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Abstract 
Quality education is one of the goals of the Sustainable Development Goals (SDGs) aimed at 

improving human resources. According to the March 2023 Susenas, participation at the college 

level has the lowest Gross Enrollment Rate (GER), and Kepulauan Bangka Belitung Province has 

the lowest GER at the college level in Indonesia. The March 2023 Susenas data indicates that four 

of the seven districts and cities in Kepulauan Bangka Belitung Province still have estimated GER 

values at the college level with insufficient precision. Therefore, to increase precision, indirect 

small area estimation (SAE) methods are required using auxiliary variables derived from Podes 

2021. The research results show that SAE Hierarchical Bayes (HB) estimation using the beta 

distribution approach produces the best estimates compared to other methods for estimating GER 

at the college level. 

 

Keywords:   SDGs, GER at the college level, SAE HB, Province of Kepulauan Bangka 

Belitung. 

 

1.  INTRODUCTION 
Quality education is one of the seventeen goals focused on by the Sustainable Development 

Goals (SDGs) to enhance human resource quality. Additionally, the 1945 Constitution states that 

one of the nation's objectives is to educate the life of the nation, where quality education is the 

primary means to achieve this goal. The importance of this program has made quality improvement 

one of the seven programs in the National Medium-Term Development Plan (NMTDP) 2020-2024. 

One way to improve the quality of education is by increasing educational participation [24].The 

Gross Enrollment Rate (GER) is one of the indicators that can be used to show the level of 

educational participation. Based on the March 2023 Survei Sosial Ekonomi Nasional (Susenas), the 

college level has the lowest GER compared to other levels of education, at 31.45%. This figure has 

not yet reached the GER target for the college level in the 2020-2024 National Medium-Term 

Development Plan (NMTDP) of 37.63% [3]. It also falls short of the GER target for the college level 

in the SDGs for 2024, which is 38.32% under the business-as-usual scenario or 43.86% under the 

intervention scenario [2]. 

Based on provincial data, the Province of Kepulauan Bangka Belitung has the lowest GER at 

the college level in Indonesia, with a GER of only 18.19% [4]. Furthermore, this province, known 

as the “Bumi Serumpun Sebalai” has consistently held the lowest GER at the college level in 
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Indonesia since 2015. This indicates that the residents of Kepulauan Bangka Belitung are still not 

fully aware of the importance of education, particularly higher education. Therefore, the education 

system in the Province of Kepulauan Bangka Belitung still needs to be improved. 

The low level of educational participation at the college level requires the regional government 

of the Province of Kepulauan Bangka Belitung to address this issue seriously. The local government 

must use precise data when formulating education policies to ensure they are targeted effectively. 

Data on small areas is essential for policy formulation, especially for improving education quality 

in a targeted manner [12]. 

Badan Pusat Statistik (BPS), as the provider of statistical data on GER at the college level 

through surveys such as Susenas, can only publish data at the national and provincial levels due to 

sample limitations [1]. Meanwhile, to address the issue of low educational participation at the 

college level, data at more granular levels, such as districts or cities, is needed. Direct estimation at 

these smaller levels can result in inadequate precision when there is sample insufficiency, making 

the analysis based on such conditions unreliable [23]. 

One solution to address sample insufficiency is to use the Small Area Estimation (SAE) method. 

The SAE method employs indirect estimation for small areas by incorporating auxiliary variables to 

enhance sample effectiveness and estimation efficiency [17]. A small area is defined as a segment 

of the population with the variable of interest, in this case, the GER at the college level [25]. 

Based on the availability of auxiliary variables, SAE models can be classified into two types: 

area-level models and unit-level models [17]. Area-level models are used when auxiliary variables 

are only available at the target area level, while unit-level models are employed when auxiliary 

variables are available down to the smallest sampling unit (ultimate sampling unit) [11]. In this 

study, an area-level model is used due to the limitations in the availability of auxiliary variables at 

the unit level. 

