to be uneven 

between regions, where provinces with strong political 

institutions often differ significantly from provinces that are 

still weak in public participation, civil liberties, and political 

accountability. In the contemporary democracy literature, 

researchers emphasize that the spatial variation of 

democracy within the country is an important phenomenon 

that cannot be ignored, as the democratization process often 

operates differently at different levels of government and 

territory (Gagnon & Fleuss, 2020). The study of the concept 

of subnational democracy also emphasizes that the quality 

of democracy, including the regularity of power change, 

competition, and local autonomy, can vary greatly between 

regions even within a country, demonstrating the 

importance of measuring political freedom and 

decentralized democratic practices to understand local 

dynamics (Harbers et al., 2019). This variation is influenced 

by the distribution of political power, regional institutional 

structures, and the complex and multilevel governance 

relationship between central and regional governments that 

affect the way democracy is implemented in different 

regions (OECD, 2022). Comparative research also shows 

that the spatial differentiation of democracy is a global 

phenomenon, where the quality of democracy can differ 

significantly between urban and rural areas or between 

regions with different bureaucratic resources and capacities, 

which further impacts public participation and political 

control (Boese et al., 2022). In the context of contemporary 

democracy, global studies also show that multilevel 

democracy is backsliding, namely changes in the quality of 

democratic practices that occur not only at the national 

level, but also at the local and regional levels that have an 

impact on the overall cohesion of democracy (Little & 

Meng, 2024). Other studies affirm that subnational analysis 

provides important insights into how democratic institutions 

are changing and why some regions are developing more 

politically stable while others remain lagging behind, due to 

structural factors such as political autonomy, bureaucratic 

quality, and geographically different community 

participation (Gagnon & Fleuss, 2020). Other literature 

underscores that geographic variation in democracy is 

rooted not only in structural differences but also in local 

capacities to maintain civil liberties, control of corruption, 

and the effectiveness of governance (Pavel, 2025). Taking 

this approach into account, the study on the IDI for the 

period 2021–2024 aims to identify the spatial patterns of 

democracy, so that the mapping of the quality of democracy 

not only assesses national performance but also captures 

local variations that have strong implications for inclusive, 

responsive, and evidence-based democratic policies. 

Democracy is one of the main indicators of the quality of 

modern governance, but in recent years the phenomenon of 

democratic backsliding, namely the decline in the quality of 

democracy due to the weakening of civil liberties, political 

accountability, and the decline in the functioning of 

democratic institutions, has become the focus of studies in 

various national and international contexts (Liu et al., 

2021). Contemporary studies show that the decline in the 

quality of democracy does not only occur at the national 

level but also has important implications at the sub-national 

level when there are inequalities in political institutions, 

public participation, and civil liberties (Schneider, 2018). In 

this global context, Indonesia, as the largest democracy in 

Southeast Asia, faces similar challenges at the national and 

regional levels, where spatial variation in interprovincial 

democracy indicators is critical to understand in efforts to 
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strengthen more inclusive and evidence-based democratic 

policies. Although Indonesia's democracy has developed 

rapidly after the Reformation, its quality has not been 

evenly distributed between regions; Some provinces exhibit 

strong political institutions, high public participation, and 

relatively well-maintained civil liberties, while others still 

face significant limitations in these aspects. This kind of 

spatial variation is noted in the political geography literature 

that emphasizes the importance of regional and structural 

dynamics in determining the quality of local democracy 

(Klüser & Breunig, 2023). In addition, cross-country studies 

show that the strength of local institutions, administrative 

capacity, and political information infrastructure of each 

region significantly affect the effectiveness of democratic 

processes (Adam et al., 2022). The main challenge of this 

study is to identify how these spatial variations are formed 

and determine their grouping patterns in the context of the 

IDI for the 2021–2024 period, so as to support prescriptive 

and contextual policy recommendations. Most previous 

studies have assessed the quality of democracy in aggregate 

at the national level, without taking into account the spatial 

dimensions and inter-regional linkages within a country. 

The sub-national and regional democratic literature states 

that measurements that take into account geographic 

context and interregional interactions provide sharper 

insights into dynamics in democratic systems (Grubman, 

2022). However, there is still an academic gap related to the 

use of advanced quantitative methods such as machine 

learning to uncover latent structures in democracy data that 

are multivariate and closely related to spatial factors. 

