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K-Means has been adopted to group various cases related to the quality of human 

resources and economic growth.  This study aims to apply K-Means to the 

characteristics based on selected Human Development Index (HDI) indicators, 

namely the average length of schooling, the expectation of length of schooling and 

life expectancy in Province of East Nusa Tenggara. The optimal cluster obtained 

is 6 clusters. The cluster with the highest average value of all variables is in cluster 

1 which is Kupang City area. Meanwhile, condition cluster 6 provides the smallest 

life expectancy value compared to other clusters. The smallest average variable of 

school length is in cluster 2.  The regions that provide the smallest number 

expectation of length of schooling is in cluster 5. 
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1. INTRODUCTION 

The success of a country or nation's development is highly dependent on the quality of its human resources, 

and one of the key factors that influence this is education. This is because education plays a crucial role in 

enabling individuals to attain a decent standard of living [1]. The importance of the government's role in 

improving the quality of human resource development is a benchmark for determining the success of the 

implementation of order in various fields, especially the economy of the community. According to [2] the 

Human Development Index (HDI) consists of three components: health, education, and economy. Given that 

two components, namely economy and education, are two references that are used simultaneously to see the 

HDI, then indirectly these two aspects influence each other.   

Other aspects that also affect the economic growth of a region besides education can be seen based on the 

life expectancy of the community [3]. This is because life expectancy is also related to the quality of human 
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data sources. If people have a long life expectancy and do not have skills, it will lead to a decline in regional 

development, and this is supported by the limited availability of jobs for people who are in the elderly category 

but are still able to work [4]. Based on the problems that arise, in order to minimize the decline in economic 

growth and human resources, it is necessary to map the distribution of average length of schooling, expected 

length of schooling, and life expectancy in the community. Identification of the region is carried out by 

selecting provinces that show a high poverty rate, namely the East Nusa Tenggara Province. BPS noted that 

East Nusa Tenggara is in third place as the region with the poorest percentage of provinces after Papua and 

West Papua Provinces. 

The mapping process of the distribution characteristics of the selected HDI indicators, namely the average 

length of schooling, the expected length of schooling, and life expectancy in the East Nusa Tenggara region 

involves observation objects, namely all regencies in East Nusa Tenggara. The mapping of characteristics is 

carried out by applying the concept of the clustering method [5]; [6]. This method is used to group objects 

based on their similarity measure. The objects that tend to have similarities will be in the same group [7]; [8].  

The clustering concept has been widely adopted to group various cases related to the quality of human 

resources and economic growth. Based on [9], conducted a cluster analysis using the K-Means method to 

group HDI indicators in Maluku Province. conducted clustering on the level of basic dimension indicators in 

Banten and DKI Jakarta Provinces which also used the K-Means method [10].  [11] clustered poor areas in 

Riau Province using the K-Means method. [12] dan [13] in their research used the K-means method to cluster 

the Human Development Index components in regencies/cities in Central Java. 

Referring to the research that has been carried out in the use of the K-Means method for grouping in various 

problems around the HDI indicators, this study will group the selected HDI indicators, namely the average 

length of schooling, the expected length of schooling, and life expectancy in East Nusa Tenggara Province. 

This is done to determine the distribution of the level of human resource quality in East Nusa Tenggara 

Province in terms of education and life expectancy. 

2. METHODS 

2.1. Cluster Analysis 

Cluster analysis is a technique used to group objects with multiple variables into one similar characteristic 

[14]. The determination of characteristics is based on the proximity or distance between objects. The object 

size used in this section is the Euclidean distance, the formula for which is as follows [15]: 

                                              𝑑𝑖𝑗 = √∑ (𝑥𝑖𝑘 − 𝑥𝑗𝑘)
2𝑝

𝑘=1                       (1) 

where, 

𝑥𝑖𝑘 : Object i on variables 1, 2, ..., p 

𝑥𝑗𝑘 : Object j on variables 1, 2, ..., p 

𝑝 : Number of variables 
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𝑑𝑖𝑗 : Distance between objects i and j 

2.2. K-Means Clustering 

Hierarchical cluster analysis is a technique for clustering objects with a predetermined number of clusters and 

allocating objects to clusters based on the nearest distance. The advantage of this method is that it can solve 

clustering from larger data than hierarchical methods[16]-[19]. It has almost the same weaknesses as 

hierarchical methods, namely sensitivity to outliers, and the choice of distance measure also needs to be 

considered. One of the non-hierarchical methods is K-Means. The steps for cluster formation in K-Means are: 

(a) Determining the number of clusters, 

(b) Determining the center randomly, 

(c) Placing objects into the closest cluster based on the nearest distance, 

(d) Determining the new center, and 

(e) Repeat steps 3 and 4 until there is no change in the objects in each cluster formed. 

