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Abstract 
Average years of schooling is an important indicator in assessing the success of education 
development in a region. This study aims to analyze data on average years of schooling in Merauke 
Regency, Papua Province, using the Birnbaum-Saunders (BS) Distribution approach. This distribution 
was chosen because of its ability to model data that has asymmetric characteristics and low variability. 
The parameters resulting from the analysis include a scale parameter (β) of 8.35, which reflects the 
average years of schooling of the population, and a shape parameter (α) of 0.0545, which indicates 
the low degree of dispersion of the data around the mean. The results of the analysis show that the 
average length of schooling in Kabupaten Merauke is at the junior high school (SMP) level, with a 
homogeneous data distribution. This homogeneity reflects good equity in access to education, but 
also indicates the potential for stagnation at certain levels of education. The Birnbaum-Saunders 
distribution proved to be effective in modeling education data in this region, providing a more 
accurate picture than traditional approaches. This research makes an important contribution in 
understanding the distribution pattern of average years of schooling in Merauke district. The results 
can be used as a basis for designing more targeted policies in improving the quality and access to 
education, especially at the senior secondary level. In addition, this approach can serve as a reference 
for analyzing education in other regions with similar geographical and socio-economic challenges. 
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Abstrak  
Rata-rata lama sekolah merupakan indikator penting dalam menilai keberhasilan pembangunan 
pendidikan di suatu daerah. Penelitian ini menganalisis data rata-rata lama sekolah di Kabupaten 
Merauke, Provinsi Papua, menggunakan pendekatan Distribusi Birnbaum–Saunders (BS). Distribusi ini 
dipilih karena kemampuannya memodelkan data yang bercirikan asimetris dan memiliki dispersi 
rendah. Estimasi parameter dilakukan dengan metode Maximum Likelihood Estimation (MLE) untuk 
mendapatkan model yang sesuai dengan karakteristik data. Hasil analisis menunjukkan bahwa model 
BS berhasil menggambarkan distribusi data secara akurat, menghasilkan estimasi parameter yang 
bermakna secara substantif dan selaras dengan kondisi pendidikan di lapangan. Temuan ini 
memberikan gambaran yang lebih realistis dibandingkan pendekatan konvensional serta menawarkan 
informasi yang relevan untuk perumusan kebijakan, khususnya dalam meningkatkan akses dan 
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kualitas pendidikan di jenjang menengah atas. Pendekatan ini juga berpotensi diterapkan pada 
analisis pendidikan di wilayah lain dengan tantangan geografis dan sosial-ekonomi yang serupa. 
 
Kata kunci: rata-rata lama sekolah, Kabupaten Merauke, estimasi kemungkinan maksimum, distribusi 
Birnbaum–Saunders 
MSC2020: 62F10, 62P20, 62E15 
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Introduction 

Education is one of the main pillars in the social and economic development of a region, 

especially in developing countries like Indonesia. One of the key indicators used to assess the success 

rate of education development is the average years of schooling, which reflects the number of years 

of formal education pursued by the population in a region. This indicator reflects not only access to 

education but also the quality of the education system as a whole [1]. Merauke Regency, as one of the 

largest regions in Papua Province with geographical and cultural diversity, faces significant challenges 

in education equity [2]. Limited infrastructure, accessibility, and socio-economic inequality are the 

main obstacles in increasing education participation, especially in remote areas [3]. 

Previous studies often rely solely on descriptive methods or conventional approaches in 

analyzing education data. However, the distribution of data such as average years of schooling is often 

asymmetrical and has low variability, so traditional approaches may not be effective enough to 

accurately characterize the data [4]. In this context, the Birnbaum-Saunders (BS) distribution approach 

becomes relevant due to its ability to handle data that is not symmetric and tends to be distributed 

with a certain pattern [5]. This distribution has been widely used in various fields such as system 

reliability, lifespan analysis, and risk management, but is rarely applied in Education analysis. 

Therefore, the utilization of this distribution is expected to provide new and deeper insights into the 

distribution pattern of average years of schooling [6]. 

This study aims to apply the Birnbaum-Saunders Distribution in analyzing the average years of 

schooling in Merauke District. By adopting this approach, the research not only provides a more 

accurate parameter estimation but also produces a distribution model that is relevant for 

understanding the condition of education in a region with complex geographical and socio-economic 

challenges. Furthermore, the results of this study are expected to serve as a reference in data-driven 

education policy planning, as well as open up opportunities for the exploration of innovative statistical 

approaches in education research in other regions with similar characteristics. Such a probabilistic-

based approach also has the potential to make a scientific contribution to enriching the literature on 

non-conventional distribution-based education analysis, which is relevant to international journals 

with a multidisciplinary focus [7]. 