Traditional approaches such as descriptive statistics or 

linear regression often fail to uncover complex and non-

linear clustering patterns in big data (Waggoner, 2020). 

Therefore, a more robust and objective analytical approach, 

such as Random Forest Clustering, which harnesses the 

power of ensemble learning to discover the structure and 

typology of regional democracy without rigid parametric 

assumptions, is needed. The application of clustering 

algorithms in contemporary social science research has 

been theoretically supported to identify patterns in complex 

and highly high-dimensional data (Waggoner, 2020), as 

well as to map variation in behavior or social structure at the 

individual and group levels (Benati et al., 2025). In addition, 

unsupervised learning methods such as clustering allow the 

grouping of observations based on multidimensional 

similarities without labels, which is suitable for extracting 

the typology of democratic regimes or the quality of local 

democracy based on available index data (Waggoner, 

2020). Through this kind of approach, this study aims not 

only to identify provincial groups with similar democratic 

characteristics, but also to uncover the key attributes that 

distinguish these groups empirically so as to provide a 

stronger basis for responsive and targeted democratic 

policymaking. This research contributes in two main 

domains: scientifically, introducing a data-driven approach 

to democracy analysis; Practically, it provides a more 

directed policy basis for the government in the equitable 

distribution of democratic quality. Globally, this research 

also enriches comparative studies of the variation and 

resilience of democracy in developing countries. 

Method 

This study uses an exploratory quantitative (Gosiewska & 

Biecek, 2020) approach with the RFC method to identify 

interprovincial grouping patterns based on the IDI. This 

unsupervised machine learning approach was chosen 

because it is able to recognize non-linear patterns and 

complex relationships between indicators without the need 

for dependent variables. RFCs are also more resistant to 

noise and multicollinearity than conventional clustering 

methods such as k-means or hierarchical clustering.  

To improve methodological transparency and 

reproducibility, the RFC procedure is described in terms of 

data preparation, forest construction, proximity estimation, 

cluster formation, model evaluation, and visualization. 

These stages distinguish the generation of the similarity 

structure from the subsequent assignment of provinces to 

clusters. 

The research was conducted in 34 provinces in Indonesia 

using secondary IDI data for 2021–2024 published by the 

Central Statistics Agency (BPS, 2025). This period was 

chosen because it represents an important phase post-

pandemic and ahead of the 2024 elections, which 

strategically affects the dynamics of politics and democratic 

governance at the regional level. This study uses three main 

variables of IDI which are predictive (independent) and 

operationalized based on the official methodology of (BPS, 

2025). 

The province constitutes the unit of analysis, covering 34 

provinces in Indonesia. For each province, the annual scores 

of the three IDI dimensions for 2021–2024 were averaged 

to obtain one representative score for each dimension over 

the study period. Consequently, the analytical dataset 

consisted of 34 provincial observations and three input 

variables. Before analysis, the dataset was checked for 

completeness and consistency across provinces and years. 

No missing-value imputation was performed, and the 

analysis proceeded using the available complete 

observations. 
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Table 1. Operational Variables and Definitions 

Variabel 
Operational 

Definition 

Key Sub 

indicators 
Scale 

Civil 

Liberties 

(X₁) 

The level of 

protection for 

freedom of 

opinion, 

association, and 

expression. 

Freedom of 

opinion, religion, 

association, 

freedom of the 

press. 

0–

100  

Politics 

Rights (X₂) 

The degree of 

public 

participation in 

formal politics and 

public supervision. 

Election 

participation, 

community 

representation, 

control over the 

government. 

0–

100  

Institutions 

of 

Democracy 

(X₃) 

The effectiveness 

of local 

government 

institutions in 

upholding 

democratic 

principles. 

The function of 

the DPRD, the 

effectiveness of 

local 

governments, the 

role of political 

parties. 

0–

100  

 

Each province is represented by a three-dimensional feature 

vector, Xi =[Xi1,Xi2,Xi3], comprising Civil Liberties, 

Political Rights, and Democratic Institutions. Because all 

three indicators use the same official 0–100 scale (table 1), 

the original scores were retained without additional 

normalization or standardization. Data preparation, 

descriptive examination, and preliminary statistical 

processing were conducted using JASP.  

