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Abstract. The distribution of the number of students accepted in the study program environment is one of the studies 

in determining the promotion process of a study program. Considering the importance of the quality and original 

quantity of the prospective students, this study aims to examine clustering from prospective student regions based on 

the environmental influences of prospective students and visualize with the Website Geographic Information System 

(WebGIS). The object of this study from students Faculty of Mathematics and Natural Sciences, Universitas Islam 

Indonesia (FMIPA UII). FMIPA UII consists of five study programs, namely Statistics, Chemistry, Pharmacy, 

Chemical Analyst, and Chemical Education. The research data used are primary data obtained from random sampling. 

The research method in this research is Hierarchical Clustering. The variables in this study consisted of five 

components, namely the influence of the family (X1), siblings or neighbors (X2), successful people around prospective 

students (X3), teachers in the school (X4), and seniors during high school (X5). From the data analysis, each study 

program has several different clusters based on the origin of students from each study program. From the results of the 

clustering obtained, the number of students who choose study programs at FMIPA UII is not entirely proportional to 

the influence of the surrounding environment. As an example, in the undergraduate program in statistics, 

environmental factors influence the number of students, while in an undergraduate program in Chemistry it does not 

apply (in other words other factors are more influential prospective students choose Chemistry study programs). 

Cophenetic Correlation Coefficient is used as an evaluation of the cluster obtained. After clustering is done to facilitate 

visualization between clustering results and real data used by WebGIS. WebGIS visualization can be used continuously 

and facilitates the study program in evaluating future student admissions. Besides, WebGIS also helps study programs 

to a promotion, because it can be combined with the presence of profile videos, impressions of student messages, and 

other information to improve the quality and quantity of students. 

Keywords: Cophenetic Correlation Coefficient, Hierarchical Clustering, WebGIS. 

INTRODUCTION 

The characteristics of prospective students in a college are influenced by various factors, one of the factors is 

the origin of the prospective student area. The more varied students are in the university environment, it can be 

used as an indicator that the dissemination of information or promotions carried out from study programs at a 

university is dynamic and optimal. Despite the vastness of the promotion that has been carried out, evaluation is 

needed for a more effective and efficient promotion, not only boils down to the quantity of promotion but the 

quality of promotion so that it is right on target. This is following the purpose of the evaluation, which is to 

influence the decisions needed for future programs, the need for modification and the provision of costs or benefits 

from the program that has been held [1] 

This study focuses on grouping related to how much the environmental influence of prospective students in 

choosing their chosen study program at this time. The technique used is in the form of clustering techniques. Then, 

after the results of the clustering process are obtained, the data visualization process is continued. Good data 

visualization will be able to produce several benefits, including better decision making, increased 

collaboration/information dissemination, better ad-hoc data analysis, time savings, and increased 

profit/investment [2] Assisted by Website Geographic Information System (WebGIS), the visualization of the 

data generated can be more informative, dynamic, and continuous in the future. 

mailto:achmadfauzan@uii.ac.id
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The purpose of this study is to look at the pattern of grouping motivation of prospective students focused on 

the surrounding environment and then can be visualized in the form of online media in the form of WebGIS. From 

the pattern obtained later, it can be used as an evaluation of the study program in the promotion strategy and the 

dissemination of information related to the study program. Previous significant studies related to clustering 

included earthquake center clusters in Bengkulu Province using K-Means Cluster [3], hierarchical clustering and 

visualization using R for clinical research [4]. Meanwhile, Rana [5], uses the Hierarchical Clustering algorithm to 

evaluate the ability of students, and [6] related to clustering by using the K-Mean Algorithm to classify the data 

of prospective new students at Universitas Muhammadiyah Yogyakarta. Meanwhile, previous studies related to 

WebGIS include WebGIS application research in interactive development for urban management in Batna [7], 

application utilization from WebGIS to visualize coastal flood vulnerability and planning for its resilience in New 

Jersey [8] 

The further impact is the optimization of the quality and quantity of students in the program. From superior 

seeds and optimal processes will produce quality alumni in each study program and strengthen the selling points 

of each study program. 