Parameter estimation in the SAE method using area-level models can be performed with various 

techniques, such as Empirical Best Linear Unbiased Prediction (EBLUP), Empirical Bayes (EB), 

and Hierarchical Bayes (HB) [18]. The differences between these methods lie in their assumptions. 

The EBLUP method assumes that the data are normally distributed, whereas the EB and HB methods 

do not require the data to be normally distributed [17]. 

The EBLUP method, in addition to assuming that the data are normally distributed, has 

limitations when the number of observations is insufficient. The model may become less appropriate 

or unstable, for example producing zero or negative estimates of variance components [8]. In 

contrast, the HB method adopts more flexible assumptions and, according to [19], is considered 

more suitable for conditions with a limited number of observations. The ideal number of 

observations for SAE modeling using EBLUP is 30 [9]. Therefore, the Province of Kepulauan 

Bangka Belitung, which comprises only seven districts/cities, falls into the category of regions with 

fewer than 30 observations, a condition that may potentially introduce bias in the estimation results 

[15]. 

Therefore, the researcher is interested in implementing the SAE method with a Hierarchical 

Bayes approach to estimate the GER at the college level at the district/city level in the Province of 

Kepulauan Bangka Belitung for 2023, where there are only seven districts/cities. The results from 

the best method can be used as a basis for the government of the Province of Kepulauan Bangka 

Belitung to develop more targeted policies to improve the quality of higher education. 

 

2. METHOD 
2.1. Literature Review 

Gross Enrollment Rate at the College Level 

Gross Enrollment Rate at the college level is the ratio between the number of people 

currently pursuing higher education (regardless of their age) and the number of people in the ideal 
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age group for higher education, which is 19-23 years old [6]. A higher GER value indicates a higher 

level of participation in higher education in the region. 

 

Empirical Best Linear Unbiased Predictor (EBLUP) 

The EBLUP method is the most basic method used in SAE area-level models. Among the 

three estimation methods for area-level models, EBLUP is also the most commonly used. Developed 

a method based on the assumption of known variance components, known as the Best Linear 

Unbiased Prediction (BLUP) method [10]. BLUP estimation is based on a weighted average of direct 

and model-based estimates, optimizing the weights for the best prediction. Generally, the BLUP 

equation at the area level is as follows [15]: 

𝜃̃𝑖
𝐻 = 𝒙𝑖

𝑇𝜷̃ + 𝛾𝑖(𝜃𝑖 − 𝒙𝑖
𝑇𝜷̃) = 𝛾𝑖𝜃𝑖 + (1 − 𝛾𝑖)𝒙𝑖

𝑇𝜷̃ (2.1) 

With 𝜃𝑖 representing the direct estimate and 𝒙𝑖
𝑇𝜷̃ representing the model estimate, where 𝛾𝑖 is the 

weight chosen with a value of 0 ≤ 𝛾𝑖 ≤ 1,  as given by the following formula: 

𝛾𝑖 =
𝜎𝑣

2𝑏𝑖
2

𝜓𝑖 + 𝜎𝑣
2𝑏𝑖

2 (2.2) 

Based on equation (2.2), it can be seen that BLUP estimation depends on the variance 

component (𝜎𝑣
2), which is assumed to be known. In practice, however, the value of the variance 

component (𝜎𝑣
2) is not known and thus needs to be estimated. When the variance component (𝜎𝑣

2) 

is substituted with its estimate (𝜎̂𝑣
2), the EBLUP estimate is obtained, which can be written as 

follows [17]: 

𝜃𝑖
𝐻 = 𝛾𝑖𝜃𝑖 + (1 − 𝛾𝑖)𝒙𝑖

𝑇𝜷̂ (2.3) 

 

Hierarchical Bayes Beta 

The beta distribution is suitable for modeling data within the range of 0-1 [22]. The SAE 

