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ABSTRACT
Proteins interact with other proteins, DNA, and other
molecules, forming large-scale protein interaction networks
and for easy analysis, clustering methods are needed.
Regularized Markov clustering algorithm is an improvement
of MCL where operations on expansion are replaced by new
operations that update the flow distributions of each node.
But to reduce the weaknesses of the RMCL optimization,
Pigeon Inspired Optimization Algorithm (PIO) is used to
replace the inflation parameters. The simulation results of
IPC SARS-Cov-2 (COVID-19) inflation parameters ((𝑋𝑖 )) =
[1,2] get the result of 42 proteins as the center of the cluster
and 8 protein pairs interacting with each other. Proteins of
COVID-19 that interact with 20 or more proteins are ORF8,
NSP13, NSP7, M, N, ORF9C, NSP8, and NSP1. Their
interactions might be used as a target for drug research.
http://ejournal.radenintan.ac.id/index.php/desimal/index

INTRODUCTION
The first reported outbreak of
coronavirus or SARS-CoV-2 (COVID-19)
was from Wuhan, China, in December
2019. COVID-19 has spread to 206
countries and regions around the world so
that the World Health Organization
(WHO) declared it as the global health
emergency (A.Khailany et al., 2020). This
virus is very easy to spread in areas with
dense settlements. People who are
infected with COVID-19 will experience

mild to severe symptoms, such as elevated
body temperature along with coughing,
sore throat, and headaches. The effects of
this disease can get worse if it is
accompanied by congenital diseases
before the infection. Prevention of the
spread of this disease can be done by using
masks, washing hands frequently with
soap, avoiding public contact (physical
distancing), and quarantining those who
are positively infected with this disease.
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Up to now, the true working drugs or
vaccines to reduce the spread of this virus
have not been found. COVID-19 has a
genome size that varies from 29.8 kb to
29.9 kb (A.Khailany et al., 2020). An
overview of the biological process is
needed by utilizing protein-protein
interaction networks to find out which
proteins play an important role in the
COVID-19 disease process or to obtain
protein target candidates for drug or
vaccine development (Bustamam et al.,
2018). Grouping methods and an
optimization to simplify and speed up the
process of grouping can be utilized in the
process of collecting information on the
results of the interpretation of protein
interaction networks (Ginanjar et al.,
2016). One of the classification and
optimization methods that can be used is
Regularized Markov Clustering (RMCL).
RMCL maintains the strength of the
Markov Clustering (MCL) algorithm while
at the same time, reducing its weakness by
replacing the expansion operation in the
MCL process with a new operation that
updates the flow distribution for each
node (V. M. Satuluri, 2012). The manual
input inflation parameter by the user is a
weakness of RMCL (Lei et al., 2016). To
improve the weakness of the RMCL, the
Pigeon Inspired Optimization Algorithm
(PIO) optimization method can be used by
replacing the inflation parameter of the
RMCL with the pigeon initialization, which
will then be called RMCL-PIO (Regularized
Markov Clustering with Pigeon Inspired
Optimization Algorithm).
METHOD
The implementation of the RMCL-PIO
algorithm on the infection prevention and
control (IPC) of SARS-CoV-2 (COVID-19)
was carried out using the C++
programming language and was simulated
on a computer with the specification of
Intel (R) Core (TM) i7-4700 CPU @
2.40GHz (8 CPUs) specification. ; 8 GB

