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Abstract: Human Development Index (HDI) plays an important role in the development of a modern economy, 

in line with proper human development will enable the production factors to be maximized. The Human 

Development Index (HDI) which consists of three components, consists of life expectancy, the level of education 

measured by a combination of the adult literacy rate and the average length of schooling and an adequate standard 

of living is measured by the adjusted per-capita expenditure. Long story short, this paper will examine HDI in 

Aceh Province, Indonesia and create clusters using fuzzy C means Manhattan distance. The results obtained are 

this method can form 4 clusters with an accuracy of 82.75%. 

Keywords: human development index; fuzzy C means; clustering; development. 

2010 AMS Subject Classification: 91B62. 

 

 

1. INTRODUCTION 

The government's echo in the effort to realize the ideals of national development is 

increasingly being carried out[1]. Indonesia National Development places humans as a central 
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point characterized by the people, and for the people[2]. In other words, the people are involved 

in the entire development process, not only as a means to achieve the final results of development, 

but as the ultimate goal of development itself [3][4][5]. To be able to participate in the development 

process, of course, Indonesian people are needed who are not only superior in terms of quantity, 

but also superior in terms of quality[6]. To support the economic process and it is expected to have 

provesional human resources,[7][8] providing high quality products[9][10] and good 

services[11][12][13][14] with support of proper technology [15] big data[16][17] and IoT [18][19]. 

To survive in the challenging global market environment, supplying the human capital is 

the key driving force in the decisive success of a nation. Experience during the crisis shows that 

countries that have better quality human resources rise faster from the crisis that hit them[20]. 

Therefore a new concept was formulated in measuring the development of a human-oriented 

country. Benchmarks for the success of human development have been developed by the United 

Nations Development Program (UNDP) known as the Human Development Index (HDI) 

[21][22][23]. 

According to UNDP, the Human Development Index (HDI) measures the achievement of 

human development based on a number of basic components of quality of life[24]. Moreover, the 

quality of life somewhat is significant in increasing job satisfaction which later improves the 

working atmosphere and productivity [25]. As a measure of the quality of life, HDI is built through 

a three-dimensional approach and describe in Figure 1. However, the long and healthy life, as 

measured by life expectancy at birth[26]. Knowledge, which is measured based on the average 

length of schooling and the literacy rate of the population aged 15 years and over. A decent life, as 

measured by the adjusted average real per capita expenditure. Life Expectancy Rate s the estimated 

average number of years that a person can take during his life. This life expectancy rate can be 

used as a benchmark for health indicators. The higher the Life Expectancy Rate of a community 

indicates the high degree of public health.   
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Figure 1. Human Development Index Concept 

 

Human development index (HDI) are many strategic indicators used to see effort and performance 

Comprehensive development program in a region. In this case, the HDI is considered as an 

illustration of the program results development that has been done. The progress of the 

development program in a period can be measured and indicated by the amount of HDI at the 

beginning and end of the period. HDI is a measure for see the impact of development performance 

an area with very large dimensions, because it shows the quality of the population, namely an area 

in terms of life expectancy, intellectuality and a decent standard of living. 

As reported in Indonesia Statistical body, Indonesia’s Human Development Index as a whole 

is growing. However, the growth is not followed by other provinces, such as Aceh, which is not 

even achieved Indonesia’s index rate. This inequality may challenge Indonesia’s HDI rate as an 

unlikable rate of a province may decrease Indonesia’s status as a whole. Thus, the information 

about which aspects need to improve is important to discover. However, the information regarding 

the clustering data according to HDI’s elements, especially in Aceh province is absent. Hence, a 

study to cluster a region accordingly is needed. Therefore, this paper will discuss HDI in Aceh 

Province. This study will contribute to group the regency accordingly, and later give insights to 

the policymaker and the government to formulate strategies to reduce the inequality. 
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2. METHODS 

A. Index Calculation 

Before calculating the HDI, each component of the HDI must be calculated for the index[27]. 

