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 ABSTRACT 

Article History: 
Democracy is a system of government where citizens participate in political decision-

making through freely elected representatives. To measure the quality of democracy in 

Indonesia, the Indonesian Democracy Index (IDI) is used as a composite indicator 

reflecting various aspects of political freedoms, civil liberties, and governance. The IDI 

score declined from 6.71 in 2022 to 6.53 in 2023, the lowest in 14 years, indicating 

disruption in Indonesia’s democracy. Therefore, it is necessary to identify the root 

causes of the disruption in Indonesia’s democracy through several indicators. This 

study analyzes the relationship between predictor variables, including socio-economic 

and development indicators, and IDI using the Multivariate Adaptive Regression Spline 

(MARS) approach. This study uses the MARS method by considering six predictor 

variables, namely the Human Development Index (HDI), Gender Empowerment Index 

(GEI), Information and Communication Technology Development Index (ICT-DI), 

Press Freedom Index (PFI), Poverty Depth Index (PDI), and High School Completion 

Rate (HSCR). The data used is secondary data from 34 Indonesian provinces in 2023 

obtained from the Statistics Indonesia-BPS. The results showed that the best model was 

obtained with a combination of BF = 12, MI = 3, and MO = 1 resulting in a GCV value 

of 11.27 and R2 of 80%. MARS model interpretation identifies the significant influence 

of social and economic indicators on IDI and is able to explain 80% of data variability. 

The significance test shows that all predictor variables significantly affect the IDI, with 

the highest level of importance on the ICT-DI variable. Therefore, improving ICT-DI 

in each province needs to be a major concern as a strategic step to improve the 

democracy index in Indonesia and support the achievement of Sustainable Development 

Goal 16 on peace, justice, and strong institutions. 
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1. INTRODUCTION 

According to the International Commission for Jurists, democracy is a system of government in which 

citizens make political decisions through representatives they elect and who are accountable to them through 

free elections [1]. To assess the quality of democracy in Indonesia, the government uses the Indonesian 

Democracy Index (IDI) as a tool to measure achievements and plan political development [2]. 

Reporting from DW.com, Indonesia is ranked 64th in the world in the democracy index released by 

the Economist Intelligence Unit (EIU) with a score of 6.3 [3]. Although Indonesia's ranking remains the same 

as in 2020, its score has decreased from the previous 6.48. This is the lowest score Indonesia has achieved in 

the last 14 years, indicating that the country can be categorized as having a flawed democracy. Furthermore, 

EIU noted that Indonesia's democracy index score decreased from 6.71 in 2022 to 6.53 in 2023, indicating a 

breakdown in Indonesia's democracy [4]. An understanding of democracy is essential because democracy 

teaches that the people are the main resource who have the awareness to create rules that protect their rights. 

Therefore, rules must be established to support and serve as the foundation of state life, ensuring and 

protecting the people's rights [5]. The IDI is related to Sustainable Development Goals (SDGs) point 16 which 

focuses on peace, justice and strong institutions. The SDGs aim to strengthen inclusive and peaceful societies, 

provide access to justice for all, and build effective and accountable institutions. By strengthening institutions 

and ensuring equitable access to justice, Indonesia can improve the quality of its democracy, which will drive 

sustainable and inclusive development. Therefore, achieving SDGs point 16 is crucial for political and social 

development in Indonesia, as well as ensuring democracy functions optimally for the welfare of the people. 

Factors that influence the IDI include economic, social, and technological aspects. The Human 

Development Index (HDI) is also an important indicator to measure the physical and non-physical quality of 

the population and development outcomes in each region  [6]. The combined influence of these factors shows 

that sustainable and inclusive development plays a significant role in promoting healthy democracy in a 

region. Another factor affecting the IDI is the role of gender equality. This is because equality between 

genders affects “Substantive Democracy” which is another term for ideal democracy [7]. The Gender 

Empowerment Index (GEI) reflects the extent of women's active role in the economic and political spheres 

in Indonesia. This role includes participation in politics, involvement in the economy, as well as decision-

making and control of economic resources. The GEI is basically used to assess the extent to which women's 

capabilities are utilized in various sectors of life. In addition, the GEI also serves to measure the equality of 

roles between men and women in decision-making, both in politics and in the managerial field, and how this 

equality supports the strengthening of democracy in Indonesia. 

