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Abstract: Stunting is a chronic nutritional problem caused by 
inadequate dietary intake over time. The results of the 
Indonesian Nutrition Status Survey (SSGI) 2021 show that the 
percentage of stunting in West Kalimantan is 29.8%, higher than 
the national average. Based on the high number of stunting cases 
in West Kalimantan, it is necessary to group districts/cities in 
West Kalimantan based on the factors that cause stunting. This 
study aims to analyze the clustering of districts/cities in West 
Kalimantan based on the factors that cause stunting using the K-
Harmonic Means method and analyze the number of optimal 
clusters using the silhouette coefficient. The percentage of 
households without access to clean drinking water (𝑋!), the rate 
of exclusive breastfeeding (𝑋"), percentage of babies with low 
birth weight who are born safely (𝑋#), the percentage of 
households without proper sanitation facilities (𝑋$) in 2021 are 
the variables analyzed in this study. The analysis results show 
that the optimal number of clusters is 4 with a silhouette 
coefficient value of 0.744, indicating a solid structure in the 
grouping. Cluster 1 is a cluster with a very high causal factor for 
stunting. The most influential factors in cluster 1 are households 
without access to clean drinking water, lack of exclusive 
breastfeeding, and low birth babies born safely. 

  

1. INTRODUCTION  
 

Stunting can be defined as a chronic nutritional condition due to insufficient intake of 
nutrients over a long period of time. Stunting is often associated with insufficient food intake 
by nutritional needs [1]. One of the provinces with high stunting rankings at the national level 
in 2021 is West Kalimantan. The results of the Indonesian Nutrition Status Survey (SSGI) in 
2021 stated that the stunting rate in West Kalimantan was 29.8%, higher than the average 
stunting rate at the national level of 24.4% [2]. This figure is 1.7% lower than the results of the 
2019 Indonesian Nutrition Status Survey (SSGI) which was at 31.5%. The high level of 
stunting in West Kalimantan makes West Kalimantan one of the priority provinces to accelerate 
stunting control [3]. 

 

The problem of stunting is influenced by several factors that cause stunting, including 
the lack of exclusive breastfeeding, lack of access to clean drinking water in the household, 
lack of sanitation facilities, and low birth weight of babies born safely [4]. Therefore, to find 
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out the factors that cause stunting in each district/city in West Kalimantan, it is necessary to 
group according to the characteristics of the elements that cause stunting using cluster analysis. 
Cluster analysis is a clustering technique used to group objects according to the similarity of 
features in these objects [5]. 

 

One of the cluster analysis methods that is often used to perform clustering is the non-
hierarchical method. K-Means is a commonly used non-hierarchical method and is relatively 
easy to implement. However, the sensitivity of cluster results to initialization or initial 
determination value at the cluster center is a weakness of K-Means [6]. To overcome the 
problems that occur, the K-Harmonic Means method developed, which is a development of the 
K-Means method. The K-Harmonic Means method aims to minimize the harmonic mean across 
all existing data points to all cluster centers. Compared to K-Means, the clustering produced 
by K-Harmonic Means is better because K-Harmonic Means is not too sensitive to the initial 
cluster center value (centroid) [6]. Another thing that needs to be considered in cluster analysis 
is the evaluation of clustering results. According to the data, clustering results are evaluated to 
get the most appropriate grouping. If the review is not done, it will affect the clustering results. 
This research estimates clustering results with an internal approach, namely the silhouette 
coefficient [7]. 

 

This study aims to analyze the clustering of districts/cities in West Kalimantan 
according to the factors that cause stunting using the K-Harmonic Means method and analyze 
the number of optimal clusters using the silhouette coefficient. The variables analyzed in this 
study are based on the factors that cause stunting in West Kalimantan in 2021, namely The 
percentage of households without access to clean drinking water (𝑋!), the rate of exclusive 
breastfeeding (𝑋"), percentage of babies with low birth weight who are born safely (𝑋#), the 
percentage of households without proper sanitation facilities (𝑋$). The clusters (𝐾) analyzed 
in this study were 2, 3, and 4, using parameters (𝑝) of 2, 3, and 4. 
 