2.3. Data Source 

The data used in this study is secondary data published by BPS (Badan Pusat Statistik) in the East Nusa 

Tenggara Province region in 2022. The research variables used come from 3 variables, namely: 

(a) Expected length of schooling (X1) 

(b) Average length of schooling (X2) 

(c) Life expectancy (X3) 

The definition of expected length of schooling is the duration of schooling in years that is expected to be 

experienced by children of a certain age in the future at various levels of education. The average length of 

schooling is the average number of years spent by people aged 15 and over in completing all types of education 

levels they have ever attended. Meanwhile, the definition of life expectancy is the average number of ages that 

are expected to occur for a person according to the death rate at a certain time and tends not to change in the 

future. These variables were selected based on the HDI indicators based on the education aspect and also to 

see the areas with the lowest quality of life expectancy in East Nusa Tenggara Province. Therefore, the research 

variable also includes life expectancy. 

2.4. Data Analysis Stages 

The analysis in this study applies the clustering concept, which is commonly known as clustering. The purpose 

of choosing cluster analysis is to determine the characteristics of the regions in East Nusa Tenggara Province 

based on the variables of expected length of schooling, average length of schooling, and life expectancy. The 

results of cluster formation are based on the KMeans clustering method. The concept of clustering is to group 

objects based on similarity measures (distance measures). The distance measure used in this study is the 

Euclidean distance. The assumption that must be met when applying the Euclidean distance is the similarity 

of the units of the variables used. Therefore, this study will also apply Principal Component Analysis (PCA) 

to overcome the assumption of the distance measure that must be met. The analysis stages are carried out using 

RStudio Software with the following steps: 



Journal of Research in Mathematics Trends and Technology Vol.6, No.2 (2024) 49 

(a) Data preprocessing: This stage is carried out to prepare the data for data analysis. It consists of missing 

data identification, data transformation, data distribution identification, and summary data. 

(b) Applying cluster analysis: Applying cluster analysis to the data that has been preprocessed. 

(c) Determining the optimal cluster: Determining the optimal number of clusters. 

(d) Visualizing optimal clusters: Visualizing optimal clusters. 

(e) Conducting evaluation and drawing conclusions: Conducting evaluation and drawing conclusions 

from the analysis results. 

3. RESULTS AND DISCUSSION 

3.1 Data Preprocessing 

The initial stage of the clustering process for the selected HDI indicators, namely average length of schooling, 

expected length of schooling, and life expectancy in East Nusa Tenggara Province, was to check for missing 

data. The output results are shown in Table 1. Based on Table 1, it can be seen that all three variables do not 

show any missing data. This is indicated in the last column, which shows a value of 0% in the missing column. 

 

Tabel  1. Output of Missing Data Identification 

No Variable Stats. (Value) Freqs (% of Valid) Valid Missing 

1 Expected Length 

of Schooling 

[Numeric] 

• Mean (sd ): 13.1 (0.9) 

• min < med < max :  

  12.3 < 13 < 16.4 

• IQR (CV) : 0.8 (0.1) 

21 22 (100%) 0 (0%) 

2 Average Length 

of Schooling 

[Numeric] 

• Mean (sd ): 7.7 (1.1) 

• min < med < max : 

6.4 < 7.5 < 11.6  

• IQR (CV) : 1 (0.1) 

22 22 (100%) 0 (0%) 

3 Life Expectancy 

[Numeric] 

• Mean (sd ): 66.6 (2.2) 

• min < med < max :  

60.9 < 67.3 < 70.1 

• IQR (CV) : 2.5 (0.1) 

20 22 (100%) 0 (0%) 

 

Furthermore, Table 1 shows the number of different values for each variable in the Freqs (% of Valid) column, 

while the Valid column shows that all values are in the numeric category and there are no errors in the data 

input. To see the distribution of the data, refer to the Stats. (Value) column, which provides an overview of the 

range of average values for each variable along with the standard deviation, and the data centering value used 

is the median value flanked by the minimum and maximum values. It also provides the IQR (Interquartile 

Range) and CV (Coefficient of Variation) values. For example, the expected length of schooling variable has 

an average value of 13.1 and a standard deviation of 0.9. This means that the average duration of schooling in 

years that is expected to be experienced by children of a certain age in the future at various levels of education 
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is around 13.1 years, and the level of spread of the collected expected length of schooling values is 0.9. 

Furthermore, the median value of expected schooling is obtained as 13, while the smallest and largest values 

obtained are 12.3 and 16.4, respectively. In addition, the data range that is at 75% of the data and 25% of the 

data is obtained as 0.8 (IQR) and the coefficient of variation of the data (CV) is obtained as 0.1, which means 

that the data collected has a fairly small variation.  