Basic Theory  

Birnbaum – Saunders Distribution 

A random variable X is said to be Birnbaum-Saunders open paren beta, gamma close paren distributed, 

if its probability density function is of the form [8],[9],[10],[11],[12]: 
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where: 

𝛾 = Shape parameters (𝛾 > 0) 

𝛽 = Scale parameter (𝛽 > 0) 

Basic Concepts of MLE 

Suppose that independent and identical sample data are obtained 𝑋1, 𝑋2, … , 𝑋𝑛 which is 

assumed to come from a certain probability distribution 𝑓(𝑥, 𝜃)where 𝜃 is the vector of parameters 

to be estimated. The likelihood function for such data is defined as [13,14, 15, 16, 24, 25].  

𝐿(𝜃; 𝑋) =∏𝑓(𝑋𝑖; 𝜃)

𝑛

𝑖=1

 
(2) 

To simplify mathematical manipulation, the likelihood function is often converted to log-likelihood 

form: 

ℓ(𝜃; 𝑋) = ln 𝐿(𝜃; 𝑋) =∑ln𝑓(

𝑛

𝑖=1

𝑋𝑖; 𝜃) 
(3) 

 

MLE method tests to determine the value 𝜃 that maximizes the likelihood or log-likelihood function: 

𝜃 = argmax
𝜃
ℓ(𝜃; 𝑋) (4) 

Estimation Steps with MLE 

Maximum Likelihood Estimation (MLE) is a parameter estimation method that aims to maximize 

the likelihood function, resulting in parameters that best fit the observed data. In the context of the 

Birnbaum-Saunders distribution, MLE is used to estimate the shape (α) and scale (β) parameters with 

a numerical approach, since the likelihood equation is complex. The following are systematic steps in 

parameter estimation using MLE [17]. 

a. Determine the Likelihood function 𝐿(𝜃; 𝑋) based on the probability distribution assumed by the 

data (e.g. Birnbaum - Saunders distribution) 

b. Calculate the Log-Likelihood: Take the logarithm of the Likelihood function to get the log-

likelihood function. ℓ(𝜃; 𝑋). This aims to simplify the differentiation process 

c. First derivative. Calculate the first derivative of the log-likelihood with respect to the parameter 

𝜃parameter, and find the value 𝜃 that makes the value of the derivative equal to zero: 

𝜕ℓ(𝜃; 𝑋)

𝜕𝜃
= 0 

(5) 

 

d. Validate with the second derivative: To ensure that the value obtained is a maximum (not a 

minimum or an inflection point), check the sign of the second derivative: 

𝜕2ℓ(𝜃; 𝑋)

𝜕𝜃2
< 0 

(6) 

e. Parameter Estimation: Values 𝜃 that satisfies these conditions becomes the maximum likelihood 

parameter estimate. (𝜃) 

Application to the Birnbaum-Saunders Distribution 
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In the Birbaum-Saunders distribution, the likelihood function for the parameters 𝛼 (shape 

parameter) and 𝛽 (scale parameter) are defined based on the probability density function (PDF) [18]: 

𝑓(𝑡; 𝛼, 𝛽) =
1

√2𝜋𝛼𝑡
exp(−

1

2
(
𝛽

𝑡
+
𝑡

𝛽
− 2)

2

) , 𝑡 > 0 
(7) 

Using MLE, the parameters 𝛼 and 𝛽 can be estimated by maximizing the log-likehood function: 

ℓ(𝛼, 𝛽) =∑ln⁡𝑓(𝑡; 𝛼, 𝛽)

𝑛

𝑖=1

 
(8) 

This estimation is often done with the help of statistical software, as the shape of the log-likelihood 

function for the Birnbaum - Saunders distribution tends to be complex and requires numerical 

algorithms to solve the nonlinear system of equations. 

 

The Importance of Average Years of Schooling as an Education Indicator 

Average years of schooling is a key indicator to measure the level of formal education attained 

by a region's population and is one of the components in the Human Development Index (HDI). It 

reflects the quality and accessibility of the education system and its impact on socio-economic aspects, 

such as labor productivity, poverty reduction, and sustainable development [19], [1]. Factors such as 

geographical conditions, socio-economic disparities, limited educational infrastructure and cultural 

norms greatly influence the achievement of average years of schooling, especially in remote areas 

such as Merauke district. As a region with significant geographical and social challenges, an in-depth 

analysis of the distribution of education data is needed to understand education equity in the region 

and identify opportunities for more effective education policy development [4], [2]. 

