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Abstract
Purpose – The purpose of this study is to apply hybrid cluster analysis in classifying PT Pelindo I
customers based on the level of customer satisfaction with passenger services of PT Pelindo I.

Design/methodology/approach – Hybrid cluster analysis is a combination of hierarchical and nonhierarchical cluster analysis. This hybrid cluster analysis appears to optimize the advantages of hierarchical
and non-hierarchical methods simultaneously to obtain optimal grouping. Hybrid cluster analysis itself has
high ﬂexibility because it can combine all hierarchical and non-hierarchical methods without any limits in the
order of analysis used.
Findings – The results showed that 72% of PT Pelindo I customers felt PT Pelindo I service was special,
while the remaining 28% felt PT Pelindo I service was good.
Originality/value – In total, 117 customers of PT Pelindo I were involved in a study using the nonprobability sampling method.

Keywords Hybrid cluster analysis, PT pelindo I, Customer satisfaction, Customer segmentation,
Sea transportation users
Paper type Research paper

1. Introduction
As a maritime country and the biggest archipelago country in the world, Indonesia
possesses a vast sea area that offers a great number of resources. On one hand, marine
resources are valuable assets that can be used for the prosperity of the nation. On the other
hand, lands that are separated by sea become challenges for the citizen of Indonesia to travel
across islands. As most of the Indonesian community belongs to the middle-low economic
level, affordable sea transport modes are more preferred compared to air transport modes,
which are relatively higher in price.
Responding to the high demand for sea transport, PT Pelindo I offers sea transportation
services across islands including South Sumatera, Riau and Aceh. The company has 16
ports including passenger ports and container ports ranging from a prime class up to Class
V. It is obvious that PT Pelindo I holds key roles to the economic and social activities among
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the surrounding society. As a service provider, it is important for PT Pelindo I to continue
improving its service quality. In this research, the level of customer satisfaction toward the
service of this company was measured using a set of questionnaires on customer
satisfaction.
In addition, customer segmentation has been considered as the major focus in this
research. Therefore, the segmentation analysis was also performed. This view goes in line
with the theory of market segmentation regarding the importance of analyzing consumer
characteristics (Kotler and Keller, 2013). Customer segmentation is necessary to be
evaluated as results provide valuable insights for PT Pelindo I in making managerial
decisions.
The characteristics of the population this research had to be comprehensively
determined. As only a few research studies included only a single variable (Solimun, 2010),
multivariate analysis was performed in analyzing the population characteristics in this
research in the form of cluster analysis.
Cluster analysis is a multivariate statistical procedure that groups entities into relatively
homogeneous groups (Latan, 2014). The segmentation facilitates the exploration and
interpretation of the results of characteristic measurements. This develops the results of the
questionnaire to become a representative reference in measuring the customer
characteristics of PT Pelindo I.
Prior research has intrigued the researcher to apply hybrid cluster analysis in
determining the customer segmentation of PT Pelindo I. This method allowed the researcher
to simultaneously perform cluster hierarchy analysis and non-hierarchy analysis (Sukbekti,
2017). Hence, clusters can be determined from the results of the analysis based on customer
characteristics. Further, the results of this analysis can be the benchmark of PT Pelindo I in
improving its service quality to match the characteristics and needs of its customers.
2. Materials and methods
2.1 Cluster analysis
Cluster analysis is a statistical technique that groups research objects or variables in groups.
Each object or variable is considered to have similarities in properties and characteristics
(Hair et al., 2010). Practically, cluster analysis is administered to segment some consumers
(respondents) into several groups (clusters) based on the similarity of their attributes.
Cluster analysis in this research was done to group research objects based on their
characteristic similarities. An ideal clustering offer:
 Intern homogeneity (within a cluster); similarities among members of a cluster.
 Extern homogeneity (between cluster); differences between clusters.
There are several methods of segmentation in cluster analysis as follows:
 Hierarchy method: segmentation starts from two or more objects that have the
closest similarities before analyzing other objects to form a kind of “tree” that shows
a clear level (hierarchy) between objects, from the ones that have close similarities to
the least similar ones. A tool that is used in performing the hierarchical process is
called “dendrograms.”
 Non-hierarchy method: starting from determining the intended number of clusters
(two, three, etc). After the number of clusters is determined, the clustering process is
carried out without following the hierarchy process. This method is commonly
called the “K-means cluster.” K-means cluster is effectively and efﬁciently used to
group many objects beyond 100 objects.