HB Beta model at the area level can be written as follows [14]: 

i. Sampling model 

 𝜃𝑖|𝜃𝑖~𝐵𝑒𝑡𝑎 (𝑎𝑖 , 𝑏𝑖),         𝑖 = 1, … , 𝑚 (2.4) 

𝜃𝑖 in equation (2.4) represents a parameter with a range of values between 0 and 1, 𝜃𝑖 is the 

estimator for the small area 𝑖, and 𝑎𝑖 = 𝜃𝑖𝑘 and 𝑏𝑖 = (1 − 𝜃𝑖)𝑘 are parameters of the beta 

distribution. Here, 𝑘 is a constant assumed to follow a gamma distribution 𝑘~𝐺𝑎𝑚𝑚𝑎(𝑔1, 𝑔2). 

ii. Linking model 

𝑙𝑜𝑔𝑖𝑡(𝜃𝑖)|𝜷, 𝜎𝑣
2 ∼

𝑖𝑖𝑑
𝑁(𝒙𝒊

𝑻𝜷, 𝜎𝑣
2),         𝑖 = 1, … , 𝑚 (2.5) 

Where 𝒗𝒊~𝑁(0, 𝜎𝑣
2) and 𝜎𝑣

2~𝐼𝐺(𝑐1, 𝑐2). In this case, IG stands for the Inverse Gamma 

distribution. 

iii. The parameters 𝜷 and 𝜎𝑣
2 are assumed to have a flat prior and are independent of each other, 

where 𝜷~𝑁(𝜇𝛽 , 𝜎𝛽
2). 

In Hierarchical Bayes inference for the parameters 𝜃𝑖, 𝜷, and 𝜎𝑣
2 the process is conducted 

using Markov Chain Monte Carlo (MCMC) with the Gibbs Sampling algorithm, as implemented 

[14]. 

 

2.2. Data and Data Sources 

This study uses secondary data obtained from the BPS through the March 2023 Survei Sosial 

Ekonomi Nasional (Susenas) for the variable of interest, GER at the college level, and data from the 

2021 Potensi Desa (Podes) for auxiliary variables. In this study, there are 18 candidate auxiliary 

variables to be used, namely: Ratio of Senior High Schools per 10,000 people (𝑋1), Ratio of 

Vocational High Schools per 10,000 people (𝑋2), Ratio of Higher Education Institutions per 10,000 

people (𝑋3), Ratio of healthcare facilities per 10,000 people (𝑋4), Ratio of healthcare personnel per 
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10,000 people (𝑋5), Percentage of villages with people's business credits (𝑋6), Percentage of villages 

with joint business groups (𝑋7), Percentage of villages with government banks (𝑋8), Percentage of 

villages with private banks (𝑋9), Percentage of villages with people's credit banks (𝑋10), Percentage 

of villages with minimarkets or supermarkets (𝑋11), Percentage of households using electricity 

(𝑋12), Percentage of villages with educational programs A/B/C (𝑋13), Percentage of issued poor 

certificates (𝑋14), Percentage of villages with urban status (𝑋15), Percentage of villages with public 

transportation (𝑋16), Percentage of villages with internet cafes (𝑋17), and Percentage of villages with 

Base Transceiver Stations (𝑋18). 

 

2.3. Research Steps 

The steps for estimating the GER at the college level in this study are outlined as follows: 

1. Perform direct estimation of the GER at the college level at the district/city level based using R 

Studio with the survey package. 

2. Prepare the candidate auxiliary variable data to be used. 

3. Select the auxiliary variables to be used with a stepwise regression method. 

4. Perform indirect estimation. 

5. Evaluate the models to determine the best method for estimating the GER at the college level 

using the Relative Standard Error (RSE) value. 

6. Map the estimation results of the GER at the college level based on the best estimation method. 

 

3. MAIN RESULTS  

From the direct estimation process of the GER at the college level based on the sampling 

design of the March 2023 Susenas, direct estimates and Relative Standard Error (RSE) values for 

each district/city in the Province of Kepulauan Bangka Belitung were obtained, as shown in Table 

3.1 below. 