RESEARCH METHOD 

Data and Population 

The research was conducted in three months (October to December 2018) in the Faculty of Mathematics and 

Natural Sciences, Universitas Islam Indonesia (FMIPA UII). The population in this study were students at the 

Faculty of Mathematics and Natural Sciences in all study programs (Statistics, Chemistry, Pharmacy, Chemical 

Analysts, and Chemistry Education) from the 2016/2017 class until 2018/2019. The data obtained is primary data 

from questionnaires to students. The research method used is hierarchical clustering which aims to classify the 

distribution of students who will be adjusted to the number of students. Then continued by WebGIS as a 

visualization of the results of clustering and descriptive statistics from each region. Samples were taken from the 

population using a random sampling method. The sample size used is presented in Eq 1  𝑛 = 𝑁1+𝑁(𝑒)2 (1) 

n: sample, N: population, dan e: error [9]. A research flow chart is presented in FIGURE 1. 

 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 

FIGURE 1. Research flow chart 

 

The description of each stage includes (1) preparation in the form of questionnaires, determination of samples 

and indicators of research, (2) the process of distributing questionnaires is done in stages over three months, (3) 

data obtained from student responses. Primary data obtained was verified to minimize errors in the calculation of 

cluster analysis and other data analysis, (4) Cluster analysis with the aim of obtaining representative clusters/ 

groups according to the data held, (5) making WebGIS in each study program and overall, (6) conclusions and 

evaluation of the results of clustering and WebGIS analysis. The independent variable in the study consisted of 

five variables, namely: choice and advice from parents (X1), environmental recommendations such as siblings 

and neighbors (X2), successful people in the surrounding environment (X3), recommendations of teachers and 

schoolgirls when taking high school (X4), and the last variable is the influence of the elder brother during school 
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(X5). Control variables include the number of students and questionnaires given. While the terrestrial variables 

are cluster results obtained 

 

Cluster Analysis 

Clustering is a process used to group a set of objects in such a way that similar data objects are grouped, while 

the other objects are in another group [10]. The set-in clustering is known as the cluster name. Cluster objects 

produce high similarity levels in the same class and low similarity levels for different classes. 

Cluster formation methods are generally categorized based on the type of data structure provided. In general, 

the cluster method is divided into two, namely Non-Hierarchical Clustering and Hierarchical Clustering. Based 

on the characteristics of the data in this study Hierarchical Clustering was used. This is because there is no 

information on the number of groups to be selected. In the Hierarchical Clustering, the grouping direction can be 

agglomerative (bottom-up), which means that from the n pieces of data to be clustered or divisive (top to down), 

it means that from one cluster to a cluster. From the Hierarchical Clustering Technique, we get a collection of 

sequential partitions, wherein the collection is obtained: (1) clusters that have individual points (these clusters are 

at the lowest level), and (2) a cluster in which there are points -points that all clusters have in it. This cluster is at 

the top level. The flow chart of agglomerative clustering analysis is as follows [11]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 2. Flowchart of Agglomerative Clustering 
 

Hierarchical Clustering steps [12] include: (1) identification of items based on the closest distance, (2) items 

that have been identified are combined in one cluster, (3) distance calculation of each cluster, (4) repetition until 

everything is connected. The assumptions used in cluster analysis include two things [13], namely: (1) a 

representative sample which means how much the sample represents the population and (2) the absence of 

multicollinearity using Pearson correlation between independent variables, if the correlation value exceeding 0.8, 

multicollinearity is said to occur. If there is multicollinearity, the Principal Component Analysis (PCA) method 

is used. 

After assumptions are fulfilled, clustering can be done with Agglomerative Clustering. In general, the 

Agglomerative Clustering method is divided into 5 methods that are often used, namely: (1) Single Linkage, (2) 

Complete Linkage, (3) Average Linkage, (4) Ward's Method, and (5) Centroid Method. Single Linkage is based 

on the smallest distance. If two objects have a short distance, then the two objects will be combined in one cluster. 