The RFC model is built on the concept of unsupervised 

random forest (Shi & Horvath, 2006), with the principle of 

forming random decision trees to produce a proximity 

matrix. The RFC procedure used 500 random trees to 

estimate similarities among provincial democracy profiles. 

The implementation followed an unsupervised random 

forest framework, in which forest-based proximity 

estimates were used to construct a dissimilarity matrix for 

subsequent clustering. JASP was used for data preparation 

and preliminary statistical analysis. The RFC and PAM 

computations were performed using [specify the actual 

software or computational implementation used], because 

the availability of these procedures depends on the software 

and its installed modules. The forest construction settings 

followed the actual model configuration used in the 

analysis. 

The RFC procedure used 500 random trees to estimate 

similarities among provincial democracy profiles. The 

implementation followed an unsupervised random forest 

framework, in which forest-based proximity estimates were 

used to construct a dissimilarity matrix for subsequent 

clustering. JASP was used for data preparation and 

preliminary statistical analysis. The RFC and PAM 

computations were performed using [specify the actual 

software or computational implementation used], because 

the availability of these procedures depends on the software 

and its installed modules. The forest construction settings 

followed the actual model configuration used in the 

analysis. 

The interprovincial proximity matrix was calculated as 

follows: 

𝑃𝑖𝑗 =
1

𝐾
∑ 𝕀𝐾
𝑘=1 (𝑇𝑘(𝑋𝑖) = 𝑇𝑘(𝑋𝑗))       (1 

where Pij denotes the proximity between provinces (i) and 

(j), (K) represents the number of trees, and (Tk(Xi)) 

represents the terminal node reached by province (i) in tree 

(k). The indicator function equals 1 when two provinces 

occupy the same terminal node and 0 otherwise. With 500 

trees, the proximity value represents the proportion of trees 

in which two provincial observations share a terminal node. 

The proximity matrix was converted into a dissimilarity 

matrix using the following expression: 

𝐷𝑖𝑗 = 1 −
1

𝐾
∑ 𝐼(𝑇𝑘(𝑖) = 𝑇𝑘(𝑗))
𝐾
𝑘−1          (2 

where Dij denotes the dissimilarity between provinces (i) 

and (j). Values closer to zero indicate greater similarity, 

whereas higher values indicate greater dissimilarity 

between provincial democracy profiles. 

This matrix (D) was then used as input for the clustering 

algorithm, Partitioning Around Medoids (PAM), to identify 

groups of provinces with similar democratic profiles. 

PAM was applied to the RFC-derived dissimilarity matrix. 

Candidate cluster solutions were compared for different 

values of (k), and the final number of clusters was 

determined using the minimum BIC value, following the 

calculation procedure implemented in the analysis. The BIC 

calculation and the range of candidate cluster numbers 

should be reported according to the actual computational 

procedure used. 

The analysis steps include pre-processing of data through 

normalization and standardization of IDI scores; The 

implementation of the RFC with the formation of 500 

random trees to obtain the dissimilarity matrix between 

provinces; Determination of the optimal number of clusters 

based on the minimum BIC value; Evaluation of model 

performance using R², Silhouette score, Calinski–Harabasz 

index, Dunn index, and Entropy; The visualization of the 

results uses the t-distributed Stochastic Neighbor 

Embedding (t-SNE) algorithm to map the relative positions 
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between provinces in two-dimensional space (Gosiewska & 

Biecek, 2020).  

The evaluation metrics were used to assess complementary 

aspects of the resulting cluster structure. The Silhouette 

score evaluates within-cluster cohesion relative to 

separation from other clusters. The Calinski–Harabasz 

index assesses between-cluster dispersion relative to within-

cluster dispersion, while the Dunn index evaluates cluster 

separation relative to cluster diameter. Entropy was used to 

assess the distribution of observations across clusters 

according to the definition adopted in the analysis. The 

(R^2) statistic was interpreted according to its specified 

calculation in the clustering context. Each metric was 

interpreted based on its definition and appropriate 

optimization direction. 

The t-SNE algorithm was used exclusively to visualize the 

relative positions of provinces in two-dimensional space. 

Cluster membership was determined by the RFC-derived 

dissimilarity matrix and PAM rather than by the t-SNE 

coordinates. Data preparation and preliminary statistical 

examination were conducted using JASP, while the 

implementation of RFC, PAM, and the associated 

evaluation procedures followed the computational tools 

actually used to generate the results. 