Table 3.1. Descriptive statistics of direct estimates. 

Descriptive Statistics GER at the College Level RSE (percent) 

Minimum 0.08 16.20 

Q1 0.11 20.82 

Median 0.12 27.61 

Mean 0.16 26.13 

Q3 0.21 30.83 

Maximum 0.29 35.82 

Source: Susenas March 2023 

Based on the maximum and minimum values of the GER at the college level shown in Table 

3.1, it is observed that the data for the GER at the college level falls within the range of 0 to 1. 

Furthermore, for the direct estimation RSE values, it is noted that four out of seven districts/cities 

in Kepulauan Bangka Belitung have estimates with insufficient precision (RSE > 25%). These four 

districts/cities are West Bangka Regency, Central Bangka Regency, South Bangka Regency, and 

East Belitung Regency. This indicates that the direct statistical estimates of the GER at the college 

level should be used with caution due to their lack of precision [6]. The low precision in these four 

districts in the Province of Kepulauan Bangka Belitung is due to the insufficient sample size for 

direct estimation at the district level. Therefore, indirect estimation (SAE) is needed to achieve better 
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precision compared to direct estimation for estimating the GER at the college level in the Province 

of Kepulauan Bangka Belitung. 

Indirect estimation begins with an area-level model using the EBLUP method. Based on the 

stepwise process between direct estimation and candidate auxiliary variables [20], three variables 

were found to be significant at the 5% significance level: Ratio of Vocational High Schools per 

10,000 people (𝑋2), Ratio of healthcare personnel per 10,000 people (𝑋5), and the percentage of 

villages with urban status (𝑋15). These three variables will be used in estimating the GER at the 

college level at the district/city level in the Province of Kepulauan Bangka Belitung for 2023. From 

the EBLUP estimation process, it was found that only two variables were significant in the model, 

as presented in Table 3.2 below. 

Table 3.2. Best SAE EBLUP model parameter estimates. 

Variable 𝛽̂ Standard Error 𝑝 − 𝑣𝑎𝑙𝑢𝑒 

(intercept) -0.1074 0.0580 0.0642 

𝑋5 0.0154 0.0039 0.0001* 

𝑋15 0.0018 0.0007 0.0118* 

variance of the random effect area (𝜎̂𝑣
2) = 0   

Source: Susenas March 2023 and Podes 2021 

Note: (*) significant at 𝛼 = 5% 

Based on Table 3.2, the estimated beta (𝜷̂) from the EBLUP model shows that statistically, 

all variables have a significant effect, except for the model intercept. The estimation results from the 

EBLUP model also indicate that the estimated variance of the random effect area (𝜎̂𝑣
2) is zero. Since 

𝜎̂𝑣
2 = 0, it results in the random effect area (𝑣𝑖) also being zero, which means the assumptions of 

EBLUP are not met. This is indicated by the weakness of the EBLUP method in estimating the GER 

at the college level in the Province of Kepulauan Bangka Belitung, which has only seven 

districts/cities. This result is consistent with [14], who noted that one weakness of the EBLUP 

method is that it can produce zero estimates for the variance components. The Hierarchical Bayes 

model is better suited for cases where 𝜎̂𝑣
2 = 0 [21]. Therefore, the Hierarchical Bayes model will be 

used to estimate the GER at the college level in the Province of Kepulauan Bangka Belitung. 

It is known that the direct estimation of the GER at the college level has values ranging from 

0 to 1. Therefore, the appropriate SAE HB method to use is the SAE HB with a beta distribution. 

The beta distribution is suitable for modeling data within the range of 0-1 [22]. Thus, the indirect 

estimation (SAE HB) in this study will use the Beta distribution approach, which is considered more 

appropriate than other distributions for estimating the GER at the college level in the Province of 

Kepulauan Bangka Belitung. 