As an illustration of the distance between clusters Cx and Cy, calculated by Eq 𝑑(𝐶𝑥, 𝐶𝑦) = min𝑥∈𝐶𝑥𝑦∈𝐶𝑦 𝑑(𝑥, 𝑦)      (2) 

Complete Linkage is based on the farthest distance calculated by Eq 𝑑(𝐶𝑥, 𝐶𝑦) = max𝑥∈𝐶𝑥𝑦∈𝐶𝑦 𝑑(𝑥, 𝑦)      (3) 

Average Linkage is similar to single linkage or complete linkage, but the criteria used are the average distance of 

all individuals in a cluster with the distance of all individuals in another cluster. 𝑑(𝐶𝑥, 𝐶𝑦) = 1𝑛𝑥𝑛𝑦 ∑ ∑ 𝑑(𝑥, 𝑦)𝑛𝑦𝑦=1𝑛𝑥𝑥=1       (4) 
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The concept of Ward's method is the formation of clusters based on loss of information due to the merging of 

objects into clusters. Merging 2 groups will be minimized Error Sum of Square Criterion (ESS) 𝐸𝑆𝑆 = ∑ (𝑋𝑖 − 𝑋̅)𝑇(𝑋𝑖 − 𝑋̅)𝑛𝑖=1       (5) 𝑋i: i-object vector, 𝑛 : the number of objects in the cluster formed, 𝑋̅ : vector of the average of all objects [14]. 

While the centroid method identifies the distance between clusters is the distance between centroids. The centroid 

is the average of all objects in a cluster. The new centroid is calculated every time the object is combined so that 

every time there are additional members the centroid will change too. 

After clustering, cluster validation was obtained. Validation aims to ensure that the cluster results obtained are 

representative of the population in general and can be used for other objects and are stable over some time. 

Although evaluation is generally not an integral part of cluster analysis, evaluation of the resulting clusters is quite 

important and better is part of cluster analysis [15]. 

Several cluster evaluation methods can be used, including Separation, Cohesion, and Cophenetic Correlation 

Coefficient. In this study Cophenetic correlation was used. Cophenetic Correlation was first introduced by Sokal 

[16] and is commonly used in numerical phenetic studies (classification of organisms based on 

similarities/similarities in morphology and observable other properties does not depend on the origin of the 

evolution of the organism). It is generally used as a measure of the degree of classification suitability and as a 

criterion for evaluating the efficiency of various grouping techniques [17]. 

WebGIS Visualization 

Starting from Xerox Park Map Viewer which provides interactive website mapping sites in online information 

services [18]. WebGIS has been used in education since the mid-1990s such as GLOBE-based science education 

networks [19], KanCRN [20]. Journey North [21] uses WebGIS to collect, analyze and map data [22]. WebGIS 

also helps in terms of hardware limitations in mapping. 

WebGIS is a combination of digital maps with geographic analysis, graphic mapping design, computer 

programming, and databases that are interconnected in one part of web design and web mapping [23]. The devices 

used in WebGIS include: 

1. X Apache MySQL PHP Perl (XAMPP). 

Used as a server (localhost) to run web pages. 

2. Sublime Text 3 

Used to edit data coding and various programming languages including PHP programming. 

3. Microsoft Excel 

Used to calculate the spatial and non-participatory data of prospective students. 

4. Browser Google Chrome dan Mozilla Firefox 

Used to access websites. 

5. Quantum GIS 

Used to capture, store, analyze and display geospatial data [24]. The Quantum GIS used is QGIS 3.4 

(Madeira). 

The research data for making WebGIS is divided into two types, namely spatial data and nonspatial data. Spatial 

data in the form of provincial administrative data in Indonesia. While non-spatial data obtained from the results 

of clustering obtained. The flow chart of WebGIS is presented in FIGURE 3 
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FIGURE 3. Flowchart of WebGIS Visualization 

 

After the data and results of clustering are obtained, the next step is to create a database. The first time that is 

done before doing database design is making localhost using XAMPP. While to edit data coding used sublime 

text 3. The programming language used in making WebGIS is Javascript, Cascading Style Sheets (CSS), and 

Hypertext Markup Language (HTML). Javascript is used to make the web more dynamic and interactive directly 

with HTML. CSS is used to beautify web pages and control components in a web so that it is more structured and 

uniform. HTML is used to create a web page and display various information in the form of text and images on 

the website page.  

RESULTS AND DISCUSSION 

The data used came from each study program at FMIPA with the number of respondents taken by the 

proportion of total students in each study program. The next step is to verify the answers to minimize input errors 

or the resulting bias. Verification of answers included checking incomplete answer sheets, the number of students 

less than three in each province, or not according to the rules of filling, if one of the criteria is met, the data is not 

used. 