Formula used in calculating the index of the HDI components are as follows[28][29]: 

 

𝐻𝑒𝑎𝑙𝑡ℎ 𝐼𝑛𝑑𝑒𝑥 =
𝐿𝑖𝑓𝑒 𝐸𝑥𝑝𝑒𝑐𝑡𝑎𝑛𝑐𝑦 𝑎𝑡 𝐵𝑖𝑟𝑡ℎ − 𝐿𝑖𝑓𝑒 𝐸𝑥𝑝𝑒𝑐𝑡𝑎𝑛𝑐𝑦 𝑎𝑡 𝐵𝑖𝑟𝑡ℎ𝑚𝑖𝑛𝑖𝑚𝑢𝑚 

𝐿𝑖𝑓𝑒 𝐸𝑥𝑝𝑒𝑐𝑡𝑎𝑛𝑐𝑦 𝑎𝑡 𝐵𝑖𝑟𝑡ℎ𝑚𝑎𝑥 − 𝐿𝑖𝑓𝑒 𝐸𝑥𝑝𝑒𝑐𝑡𝑎𝑛𝑐𝑦 𝑎𝑡 𝐵𝑖𝑟𝑡ℎ𝑚𝑖𝑛𝑖𝑚𝑢𝑚
   

(1) 

 𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑆𝑐ℎ𝑜𝑜𝑙 𝐼𝑛𝑑𝑒𝑥 =
 𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑆𝑐ℎ𝑜𝑜𝑙 −  𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑆𝑐ℎ𝑜𝑜𝑙𝑚𝑖𝑛𝑖𝑚𝑢𝑚 

𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑆𝑐ℎ𝑜𝑜𝑙𝑚𝑎𝑥 −  𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑆𝑐ℎ𝑜𝑜𝑙𝑚𝑖𝑛𝑖𝑚𝑢𝑚
 

(2) 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑓 𝑆𝑐ℎ𝑜𝑜𝑙 𝐼𝑛𝑑𝑒𝑥 =
 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑓 𝑆𝑐ℎ𝑜𝑜𝑙 −  𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑓 𝑆𝑐ℎ𝑜𝑜𝑙𝑚𝑖𝑛𝑖𝑚𝑢𝑚 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑓 𝑆𝑐ℎ𝑜𝑜𝑙𝑚𝑎𝑥 −  𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑓 𝑆𝑐ℎ𝑜𝑜𝑙𝑚𝑖𝑛𝑖𝑚𝑢𝑚
 

(3) 

𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛 𝐼𝑛𝑑𝑒𝑥 =
 𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑆𝑐ℎ𝑜𝑜𝑙 𝐼𝑛𝑑𝑒𝑥 + 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑓 𝑆𝑐ℎ𝑜𝑜𝑙 𝐼𝑛𝑑𝑒𝑥 

2
 

(4) 

𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒 𝐼𝑛𝑑𝑒𝑥 =  
ln 𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒 − ln 𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 

ln 𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 − ln 𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 
 

(5) 

After getting equation (1), equation (4), and equation (5). We can calculate the HDI in equation 6. 

𝐻𝐷𝐼 = √𝐻𝑒𝑎𝑙𝑡ℎ 𝐼𝑛𝑑𝑒𝑥 × 𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛 𝐼𝑛𝑑𝑒𝑥 × 𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒 𝐼𝑛𝑑𝑒𝑥
3

 

(6) 

B. Fuzzy C-Means 

Fuzzy C-Means is a data clustering technique in which the existence of each data point in a cluster 

is determined by the degree of membership[30]. This technique was first proposed by Dunn (1973) 

and later developed by Bezdek (1984)[31]. This method is a development of the non-Hierarchical 

C-means cluster method, because initially the number of groups or clusters to be formed is 

determined. The objective functions used by FCM represent in Eq(7).  

𝑝𝑡 = ∑ ∑(𝑢𝑖𝑘)
𝑚𝑑𝑖𝑘

2

𝑐

𝑘=1

(𝑥𝑖, 𝑣𝑘)

𝑛

𝑖=1

 

   

 (7) 
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Where 𝑝𝑡represents the objective function t-th iteration, n as the number of object, c represents 

the cluster number. 𝑢𝑖𝑘 Represent the degree of membership with fuzzy weighted 𝑚 ∈ (1,∞). 