The justification for using RFCs is that this method does not 

assume the linearity of relationships between variables, it is 

more accurate in capturing complex interactions for 

governance and democracy analysis. To facilitate 

reproducibility, the study reports the analytical unit, the 

aggregation of annual IDI scores, the original indicator 

scales, the number of random trees, the proximity and 

dissimilarity calculations, the clustering procedure, and the 

evaluation criteria. The software and computational 

implementation used for RFC and PAM, together with the 

relevant parameter settings and random seed where 

available, should correspond to the procedures used to 

produce the reported results. 

Results 

This study analyzed IDI data from 34 provinces for the 

period 2021–2024, using three main dimensions: civil 

liberties, political rights, and democratic institutions. The 

RFC analysis was used to find patterns of interprovincial 

grouping empirically. The selection of the optimal number 

of clusters was determined through a comparison of BIC 

values and within-cluster sum of squares (WCSS) using the 

Elbow Method approach. 

 

Figure 1. Elbow Method Plot for Determination of Optimal 

Cluster Number 2021–2024 

Figure 1 shows the elbow point at K = 4, where the decline 

in the WCSS value begins to slope, indicating that the four-

cluster model is the most efficient representation of the 

variation in democratic data between provinces. The 

determination of the optimal number of clusters by the 

elbow approach is widely used in unsupervised analysis 

because it shows a balance between model complexity and 

classification accuracy (Rousseeuw, 1987). In practice, the 

combination of the elbow method with evaluation metrics 

such as silhouette coefficient and BIC results in more 

empirically robust results (Antúnez et al., 2013). The model 

with four clusters was chosen because it provides the best 

balance between complexity and precision, as shown in 

Table 2. 

Table 2.  Summary of the RFC Model and Descriptive 

Statistics and Validity of IDI Random RFC in 2021–2024 

Summary of the RFC  Model of the IDI  

Number of 

Clusters 
N R² AIC BIC Silhouette 

4 34 0.806 57.65 82.08 0.31 

Descriptive Statistics and Validity of IDI RFC Clusters 

Cluster 
Size 

(n) 

Proportion of 

Heterogeneity in a 

Cluster 

Within Sum of 

Squares 
Silhouette 

1 14 0.321 8.242 0.295 

2 8 0.231 5.932 0.21 

3 8 0.224 5.737 0.37 

4 4 0.224 5.743 0.45 

Source: The results of the RFC analysis are based on BPS-

IDI data (2021–2024). 

Note: Between Sum of Squares = 106.35; Total Sum of 

Squares = 132. 
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The RFC model with K = 4 was selected as the optimal 

solution based on statistical performance: R² = 0.806 

(explaining 80.6% of the data variation), lowest BIC 

(82.08), and silhouette score = 0.310, which indicates 

adequate internal cohesion and separation between clusters 

according to multivariate social analysis standards (Cole et 

al., 2021). RFC leverages the proximity matrix of Random 

Forest to identify latent structures in complex and non-

linear social data—an advantage over classical regression 

(Waggoner, 2020). This unsupervised ensemble learning 

approach has proven to be stable in multidimensional data 

and has been used to analyze spatial inequalities in 

governance and democracy (Benati et al., 2025). Thus, the 

grouping into four provincial clusters—from weak to 

mature democracies—is a valid empirical representation of 

the complexity and spatial inequality of democracy in 

Indonesia, 2021–2024, in line with the trend of 

computational social research that combines machine 

learning and evidence-based spatial analysis (Little & 

Meng, 2024). 

 

Figure 2. Visualization of Clustering with t-SNE Plot (IDI 

2021–2024) 

Table 2 shows the descriptive statistics and the validity of 

the resulting clusters. All four clusters showed size variation 

and internal heterogeneity, with the highest silhouette value 

in cluster 4 (0.45) indicating the strongest internal cohesion. 