In addition, another factor that affects the development of democracy is the level of progress in 

information and communication technology, which is reflected through the Information and Communication 

Technology Development Index (ICT-DI). The success of a democratic system in certain situations is greatly 

influenced by technology, where information and communication technology play a crucial role in 

disseminating political news, which is one of the basic rights of every citizen. In addition, computing 

technology is also used in the vote-counting process during elections [8]. Similarly, the Press Freedom Index 

(PFI) has an important role in improving the quality of democracy in Indonesia. A free press allows the media 

to carry out its oversight function of the government and provide accurate and transparent information to the 

public. With press freedom, the public can access diverse information to make independent political 

decisions, assess government performance and hold leaders accountable. This supports the realization of a 

higher quality democracy [9]. 

The Poverty Depth Index (PDI) plays an important role in influencing democracy in Indonesia. 

Increased poverty can hinder democracy through two aspects. First, better welfare and access to education 

support democratization by providing adequate information and opportunities. Second, vulnerable economic 

conditions can trigger instability and potential repressive measures, which risk leading to authoritarianism. 

Therefore, poverty alleviation oriented towards economic prosperity and justice is necessary to strengthen 

democracy [10]. Additionally, high school completion rates (HSCR) play an important role in improving the 

quality of democracy in Indonesia. Senior secondary education broadens people's political horizons and hones 

their critical thinking skills, enabling them to be more aware of political rights and responsibilities. With this 

knowledge, individuals are more active in political activities such as elections and policy discussions. The 

participation of these educated citizens promotes transparency and accountability of leaders, which ultimately 

supports the improvement of democratic quality [11]. 
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Many studies on IDI have been conducted, one of which is by Ramdhani [12] who examines the effect 

of exchange rates, inflation, and interest rates on IDI using multiple regression methods with various 

relationship assumptions. The results showed that the rupiah exchange rate has a significant positive effect 

on the IDI. However, this study is limited to the economic aspect, whereas the IDI is influenced by various 

other more complex factors, such as political, social, and technological. 

To understand the relationship of the factors affecting the democracy index in Indonesia, the regression 

analysis method is used. Regression analysis is a statistical technique used to identify the relationship pattern 

between response variables (𝑌) and predictor variables (𝑋). Its primary goal is to estimate the form of the 

regression curve. This regression curve estimation can be done with parametric or nonparametric approaches 

[13]. One of the nonparametric regression models used is Multivariate Adaptive Regression Spline (MARS), 

which is applied when the shape of the relationship between response and predictor variables is unknown. 

This method does not assume a certain form of relationship (such as linear, quadratic, or cubic) between the 

response variable and its predictors [14]. MARS is more focused on handling problems with high dimensions, 

large samples, and many variables, thus requiring complex calculations with the smallest Generalized Cross 

Validation (GCV) value [15]. This approach is considered more effective in modeling interactions between 

variables, especially in the context of IDI, which is influenced by various aspects and factors.  

This research has an advantage because there has been no research that discusses the Indonesian 

Democracy Index with the MARS method before. Therefore, to make a new contribution, this study uses the 

MARS model with six predictor variables, namely HDI, GEI, ICT-DI, PFI, PDI, HSCR in modeling the IDI. 

This method is also able to provide comprehensive and flexible results in analyzing the interaction between 

predictor variables. Not only that, this research also aims to identify the variables that have the most influence 

on the IDI and its impact on the democracy index in Indonesia, so that it can be used as a basis for the 

government in making policies. 

2. RESEARCH METHODS 

The data used in this study are secondary data sourced from the official website of the Statistics 

Indonesia-BPS related to the democracy index of each province in Indonesia in 2023. The variables in this 

study are divided into predictor variables (𝑿) and response variables (𝒀) with details in Table 1 as follows. 

Table 1. Research Variables 

Variable Variable Name Acronym Scale 

𝑌 Indonesian Democracy Index IDI Ratio 

𝑋1 Human Development Index HDI Ratio 

𝑋2 Gender Empowerment Index GEI Ratio 

𝑋3 Information and Communication Technology Development Index ICT-DI Ratio 

𝑋4 Press Freedom Index PFI Ratio 

𝑋5 Poverty Depth Index PDI Ratio 

𝑋6 High School Completion Rate HSCR Ratio 

The analysis method used to model the democracy index in Indonesia in this study is MARS modeling. 