RAM and Windows 10 Pro 64-bit
operating system. Graph visualization of
the IPC COVID-19 data was performed on
the Cytoscape software version 3.8.0.
Markov Clustering was developed by
S.V. Dongen (2000) based on a simple
paradigm in clustering graphs which is a
random walk on a graph G that passes
through a dense cluster and tends not to
leave the cluster so that many of the nodes
in the cluster are traversed. There are
three operators in the MCL algorithm,
namely Expand, Inflate, and Prune.
The Expand operator increases the
flow between nodes and unlocks the
potential of the new flow(Van Dongen,
2008), denoted by:
𝐸𝑥𝑝𝑎𝑛𝑑 (𝑀) = 𝑀 ∗ 𝑀
where 𝑀 = adjacency matrix A.
The Inflate operator regulates the
flow of the graph by strengthening the
strong flow and weakening the weak flow.
However, this operator depends on the
parameter 𝑟 input by the user (Van
Dongen, 2008), denoted by:
𝑀 (𝑖, 𝑗)𝑟
(
)
𝐼𝑛𝑓𝑙𝑎𝑡𝑒 𝑀, 𝑟 ≝ 𝑛
∑𝑘=1 𝑀(𝑘, 𝑗)𝑟
where 𝑟 = inflation parameter.
Because the value of each element in
the definite matrix is less than or equal to
1, this operator might increase the
inhomogeneity of each column (as long
as𝑟 > 1) (V. M. Satuluri, 2012).
The Prune operator cuts or deletes
elements of each column with a very small
value (less than the minimum limit) then
each element will be re-equalized so that
the number of column values is equal to 1
(Bustamam et al., 2018).
The Regularized Markov Clustering
was developed by Satuluri and
Parthasaranthy (2009) because the MCL
algorithm produces too many clusters
(overfit graphs) caused by the clustering
process using the flow matrix 𝑀 from the
previous iteration and there is no
prevention of columns from the
neighboring nodes to separate without
being given a penalty, so the regularizing
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or smoothing the flow distribution out of
the node by paying attention to
neighboring nodes was done (V. Satuluri &
Parthasarathy, 2009).
The Expand operator is replaced by a
new operation which updates the flow
distribution of each node as the results of
the multiplication of matrix 𝑀 by the
transition matrix 𝑀𝐺 of the graph, denoted
by:
𝑟𝑒𝑔𝑢𝑙𝑎𝑟𝑖𝑧𝑒(𝑀) = 𝑀 ∗ 𝑀𝐺
where 𝑀𝐺 = transition matrix.
The Pigeon Inspired Optimization
Algorithm proposed by Duan HB (2014) is
inspired by the flock of pigeons that have
been widely used by the military because
of their excellent homing behavior. They
can find their way home from a great
distance using three homing devices,
namely magnetic field, sun, and landmark.
To idealize some characteristics of a dove,
there are two utilized operators, namely a
map and a compass which represent the
magnetic field and the sun, while the
landmark operator model is designed
based on a landmark (Duan & Qiao, 2014).
In the map and compass operators,
the position and speed of the dove 𝑖 are
denoted by 𝑋𝑖 and 𝑉𝑖 which will be
updated for each iteration of the
𝑑 −dimensional search space. The new
position and speed of the dove 𝑖 of the titeration can be obtained by:
𝑉𝑖 (𝑡) = 𝑉𝑖 (𝑡 − 1). 𝑒 −𝑅𝑇
+ 𝑟𝑎𝑛𝑑. (𝑋𝑔 − 𝑉𝑖 (𝑡 − 1))
𝑋𝑖 (𝑡) = 𝑋𝑖 (𝑡 − 1) + 𝑉𝑖 (𝑡)
where 𝑅 = map and compass factor,
𝑟𝑎𝑛𝑑 = random value generated from a
uniform distribution [0,1], 𝑋𝑔 = best
position of pigeon which can be calculated by
comparing all positions among the whole
herd.
In the Landmark operator, the doves
are assumed to be far from their
destination and it is clear that they are
unfamiliar with the landmark. All pigeons
are ranked based on the fitness value and
𝑁𝑝
half of the pigeons ( 2 ), denoted by:

𝑁𝑝 (𝑡 − 1)
2
The central pigeons and the kept
pigeons will be sought in iteration 𝑡 where
the 𝑋𝑐 position is the desired goal, namely:
∑ 𝑋𝑖 (𝑡) . 𝑓𝑖𝑡𝑛𝑒𝑠𝑠(𝑋𝑖 (𝑡))
𝑋𝑐 (𝑡) =
𝑁𝑝 ∑ 𝑓𝑖𝑡𝑛𝑒𝑠𝑠(𝑋𝑖 (𝑡))
where 𝑓𝑖𝑡𝑛𝑒𝑠𝑠 (𝑋𝑖 (𝑡)) is the fitness value
of each pigeon in the flock.
The new position of the other pigeons
can be calculated by:
𝑋𝑖 (𝑡) = 𝑋𝑖 (𝑡 − 1)
+ 𝑟𝑎𝑛𝑑. (𝑋𝑐 (𝑡) − 𝑋𝑖 (𝑡 − 1))
where 𝑟𝑎𝑛𝑑 = random values generated
from a uniform distribution of [0.1]
The minimum optimization can be
found through 𝑓𝑖𝑡𝑛𝑒𝑠𝑠(𝑋𝑖 (𝑡)) =
𝑁𝑝 (𝑡) =

1

𝑓𝑚𝑖𝑛 (𝑥𝑖 (𝑡))+ 𝛿

where 𝛿 = the smallest positive number
and 𝑓𝑚𝑖𝑛 = minimum fitness of pigeons.
The maximum optimization can be
found
through
𝑓𝑖𝑡𝑛𝑒𝑠𝑠(𝑋𝑖 (𝑡)) =
𝑓𝑚𝑎𝑥 (𝑋𝑖 (𝑡)).
where 𝑓𝑚𝑎𝑥 = maximum fitness of
pigeons.
This research initialized the pigeon's
initial position as the Inflation parameter
to obtain the best position of the
pigeon((𝑋𝑖 )). Next, the clustering process
was carried out using the RMCL algorithm.
The RMCL-PIO algorithm process repeats
itself until the resulting matrix does not
experience a significant level of change
compared to the previous iteration,
specifically when the global chaos value is
less than the threshold = 103 (Amrullah &
Wisnubroto, 2019)
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Table 1. Pseudocode Algoritma RMCL-PIO
Input
Process