Similarly to the EBLUP model estimation process, the estimation of the Hierarchical Bayes 

Beta model also begins with selecting the auxiliary variables to be included in the model using a 

stepwise regression process. In the HB Beta method, the candidate auxiliary variables are regressed 

with the logit form of the direct estimates [16]. From the stepwise process between the logit of the 

direct estimates and the candidate auxiliary variables, three variables were found to be significant at 

the 5% significance level: Ratio of Vocational High Schools per 10,000 people (𝑋2), Ratio of 

healthcare personnel per 10,000 people (𝑋5), and the percentage of villages with urban status (𝑋15). 

Therefore, these three variables from the stepwise process can be used to estimate the GER at the 

college level in the Province of Kepulauan Bangka Belitung using the SAE HB Beta method. 
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Parameter estimates from the HB Beta model can be obtained from a converged MCMC 

algorithm. Using a total of 60,000 iterations, with a burn-in of 15,000, and thinning and updating 

both set to 25, the final number of converged samples was 1,800. From the MCMC results, it was 

found that the variable 𝑋2 was not significant and therefore was excluded from the estimation 

process. 

  
Source: Susenas March 2023 and Podes 2021 

Figure 3.1. diagnostic plot for all parameters. 

Based on the diagnostic plots in Figure 3.1, each of which indicates that the MCMC 

algorithm has converged, the parameter estimates of the HB Beta model can be seen in Table 3.3 

below. It is observed that all parameters in the HB Beta model are significant. This is because the 

credible intervals from 2.5% to 97.5% for each parameter do not include zero. 

Table 3.3. Best SAE HB model parameter estimates. 

Coefficient Estimation 

Parameter 
Mean 

Standard 

Deviation 
2.5% 97.5% 

𝑏0 -2.8755 0.0320 -2.9379 -2.8131 

𝑏1 0.0594 0.0023 0.0547 0.0639 

𝑏2 0.0111 0.0007 0.0097 0.0126 

Source: Susenas March 2023 and Podes 2021 

After obtaining the estimation results of the GER at the college level from several models, 

the next step is to evaluate these model estimates based on their precision to determine the best 

estimation method for the GER in the Province of Kepulauan Bangka Belitung. In this study, the 

Relative Standard Error (RSE) value is used as a measure to determine the precision of the estimation 

results. The smaller the RSE value of the estimation model, the more precise the estimate is. 

Therefore, the best model will be selected based on the lowest RSE value. 

  

(a) (b) 

Source: Susenas March 2023 and Podes 2021 

Figure 3.2. (a) Point graph of RSE value and (b) Boxplot of RSE value for each estimation model. 



465 

JURNAL MATEMATIKA, STATISTIKA DAN KOMPUTASI 
Muh. Taslim Hakim, Azka Ubaidillah 

 

 

Based on Figure 3.2, it can be seen that the EBLUP estimation results do not perform well 

based on the RSE values. This is consistent with findings from [1] and [13], which show that when 

the observations are limited, EBLUP estimation does not perform better than direct estimation, as 

indicated by the higher RSE values for EBLUP compared to direct estimates. In contrast, the HB 

Beta estimation method produces the lowest RSE values compared to other methods across all 

districts/cities in the Province of Kepulauan Bangka Belitung. 

The same observation is evident from the width of the boxplot for the RSE values of the HB 

Beta estimation, which has the narrowest and most distinct box compared to the other boxplots. This 

indicates that the HB Beta estimation is more precise, as it is located well below the boxplots of the 

other estimations. Therefore, the SAE HB Beta estimation is the best method for estimating the GER 

at the college level in the Province of Kepulauan Bangka Belitung for the year 2023. 