The MARS method was chosen because it is one of the nonparametric regression models that can be used 

when the shape of the relationship function between the response variable and the predictor variable is 

unknown [16]. The general form of the MARS model is given in Equation (1) as follows [17]. 

𝒇(𝒙) = 𝒂𝟎 + ∑ 𝒂𝒎

𝑴

𝒎=𝟏

∏[𝒔𝒌𝒎 × (𝒙𝒗(𝒌,𝒎) − 𝒕𝒌𝒎)]

𝑲𝒎

𝒌=𝟏

(𝟏) 

With: 

𝒂𝟎  : parent base function coefficient 

𝒂𝒎 : 𝒎𝒕𝒉 base function coefficient 



2350 Saifudin, et al.   MODELING DEMOCRACY INDEX IN INDONESIA WITH MULTIVARIATE ADAPTIVE…  

𝑴  : number of the maximum base function 

𝑲𝒎  : maximum degree of interaction at 𝒎𝒕𝒉 base function 

𝒔𝒌𝒎  : is 1 if 𝒙 is located to the right of the knot point and is (-1) if 𝒙 is located to the left of the knot point. 

𝒙𝒗(𝒌,𝒎) : 𝒗
𝒕𝒉 predictor variable 

𝒕𝒌𝒎  : knot value of the predictor variable 

Based on the nonparametric regression function, the MARS model is expressed in the in Equation (2) 

as follows. 

𝒚𝒊 = 𝒂𝟎 + ∑ 𝒂𝒎

𝑴

𝒎=𝟏

∏[𝒔𝒌𝒎 × (𝒙𝒑𝒏(𝒌,𝒎) − 𝒕𝒌𝒎)]

𝑲𝒎

𝒌=𝟏

+ 𝜺𝒊 (𝟐) 

From the MARS model Equation (2) in matrix form can be written as follows. 

𝒀 = 𝑩𝒂 + 𝜺 (𝟑) 

with: 

𝑌 = (𝑦1, 𝑦2, … , 𝑦𝑛)
𝑇  

𝑎 = (𝑎0, 𝑎1, … , 𝑎𝑀)
𝑇  

𝐵 =

(

 
 

1 ∏ [𝑠1𝑚 × (𝑥𝑣1(1,𝑚) − 𝑡1𝑚)]
𝐾1
𝑘=1 ⋯ ∏ [𝑠𝑀𝑚 × (𝑥𝑣1(𝑀,𝑚) − 𝑡𝑀𝑚)]

𝐾𝑀
𝑘=1

1 ∏ [𝑠1𝑚 × (𝑥𝑣2(1,𝑚) − 𝑡1𝑚)]
𝐾1
𝑘=1 ⋯ ∏ [𝑠𝑀𝑚 × (𝑥𝑣2(𝑀,𝑚) − 𝑡𝑀𝑚)]

𝐾𝑀
𝑘=1

⋮ ⋮ ⋱ ⋮

1 ∏ [𝑠1𝑚 × (𝑥𝑣𝑛(1,𝑚) − 𝑡1𝑚)]
𝐾1
𝑘=1 ⋯ ∏ [𝑠𝑀𝑚 × (𝑥𝑣𝑛(𝑀,𝑚) − 𝑡𝑀𝑚)]

𝐾𝑀
𝑘=1 )

 
 

  

While the model estimation is obtained from Equation (3), which is as follows.  

𝒀̂ = 𝑩𝒂̂ (𝟒) 

To estimate the parameter 𝒂̂, the Least Square estimation method is used as follows. 

𝒂̂ = (𝑩𝑻𝑩)
−𝟏
𝑩𝑻𝒀 (𝟓) 

Therefore, by substituting Equation (5) into Equation (4), Equation (6) is obtained as follows. 

𝒀̂ = 𝑩(𝑩𝑻𝑩)
−𝟏
𝑩𝑻𝒀 (𝟔) 

The stages of data analysis in this study were carried out with the following steps. 

1. Collecting research data related to the democracy index in Indonesia. 

2. Analyzing the characteristics of the research variables descriptively. 

3. Determining the Base Function (BF) values at 12, 18, and 24, based on six predictor variables, 

assuming 2, 3, and 4 basis functions per variable. Maximum Interaction (MI) values were set at 

1, 2, and 3, and Minimum Observation (MO) values at 0, 1, 2, and 3. 