Nevertheless, special chemistry education study programs elimination criteria are only applied if the filling is 

incomplete or errors in filling. Meanwhile, if there are less than 3 students from the province, the data is still used, 

this is because the Chemistry education study program is included in the new study program category and the 

number of students is still small for each province (an average of 4 students in each province). More complete can 

be seen in TABLE 1. 

 
TABLE 1. Descriptive Statistics of prospective student data 

Department Provinces that have minimum students Average Number of 

Provinces 

Maximum 

(Province) 
Statistics (Bali, DKI, Kalimantan Utara, Maluku, NTT, Papua, Sumatra Selatan, Sumatra Utara) 6.67 ≈  7 28 43  

(Jawa Tengah) 

Chemistry (Kalimantan Tengah, Maluku, Sulawesi Selatan, Sulawesi Tenggara, Sulawesi Utara, 

Sumatra Utara) 

8.3 ≈  8 23 35 

(DIY) 

Pharmacy (Maluku, Maluku Utara, Papua Barat, Sulawesi Selatan, Sulawesi Tengah, Sulawesi 

Utara, Sulawesi Barat, Sumatra Utara) 

8.687 ≈  9 32 55 

(DIY) 

Chemical Analyst (Aceh, Kalimantan Tengah, Maluku Utara, Sulawesi Tengah, Sulawesi Tenggara) 9.65 ≈  10 23 60 

(Jawa Barat) 

Chemistry 

Education 

(Banten, Bengkulu, Kalimantan Barat, Kalimantan Timur, Kalimantan Utara, Maluku 

Utara, NTB, NTT, Sulawesi Barat, Sulawesi Selatan, Sulawesi Tenggara) 

4.17 ≈  4 23 31 

(Jawa Tengah) 

 

The second column shows the provinces where the number of students is the least and the number of students 

from the province is the minimum number of students. From the third and fourth tables, it appears that the 

information is quite interesting, namely the Statistics study program has not too much average, but the distribution 

is quite extensive. While Pharmacy has a high average and widespread. The last column shows the province with 

the most prospective students, for example, the province's Chemical Education study program with the most 

prospective students in Central Java with a total of 31 students. Then for the Multicollinearity test, a correlation 

value is used. Obtained value for all study programs there is no multicollinearity (no correlation value exceeds 
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0.8). As an illustration, the following are the results of multicollinearity tests of Statistics and Chemistry study 

programs 

   

 

 

 

 

 

(a) (b) 

 FIGURE 4. (a) Multicollinearity test of Statistics department, (b) Multicollinearity test of Chemistry department 

After verification of the answers and the previous provisions of only 60-70%, can be seen in TABLE 2. 

TABLE 2. Provincial distribution in the clustering process 

Prodi 
Questionnaire Data Used Data 

Number of Provinces Number of Students Number of Provinces Number of Students 

Statistics 28 187 15 169 
Chemistry 24 197 13 177 

Pharmacy 32 278 19 259 

Chemical Analyst 23 222 11 203 

Chemistry Education 23 97 23 97 

Then from the data that has been verified, clustering is done with Agglomerative Clustering. The five methods 

of Agglomerative Clustering are used, namely Single Linkage, Complete Linkage, Average Linkage, Ward's 

Method, and Centroid Method. The five methods will be compared to produce the best clusters. The size of the 

distance used is Euclidean Distance. The distance between objects x and y is calculated based on Eq 𝑑𝑛(𝑥, 𝑦) = √∑ (𝑥𝑖 − 𝑦𝑖)2𝑛𝑖=1       (6) 𝑥 : (𝑥1, 𝑥2, ⋯ , 𝑥𝑛) and  : (𝑦1, 𝑦2, ⋯ , 𝑦𝑛) are two data objects with 𝑛 attributes [25].  

 From the results of clustering, the number of clusters from each study program was different between study 

programs. This is because the characteristics of prospective students also vary. Obtained by 4 clusters for a 

Statistics study program, 5 clusters for Chemistry study program, 4 Pharmacy study cluster, 2 Chemistry Analyst 

study program clusters, and 2 clusters for Chemistry Education study program. The visualization of cluster results 

is presented in a dendrogram. Dendrograms are tree diagrams as a form of graphical representation of the 

hierarchical cluster [26]. 