To examine the geographic distribution of the GER at the college level in the Province of 

Kepulauan Bangka Belitung for 2023, a thematic map is presented below, with the GER categorized 

into three groups based on natural breaks. The Province of Kepulauan Bangka Belitung is an 

archipelagic province, consisting of two major islands: Bangka Island and Belitung Island. 

According to Figure 3.3, it can be seen that the regions in the Province of Kepulauan Bangka 

Belitung with the highest GER, ranging from 14.10% to 28.90%, are Pangkalpinang City and 

Bangka Regency on Bangka Island. These two areas are directly adjacent, suggesting a spatial factor 

where regions closer to the provincial capital tend to have higher GERs. 

 

 
Source: Susenas March 2023 and Podes 2021 

Figure 3.3. Thematic map of GER at the College Level the Province of Kepulauan Bangka 

Belitung in 2023 on the SAE HB Beta method. 

Similarly, Belitung Timur Regency has the lowest GER at the college level because it is the 

furthest from the provincial capital. In addition to Belitung Timur Regency, Bangka Selatan 

Regency also falls into the category of the lowest GER, ranging from 8.92% to 10.55%. The 

remaining districts—Bangka Barat, Bangka Tengah, and Belitung have GERs ranging from 10.55% 

to 14.10%. 

Based on the regional map, it is evident that Bangka Selatan Regency and Belitung Timur 

Regency have areas with small islands, requiring residents in these regions to rely on sea or air 

transportation to access the city center, which increases transportation costs. This is consistent with 

[1], who state that one of the factors contributing to the low participation in higher education is the 

accessibility and high travel costs. 
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Additionally, the province known as Bumi Serumpun Sebalai is also one of the largest tin 

producers in Indonesia. In 2023, the mining and quarrying sector was among the top five sectors 

contributing the most to the Gross Regional Domestic Product (GRDP) of the Province of Kepulauan 

Bangka Belitung, with Bangka Selatan Regency and Belitung Timur Regency being the largest 

contributors to this sector [7]. The high contribution of the mining sector leads many residents to 

prefer working directly in mining rather than pursuing higher education. This is also consistent with 

the fact that the proportion of the population working in the mining and quarrying sector is larger 

compared to other sectors, at 28.85% [4]. Therefore, it is understandable that these two districts have 

a lower GER at the college level compared to other areas in the Province of Kepulauan Bangka 

Belitung. 

In order to achieve the goal of improving education quality outlined in the fourth SDG and 

the National Medium-Term Development Plan (RPJMN) 2020-2024, the Indonesian government, 

particularly regional governments, can utilize the results from the Hierarchical Bayes Beta (HB 

Beta) estimation to plan higher education policies. As a province that has consistently ranked lowest 

in the GER at the college level in Indonesia, quality education policies should be implemented and 

prioritized for the Province of Kepulauan Bangka Belitung, especially for the regional governments 

of Belitung Timur Regency and Bangka Selatan Regency, which have a GER ranging from 8.92% 

to 10.55%. These figures are significantly below the national average of 31.45% and still far from 

the SDG and RPJMN targets of over 35%. 

 

4. CONCLUSION  

Based on the research results outlined previously, the direct estimation of the GER at the 

college level for districts/citys in the Province of Kepulauan Bangka Belitung in 2023 ranges from 

0 to 1, with generally high RSE values above 25%, indicating that the direct estimates lack adequate 

precision. Therefore, an indirect estimation of the GER at the college level for districts/citys, 

obtained using the SAE HB method with a Beta distribution approach and auxiliary variables from 

Podes 2021, is needed. The best estimation method for the GER at the college level in the Province 

of Kepulauan Bangka Belitung in 2023, which has only seven districts/citys, is the SAE HB method 

with the Beta distribution approach. This is evidenced by RSE values for all districts/citys being 

below 25%. Furthermore, the mapping results show that the area of Pangkalpinang City, as the 

capital of the Province of Kepulauan Bangka Belitung, and its surrounding areas will have higher 

GER at the college level compared to regions farther from the provincial capital. 
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