The values of the Calinski–Harabasz index = 41.453 and the 

Dunn index = 0.197 indicate a stable and moderately 

separated cluster structure, while Entropy = 1.298 indicates 

a distribution between clusters that is still balanced. These 

results are consistent with the finding that the Calinski–

Harabasz and Dunn indexes are able to detect relatively 

clear structures even in complex social data (Yang et al., 

2021). RFC is an unsupervised ensemble learning approach 

that utilizes proximity matrices to group observations 

without labels, excels at capturing non-linear relationships 

between social and spatial variables and is more resistant to 

outliers than traditional methods such as k-means (Hastie et 

al., 2009). The validity of the RFC model with four clusters 

was reinforced by a moderate positive correlation between 

metrics (Pearson's γ = 0.494), in accordance with a 

multicriteria validation approach in social cluster analysis 

(Renchunzi & Pratama, 2022) and ensemble-based 

validation methods to test resilience to random variation and 

spatial structure (Shi et al., 2023). By meeting 

internationally recognized multidimensional evaluation 

criteria (Ash et al., 2024), this model results in four 

typologies of regional democracy in Indonesia, from stable 

to low-participation democratic provinces, that form the 

basis for further analysis and evidence-based governance 

policy formulation. 

The image shows the results of visualization of RFC for 34 

provinces in Indonesia in the 2021–2024 period. Each color 

represents a group of provinces with similar characteristics 

of the Democracy Index. Cluster 1 (n = 14), had the highest 

heterogeneity (0.321), covering most provinces in Sumatra, 

Sulawesi, and central Kalimantan, which showed a 

relatively low level of democracy with challenges in terms 

of political participation and the effectiveness of local 

government institutions. Cluster 2 (n = 8) is characterized 

by the lowest silhouette (0.210), consisting of provinces 

such as Bengkulu, Jambi, and West Nusa Tenggara which 

are in the transition stage towards democratic consolidation, 

with achievements varying between indicators. Cluster 3 (n 

= 8), includes provinces on the islands of Java and Bali, such 

as Central Java, Yogyakarta, and DKI Jakarta, which shows 

democratic stability and better quality of public governance 

(silhouette 0.370). Meanwhile, Cluster 4 (n = 4), being the 

most stable group (silhouette 0.450), consists of provinces 

in the eastern region such as Papua, Maluku, and North 

Maluku, which shows relatively high democratic 

performance in the local context, despite complex socio-

political dynamics. Overall, the pattern of cluster 

distribution shows the spatial inequality of democracy 

between regions of Indonesia, where the western and 

southern parts tend to be more institutionally established, 

while the central and eastern regions show greater variation 

in democratic consolidation. 

Discussion 

The results of the RFC on the IDI 2021–2024 reveal four 

provincial clusters that reflect the spatial inequalities of 

democracy, with Cluster 4 showing high democratic 

performance, characterized by effective institutions, civil 

liberties, and strong participation, according to the concept 

of democratic resilience (Levitsky & Way, 2020) and 

resilience to authoritarianism (Buben & Kouba, 2020), 

while Clusters 1 and 2 reflect weak democracy due to low 
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bureaucratic capacity, participation, and public trust, a 

common phenomenon in the context of spatial democratic 

inequality (Höhmann & Nugent, 2022). This inequality is 

influenced by socio-economic factors, urbanization, and the 

quality of regional governance (Hesstvedt & Christensen, 

2023), confirms the hypothesis that Indonesian democracy 

develops unevenly due to the territorial unevenness of 

democracy (Dosek, 2025). These findings confirm that the 

consolidation of national democracy depends on 

strengthening local democracy, and that this spatial 

inequality risks exacerbating polarization and erosion of 

public trust (Meza, 2015), thus requiring evidence-based 

policies to strengthen democratic resilience across regions. 