The next process is data transformation and normalization to ensure that the units on the variables have the 

same units. This is done because the similarity measure used in the clustering process uses the Euclidean 

distance, which has the assumption that the units of the variables must be the same to avoid bias in the resulting 

similarity measure. Data normalization is performed simultaneously based on the results of data 

transformation. The output of the data transformation is presented in Table 2. 

Table  2. Data Transformation 

No 

Before Transformation After Transformation 

Expected 

Length of 

Schooling 

Average 

Length of 

Schooling 

Life 

Expectancy 

 
 

Expected 

Length of 

Schooling 

Average Length 

of Schooling 
 

Life 

Expectancy 

 
 

1 13.15 6.85 67.35 0.04540 -0.77942 0.36321 

2 12.85 7.33 65.38 -0.29126 -0.32644 -0.54934 

3 13.88 7.41 65.28 0.86461 -0.25094 -0.59566 

4 12.6 6.76 66.68 -0.57182 -0.86435 0.05285 

5 13.34 7.97 67.35 0.25862 0.27753 0.36321 

⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ 

22 16.43 11.61 70.11 3.72624 3.71262 1.64169 

 

The transformation results presented in Table 2 show the changes in the values of the variables observed. These 

values show that there is no difference in the observation units and the numbers are already in the same 

condition based on the standard normal transformation formula used. The transformation formula and 

calculation process used are as follows: 

 

𝑍 =
𝑥 − 𝑥̅

𝜎
=
13.15 − 13.1

0.9
≅ 0.04540 

 

Furthermore, the difference between the results obtained and manual calculations is due to rounding of 

numbers. The calculation process when conducting further analysis is carried out with the help of Software, 

which reduces calculation errors and the actual analysis results. 

The transformation results that have been carried out are then applied to the QQ-Plot to ensure that the data 

has shown a condition approaching normal distribution. Based on Figures 1, 2 and 3, it can be seen that the 

data distribution points are around the red linear line. This has shown that the data tends to have approached a 

normal distribution. 
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Figure 1. QQ-Plot of X1 After Data Transformation 

 

 

Figure  2. QQ-Plot of X2 After Data Transformation 

 

 

Figure 3. QQ-Plot of X3 Before Data Transformation 
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After ensuring that the variables to be clustered have met the requirements, the first step is to look at a general 

overview of the condition of the variables used based on descriptive statistics. The output results of descriptive 

statistics are presented in Table 3. 

 

Table  3. Descriptive Statistics 

Variabel N Mean Std. Dev. Min Pctl. 25 Pctl. 75 Max 

Expected Length of Schooling 22 13.11 0.891 12.27 12.533 13.307 16.43 

Average Length of Schooling 22 7.676 1.06 6.37 7 7.955 11.61 

Life Expectancy 22 66.566 2.159 60.87 65.35 67.828 70.11 

 

Based on Table 3, it can be seen that there are 22 districts in East Nusa Tenggara Province with an average 

expected length of schooling of 13.11, an average length of schooling of 7.67 and a life expectancy of 66.56. 

These figures are close to the figures obtained at the East Nusa Tenggara Provincial level, namely an expected 

length of schooling of 13.21, an average length of schooling of 7.70 and a life expectancy of 67.47. This shows 

a relatively normal condition for the life expectancy variable because it does not have a range that is far from 

the national life expectancy according to BPS (2022) of 71.85 years. Meanwhile, the education aspect seems 

to give figures in the category of relatively low because it is smaller and tends to be almost the same when 

compared to the national average length of schooling and expected length of schooling which are at 8.69 and 

13.10 respectively. Therefore, this situation needs to be grouped to see the districts/cities that cause the low 

expected and average length of schooling. 

 

3.2 K-Means Clustering Analysis 

K-Means Clustering is one of the methods in clustering that belongs to the non-hierarchical technique and 

works on variables that come from numerical variables. The process of applying K-Means is done by first 

determining the optimal cluster. The determination of the optimal cluster is based on the average value of the 

Silhouette index by carrying out the clustering process with the number of groups (k) formed starting from 1 

to 10. The optimal cluster is selected at the value k=6 which has shown consistency in the change in the 

movement of the average value of the Silhouette index. The overall results of the optimal cluster determination 

can be seen in Figure 4. 

 

Figure 4. Determination of Optimal Cluster 



Journal of Research in Mathematics Trends and Technology Vol.6, No.2 (2024) 53 

 

After obtaining the optimal cluster, the next step is to visualize the 6 cluster groups that have been formed. 

Visualization uses the average value of the variables in each cluster that is formed and is shown in Figure 5. 