Hybrid method: hybrid method is a combination of hierarchical and non-hierarchical
methods that extracts the advantages of both methods to determine the best cluster.
2.2 Hybrid cluster method
2.2.1 K-mean method. The materials K-mean cluster is a statistical analysis that is useful
for grouping many objects into groups based on certain variables while background
characteristics of the objects are not clearly deﬁned (Hair et al., 2010).
K-means is one of the clustering algorithms that divides research data into groups. This
algorithm accepts input in data without class labels. The steps of the clustering algorithm
are summarized as follows:
 Randomly determining the centroid based on the intended number of ﬁnal
clusters.
 Determining the clusters based on the closeness to the centroid.
 After grouping all objects into clusters, the gap between centroid to each cluster is
measured.
 The measurement is repeated (iteration) from Steps 1-3 until the centroid of every
cluster is convergent.
The clustering process in this research was conducted by measuring the closeness of certain
data to its centroid point. Minkowski gap measurement could be performed to measure the
gap between two data as follows:
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where:
g = 1, to measure the Manhattan gap;
g = 2, to measure the Euclidean gap;
g = 1, to measure the Chebychev gap;
xi, xj = two data, which gap is to be measured; and
p = dimension of a data.
The centroid point can be renewed using the following formula.
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where:
m k = centroid point of cluster-K;
Nk = the number of data in cluster-K; and
xq = data number-q in cluster-K.
2.2.2 Hierarchy method. Hierarchical clustering is a well-known clustering algorithm. The
hierarchical clustering technique allows sequences of partitions to be made by:
 considering all research objects as an initial cluster;
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measuring the gap between the initial cluster;
combining two initial clusters with the closest gap into one cluster; and
repeating step number three until all objects are grouped into one single cluster.

The overall results of the hierarchical clustering algorithm are described in a tree-shaped
graphic called a dendrogram. Dendrogram is obtained by combining the second line clusters
with the clusters at the closest distance to form a single cluster. Meanwhile, in this research,
the average linkage method was performed.
Average linkage method considers the distance between two clusters as the average
distance among all members in a cluster and the members of other clusters based on this
following formula (Hair et al., 2010):
XX
dab
dð I Þ K ¼
(3)
NI NK
where:
dab = gap between objects in cluster-I and objects in cluster-K;
NI = number of items in cluster-I; and
NK = number of items in cluster-I and K.
2.2.3 Hybrid method. The hybrid method was ﬁrst introduced by Chipman and Tibshirani
(2005). This method takes advantage of both hierarchical and non-hierarchical methods in
determining the clusters. This method was redeveloped by comparing several possible
hybrid methods (Cheu et al., 2004).
The hybrid method used in this study is the combination of the average linkage and nonhierarchical methods (K-means) through these following steps:
 Performing an average linkage algorithm to obtain cluster-k.
 Calculating the central value of each cluster formed.
 Conducting the K-means algorithm based on the results of Step 2.
The above measurement resulted in the combination of those two clustering methods. The
coding of the hybrid cluster method is presented in Attachment 4.
2.2.4 Euclidian gap measurement. The Euclidean method measures the values of two
variables. This method is considered easy and it takes a shorter time as its process is simple.
Euclidean is a heuristic function that is obtained based on a barrier-free gap to obtain the
value from the length of the diagonal line in a triangle.
However, before obtaining those values, both centroid points should be put into twodimensional coordinates (x, y). Two p1 points = (x1, y1) and p2 = (x2, y2) are put into this
following equation (Euclidian formula):
qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2
2
(4)
d ¼ ðX2  X1 Þ þ ðY2  Y1 Þ
2.2.5 Market segmentation. Market segmentation is the grouping of markets into
homogeneous consumer groups, where each group (part) can be chosen as a target market
(targeted) for the marketing of a product.
For market segmentation or market grouping to run effectively, these following market
grouping requirements should be fulﬁlled.