4. Combining the values of BF, MI, MO to get the best MARS model.  

The selection of the best MARS model is based on the smallest GCV value, followed by 

comparing the Mean Square Error (MSE) value and the coefficient of determination (𝑹𝟐) if there 

is the same value  [17]. GCV calculation can be done using Equation (7) as follows. 

𝑮𝑪𝑽(𝑴) =

𝟏
𝒏
∑ [𝒚𝒊 − 𝒇̂𝑴(𝒙𝒊)]

𝟐
  𝒏

𝒊=𝟏

[𝟏 −
𝑪̂(𝑴)
𝒏 ]

𝟐
(𝟕) 
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with: 

𝒚𝒊   : response variable 

𝒙𝒊   : predictor variable 

𝒏   : number of samples 

𝒇̂𝑴(𝒙𝒊)  : the estimated value of the response variable on M base functions at 𝒙𝒊 
𝑴   : maximum number of base functions 

𝑪̂(𝑴) : 𝑪(𝑴) + 𝒅.𝑴 

𝑪(𝑴) : 𝑻𝒓𝒂𝒄𝒆 [𝑩(𝑩𝑻𝑩)
−𝟏
𝑩𝑻] + 𝟏  

𝑩   : matrix of 𝑴 base functions 

𝒅   : the value when each base function achieves optimization (𝟐 ≤ 𝒅 ≤ 𝟒) 

5. Test all base function coefficients simultaneously using the F test statistic or Fisher Test  [18]. 

The hypothesis employed for simultaneous testing of the base function coefficients is as follows. 

𝑯𝟎   : 𝒂𝟏 = 𝒂𝟐 = ⋯ = 𝒂𝒎 = 𝟎   
𝑯𝟏   : There is at least one 𝒂𝒎 ≠ 𝟎;𝒎 = 𝟏, 𝟐,… ,𝑴  

Calculation of 𝑭𝒄𝒐𝒖𝒏𝒕 or F test statistics can be done using the following formula in Equation (8) 

as follows  [19]. 

𝑭𝒄𝒐𝒖𝒏𝒕 =
∑

(𝒚̂𝒊 − 𝒚̅)
𝟐

𝑴
𝒏
𝒊=𝟏

∑
(𝒚̂𝒊 − 𝒚̅)

𝟐

𝒏
−𝑴− 𝟏𝒏

𝒊=𝟏

(𝟖) 

The critical region in testing the base function coefficients simultaneously is obtained by 

comparing the value of 𝑭𝒄𝒐𝒖𝒏𝒕 with 𝑭𝜶(𝑽𝟏,𝑽𝟐), where 𝑽𝟏 can be replaced with 𝑴 and 𝑽𝟐 can be 

replaced with 𝒏 −𝑴− 𝟏. M is the number of base functions included in the model and 𝒏 is the 

number of samples used. In addition, it can use the 𝒑 − value which is compared with the 

significance level (𝜶). If 𝑭𝒄𝒐𝒖𝒏𝒕 is more than 𝑭𝜶(𝑴;𝒏−𝑴−𝟏) or the 𝒑 − value is less than 𝜶, the 

decision to reject 𝑯𝟎 is obtained. 

6. Partially test each base function coefficient using the 𝒕-test statistic [18]. The hypothesis used in 

partial testing is as follows. 

𝑯𝟎  ∶ 𝒂𝒎 = 𝟎;𝒎 = 𝟏, 𝟐,… ,𝑴  

𝑯𝟏  ∶ 𝒂𝒎 ≠ 𝟎;𝒎 = 𝟏, 𝟐,… ,𝑴  

The calculation of 𝒕𝒄𝒐𝒖𝒏𝒕 or 𝒕-test statistics can be done using the following formula in Equation 

(9) as follows  [19]. 

𝒕𝒄𝒐𝒖𝒏𝒕 =
𝒂̂𝒎

𝑺𝒆(𝒂̂𝒎)
,𝐰𝐢𝐭𝐡 𝑺𝒆(𝒂̂𝒎) = √𝒗𝒂𝒓(𝒂̂𝒎) (𝟗) 

The critical region is obtained by comparing the 𝒕𝒄𝒐𝒖𝒏𝒕 value with 𝒕𝜶;𝒏−𝑴 or comparing the 𝒑 − 

value with the significance level (𝜶). If |𝒕𝒄𝒐𝒖𝒏𝒕| >  𝒕𝜶
𝟐
;𝒏−𝑴 or the 𝒑 − value is less than 𝜶, the 

decision to reject 𝑯𝟎 is obtained.  