Theoretically, this research expands the understanding of 

the concept of local democratic resilience, which is the 

ability of local democratic systems to maintain their 

stability in the midst of social, political, and institutional 

pressures. This concept is even more relevant in the 

contemporary era, when many democracies are under 

pressure due to governance inequality and weakening 

public participation. Comparative literature shows that the 

resilience of local democracy is highly dependent on 

institutional capacity, local government accountability, and 

the ability of civil society to resist the penetration of 

authoritarianism (Jacobsohn & Schor, 2018). In this 

context, resilience is not simply the absence of setbacks, but 

the ability to adapt to social and political shocks by 

strengthening participation and transparency at the local 

level (Whitehead, 2021). These findings are also in line with 

differential democracy theory, which emphasizes that 

variations in democratic performance are determined not 

only by national factors, but also by regional institutional 

capacity and civil society dynamics (Hidayat, 2018). Cross-

border research shows that regions with adaptive 

institutions, independent media, and deliberative political 

cultures are better able to maintain the quality of democracy 

than regions with weak institutions (Levitsky & Way, 

2020). Therefore, the spatial analysis of Indonesian 

democracy through the RFC approach makes an important 

empirical contribution to this theory, as it shows how 

interprovincial inequalities in political and social capacity 

affect the quality of local democracy. Furthermore, the 

results of this study also resonate with the global 

phenomenon of democratic backsliding, namely the decline 

in the quality of democracy in various developing countries 

due to increasing populism, erosion of public trust, and 

weak political institutions (Bhandari, 2023; Kelemen & 

McNamara, 2022; Lai et al., 2020). Empirically, 

backsliding often appears first at the local level, when 

regional elites use instruments of power to reduce the space 

for opposition and civil liberties (Boese et al., 2021). Thus, 

spatial mapping of democracy through machine learning-

based clustering can be an important tool for early detection 

of the dynamics of democratic decline. In terms of 

methodology, this study contributes to the machine 

learning-based literature of comparative democracy, 

because it is able to identify non-linear structures and latent 

patterns between provinces that are difficult to capture 

through conventional statistical analysis. Unsupervised 

learning approaches such as RFC allow for the exploration 

of complex democratic data without the assumption of 

linearity, as well as uncover latent relationships between 

public participation, institutional effectiveness, and civil 

liberties (Rifa’i & Abdullah, 2025). In the context of 

comparative politics, the application of machine learning 

has been shown to increase inferential validity and enable 

the discovery of new patterns that were previously hidden 

(Crawford & Paglen, 2021; Lee, 2025). In addition, the 

cutting-edge literature confirms the importance of 

integrating spatial analytics and ensemble learning to 

understand the variation of democracy across regions, as 

both are able to capture spatial effects and interactions 

between non-independent political units (Hadžić, 2022; 

Ikenberry & Gleditsch, 2003). Thus, the RFC approach not 

only makes an empirical contribution to the mapping of 

Indonesian democracy, but also expands the 

methodological horizon of the study of democracy 

governance and resilience at the subnational level. This 

study shows that strengthening the resilience of local 

democracy must start from increasing the capacity of local 

institutions, community political education, and the use of 

data-based analysis to detect spatial patterns of democratic 

inequality. Thus, these findings not only have theoretical 

implications for the study of differential and backsliding 

democracy, but also practical value in designing more 

adaptive and evidence-based decentralization policies in 

Indonesia. 

Operationally, the results of this study provide an empirical 

basis for the formulation of evidence-based policies in 

strengthening regional democracy. This data-driven 

approach is important to ensure that government 

interventions are efficiently directed according to the needs 

of each regional democracy cluster. Provinces in Clusters 1 

and 2, which show weaknesses in the capacity of political 

institutions and public participation, need to be a priority for 

intervention through improving the institutional quality of 

the District House of Representatives (DPRD), citizen 

political literacy, and strengthening public supervisory 

institutions. This approach is in line with the findings of 

(Zhang et al., 2022), which affirm the importance of 

improving political literacy and legislative accountability to 

improve the quality of subnational democracy. In addition, 
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a study by (Hjermitslev, 2023) shows that the capacity of 

local legislative institutions has a significant effect on 

governance stability and adaptability to political pressures. 

Therefore, increasing the capacity of the DPRD in weak 

provinces is a strategic step to strengthen the resilience of 

local democracy. On the other hand, community political 

literacy programs have also been shown to increase civic 

engagement and reduce participatory gaps between regions 

(Balintongog & Narido, 2025; Pujiati & Badariah, 2025). 

Provinces in Cluster 3 can be positioned as transition zones 

that require participatory policy support to stabilize the 

dynamics of local democracy. A collaborative approach 

between local governments, civil society organizations, and 

educational institutions can strengthen social capital and 

expand public participation mechanisms (Polizzi, 2025). In 

this context, inclusive participatory policies have been 

shown to increase the legitimacy and effectiveness of local 

government, especially in areas with high social diversity 

(Haesevoets et al., 2024; Simpson et al., 2025). Meanwhile, 

Cluster 4, which reflects high democratic performance, can 

be used as a model of best practices to be replicated by other 

provinces. A study (Flinders, 2022) confirms that 

transparent and collaborative governance practices in the 

regions contribute to increased public trust and policy 

effectiveness. Thus, the central government can develop a 

knowledge-sharing framework to disseminate successful 

democratic governance practices in these regions. 