Measurability, characteristics of the properties of the customers are measurable and
observable.
Accessibility, a condition where a company effectively directs its marketing to a
certain targeted market segment.
Sustainability, the market segment should be large and proﬁtable to be targeted.

While, effective market segmentation is characterized by these points (Ciptono, 2001):
 Measurable: including its scope, purchasing power and segment proﬁle.
 Size of the segment (substantial): the size should be large enough and proﬁtable to be
served.
 Accessible: the market can be effectively approached.
 Differentiable: the market is conceptually distinct and it gives different responses
toward the elements of a certain innovative program.
Actionable: effective marketing programs can be designed to attract the market segment.
2.2.6 Types of market segmentation. Market segmentation is classiﬁed into several types
including Kotler and Keller (2013):
 Geographic-based market segmentation
This segmentation groups the market based on geographic areas such as
countries, regencies, cities and villages. Geographic areas that are considered
proﬁtable will be set as the target of company operation.
 Demographic-based market segmentation
This segmentation divides the market into groups based on age, sex, economic
level and educational background.
 Psychographic-based market segmentation
This segmentation segments the market based on lifestyle, social class and
personalities.
According to Ciptono (2001), effective market segmentation is as follows.
 Measurable, size, purchasing power and segment proﬁle.
 Substantial: large enough and proﬁtable to be served.
 Accessible: actively accessible and served.
 Differentiable: conceptually can be separated and give different responses to the
elements and mix programs.
 Actionable: effective programs can be formulated to attract and serve the segment.
2.2.7 Research variables. A variable is an object that is being observed in research. It is often
regarded as the most inﬂuential factor in research or phenomena that is being researched.
Research variables are the construct or characteristics to be analyzed, which have varied
values (Kerlinger, 2006). Research variables are also the symbols to which we put values or
scores (Kerlinger, 2006). Research variables include all aspects set by a researcher to be
observed, about which information to be collected and put into conclusions (Sugiyono, 2009).
This research included four variables as follows.
(1) Service quality is inﬂuenced by ﬁve indicators, namely, reliability, responsiveness,
empathy, assurance and tangibles (Parasuraman, 2001).
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(2)

(3)
(4)

Consumer attachment is inﬂuenced by self Company connection, company
behavior, customer behavior, brand characteristic, company characteristic and
consumer brand characteristic (Yang and Kang, 2009).
Consumer satisfaction is inﬂuenced by the front ofﬁce, infrastructure, guarantee
and Corporate Social Responsibility (Ciptono, 2001).
Consumer loyalty is inﬂuenced by repurchasing, recommendation, endorse,
negligence toward competitors and advocacy (Ciptono, 2001).

2.2.8 Research measuring scales. The pre-determined variables were measured using scales
in the forms of questionnaires. These followings are commonly-used scales in research
(Riduwan, 2009).
2.2.8.1 Likert scale. The Likert scale measures respondents’ attitudes and perceptions
about certain social phenomena. The social phenomena should have been speciﬁcally
determined by the researcher, which is later referred to as a research variable.
The responses toward the research instrument in the form of a Likert scale ranges from
strongly positive to strongly negative responses. The responses on the Likert scale are
scored as follows:
strongly agree (5), agree (4), unsure (3), disagree (2), strongly disagree (1).
2.2.8.2 Guttman scale. This scale allows a researcher to obtain ﬁrm answers between yes
or no, true or false, positive or negative, etc. The data obtained in this scale are in the form of
interval data or a dichotomized ratio (two alternatives).
While the Likert scale contains ﬁve intervals, the Guttman scale only contains two
intervals “agree or disagree.” The Guttman scale is used when a researcher expects to obtain
a ﬁrm answer about a certain problem.
2.2.8.3 Diﬀerential semantic scale. The differential scale measures ones’ attitude yet it is
not in the form of multiple choices or checklist. Instead, this scale is formed in a continuum
line in which the strongly positive response is located on the right side of the line, while the
strongly negative one is on the left side or vice versa.
This scale is used to collect interval data. It is often used to measure a certain attitude or
characteristic of a research object.
2.2.8.4 Thurstone scale. Thurstone scale is designed by selecting certain points in the
form of an interval scale. Every point has a key score that provides values with an equal
gap. The Thurstone scale contains 40-50 statements that are relevant to a research variable
to be measured. The data are then assessed by 20-40 experts who will judge the suitability of
the statements with the content or construct to be measured.
2.2.8.5 Stapel scale. Stapel scale is the modiﬁcation of the differential semantic scale.
However, this scale provides no neutral options. It provides only positive or negative
responses. This scale is a unipolar scale in which adjectives are only put in one pole.
The types of this scale remain debatable among experts. The data captured by this scale
are interval data, yet as there are doubts regarding the gaps between items, the data are
better regarded as ordinal data (Sekaran, 2000). The differential semantic scale was used in
this research as this research compared two poles of different attitudes (“strongly satisﬁed”
and “strongly dissatisﬁed”). Therefore, the results of the questionnaires were used to
determine the level of consumer satisfaction among respondents. It was important to design
a questionnaire that is easy to be understood and eases the respondents in giving their
answers. Thus, a number of tests were conducted on the research instrument.
2.2.9 Validity test. A validity test was conducted to make sure that the research
instrument measured the intended concept. The validity test was performed by correlating
the score of each response to the total score (Sugiyono, 2009).
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Corrected item-total correlation formula was used in this test as follows:
rix Sx  Si
riðxiÞ ¼ qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ

ﬃ
Sx2 þ Si2  2rix Si Sx

(5)

where:
riðxiÞ = correlation coefﬁcient of item i with a total score of all items (except item i);
riðxiÞ = correlation coefﬁcient of item i with a total score;
Si = standard deviation of item i; and
Sx = standard deviation of the total score.
If the corrected item-total correlation value is found greater than 0.3, the instrument can be
regarded valid (Solimun, 2010).
2.2.10 Reliability test. Reliability shows that an instrument can be trusted as a data
collector for it has been considered good (Arikunto, 2006). Reliability relates to the degree of
consistency of measurement results. A questionnaire is stated reliable when its results
remain similar when a measurement is repeated to a similar object at different times. The
reliability in the form of Cronbach’s Alpha was tested in this research using this following
formula:
X #

"
s 2b
k
1
(6)
r11 ¼
2
ðk  1Þ
st
where:
k = number of items;
s 2b = standard deviation of items; and
s 2t = standard deviation of total.
If Cronbach’s Alpha coefﬁcient is found at (r11)  0.7, the instrument is regarded reliable.
2.2.11 Validity test. The materials and this research regarded primary data obtained
from the questionnaires distributed to the costumers of PT Pelindo I, which included
information about service quality, attachment, customer satisfaction and customer loyalty.
The population of this research was all customers of PT Pelindo I. The number of
population in this research was inﬁnite as the exact number of customers could not be
determined. Samples were selected using non-probability sampling in the form of an
accidental sampling method.
These followings are criteria of research respondents in this research:
 Respondents are passengers of PT Pelindo I.
 Minimum age of 17.
 Respondents are regular customers.
There were 107 samples selected as respondents of this research from 3 main ports of PT
Pelindo I including Belawan Port, Dumai Port and Tanjung Pinang Port.
This research was conducted systematically based on the following steps:
 Determining research variables.
 Designing questionnaires based on the research variables determined.
 Determining the research population and samples.
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Administering pre-test to test the research instrument.
Testing the instrument.
Conducting evaluation to revise the questionnaire based on the results of the
instrument testing.
Collecting research data by distributing the questionnaire to the predetermined
samples.
Performing cluster analysis to the obtained data.