7. Interpret the results and draw conclusions. 

3. RESULTS AND DISCUSSION 

3.1 Overview of the Democracy Index in Indonesia 

In this study, the descriptive statistical values of the variables used are presented in a table of 

descriptive statistical values, which includes the mean, minimum, and maximum values, then bar charts and 

scatter plots of the values of each variable. Simple descriptive statistics are used to describe a series of data 
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without drawing general conclusions. Bar charts are used to describe in general the democracy index of each 

province in Indonesia along with the factors that are suspected, while scatter plots are used to determine the 

pattern of distribution of research data as well as an initial detection of the use of methods with a 

nonparametric approach. The description of each research variable is as follows. 

Table 2. Descriptive Statistics  

Variable Mean St. Dev Min Province Max Province 

𝑌 77.21 5.01 65.55 Papua Barat 85.13 Bali 

𝑋1 73.77 3.76 63.01 Papua Barat 83.55 DKI Jakarta 

𝑋2 70.73 6.85 53.28 NTB 80.56 Sulawesi Utara 

𝑋3 76.45 10.74 33.84 Papua 93.98 DKI Jakarta 

𝑋4 75.69 4.51 64.01 Papua 84.38 Kalimantan Timur 

𝑋5 1.73 1.25 0.55 Bali 6.25 Papua 

𝑋6 65.81 10.69 39.50 Papua 89.69 DI Yogyakarta 

 Based on Table 2, there are variations in the democracy index and its influencing factors across 

provinces in Indonesia. The minimum value of some variables is dominated by Papua Province, such as 

variables 𝑋3, 𝑋4, and 𝑋6. While the maximum values are spread across several other provinces, namely 𝑌 in 

Bali, 𝑋1 and 𝑋3 in DKI Jakarta, 𝑋2 in North Sulawesi, 𝑋4 in East Kalimantan, 𝑋5 in Papua, and 𝑋6 in DI 

Yogyakarta. The observed disparities indicate that there are large differences in development indicators 

between regions and more focused policies are needed to improve the quality of development in certain 

provinces. 

Furthermore, the following is a scatter plot that shows the relationship between each predictor variable 

and the response variable. 

   

(a) (b) (c) 

   

(d) (e) (f) 

Figure 1. Scatter Plot of Democracy Index in Indonesia with Predictor Variables 

(a) HDI, (b) GEI, (c) ICT-DI, (d) PFI, (e) PDI, and (f) HSCR  

Based on Figure 1, an overview of the distribution of each predictor variables on IDI shows that none 

exhibit a clear linear or quadratic pattern with the response variable. This indicates that the predictor variables 

are independent of the IDI calculation itself and are not directly derived from the response variable. Therefore, 

these variables can be analyzed using a nonparametric regression approach, one of which is MARS modeling. 

3.2 Modeling Democracy Index in Indonesia with MARS Model 

In this study, the analysis of modeling the democracy index in 34 provinces in Indonesia using the 

MARS method based on 6 predictor variables is as follows. 
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3.2.1 Combination of Base Functions 

Based on the combination of several BF, MI, and MO, several MARS models of the democracy index 

in Indonesia were obtained as presented in Table 3 as follows. 