 

 

Figure 5. Visualization of Optimal Cluster Based on Average Value 

 

Based on Figure 5, cluster 1 shows a higher average value than other clusters and refers to the Kupang City 

area. This indicates that Kupang City has a higher life expectancy, expected length of schooling and average 

length of schooling compared to other areas in East Nusa Tenggara Province. However, for the condition of 

Cluster 6, it gives the smallest life expectancy value compared to other clusters, consisting of the Kupang, 

North Central Timor, Ende, Manggarai, and Rote Ndao areas. The area that gives the lowest expected length 

of schooling is in cluster 5 which includes the West Sumba, Sikka, Central Sumba, and Southwest Sumba 

areas. Meanwhile, the lowest average length of schooling is in cluster 2 which includes the Lembata, Ngada, 

West Manggarai, Nageko, and East Manggarai areas. 

The areas that are in other clusters are in a condition where the life expectancy, expected length of schooling 

and average length of schooling are not much different from the areas that are included in the smallest category. 

The conditions obtained based on the characteristics of each optimal cluster that has been formed can be used 

as a reference to improve the quality of life expectancy, expected length of schooling and average length of 

schooling, especially in areas that provide lower conditions compared to other areas based on the clusters that 

have been identified. In detail, the descriptive statistics for each cluster are presented in Table 1. 

Table  4. Descriptive Statistics of Optimal Cluster 

Cluster 1: Kota Kupang 

Variable N Mean Std. Dev. Min Pctl. 25 Pctl. 75 Max 

X1 1 16.43 16.43 16.43 16.43 16.43 16.43 

X2 1 11.61 11.61 11.61 11.61 11.61 11.61 
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X3 1 70.11 70.11 70.11 70.11 70.11 70.11 
 

Cluster 2: Lembata, Ngada, Manggarai Barat, Nageko, Manggarai Timur 

Variable N Mean Std. Dev. Min Pctl. 25 Pctl. 75 Max 

X1 5 12.46 0.176 12.3 12.31 12.51 12.73 

X2 5 7.984 0.429 7.42 7.8 8.25 8.54 

X3 5 67.9 0.416 67.52 67.56 68.29 68.4 
 

Cluster 3: Alor, Sabu Raijua 

Variable N Mean Std. Dev. Min Pctl. 25 Pctl. 75 Max 

X1 2 12.72 0..636 12.27 12.495 12.945 13.17 

X2 2 7.6 1.174 6.77 7.185 8.015 8.43 

X3 2 61.43 0.792 60.87 61.15 61.71 61.99 
 

Cluster 4: Sumba Timur, TTS, Belu, Flores Timur, Malaka 

Variable N Mean Std. Dev. Min Pctl. 25 Pctl. 75 Max 

X1 5 12.7 0.256 12.6 12.6 12.85 12.94 

X2 5 7.276 0.377 7.12 7.12 7.38 7.79 

X3 5 65.66 0.585 65.62 65.62 65.62 66.68 
 

Cluster 5: Sumba Barat, Sikka, Sumba Tengah, Sumba Barat Daya 

Variable N Mean Std. Dev. Min Pctl. 25 Pctl. 75 Max 

X1 4 13.2 0.162 13.09 13.113 13.222 13.44 

X2 4 6.728 0.256 6.37 6.64 6.877 6.96 

X3 4 68.162 0.679 67.35 67.732 68.685 68.79 
 

Cluster 6: Kupang, Timor Tangah Utara, Ende, Manggarai, Rote Ndao 

Variable N Mean Std. Dev. Min Pctl. 25 Pctl. 75 Max 

X1 5 13.588 0.296 13.21 13.34 13.81 13.88 

X2 5 7.77 0.271 7.41 7.62 7.97 8.09 

X3 5 66.206 1.077 65.26 65.28 67.35 67.38 
 

 

4. CONCLUSIONS 

The mapping of characteristics by applying the concept of the K-Means clustering method based on the 

selected HDI indicators, namely the average length of schooling, expected length of schooling and life 

expectancy in the East Nusa Tenggara region involves observation objects, namely all districts in East Nusa 

Tenggara. The optimal cluster obtained is as many as 6 clusters. The cluster with the highest average value for 

all variables is in cluster 1, which only contains the Kupang City area. Meanwhile, for the condition of cluster 

6, it gives the smallest life expectancy value compared to other clusters. The variable with the lowest average 

length of schooling is in cluster 2. The area that gives the lowest expected length of schooling is in cluster 5. 

The results of the areas that have been identified based on the optimal cluster can be a reference for the 

government to implement appropriate policies in order to increase the needs in areas that tend to provide lower 

average length of schooling, expected length of schooling and life expectancy compared to other areas. 
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