These followings are the steps used in performing the hybrid cluster analysis using R
software:
 Performing average linkage clustering from the data.
 Measuring the Euclidian gap between the initial cluster.
Forming the clusters based on the closeness of Euclidian gaps between the initial cluster
using the K-means hierarchy method as designed.
3. Methodology
3.1 Research data
Data used were primary ones obtained from the results of a questionnaire distributed to
customers of PT Pelindo I reviewed from the variable of service quality, engagement,
customer satisfaction and customer loyalty of PT Pelindo I.
3.2 Time and location
This research was conducted from September-November 2018. There were several activities
done during these three months, namely, determining variables, arranging questionnaires,
testing the research instruments, distributing questionnaires and analyzing the results of
the questionnaires. The location was in three main ports of PT Pelindo I, namely, Belawan,
Dumai and Tanjung Pinang.
3.3 Population and sample
In this study, the population was all service users of PT Pelindo I. This population is inﬁnite
because the service users of PT Pelindo I cannot be determined in exact numbers every day.
The sampling of this study was non-probability with the accidental sampling method.
The respondent criteria are as follows:
 Passengers transport user of PT Pelindo I.
 Respondents are at least 17 years old.
 Passengers ﬁnancing their own departure.
The sample of this study was 107 respondents from 3 major ports, namely, Belawan, Dumai
and Tanjung Pinang.
4. Results and discussion
4.1 Descriptive analysis
A descriptive analysis was performed to obtain a general picture of the four research
variables for each port and PT Pelindo, in general. The results of the descriptive analysis of
the satisfaction variables are described in Figure 1, that shows that the average score (mean)

of variable X1 and X4 is regarded very high (average score > 4.50). While, the average score
of variable X2 and X3 is regarded high (average score between 3.51-4.50). Overall, the
average score obtained for Belawan is 4.452, which is considered high (average score
between 3.51-4.50).
Figure 2 shows that the mean value of the X1 variable is regarded very high (average
score > 4.50). While the scores of variables X2, X3 and X4 are categorized high (average
score between 3.51-4.50). Overall, the average score of all variables for Dumai Port is
categorized high at 4.424 (average score between 3.51-4.50).
Figure 3 shows that the mean scores of all variables are categorized high (between 3.514.50). The overall average score of Tanjung Pinang Port is 3.994, which is included in the
high category (average score between 3.51-4.50).
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Finally, Figure 4 shows the average score of all variables is categorized high (average
between 3.51-4.50). Overall, the average score of PT Pelindo I is 4.270, which is included in
the high category (average score between 3.51-4.50).
4.2 Cluster analysis
The purpose of this research was to segment the customer satisfaction of PT Pelindo I using
the hybrid method. Primary data obtained from the customers of PT Pelindo I as
respondents were regarded in this research. After carrying out the hybrid method
segmentation process at the three main ports of PT Pelindo I and a combination of the three,
optimal clusters were obtained as Table 1 shows.
The results of segmentation showed that the optimal cluster in each research object was
two clusters. Based on the interpretation of the ﬁve-point scale, a score greater than 4.5 is
considered very high, while the one between 3.5-4.5 is within a high category. While a score
between 2.5-3.5 is moderate and so on (Solimun, 2010). In this research, groups of customers
with mean scores greater than 4.5 are considered a “special” customer. Customers with mean
scores ranging between 3.5 and 4.5 are “good” customers and customers with mean scores
ranging between 2.5 and 3.5 are “standard” customers. The results of the segmentation
based on every port and the overall segmentation are explained in detail as follows.
4.3 Belawan port
The results of the segmentation done to Belawan Port are shown in Figure 5.
In the segmentation of the Belawan Port customers, the ﬁrst two dimensions explain 91.4%
of the total diversity and it seems that there have been two clearly visible. Table 2 explains
the score of the centroid variable of each cluster, and Figure 6 illustrates the centroid scores.
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Based on Figure 6, it is understood that the highest service quality (X1), satisfaction (X2),
attachment (X3) and loyalty (X4) are found in Cluster 1. Cluster 1 can be said as a “special”
customer cluster with high variable scores (average score > 4.5). While the average service
quality (X1), satisfaction (X2), attachment (X3) and loyalty (X4) in Cluster 2 are below the
average perception of Cluster 1. Cluster 2 is considered a “good” customer cluster with high
variable scores (average score between 3.5-4.5).