Table 3. MARS Model Selection Results Using MSE, GCV, and R2 

Model BF MI MO MSE GCV R2  Model BF MI MO MSE GCV R2 

1 12 1 0 9.16 17.69 0.68  19 18 2 2 10.71 14.69 0.60 

2 12 1 1 6.81 20.02 0.78  20 18 2 3 5.87 14.24 0.80 

3 12 1 2 6.98 16.24 0.76  21 18 3 0 7.52 14.70 0.74 

4 12 1 3 5.84 14.24 0.80  22 18 3 1 5.77 11.27 0.80 

5 12 2 0 7.52 14.70 0.74  23 18 3 2 10.71 14.69 0.60 

6 12 2 1 11.54 15.83 0.57  24 18 3 3 5.87 14.24 0.80 

7 12 2 2 10.71 14.69 0.60  25 24 1 0 9.75 15.29 0.65 

8 12 2 3 5.84 14.24 0.80  26 24 1 1 4.48 16.48 0.86 

9 12 3 0 7.52 14.70 0.74  27 24 1 2 6.94 15.73 0.77 

10 12 3 1 5.77 11.27 0.80  28 24 1 3 9.07 15.43 0.68 

11 12 3 2 10.71 14.69 0.60  29 24 2 0 7.51 14.70 0.74 

12 12 3 3 5.87 14.24 0.80  30 24 2 1 4.48 16.48 0.86 

13 18 1 0 9.75 15.29 0.65  31 24 2 2 10.71 14.69 0.60 

14 18 1 1 4.48 16.48 0.86  32 24 2 3 5.87 14.24 0.80 

15 18 1 2 6.94 15.73 0.77  33 24 3 0 7.52 14.70 0.74 

16 18 1 3 9.07 15.43 0.68  34 24 3 1 5.77 11.27 0.80 

17 18 2 0 7.52 14.70 0.74  35 24 3 2 10.71 14.69 0.60 

18 18 2 1 11.54 15.83 0.57  36 24 3 3 5.87 14.24 0.80 

Based on Table 3, models 10, 22, dan 34 are identified as the best model, each with a GCV value of 

11.27, an MSE of 5.77, and an 𝑅2 of 0.80. The 𝑅2 value of 0.80 indicates that 80% of the variability in the 

democracy index response variable (𝑌) can be explained by the predictor variables (𝑋). Among these, model 

10 with BF = 12, MI = 3, and MO = 1, was selected as the final model based on the principle of parsimony, 

which prioritizes simpler models with fewer parameters while maintaining high predictive accuracy. 

3.2.2 Base Functions Estimation 

The best estimated base function for modeling democracy index in Indonesia is presented in Table 4 

as follows. 

Table 4. Best Model Base Function Estimation 

Base Function (BF) 
Parameter 

Estimation 

𝐵𝐹1  =  𝑚𝑎𝑥(0; 𝑋3  −  33.84)  0.272 

𝐵𝐹2  =  𝑚𝑎𝑥(0; 𝑋6  −  59.99)  - 

𝐵𝐹5  =  𝑚𝑎𝑥(0;  74.90 − 𝑋2 ) ∗  𝐵𝐹1  −0.006  

𝐵𝐹7  =  𝑚𝑎𝑥(0; 70.91 −  𝑋3 )  ∗  𝐵𝐹2  −0.308  

𝐵𝐹9  =  𝑚𝑎𝑥(0;  70.47 −  𝑋1 ) ∗  𝐵𝐹5  −0.007  

Based on Table 4, the MARS model for estimating the democracy index in Indonesia is obtained as 

follows. 

𝑌̂ = 67.70 + 0.272 𝐵𝐹1 − 0.006 𝐵𝐹5 − 0.308 𝐵𝐹7 − 0.007 𝐵𝐹9 (10) 

After obtaining the MARS equation to estimate the democracy index in Indonesia, the following is the 

interpretation of each base function that plays a significant role in Equation (10).  

1. Base One Function (𝐵𝐹1) 

𝐵𝐹1 = {
(𝑋3 − 33.84);  𝑓𝑜𝑟 𝑋3 > 33.84

0              ;  𝑓𝑜𝑟 𝑜𝑡ℎ𝑒𝑟𝑠
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The interpretation of the base function value of one (𝐵𝐹1) with a coefficient of 0.272 means that 

each one unit increase in 𝐵𝐹1 in provinces with 𝑋3 values greater than 33.84 will increase the IDI 

by 0.272, with base functions 𝐵𝐹2, 𝐵𝐹5, 𝐵𝐹7, and 𝐵𝐹9 held constant. 

2. Base Five Function (𝐵𝐹5) 

𝐵𝐹5 = {
(74.90 − 𝑋2)(𝑋3 − 33.84) ;  𝑓𝑜𝑟 𝑋2 < 74.90, 𝑋3 > 33.84 
                  0                           ;  𝑓𝑜𝑟 𝑜𝑡ℎ𝑒𝑟𝑠                               

 

The interpretation of the base function value of one (𝐵𝐹5) with a coefficient of -0.006 means that 

each one unit increase in 𝐵𝐹5 in provinces with 𝑋2 values lower than 74.90 and 𝑋3 greater than 

33.84 will decrease the IDI by 0.006, with base functions 𝐵𝐹1, 𝐵𝐹2, 𝐵𝐹7, and 𝐵𝐹9 held constant. 