Meanwhile, 𝑑𝑖𝑘 as distance from central point to cluster. Each object has a membership value in 

each cluster 𝑢𝑘  which is a value that is initially formed randomly with the following 

conditions 𝑢𝑖𝑘 ∈ [0,1] and ∑ 𝑢𝑘 = 1𝑐
𝑘=1 . In addition, each group contains at least one record with 

a non-zero membership value, but does not contain degrees of one on all data. Cluster center is 

formulated as Eq(8). 

𝑣𝑘𝑗 =
∑ (𝑢𝑘)

𝑚 𝑥𝑖𝑗
𝑛
𝑖=1

∑ (𝑢𝑘)𝑚𝑛
𝑖=1

 

(8) 

During the initial condition, the cluster center value is not accurate because it is formed from the 

degree of membership that is generated randomly[32]. By fixing the cluster center value and 

updating the membership value repeatedly, it can be seen that the cluster center value will move 

to the right location[33][34][35]. For t-iteration, the membership value of the i-th object in the k-

th cluster is represent in Eq(9). 

𝑢𝑖𝑘
𝑡 =

[
 
 
 [∑ 𝑑𝑖𝑘

2𝑝
𝑗=1 ]

1
𝑚−1

∑ [∑ 𝑑𝑗𝑘
2𝑝

𝑗=1 ]

1
𝑚−1𝑐

𝑘=1 ]
 
 
 
−1

 

    (9) 

The purpose of grouping is to collect objects that have high similarities in the same cluster. One of 

the criteria that can be used in seeing the quality of grouping is to pay attention to the standard 

deviation value[36]. The average standard deviation in groups is expected to be a minimum, and 

the standard deviation between groups is a maximum. The average standard deviation within the 

group is stated in Eq(10) 

𝑆𝑊 =
1

𝑐
∑ 𝑆𝑘

𝑐

𝑘=1

 

                

      (10) 

𝑐  defined as the number of clusters and 𝑆𝑘 is the standard deviation in the k-th cluster. While 

the standard deviation between groups is stated as in Eq (11). 
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𝑆𝐵 = [
1

𝑐 − 1
∑(�̅�𝑘 − �̅�)2

𝑐

𝑘=1

]

1
2

 

 (11) 

Meanwhile, �̅�𝑘 as average cluster ke- k dan �̅� is the average of all clusters. 

 

3. MAIN RESULTS AND DISCUSSION 

A. Step Construction 

The complete FCM algorithm is given as follows  

1.  Determine the data to be in cluster X, in the form of a matrix of size 𝑛 × 𝑝. 

2.  Determine: 

• Number of clusters to be formed (C> 1); 

• Rank of weight (m> 1) 

• Maximum iteration = MaxIter; 

• The smallest expected error = ε; 

• The initial objective function = P (0) = 0; 

3. Generating random numbers 𝑢
ik 

, i= 1, 2, .., n ; k = 1, 2, .., c; as the elements of the initial 

partition matrix  U, with condition 
=

=
c

1k

1iku  . 

𝑼 = [

u11 u12 … u1𝑐

u21 u22 … u2𝑐

⋮ ⋮ ⋮ ⋮
u𝑛1 u𝑛2 … u𝑛𝑐

] 

4.  Compute the cluster center to -k : v
kj 

  

5.  Calculate changes to the membership matrix iku . 

6. Calculates the objective function value in the t-iteration (P(t))  

7. Checking the stop condition (convergent): 

- If − )1((t) P-P t  𝜀
 
or  t > MaxIter  

- If not, then t = t + 1, repeating back to step 4 
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B. Finding Best Clustering 

The distance formula with the best cluster accuracy quality is the one with the minimum 𝑆𝑊 value 

and the maximum 𝑆𝐵 value. So that the distance formula chosen is the one that gives the smallest 

𝑆𝑊 and 𝑆𝐵 ratio value. After obtaining the best distance formula, then grouping with the distance 

formula is carried out with different numbers of groups. The validity of a cluster is calculated based 

on the ratio of compactness to separation. Density is a measure of the closeness between members 

in each cluster while separation is a measure of the separation between clusters from one another. 