 

Probabilistic Approach in Educational Analytics 

The distribution of average years of schooling data is often characterized by skewed and low 

dispersion, requiring a flexible statistical approach. The Birnbaum-Saunders (BS) distribution, which 

was originally used for reliability analysis, proved to be effective for modeling data with this kind of 

pattern. The shape parameter 𝛼 and scale parameter 𝛽⁡of this distribution provide deep insight into 

the variability and averaging of educational data, allowing for more accurate analysis than traditional 

methods. The BS distribution offers an innovative approach to education analysis in areas with 

complex data distributions, such as Merauke, and can be used to support data-driven policy making. 

This approach is also relevant in a global context, in line with the Sustainable Development Goals 

(SDGs), particularly goal 4 on quality education. 

 

Test Statistics Value 

To evaluate the fit of each probability distribution to the average years of schooling data. The 

Goodness of Fit (Gof) test used in this reaserch is  the Kolmogorov-Smirnov (KS) test. KS test measure 

the maximum distanse between the emprical cumulative distribution function (CDF) of the sample 

and the hypothetical CDF. This statistic provides a robust measure of how closely the selected 

distribution matches the observed data. The KS statistic is formulated as follows [20], [21],[22],[23]: 

𝐷𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 = 𝑠𝑢𝑝𝑥|𝐹(𝑥) − 𝐻(𝑥)| (9) 

where 𝐷𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒⁡represents the maximum vertical distance between 𝐹(𝑥) and 𝐻(𝑥). The null 

hypothesis 𝐻0 assert that the data follows the assumed distribution, while the alternatif hypothesis 

𝐻1 states that the data does follow that distribution. 
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Results and Discussion  
Interpretation of Results 

The results of the analysis using the Birnbaum-Saunders (BS) distribution of the average years 

of schooling data in Kabupaten Merauke provide important insights into the condition of education in 

the region. The value of the scale parameter (β=8.35) indicates that the average resident of Kabupaten 

Merauke has completed education up to the junior secondary school (SMP) level. This suggests that 

access to primary and junior secondary education is relatively good, but also highlights significant 

challenges in encouraging people to continue their education to senior secondary and higher 

education. This figure may reflect limitations in education infrastructure, particularly in remote areas, 

and socio-economic barriers such as poverty, lack of teacher resources or low motivation for 

education. 

The shape parameter (α=0.0545) indicates that the distribution of the average years of 

schooling data has a low degree of dispersion, indicating high homogeneity around the mean value. 

This means that the majority of the population has almost uniform years of education, which may 

reflect success in equalizing access to basic education. However, this homogeneity may also indicate 

potential stagnation at certain levels of education. In other words, a large proportion of the population 

only completes a certain level of education without going on to higher levels. This could be due to 

geographical and cultural constraints, including people's perceptions of the importance of secondary 

education and limited job opportunities that require higher education. 

Using the KS test, the success of the Birnbaum-Saunders Distribution model in modeling this data 

demonstrates its flexibility in capturing unsymmetrical data distribution patterns, which are often 

found in education data. Assuming that the average years of schooling data may not be normally 

distributed, the BS approach proved to be more effective than traditional parametric methods. The 

parameter estimates obtained provide richer information about the structure of the data, allowing for 

a deeper understanding of the dynamics of education in the region. The use of this approach also 

opens up opportunities for further analysis, such as exploring the relationship between average years 

of schooling and other indicators such as welfare, unemployment, or regional economic development. 

Figure 1 shows the probability density function (PDF) of the Birnbaum-Saunders distribution used in 

the analysis, and it also illustrates the dispersion pattern of the average years of schooling data. 

 

 

Figure 1. PDF Chart of Average Years of Schooling 

Data 
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Figure 2. CDF Graph of Average Years of Schooling 

Data 

 

Figure 2 visualizes the cumulative distribution function (CDF) of the analyzed data. It provides 

an overview of the accumulated proportion of the population based on their average years of 

schooling, helping in understanding the homogeneity of the data distribution. This finding has 

significant policy implications. The government can use these results to design a more data-driven 

education policy, focusing on improving access and quality of education at the upper secondary level. 

Efforts such as developing education infrastructure in remote areas, providing scholarships for 

students from underprivileged families, and training and incentives for teachers can help increase 

school enrollment rates at higher levels. In addition, it is important to integrate education with local 

labor market needs to improve the relevance of education and encourage people to continue their 

education to higher levels. 

Overall, this interpretation suggests that although Merauke district has made progress in 

primary education equity, greater efforts are still needed to improve higher education levels. The 

results of this study not only provide empirical insights into the condition of education in the region 

but also reinforce the importance of innovative statistical approaches such as the Birnbaum-Saunders 

Distribution for understanding education data with complex characteristics. These interpretations 

provide important contributions to the academic literature as well as relevant recommendations for 

education policy makers. 