3. Base Seven Function (𝐵𝐹7) 

𝐵𝐹7 = {
(70.91 − 𝑋3)(𝑋6 − 59.99) ;  𝑓𝑜𝑟 𝑋3 < 70.91, 𝑋6 > 59.99

0                                ; 𝑓𝑜𝑟 𝑜𝑡ℎ𝑒𝑟𝑠                   
 

The interpretation of the base function value of one (𝐵𝐹7) with a coefficient of -0.308 means that 

each one unit increase in 𝐵𝐹5 in provinces with 𝑋3 values lower than 70.91 and 𝑋6 greater than 

59.99 will decrease the IDI by 0.272, with base functions 𝐵𝐹1, 𝐵𝐹2, 𝐵𝐹7, and 𝐵𝐹9 held constant. 

4. Base Nine Function (𝐵𝐹9) 

𝐵𝐹9 = {
(70.47 − 𝑋1)(74.90 − 𝑋2)(𝑋3 − 33.84); 𝑋1 < 70.47, 𝑋2 < 70.90, 𝑋3 > 33.84 

0                      ;  𝑓𝑜𝑟 𝑜𝑡ℎ𝑒𝑟𝑠
 

The interpretation of the base function value of one (𝐵𝐹9) with a coefficient of 0.007 means that 

each one unit increase in 𝐵𝐹9 in provinces with 𝑋1 values lower than 70.47, 𝑋2 lower than 70.90 

and 𝑋3 values greater than 33.84 will decrease the IDI by 0.007, with base functions 

𝐵𝐹1, 𝐵𝐹2, 𝐵𝐹5, and 𝐵𝐹7 held constant. 

3.2.3 Residual Normality Assumption Test 

In testing the assumption of residual normality, the following hypothesis formulation is used. 

𝐻0 ∶ Residuals are normally distributed 

𝐻1 ∶ Residuals are not normally distributed 

In conducting the residual assumption test, testing is carried out using software assistance. The results 

of the calculation of test statistics using the Kolmogorov-Smirnov test are as follows. 

 

Figure 2. Plot of Residual Normality Assumption Test 

The critical region in this test is determined by rejecting 𝐻0 if the 𝑝 − value is smaller than the 

significance level (𝛼). Based on Figure 2, it can be seen that the 𝑝 − value is > 0.150, which is greater than 

the significance level (𝛼 = 0.05). Therefore, the decision fails to reject 𝐻0 with the conclusion that the 

residuals are normally distributed. 
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3.3 MARS Model Significance Test 

This test is conducted to determine whether there is a significant relationship between the predictor 

variable and the response variable. 

3.3.1 Simultaneous Test of MARS Model Base Function Coefficients 

This test is conducted using the F test statistic to determine whether all base function coefficients in 

the MARS model simultaneously affect the response variable. The hypothesis used in this test is as follows. 

𝐻0 ∶ 𝑎1 = 𝑎5 = 𝑎7 = 𝑎9  
𝐻1 ∶ There is at least one 𝑎𝑚 ≠ 0 ; 𝑚 = 1, 5, 7, 9 

Based on the results of the F test statistical calculation, the 𝐹𝑐𝑜𝑢𝑛𝑡 value is 28.72, which more than 

𝐹(0.05;5;28) = 2.59. In addition, a 𝑝 − value of 0.1032 × 10−8 is also obtained which is also less than the 

significance level = 0.05, so the decision to reject 𝐻0 is obtained and it can be concluded that there is a 

relationship between the base function coefficients and the response variable. 

3.3.2 Partial Test of MARS Model Base Function Coefficients 

This test is conducted to determine whether each base function coefficient in the MARS model partially 

affects the response variable. The hypothesis used in this test is as follows. 

𝐻0 ∶ 𝑎𝑚 = 0 ; 𝑚 = 1, 5, 7, 9 

𝐻1 ∶ 𝑎𝑚 ≠ 0 ; 𝑚 = 1, 5, 7, 9 

The test statistical results of the partial testing of the MARS model base function coefficients are 

presented in Table 5 as follows. 