  

 

 

 

 

 

 

 

   

  

 

 

 

 

 

 

 

       

FIGURE 5 . (a) Statistics, (b) Chemistry, (c) Pharmacy, (d) Chemical Analyst, (e) Chemistry Education 

 

Then from each study program, the value of the Cophenetic Correlation Coefficient obtained from each method 

was obtained. The cophenetic correlation coefficient is the correlation between the distance of each pair of objects 

calculated based on the concept of distance and the merging distance that is generated from the merging method 

used. Indicators of this evaluation are presented with indicators of cophenetic values. Cophenetic value is a 

(a) (b) (c) 

(d) (e) 
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quantitative measure used to evaluate the quality of the Hierarchical Clustering method, calculated using the 

Cophenet function according to Equations [27]. 𝑐 = ∑ (𝑥(𝑖,𝑗)−𝑥)(𝑡(𝑖,𝑗)−𝑡)𝑖<𝑗√[∑ (𝑥(𝑖,𝑗)−𝑥)2𝑖<𝑗 ][∑ (𝑡(𝑖,𝑗)−𝑡)2𝑖<𝑗 ]     (7) 

The clustering is said to be valid if there is a strong correlation between the two distances. It can also be said, a 

Hierarchical Clustering result is said to be significant if the Cophenetic value is close to one (1). The Cophenetic 

Correlation Coefficient value is displayed in TABLE 3. 

TABLE 3. Value of Cophenetic Correlation Coefficient 

Departments Average Linkage Centroid Linkage Complete Linkage Single Linkage Ward’s Method 

Statistics 0.8988396 0.8847553 0.8689974 0.8739437 0.6083208 

Chemistry 0.8186653 0.818986 0.7932464 0.7564301 0.6642111 
Pharmacy 0.7813897 0.7822756 0.6124972 0.7399113 0.4861627 

Chemical Analyst 0.9379985 0.9398861 0.9135999 0.923701 0.812555 

Chemistry Education 0.8588379 0.8391886 0.5129312 0.8268961 0.4474618 

 

From the TABLE the Cophenetic Correlation Coefficient values obtained from each study program for the 

five methods. Each study program has a different clustering method. Statistics Study Program obtained the largest 

Cophenetic value for the Average Linkage method which is equal to 0.8988396 so the clustering used is the 

Average Linkage method. The analogy of the principle is obtained by the method used for each study program. 

After clustering, the distribution of provincial clusters in which the surrounding environment affects 

prospective students to choose study programs at FMIPA UII. For example, from cluster results obtained 5 clusters 

(from cluster I to cluster V), then sorted by how much influence the environment on prospective students choose 

in the study program. Cluster I states that environmental factors have no effect and sequentially up to cluster V 

which states that the environmental factors have the greatest effect (major effect). Similarly, if the number of 

clusters is only 3 and 4, while if the number of clusters is only divided into 2 clusters, it can be said to be a small 

and large effect. The image is presented in TABLE 4. 

Then from the results of clustering, data visualization is done using WebGIS. Data visualization is the 

compilation of data in several more systematic forms including attributes and variables used for information 

delivery [28]. As an initial description, the following is a visualization of the number of prospective students in 

the Faculty of Mathematics and Natural Sciences. 

From the basic visualization, WebGIS (Figure 6) can be filled in attributes from each province, such as the 

number of students, descriptions of each location, and additional images to draw the visualization given. 

Furthermore, the addresses of links and profile videos of each student from the province can be given. This 

visualization can be used as an interactive and dynamic media as a promotion for prospective students in 

subsequent periods. After obtaining cluster results for each province, processed data in the making of WebGIS 

visualization between real data and cluster results are presented in FIGURE 7 (for example used visualization 

cluster WebGIS Statistics department). 