Discussion 

The results of the analysis show that the average years of schooling in Kabupaten Merauke, with 

a scale parameter value (β) of 8.35 years, reflects educational attainment at the junior secondary 

school level. This value provides a picture of relatively good access to primary and junior secondary 

education. However, this figure also reveals a major challenge in encouraging people to continue their 

education to higher levels, especially senior secondary school and higher education. Geographical 

factors, such as accessibility to educational facilities, as well as socio-economic constraints, such as 

poverty and lack of educators, can be significant barriers. This finding is in line with previous research 

that shows an education gap in the Papua region compared to other regions in Indonesia. 

The value of the shape parameter (α) of 0.0545 indicates that the data distribution of the 

average length of schooling in Kabupaten Merauke has a low level of dispersion. This indicates that 

the length of education taken by the majority of the population tends to be homogeneous, with little 
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variation around the average. This homogeneity can be considered a success in equalizing access to 

basic education in Kabupaten Merauke. However, this low level of variation may also indicate the 

potential for stagnation at certain levels of education, where most people only complete education 

up to a certain level without continuing further. This requires more targeted policies to encourage 

people to continue their education, such as providing scholarships or incentives for students from 

remote areas. 

The Birnbaum-Saunders (BS) Distribution approach in this study was shown to provide 

advantages over traditional analysis methods. This distribution is able to handle education data that 

often has asymmetric or non-normal characteristics. The success of this model in describing the 

distribution pattern of average years of schooling in Merauke district shows that this probabilistic-

based approach is not only relevant for engineering or lifespan analysis but also very useful in social 

and educational analysis. As a flexible distribution, Birnbaum-Saunders allows the identification of 

more realistic data distribution patterns, particularly in situations where conventional parametric 

methods may fail to provide accurate results. 

The results of this study have important policy implications. With an average years of schooling 

that tends to be close to junior secondary school and a low level of data dispersion, efforts to improve 

education quality and access should focus on several key areas. First, greater investment in education 

infrastructure is needed, especially in remote areas of Merauke district, to improve students' 

accessibility to higher levels of education. Secondly, the government needs to develop intervention 

programs that can address the socio-economic factors that are the main barriers for students to 

continue their education, such as financial assistance, transportation and teacher training. Thirdly, 

education improvement policies should include long-term strategies to integrate education with local 

labor market needs so that higher education can be perceived as relevant by the community. 

From a methodological perspective, this study also makes an important contribution in 

extending the use of the Birnbaum-Saunders Distribution to the field of education. This distribution, 

which was originally designed for system reliability analysis, shows great flexibility in modeling social 

data with complex distribution patterns. This approach can be used as a basis for further analysis, such 

as exploring the relationship between average years of schooling and other social indicators, including 

unemployment rates, poverty rates, or regional economic development. In addition, this approach 

opens up opportunities for the application of other probabilistic distributions capable of handling 

more complex characteristics of education data, such as the skewed-t distribution or the log-normal 

distribution. 

In conclusion, this discussion emphasizes the importance of using innovative statistical 

approaches to understand education dynamics in areas with unique challenges, such as Merauke 

district. This research not only enriches the literature on probabilistic distribution-based education 

analysis but also provides practically relevant recommendations for evidence-based education policy-

making in areas with similar geographical and socio-economic conditions. Further research could focus 

on integrating this analysis with other factors, such as the presence of infrastructure or the level of 

community participation in education programs, to provide a more comprehensive picture. 

 

Conclusion 

The results of the analysis using the Birnbaum-Saunders (BS) distribution of the average years 

of schooling data in Kabupaten Merauke show that the average years of schooling of the population 

is at 8.35 years, as indicated by the scale parameter (β). This parameter reflects the estimated median 

value of the data distribution and illustrates that the average resident of Kabupaten Merauke has 
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completed education up to the junior high school (SMP) level. This value indicates good educational 

achievement at the primary and junior secondary levels, although it still requires attention to improve 

access to higher levels of education. 

In addition, the shape parameter (α=0.0545) shows that the data has a low level of variability, 

with the distribution centered around the mean. This indicates a high degree of homogeneity in the 

average years of schooling of the population. In other words, most of the population has similar years 

of formal education, which reflects the success in equalizing access to education in the region. 

However, this low variability may also indicate potential stagnation, which needs to be followed up 

with policies to encourage continuation of education to higher levels. 

This study confirms the importance of the scale parameter (β) as a measure of the average education 

of the population, which in this context becomes a reference for identifying successes and challenges 

in educational development. With the flexibility of the Birnbaum-Saunders Distribution in handling 

data with certain distribution patterns, the results of this analysis provide a strong basis for policy 

making. The government can utilize these results to focus on improving senior secondary education 

and addressing geographical and socio-economic barriers, thus supporting more sustainable 

development in Merauke district, Papua. 
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