2. LITERATURE REVIEW 
2.1. Data Standardization 

 

Data standardization is carried out when the observed variables have significant 
differences in unit size. This significant difference in unit size can cause invalid cluster analysis 
calculations, so it is necessary to standardize the unit data to make the data units identical. 
Measures using data standardization can be seen in Equation 1 [8]: 

𝒙'𝒊,𝒋 =
𝒙𝒊,𝒋 − 𝝁𝒋
𝝈𝒋

 (1) 
 

with 𝑁 is the amount of observation data, 𝜇( is the average in the variabel 𝑗, 𝜎( is the standard 
deviation of variabel 𝑗 and  𝑥1),( is the standardization of the data 𝑖 in variabel 𝑗.  

2.2. Cluster Analysis  
 

Cluster analysis is a multivariate analysis technique that aims to group objects 
according to their characteristics [9]. Cluster analysis has two assumptions: the sample taken 
must be representative, and the absence of multicollinearity [10].  
1) Representative Sample 

In research, it is essential to use a representative sample that can represent the 
population. The result obtained using a representative sample is that the research results can 
reflect the condition of the population to the maximum. But if the research only uses the entire 
population, then the representative sample is assumed to be fulfilled. 
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2) No Multicollinearity 
Multicollinearity is a significant correlation between two or more variables. In cluster 

analysis, it is necessary to pay attention to the multicollinearity problem because it has a 
considerable influence on determining the influence or effect of each variable and has the 
potential to affect the final result of clustering [11]. Multicollinearity calculation using the 
correlation coefficient calculation (Pearson product-moment correlation) is as follows. 

𝒓𝑿𝒋,𝑿𝒍 =
𝑵5∑ 𝒙𝒊,𝒋𝒙𝒊,𝒍𝑵

𝒊-𝟏 7 − (∑ 𝒙𝒊,𝒋)(∑ 𝒙𝒊,𝒍)𝑵
𝒊-𝟏

𝑵
𝒊-𝟏

8𝑵(∑ 𝒙𝒊,𝒋𝟐)(∑ 𝒙𝒊,𝒋)𝑵
𝒊-𝟏

𝟐𝑵
𝒊-𝟏 8𝑵(∑ 𝒙𝒊,𝒍𝟐)(∑ 𝒙𝒊,𝒍)𝑵

𝒊-𝟏
𝟐𝑵

𝒊-𝟏

. (2) 

 

with 𝑟0$0% is the value of the correlation coefficient betwen  variabel 𝑗 and variable 𝑙, and 𝑁 is 
the amount of observation data. 

2.3. Distance Between Objects  
 

Based on cluster analysis, objects with high similarity will be grouped into 
homogeneous groups. The distance between each object and other objects is measured [12]. In 
this study, the distance between objects is calculated using Euclidean distance. The following 
is the equation for calculating Euclidean distance. 

‖𝒙𝒊 − 𝒙𝒓‖ = <=(𝒙𝒊𝒒 − 𝒙𝒓𝒒

𝑴

𝒒-𝟏

)𝟐, (3) 

where 𝑥)4 is the data on the object 𝑖 in the variable 𝑞, 𝑥54 is the data on the object 𝑟 in the 
variable 𝑞 and 𝑀 is the number of variable [13]. 
 

2.4. K-Harmonic Means  
 

K-Harmonic Means is a clustering technique based on the centroid as its basis. This 
method calculates the harmonic mean of the distance from each data point to the center point 
[13]. This method aims to minimize the harmonic mean of all existing data points to all cluster 
centroids. The value of the objective function in K-Harmonic Means is obtained by calculating 
the total harmonic mean at all data points to each cluster center point. Stages in the K-Harmonic 
Means method, namely [14]: 
1. Randomly assign the initial centroid of each cluster. 
2. Calculate the objective function value using Equation 4 below  

𝑲𝑯𝑴(𝑿, 𝑪) = 	∑ 𝑲
∑ 𝟏

'𝒙𝒊*𝒄𝒌'
𝒑

𝑲
𝒌/𝟏

.𝑵
𝒊-𝟏   (4) 

with 𝑝 as the parameter. The value of 𝑝 is determined by the research, which is usually 
𝑝 ≥ 2. 