Furthermore, the application of adaptive governance 

principles is also needed to adapt policy strategies to 

changing local political dynamics. According to (Datta & 

Chaffin, 2022), adaptive policy design allows for the 

strengthening of local institutions through feedback 

mechanisms and continuous policy learning. This approach 

is in line with the idea of place-sensitive governance, where 

strategies for strengthening democracy must take into 

account the unique local social, economic, and cultural 

context (Panday, 2025; Yıldız et al., 2025). The results of 

this study confirm that effective policies to strengthen 

regional democracy must be differential, adaptive, and 

evidence-based. The government can use the results of this 

clustering to design a roadmap for strengthening provincial 

democracy that is directed with data-based indicators and 

periodic evaluation using machine learning methods to 

monitor the effectiveness of policies over time. This kind of 

approach has been shown to improve governance 

accountability and policy effectiveness in various countries 

(Papadopoulos, 2023; Porumbescu et al., 2025). Thus, the 

results of this study not only provide an academic 

contribution to the literature on local democratic 

governance, but also practical recommendations for policy 

makers in building a more inclusive, resilient, and data-

based democracy. 

The application of the RFC in democracy analysis has 

global strategic value as an empirical classification tool as 

well as an early-warning system against democratic erosion 

and institutional decay, thanks to its ability to uncover non-

linear patterns in multidimensional socio-political data 

(Klüser & Breunig, 2023). This machine learning-based 

approach is aligned with SDG-16 on peace, justice, and 

strong institutions, as it allows for the identification of 

vulnerable areas before a crisis of legitimacy occurs (Glass 

& Newig, 2019), while supporting evidence-based policies 

in public governance (Pedersen & Favero, 2020). RFCs 

excel in spatial mapping of governance quality because they 

are able to capture latent relationships between regional 

inequalities and democratic resilience that are not seen in 

conventional regression (Sadeghi et al., 2023), 

strengthening predictive governance models based on 

spatial simulations and historical trends (Wu et al., 2025). 

Thus, the application of the RFC to the IDI is not only a 

methodological contribution to the study of comparative 

democracy, but also an operational tool to strengthen 

institutional resilience and support the global agenda of 

SDG-16 (UNDP, 2024). 

Conclusion 

This research shows that democracy in Indonesia still faces 

spatial inequality between provinces during the 2021–2024 

period. Through the application of Random Forest 

Clustering, four main clusters were found that illustrate 

variations in the level of regional democracy. The first and 

second clusters consist of provinces with low political 

participation and limited institutional capacity, while the 

third cluster shows fluctuating democratic performance that 

still needs stabilization. In contrast, the fourth cluster 

reflects a region with mature democracy, characterized by 

active citizen participation, strong civil liberties, and 

responsive governance. The R² value of 0.806, the 

Silhouette score of 0.310, and the Calinski–Harabasz index 

of 41.453 indicate the robustness of the cluster structure and 

the validity of the model. This result confirms that regional 

democratic inequality is a national strategic issue, because 

it has a direct impact on the effectiveness of decentralization 

and the balance of regional-based governance. In a global 

context, these findings also reflect the challenges to 

democratic resilience faced by many developing countries 

amid increasing populism pressures and weak political 

institutions. 

In the future, this research can be further developed by 

expanding the analysis variables that include social, 

economic, and digitalization aspects of government to 

understand the structural determinants of regional 
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democracy more comprehensively. In addition, the use of 

longitudinal data until post-2024 will allow an evaluation of 

the temporal dynamics of democracy between provinces. A 

comparative approach between countries in the Southeast 

Asian region is also recommended to test the suitability of 

clustering models in regional contexts. The integration of 

GIS-based spatial analysis can strengthen understanding of 

the geographical relationship between the quality of 

democracy and regional development. Thus, the application 

of machine learning such as RFC is not only an empirical 

analysis tool, but also a strategic instrument to support 

evidence-based policy formulation in strengthening local 

democracy and national institutional resilience. 
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