Figure 6.
The chart bar of
Belawan port
centroid cluster
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The “special” customer cluster consists of 16 respondents, while the “good” customer
cluster consists of 14 respondents. Therefore, it can be concluded that 53% of Belawan Port
customers are “special” customers and the remaining 47% are “good” customers.
4.4 Dumai port
Figure 7 shows the centroid score of customer satisfaction in Dumai Port for every cluster.
In the customer segment of Dumai Port, the ﬁrst two dimensions explain 70.8% of the total
diversity and it appears that there have been two clearly visible segmentations.
The centroid score of the variable in each cluster is explained in Table 3, and the scores
are shown in Figure 8.
Figure 8 shows that the highest service quality (X1), satisfaction (X2), attachment (X3)
and loyalty (X4) are found in Cluster 1. Cluster 1 can be regarded a “special” customer
cluster even the scores are not very high (average score > 4.5). The scores of the Cluster 1 is
higher than Cluster 2, making it considered as a “special” cluster. Meanwhile, the average
service quality (X1), satisfaction (X2), attachment (X3) and loyalty (X4) in Cluster 2 are
below the average perception of Cluster 1. Cluster 2 is a “good” customer cluster with a high
variable score (average between 3.5-4.5). The “special” customer cluster consists of 38
respondents, while the “good” customer cluster consists of 3 respondents. Hence, 93% of
Dumai Port customers are “special” customers and the remaining 7% are “good” customers.
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4.5 Tanjung pinang port
Figure 9 illustrates a centroid graph of customer satisfaction in Tanjung Pinang Port for
each cluster.
In the customer segment of the Tanjung Pinang Port, the ﬁrst two dimensions explain
89.8% of the total diversity and it indicates two clearly visible segmentations. The variable
centroid scores of each cluster are explained in Table 4.
Figure 10 explains those centroid scores.
Based on Figure 10, it can be seen that the highest average service quality (X1),
satisfaction (X2), attachment (X3) and loyalty (X4) is found in Cluster 1. Cluster 1 is regarded
as a “good” customer cluster with high variable scores (average score between 3.5-4.5).
While the average service quality (X1), satisfaction (X2), attachment (X3) and loyalty (X4) in
Cluster 2 are below the average perception of Cluster 1. Cluster 2 is a “standard”
customer cluster with a variable moderate score (average between 2.5-3.5). The “good”
customer cluster consists of 23 respondents, while the “standard” customer cluster consists
of 13 respondents. It indicates that 64% of Tanjung Pinang Port customers are “good”
customers and the remaining 36% are “standard” customers.
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4.6 Pt pelindo I
Figure 11 describes the centroid score of the customer satisfaction of PT Pelindo I for each
cluster.
In the segmentation of PT Pelindo I customers, the ﬁrst two dimensions explain 88.9% of
the total diversity and there have been two clearly visible segments. Table 5 explains the
variable centroid scores of each cluster, which are shown in Figure 12.
Based on the graph above, the highest average score of service quality (X1), satisfaction
(X2), attachment (X3) and loyalty (X4) is found in Cluster 1. Cluster 1 can be regarded as a
“special” customer cluster with very high variable scores (>4.5). While the average service
quality (X1), satisfaction (X2), attachment (X3) and loyalty (X4) in Cluster 2 are below the
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average perception of Cluster 1. Cluster 2 is a “good” customer cluster with a high variable
value (average between 3.5-4.5).
The “special” customer cluster consists of 77 respondents, while the “good” customer
cluster consists of 30 respondents. Therefore, 72% of PT Pelindo I customers are “special”
customers and the remaining 28% are “good” customers.
5. Conclusions
Based on the results of this research, conclusions were drawn as follows:
 The cluster hybrid analysis performed in this research resulted in two
segmentations in Belawan Port, Dumai Port, Tanjung Pinang Port and in PT
PELINDO I, in general.
 The customer segmentation of Belawan Port shows that 53% of customers
perceived the quality service for passengers offered by the port special, while the
rest 47% ﬁnd the service good.
 The customer segmentation of Dumai Port shows 93% of customers ﬁnd the service
offered by Dumai Port special, while 7% of them ﬁnd the service good.
 The customer segmentation of Tanjung Pinang Port shows 64% of customers ﬁnd
the service offered by Tanjung Pinang Port special, while 36% of them ﬁnd the
service standard.
 The overall customer segmentation of PT Pelindo I shows that 72% of customers
ﬁnd the passenger service offered by PT Pelindo special, while 28% of them ﬁnd the
service good.
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