3. Calculate the membership value 𝑚(𝑐8|𝑥)) in each data (𝑥)) for all cluster center points 
(centroid) (𝐶8) according to Equation 5 below 

𝒎(𝒄𝒌|𝒙𝒊) =
‖𝒙𝒊 − 𝒄𝒌‖:𝒑:𝟐

∑ ‖𝒙𝒊 − 𝒄𝒌‖:𝒑:𝟐𝑲
𝒌-𝟏

	. (5) 

4. For each data (𝑥)), the weight is calculated based on Equation 6 below 

𝒘(𝒙𝒊) =
∑ ‖𝒙𝒊 − 𝒄𝒌‖:𝒑:𝟐𝑲
𝒌-𝟏

(∑ ‖𝒙𝒊 − 𝒄𝒌‖:𝒑𝑲
𝒌-𝟏 )𝟐

	. (6) 
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5. Recalculate the calculation on the cluster center point (centroid) (𝐶8) of all data (𝑥)) 
according to the membership value and wight owned by each data. According to Equation 
7 below  

𝒄𝒌 =	
∑ 𝒎(𝒄𝒌|𝒙𝒊)𝒘(𝒙𝒊)𝒙𝒊𝒏
𝒊-𝟏
∑ 𝒎(𝒄𝒌|𝒙𝒊)𝒘(𝒙𝒊)𝒏
𝒊-𝟏

	. (7) 

6. Return to steps 2 through 5 and repeat until the object function value does not changes 
significantly. 

7. Assign the membership of data (𝑥)) into the cluster to the cluster center point (centroid) 
(𝐶8) at the membership value of (𝑥)) with (𝐶8). 
 

2.5. Silhouette Coefficient 
 

The silhouette coefficient method is one method of evaluating clustering results using 
internal criteria. The silhouette coefficient is used to evaluate the placement of each cluster 
object by measuring the average distance of objects in each cluster and estimating the average 
distance between objects with different clusters [15]. The steps for calculating the silhouette 
coefficient include [7]. 
1. Calculate the average distance of an 𝑖-th data to data located in the same cluster with 

Equation 8 below  

𝒂𝒊(𝒌) =
𝟏

𝒏𝒌 − 𝟏
= T𝒙𝒊,𝒌 − 𝒙𝒓,𝒌T, 𝒓 ≠ 𝒊
𝒏𝒌:𝟏

𝒓-𝟏

. (8) 

with 𝑘 = 1, 2, 3, ... , 𝐾, 𝑎)(𝑘) is the average distance of the 𝑖-th data to the data in the same 
cluster, T𝑥),8 − 𝑥5,8T is the distance between the 𝑖-th data and the 𝑟-th data in the same 
cluster, 𝑑)(𝑘) is the distance between the 𝑖-th data and all data in different cluster, 
T𝑥),8 − 𝑥5,=T is the distance between the 𝑖-th data and the 𝑟-th data in different clusters , 
𝑏(𝑘) is the smallest value 𝑑)(𝑘), 𝑆𝐶),8 is the silhouette coefficient value of the 𝑖-th data, 
𝑆𝐶(𝑘) is the silhouette coefficient value of the 𝑘-th , 𝑆𝐶 is the global silhouette coefficient 
value, 𝑛8 is the number of the 𝑘-th cluster, 𝑛= is the number of the 𝑙-th cluster, 𝑐8 is the 𝑘-
th cluster, and 𝑥) is the 𝑖-th observation data. 