Table 5. Partial Test Results of MARS Model Base Function Coefficients 

Parameter Estimate S.E. T. Ratio 𝒑 − value 

𝐶𝑜𝑛𝑠𝑡𝑎𝑛 67.70 1.83 37.07 0.9992 × 10−15 

𝐵𝐹1 0.272 0.042 6.50 0.4137 × 10−6 

𝐵𝐹5 -0.006 0.002 -3.49 0.002 

𝐵𝐹7 -0.308 0.060 -5.13 0.1762 × 10−4 

𝐵𝐹9 -0.007 0.002 -3.81 0.6691 × 10−3 

Based on Table 5, the |𝑡𝑐𝑜𝑢𝑛𝑡| value of each base function in the model is more 𝑡(0.025; 29) = 2.05. In 

addition, the 𝑝 − value of each base function in the model is less than the significance level (𝛼 = 0.05). 

Therefore, we can reject 𝐻0 and conclude that there is a relationship between the base function coefficients 

and the response variable. 

3.4 Variable Importance Level 

The variable importance level is used to rank the predictor variables that affect the response variable. 

The level of variable importance in modeling the democracy index data in Indonesia is presented in Table 6 
as follows. 

Table 6. Variable Importance Level 

Variable Variable Name 
Level of 

Importance 

GCV 

Reduction 

𝑋3 Information and Communication Technology Development Index ICT-DI 100% 25.90 

𝑋6 High School Completion Rate HSCR 63.81% 17.23 

𝑋2 Gender Empowerment Index GEI 55.81% 15.83 

𝑋1 Human Development Index HDI 39.44% 13.55 

𝑋4 Press Freedom Index PFI 0% 11.27 

𝑋5 Poverty Depth Index PDI 0% 11.27 
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Based on Table 6, there is an importance level that shows how much influence the predictor variable 

has on the response variable, while the GCV reduction shows how much each variable contributes to 

improving model quality by reducing prediction error or variability. Therefore, the predictor variable with 

the greatest influence on the response variable is the ICT-DI variable (𝑋3) with an importance level of 100%, 

which can also reduce the GCV value by 25.90 when the variable is included in the model. 

Furthermore, the predictor variables that influence the response variable are the high school education 

completion rate variable (𝑋6) with an importance level of 63.81%, GEI (𝑋2) with an importance level of 

55.81%, then followed by the HDI variable (𝑋1) with an importance level of 39.44%. Meanwhile, the 

predictor variables that have an importance level of 0% are the PFI (𝑋4) and PDI (𝑋5) variables.  

4. CONCLUSION 

Based on the results of the analysis in this study, the best MARS model was obtained with a 

combination of BF = 12, MI = 3, and MO = 1 which had the smallest GCV value of 11.27 and an R2 value of 

80%. Among the candidate models, this model was selected based on the principle of parsimony, favoring a 

simpler structure with fewer parameters while maintaining high predictive accuracy. Furthermore, it was 

concluded that all predictor variables used in the model significantly influenced the democracy index in 

Indonesia. The ICT-DI variable has a dominant contribution (100%) to the democracy index, followed by the 

variable of HSCR (63.81%), GEI (55.81%), and the HDI variable contributes 39.44%. 

Variables with high contributions in the IDI certainly need to be given more attention to improve 

Indonesia's democracy. The government needs to improve the access to and quality of digital infrastructure, 

especially in remote and underdeveloped areas, to ensure broad and equitable access to information. These 

improvements will enable people to engage more fully in the political process, better understand relevant 

issues, and actively participate in elections and public discussions. The government also needs to increase 

access to secondary education in all provinces and reduce regional disparities to improve the quality of 

education in Indonesia. Gender empowerment can also be improved by increasing women's participation in 

decision-making, eliminating gender-based discrimination, and opening wider access for women in the 

economic and political fields. In addition, improving the quality of health services and people's living 

standards are also important in supporting the improvement of the democracy index in Indonesia. 

For future research, it is recommended to explore alternative regression-based methods to address some 

limitations of MARS. Although MARS provides flexible spline-based modeling, it can be sensitive to 

overfitting, especially with small sample sizes or highly correlated predictors. Future studies could consider 

approaches such as penalized regression methods to improve variable selection and reduce model complexity. 

Additionally, Generalized Additive Models (GAM) or semi-parametric regression techniques could offer a 

balance between flexibility and interpretability. Incorporating regularization and cross-validation techniques 

will help enhance model generalizability. Finally, applying these models to longitudinal or panel data could 

better capture temporal dynamics influencing the democracy index. 
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