The darker the color produced shows the greater the influence of environmental factors on the motivation of 

prospective students choosing statistics study program, and vice versa. Based on FIGURE 7, an interesting result 

is obtained, namely clustering data results when compared with the original data, so it cannot be concluded as a 

whole that environmental factors influence prospective students to choose a statistics study program. As an 

example of East Kalimantan province, the cluster results of East Kalimantan province are included in cluster 4 

(which means that environmental influences are very strong) but the real data of the number of prospective 

students are not comparable to the results of small clustering (if clustered into cluster 1). Unlike the case with the 

province of Central Java, the results of clustering have a value comparable to the number of students, which is in 

cluster 4 and the number of students is in a very large category (cluster 4). 
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TABLE 4. Provincial distribution in the clustering process 

Department  

Best 

Clustering 

Method  

Number 

of 

Clusters 

Cluster  

I II III IV V 

Statistics Average 4 Kalimantan 

Selatan 

Kalimantan 

Barat 

Kalimantan Tengah Banten, DIY, 

Jambi, Jawa Barat, 

Jawa Tengah, 

Jawa Timur, 

Kalimantan 

Timur, Kepulauan 

Riau, Lampung, 

Maluku Utara, 

NTB, dan Riau 

- 

Chemistry Centroid 5 NTB Sumatra 

Selatan 

DKI Banten, DIY, 

Jambi, Jawa Barat, 

Jawa Tengah, 

Jawa Timur, 

Kalimantan 

Timur, Kepulauan 

Riau, Riau 

Kalimanta

n Barat 

Pharmacy Centroid 3 Bangka Belitung Jawa 

Barat 

Bengkulu, DIY, 

Jambi, Jawa Tengah, 

Jawa Timur, 

Kalimantan Barat, 

Kalimantan Selatan, 

Kalimantan Tengah, 

Kalimantan Timur, 

Kalimantan Utara, 

Kepulauan Riau, 

Lampung, NTB, 

Papua, Riau, 

Sulawesi Tenggara, 

Sulawesi Selatan 

− − 

Chemical 

Analyst 

Centroid 2 Banten, DIY, DKI, 

Jawa Barat, Jawa 

Tengah, Jawa 

Timur, 

Kalimantan 

Timur, Lampung, 

NTB, Sumatra 

Selatan 

Kalimanta

n Selatan 
− − − 

Chemistry 

Education 

Average 2 Aceh, Banten, 

Bengkulu, DIY, 

Jambi, Jawa Barat, 

Jawa Tengah, 

Jawa Timur, 

Kalimantan Barat, 

Kalimantan 

Selatan, 

Kalimantan 

Tengah, 

Kalimantan 

Timur, 

Kalimantan Utara, 

Lampung, NTB, 

NTT, Riau, 

Sulawesi Barat, 

Sulawesi Selatan, 

Sulawesi Utara 

Maluku 

Utara 
− − − 
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FIGURE 6. (a) Basic Visualization of WebGIS, (b) website link, (c) video 

 

 

 

 

 

 

 

 

 

 

 
 

FIGURE 7. (a) WebGIS real data for prospective students in Statistics, (b) WebGIS from Statistics department clusters 

 

Based on this, if the number of real student candidates from an area falls into a very large category (4) but 

after clustering is entered in clusters 1 or 2, then the influence factor of the surrounding environment is not too 

significant. It can also be said that the prospective student chooses the study program due to other factors, such as 

graduated alumni, motivation in themselves, or even job opportunities from the study program concerned. If in 

conditions like this, study programs can optimize such as strengthening the dissemination of information relating 

to prospects and dissemination of promotions. Meanwhile, if the opposite conditions apply (the number of small 

students (1) but are in clusters 3 or 4), then communication with alumni can be strengthened as well as 

strengthening media promotion in the area. From this evaluation, it is expected that optimal results can be obtained 

not only quantity but also quality. 

CONCLUSIONS 

Based on the results of clustering, the number of different clusters was obtained. Statistics Study Program is 

divided into 4 clusters, Chemistry 5 clusters, Pharmacy 3 clusters, Chemical Analyst and Chemistry Education 2 

clusters. The respective clusters in the form of levels from cluster I are very ineffective until V which means that 

environmental factors greatly affect the prospective students to choose the study program. Then WebGIS was 

used to simplify the visualization of the clusters obtained. From the results of WebGIS visualization, it was found 

that it cannot be said that prospective students in the smallest cluster have a small number of students. This is 

because there are still other factors such as alumni that have been produced, the motivation of the prospective 

students, and even future employment opportunities. This is a challenge for each study program in future 

policymaking. With optimal policymaking, optimal results will also be obtained not only in terms of quantity but 

also quality. 

(a) 

(b) 

(c) 

(a) (b) 
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