2. Calculate the average distance of an 𝑖-th data with all data located in a different cluster 
using Equation 9 below  

𝒅𝒊(𝒌) =
𝟏
𝒏𝒌
=T𝒙𝒊,𝒌 − 𝒙𝒓,𝒍T
𝒏𝒍

𝒓-𝟏

. (9) 

  
Then the smallest value is taken using Equation 10 
 

𝒃(𝒌) = 𝒎𝒊𝒏{𝒅𝒊(𝒌)}	. (10) 
  

3. Calculate the silhouette coefficient value on all 𝑖-th data. According to Equation 11 

𝑺𝑪𝒊,𝒌 =
𝒃(𝒌) − 𝒂𝒊(𝒌)

𝒎𝒂𝒙{𝒂𝒊(𝒌), 𝒃(𝒌)}
. (11) 

The average of 𝑆𝐶),8 values for all data belonging to the cluster is formulated by Equation 
12 
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𝑺𝑪(𝒌) =
𝟏
𝒏𝒌
=𝑺𝑪𝒊,𝒌	.
𝒏𝒌

𝒊-𝟏

 (12) 

 
Next, the global SC value is calculated, obtained from the average calculation of the 𝑆𝐶(𝑘) 
value in all clusters using Equation 13 
 

𝑺𝑪 =
∑ 5𝒏𝒌 × 𝑺𝑪(𝒌)7𝑲
𝒌-𝟏

∑ 𝒏𝒌𝑲
𝒌-𝟏

	. (13) 

 
The calculated silhouette coefficient value can vary between 0 and 1. If SC = 1, object 𝑥) 

is already in the appropriate cluster. if SC = 0, object 𝑥) needs to be clarifed whether it should 
be included in cluster A or B because its is between two clusters. The following is the global 
silhouette coefficient value range[10]. 

 
Table 1. Global Silhouette Cofficient Range 

Global Silhouette Cofficient Range Caption 
0,7 < 𝑆𝐶 ≤ 1 
0,5 < 𝑆𝐶 ≤ 0,7 
0,25 < 𝑆𝐶 ≤ 0,5 
𝑆𝐶 ≤ 0,25 

Strong Structure 
Medium Structure 

Weak Structure 
No Structure 

 
3. METHODOLOGY 
 

The data used is secondary data on the factors that caused stunting in the district/city of 
West Kalimantan in 2021 obtained from the Health Office and the Central Statistics Agency 
of West Kalimantan Province. The data has been standardized to equalize the units of the data. 
The variables in this study are: The percentage of households without access to clean drinking 
water (𝑋!), the rate of exclusive breastfeeding (𝑋!), percentage of babies with low birth 
weight who are born safely (𝑋#), and the percentage of households without proper sanitation 
facilities (𝑋$). 

 
4. RESULTS AND DISCUSSION 
4.1. Overview of Stunting in Each District/City in West Kalimantan 

The data characteristics of each causal factor of stunting in each district/city in West 
Kalimantan are presented in Table 2. 

 
Table 2. Statistic Descriptive 

Variable Caption Units Maximum Mean Minimum 

𝑋! Households without access to clean drinking 
water % 57,25 23,06 1,16 

𝑋" Exclusive breastfeeding % 78,06 50,38 20,18 
𝑋# Low birth weight babies born safely % 6,55 3,80 1,45 

𝑋$ Households without proper sanitation 
facilities % 37,15 22,89 3,52 

	

Based on Table 2, the average percentage of households without access to clean 
drinking water is 23.06%, the highest percentage of households without access to clean 

https://jurnal.unimus.ac.id/index.php/statistik
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drinking water is 57.25% in Ketapang District, and the lowest is 1.16% in North Kayong 
District. The average exclusive breastfeeding rate was 50.38%. The Sambas district had the 
highest percentage of 78.06%, while the Bengkayang district had the lowest percentage of 
20.18%. The percentage of low birth-weight babies born safely averages 3.80%. Kota 
Singkawang had the highest percentage of low-birth-weight babies born safely, and Kabupaten 
Sanggau had the lowest at 1.45%. Then, the average percentage of households without proper 
sanitation facilities was 22.89%. Landak District has the highest percentage of households 
without proper sanitation facilities, with a value of 37.15%, and the lowest percentage of 3.52% 
is found in Pontianak City. 