The ratio of density and separation is defined as follows: 

 𝑆 =
π

𝑑𝑚𝑖𝑛
        (12) 

             π (𝐶𝑜𝑚𝑝𝑎𝑐𝑡𝑛𝑒𝑠𝑠)  =
( )

n

),(
1 1

2
= =

n

i

c

k

kiik

m

ik vxdu

   (13) 

                 dmin (Separation)   = 
ki

min


),(2

kiik vvd      (14) 

),(2

kiik vxd  is the distance between the data and the cluster center ),(2

kiik vvd  is the distance from 

the center of the cluster  vk to the center of the cluster vi . The smaller the value S then the better 

the results of the cluster that have been done[37]. 

 This paper uses variable life expectancy, school expetancy, average length of school and 

capital expenditure at Aceh Province Indonesia in 2019 covering 23 regions. Figure 2 explains that 

there is a fairly high relationship between average length of school and capital expenditure. 

According to Official Statistics report, Human development in Aceh Province has experienced 

significant developments with the increase in the Human Development Index (HDI). In 2019, the 

HDI of Aceh Province reached 71.90. Also  increased by 0.71 points compared to 2018 which 

amounted to 71.19. Meanwhile, start From 2016 to 2019, human development in Aceh Province 

has classify as a “high” status valued at 70.00 or more. The HDI of Aceh Province in 2019 grew 

by 1.00 percent compared to 2018. The components forming the HDI have also increased. In 2019, 

newborns had the chance to live up to 69.87 years, an increase of 0.23 years compared to the 

previous year. Children aged 7 years have the opportunity to attend school for 14.30 years in 2019, 

an increase of 0.03 years compared to 2018.Meanwhile, the population aged 25 years and over has 
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on average studied 9.18 years, increasing 0.09 years compared to the previous year. Per capita 

expenditure (constant 2012 prices) of the public has reached Rp. 9,603 million rupiah in 2019, an 

increase of Rp. 417 thousand rupiah compared to the previous year. 

Table 1 Descriptive Statistics of the Aceh Province Human Development Index 2019 Indicators 

Statistics 

Value 

Life 

Expectancy 

School Expectancy 

Average 

Length of 

School 

Capital 

Expenditure 

IPM

% 

Min 63.69 13.01 7.58 7.21 0.69 

1st Qu 68 13.62 8.51 8.355 1.02 

Median 68.79 14.25 9.04 8.889 1.15 

Mean 68.2 14.29 9.297 9.654 1.163 

3rd Qu 69.64 14.63 9.735 10.573 1.34 

Max 71.52 17.26 12.64 16.892 1.54 

 Based on Table 1, it is known that the highest life expectancy value in Aceh Province is 71.52 

years, including Lhokseumawe. Meanwhile, the lowest life expectancy was 63.69 years at 

Sabulussalam. The average Life Expectancy in Aceh Province is 68.22 years and there are 10 

regions with Life Expectancy below the average in Aceh Province 

 

Figure 2. Variable Correlation towards Variables 
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During the clustering we set the number of clusters with clusters 4. First, the data preparing  

standardized HDI indicator data Determining the initial parameter values: fuzzifier (m)=2, 

maximum iteration = 1000, smallest error = 10-5 the initial objective function P (0) = 0 and the 

results are obtained in Table 2 and Appendix section. Figure 3 rerpresents based on cluster analysis 

with Fuzzy C Means, it was found that of the 23 regions in Aceh Province, the Banda Aceh region 

had very significant differences compared to other region and can be explained by 82.75%. 

Table 2 Fuzzy c-means clustering with 4 clusters 

Cluster 

centers: 

Life 

Expectancy 

School 

Expectancy 

Average 

Length of 

School 

Capital 

expenditure 

(IDR 000) 

IPM% Location  

1

  

69.90835           14.39806                 10.186195 10.743835  1.0601007 Aceh Singkil(2), Aceh 

Tenggara(4), Aceh 

Timur(5), Aceh Barat(7), 

Pidie(9), Aceh Utara(11), 

Aceh Tamiang(14), Nagan 

Raya(15) ,Aceh Jaya(16) 

2 68.43083           14.09812                  8.761255 8.767689  1.1462269 Banda Aceh(19) 

3 64.80405           13.85978                  8.328618 8.133034  1.4501584 Simeulue(1), Aceh 

Selatan(3),Aceh Barat 

Daya(12), Gayo Lues(13), 

Sabulussalam(23) 

4 71.33630           17.21324                 12.598834 16.779061  0.8338279 Aceh Tengah (6), Aceh 