 
4.2. Clustering Using K-Harmonic Means Method 

 

The clustering of districts/cities in West Kalimantan according to the causes of stunting 
in this study uses the K-Harmonic Means method. The first stage that must be done in this 
method is to determine the initial cluster center point randomly. Then, the objective function 
is calculated using Equation 3. The next step is calculating the membership and weight values 
to determine the new cluster center point using Equations 4 and 5. After obtaining the new 
cluster center point using Equation 6, the next step is to assign membership to the observation 
data for clusters of 2 using parameters 2, 3, and 4, as presented in Table 3. 

 
Table 3. Results of Determining the Membership Value of Observation Data 2 Cluster 

	
	
	
	

	

	

	

	

	

	

	

Based on Table 3, the results obtained from the placement of observation data in cluster 
2 using a parameter of 2 obtained that eight districts/cities are members of cluster 1 and 6 
districts/cities are members of cluster 2. The results of placement using a parameter of 3 are 
eight districts/cities are members of cluster 1 and 6 districts/cities are members of cluster 2, 
and the results of placement using a parameter of 4 are six districts/cities are members of cluster 
1 and 8 districts/cities are members of cluster 2. The steps for determining the membership of 
each cluster for clusters 3 and 4 can be carried out in the same way. 

 
4.3. Silhouette Coefficient Method 

The global silhouette coefficient values obtained using Equation (12) for clusters of 2,3 
and 4 with parameters of 2,3 and 4 are presented in Table 4. 

 
 

𝒙𝒊 𝒑 = 𝟐 𝒑 = 𝟑 𝒑 = 𝟒 
1 2 2 1 
2 1 1 2 
3 1 1 2 
4 2 2 1 
5 1 1 2 
6 1 1 2 
7 1 1 2 
8 1 1 2 
9 1 1 2 
10 1 1 2 
11 2 2 1 
12 2 2 1 
13 2 2 1 
14 2 2 1 
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Table 4. Comparison of Clustering Results Using Global SC Value 
Number Of Clusters Parameter (𝒑) SC global 

2 
2 
3 
4 

0,040 
0,040 
0,052 

3 
2 
3 
4 

0,591 
0,541 
0,541 

4 
2 
3 
4 

0,774 
0,669 
0,681 

 Based on Table 4, the most significant global silhouette coefficient value is found in 
group 4 clusters using a parameter equal to 2, 0.744. So, the optimal clustering in grouping 
districts/cities in West Kalimantan using the K-Harmonic Means method is 4 clusters with a 
parameter equal to 2. The clustering results for 4 clusters using a parameter equal to 2 are 
presented in Table 5. 
 

Table 5. Comparison of Clustering Results Using Global SC Value 

Cluster Number Of Cluster Members In The Cluster  

Very high  
High 
Low 

Very Low 

3 
4 
4 
3 

Bengkayang, Ketapang dan Melawi 
Landak, Sanggau, Sintang dan Sekadau 

Mempawah, Kapuas Hulu,  Kayong Utara dan Kubu Raya 
Sambas, Pontianak dan Singkawang 

 
4.4. Characteristic of Each Cluster  
 The variable averages of each cluster presented in Table 6 can be used as a center to 
interpret the characteristics of each cluster. 
 

Table 6. Average Value of Each Variable for Each Cluster 

Variabel Caption 
Cluster of-𝐊 

Cluster 
1 

Cluster 
2 

Cluster 
3 

Cluster 
4 

𝑋! Households without access 
to clean drinking water 38,902 37,377 9,639 6,046 

𝑋" Exclusive breastfeeding 26,448 45,610 63,557 63,120 

𝑋# Low birth weight babies 
born safely 4,737 2,903 3,470 4,500 

𝑋$ households without proper 
sanitation facilities 23,582 32,962 24,818 6,215 

 

 Cluster 1 is Bengkayang Regency. Bengkayang Regency is one of the districts/cities in 
West Kalimantan with the highest stunting rate in West Kalimantan due to the difficulty of 
getting clean water from polluted rivers. The contamination of river water makes it difficult for 
residents to utilize it for food and drinking needs. The lack of clean water makes it difficult for 
residents to get clean drinking water. Another factor that causes high stunting cases is the 
importance of exclusive breastfeeding for newborns until the age of 2 years. Lack of 
understanding of nutrition among pregnant women leads to premature birth and underweight 
babies. There needs to be cooperation between the central government, local governments, and 

https://jurnal.unimus.ac.id/index.php/statistik
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the community in prioritizing districts/cities with very high stunting causal factors to accelerate 
the decline in stunting incidence. 

 

 Cluster 2 is categorized as a cluster with high stunting-causing factors. Cluster 2 has 
the highest percentage of households without proper sanitation compared to other clusters. 
Meanwhile, the percentage of households without access to clean drinking water and exclusive 
breastfeeding has a higher causal factor for stunting than clusters 3 and 4. Meanwhile, the 
percentage of low birth weight babies born safely is the lowest causal factor for stunting 
compared to other clusters. Landak District is a member of cluster 2 because there are still 
many people defecating in open places, causing contamination of the water used for daily life. 
Then, the lack of proper sanitation facilities causes the risk of stunting in children due to 
contaminated water and hurts community welfare. 

 

 Cluster 3 is a cluster with low contributing factors to stunting. Cluster 3 has fewer 
households without access to clean drinking water than Cluster 1 and Cluster 2. The 
percentage of safe birth weight is also lower compared to cluster 1. Mempawah District is a 
district that is a member of cluster 3. The low safe birth weight in Mempawah District is one 
of the government's hard work to reduce stunting cases in West Kalimantan. The number of 
programs conducted to reduce the incidence of stunting is one of the government's efforts that 
can be proud. 

 

 Cluster 4 is the cluster with the lowest causal factor for stunting. One of the members 
of cluster 4 is Pontianak City. The low number of households needing access to clean drinking 
water is due to easy access to clean drinking water. Proper sanitation facilities are also widely 
provided, leading to a lack of causal factors for stunting in this area. However, the safe birth 
weight of babies in Pontianak City is high compared to other clusters due to the suboptimal 
understanding of nutrition among pregnant women, which causes babies to weigh less than 
2,500 grams. Exclusive breastfeeding is low, as most mothers in urban areas also work and 
choose to give formula milk rather than exclusive breastfeeding. 

 
5. CONCLUSION 

 

 The clustering analysis results using the K-Harmonic Means method obtained cluster 
1, a cluster with very high stunting causal factors. The most influential factors in cluster 1 are 
households without access to clean drinking water, exclusive breastfeeding, and low birth 
weight. The members of Cluster 1 are Bengkayang, Ketapang, and Melawi. Cluster 2 is a 
cluster with high stunting-causing factors. The most influential factor in cluster 2 is households 
without proper sanitation. Members of cluster 2 are Landak, Sanggau, Sintang, and Sekadau. 
Cluster 3 is a cluster with low causal factors for stunting; the most influential factor is exclusive 
breastfeeding. Members of cluster 3 are Mempawah, Kapuas Hulu, North Kayong, and Kubu 
Raya. Cluster 4 is a cluster with deficient causal factors for stunting. The most influential 
factors in this cluster are exclusive breastfeeding and households without proper sanitation 
facilities. Members of this cluster are Sambas, Pontianak, and Singkawang. 
 The optimal cluster formed based on the silhouette coefficient value is 4 clusters using 𝑝 
= 2. The silhouette coefficient value obtained is 0.744, the most significant value of the number 
of other clusters, and the cluster has entered into a strong cluster structure. 
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