Besar(7), Bireuen (10), 

Bener Meriah (17),Pidie 

Jaya(18), 

Sabang,(20) Langsa(21), 

Lhokseumawe (22). 
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Figure 3. Cluster Plot Fuzzy C Means 

 

CONCLUDING REMARKS 

Based on the quality of the accuracy of grouping using the standard deviation ratio in clusters and 

between clusters, the grouping of districts or cities in Aceh Province based on the HDI indicator 

uses more FCM with a Manhattan distance of 82.75%. The achievement of human development is  

measured by paying attention to three essential aspects, including a long and healthy life, 

knowledge, and a decent standard of living. Therefore, the increase in HDI achievement cannot be 

separated from the increase in each of its components. Along with the increase in HDI figures, the 

index for each HDI component also showed an increase of year to year. Meanwhile, the dimension 

of knowledge in the HDI is formed by two indicators, including the School Expectations and 

Average Length of School. 

Besides, it is noteworthy to mention that this attempt has contributed to augmenting the body 

of knowledge of Human Capital Development in Aceh Province, Indonesia. The implementation 

of clustering will be prone to helping the policy-maker in building its society. This study also 

seizes the importance of healthier life, more educated civilizations, and a better place to live to 

boost a country’s HDI. Thus, it will help the government (i.e., Aceh) to distinguish the appropriate 
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approach executed, as well as forecasted to the endowment allocations.  

This study is not without limitation. The clustered resulted from this study was based on the 

secondary data obtained from the Statistical Body in Indonesia. However, the data may be outdated 

prone to this study accomplished and may no longer relevant. Therefore, the future research needs 

to look into more updated data which may offer different result, increase its validation, more 

reliable results, and reduce the possible bias. Moreover, indeed, the clustering resulted from this 

study was based on the prominent aspects of the Human development index. However, this 

indexing’s usefulness is not apparent yet. Therefore, it is prosperous to investigate the 

effectiveness of HDI model in improving society’s quality of life in future research. Nevertheless, 

as the human development index is considered as a multi-dimensional construct, we inspire 

upcoming research to investigate its possible antecedents, such as quality of work-life, and 

outcomes, such as job satisfaction, employee commitment and performance.  

 

APPENDIX (Manhattan Distance) 

Location C1 C2 C3 C4 
Final 

Cluster 

Simeulue 0.108574835 0.009284 0.842763 0.039378 3 

Aceh Singkil 0.777693798 0.00934 0.139272 0.073695 1 

Aceh Selatan 0.034919094 0.004219 0.945644 0.015218 3 

Aceh Tenggara 0.791120555 0.010969 0.093426 0.104485 1 

Aceh Timur 0.762600146 0.014495 0.100471 0.122434 1 

Aceh Tengah 0.216075989 0.019238 0.044535 0.720152 4 

Aceh Barat 0.736260702 0.013187 0.079524 0.171029 1 

Aceh Besar 0.186610341 0.015423 0.031479 0.766488 4 

Pidie 0.550995464 0.023129 0.251138 0.174738 1 
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Bireuen 0.376326372 0.039099 0.072473 0.512102 4 

Aceh Utara 0.872185634 0.007599 0.04756 0.072656 1 

Aceh Barat Daya 0.017843502 0.001635 0.973755 0.006766 3 

Gayo Lues 0.094687597 0.007403 0.865003 0.032905 3 

Aceh Tamiang 0.775582774 0.012608 0.05603 0.155779 1 

Nagan Raya 0.878587711 0.006991 0.037896 0.076526 1 

Aceh Jaya 0.627838393 0.017529 0.211075 0.143557 1 

Bener Meriah 0.17492465 0.022581 0.043507 0.758988 4 

Pidie Jaya 0.203901701 0.017817 0.033118 0.745163 4 

Banda Aceh 0.000172488 0.999395 0.000114 0.000318 2 

Sabang 0.103248118 0.033774 0.032841 0.830137 4 

Langsa 0.139273387 0.080743 0.056249 0.723734 4 

Lhokseumawe 0.137039743 0.085801 0.047516 0.729643 4 

Sabulussalam 0.080392513 0.011494 0.871486 0.036627 3 
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