Output

Matrix adjacency 𝐴 from .csv file format of the SARS-CoV-2 (COVID-19) IPC data Pigeon
initialization/Inflation parameter [1,2], (max(𝑋𝑖 )) = [1,2]
Adding self-loop into the matrix, 𝐴 = 𝐴 + 𝐼
The normalized matrix of Markov 𝑀 and 𝑀𝐺 column of matrix A, where 𝑀 = 𝑀𝐺
The process is repeated until the obtained Global Chaos of matrix M < threshold 𝑒
The Pigeon Inspired Optimization algorithm process
𝑖 = 1 to 𝑁
𝑉𝑖 (𝑡) = 𝑉𝑖 (𝑡 − 1). 𝑒 −𝑅𝑇 + 𝑟𝑎𝑛𝑑. (𝑋𝑔 − 𝑉𝑖 (𝑡 − 1))
𝑋𝑖 (𝑡) = 𝑋𝑖 (𝑡 − 1) + 𝑉𝑖 (𝑡)
where
𝑡=𝑡+1
If 𝑁 > 1 and 𝑁 = 𝑁⁄2
𝑖 = 1 to 𝑁
∑ 𝑋𝑖 (𝑡) . 𝑓𝑖𝑡𝑛𝑒𝑠𝑠(𝑋𝑖 (𝑡))
𝑋𝑖 (𝑡) =
𝑁𝑝 ∑ 𝑓𝑖𝑡𝑛𝑒𝑠𝑠(𝑋𝑖 (𝑡))
Finding the pigeons’ central position
𝑋𝑖 (𝑡) = 𝑋𝑖 (𝑡 − 1) + 𝑟𝑎𝑛𝑑. (𝑋𝑐 (𝑡) − 𝑋𝑖 (𝑡 − 1))
The Regularized Markov Clustering algorithm process
Expansion 𝑀 ≔ 𝑀 ∗ 𝑀𝐺
Inflation 𝑀 = (𝑀, 𝑋𝑖 (𝑡))
Prune 𝑀𝑖𝑗 = 0 if 𝑀𝑖𝑗 < 𝑚𝑖𝑛𝑣𝑎𝑙
Producing M matrix cluster to be visualized using Cytoscape software.

Global chaos states that the rate of
change in the resulting matrix value of
each previous iteration can be obtained by
finding the maximum value of the
columns,
squaring
the
columns,
calculating the number of columns, and
the chaos value (Amrullah & Wisnubroto,
2019). The algorithm of the RMCL-PIO
method can be seen in the pseudocode.
RESULTS AND DISCUSSION
The research data utilized the proteinprotein interaction network data of
COVID-19 which can be accessed online on
the BioGRID database | The Biological
General Repository for Interaction
Datasets
via
the
website
https://thebiogrid.org/.
The
protein
interaction network of COVID-19 is stored
in a .txt format which contains the Official
Symbol Interactor A (protein A) and the
Official Symbol Interactor B (protein B)
(Rosen, 2012). The data obtained was in
the form of interactions between 2
proteins stored in the .csv file format and
can be visualized in graphs using
Cytoscape software (Figure 1).

The
obtained
protein-protein
interaction network data consisted of 547
proteins and 674 interactions between
other coronavirus-related proteins which
was saved in .csv file format. This file was
used as the value to be input in the RMCLPIO algorithm process. The proteins that
have a relationship are denoted by 1 and if
they have no relationship, they are
denoted by 0 (Golumbic, 2004).
The matrix data obtained was
converted into an adjacency matrix and
added a self-loop (Golumbic, 2004), then
the normalization was carried out in each
adjacency matrix column so that the
number of each column is equal to 1
(Rosen, 2012), denoted by:
𝐴(𝑖, 𝑗)
𝑀(𝑖, 𝑗) = 𝑛
∑𝑘−1 𝐴(𝑘, 𝑗)
where 𝐴(𝑖, 𝑗) = adjacency matrix.
Then, the RMCL-PIO algorithm was
used to initialize the pigeon/inflation
parameters with the ranges of [1,2]
((𝑋𝑖 )) = [1,2] and was repeated until the
resulting matrix did not change
significantly compared to the previous
iteration, in other words, the global chaos
value should be less than the threshold =
103 (Amrullah & Wisnubroto, 2019). Based
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on the RMCL-PIO simulation of the SARSCoV-2 (COVID-19) IPC data, the final result
adjacency matrix had been generated and
returned to the 2 protein relationships
visualized using Cytoscpace Software
(Figure 2).
The simulation results showed that
there were 50 protein interaction groups,
(Figure 2). A total of 8 groups had no
central protein because they only
consisted of the interaction of two
proteins. Then, 6 clusters had two proteins
bonded to the centers of clusters.
Furthermore, there were 36 clusters that
each had different cluster centers and
bound to different proteins. The 36
proteins as the center of the cluster
indicated that these proteins had a major
influence in the formation of SARS-CoV-2
(COVID-19) (Bustamam et al., 2018).
The ORF and ACE2 genes have been
widely reported to play a key role in the
spread of coronavirus (Kirchdoerfer &
Ward, 2019; Koyama et al., 2020; Meer et
al., 1998) and the results show that ORF8,
ORF9B, ORF9C, and ACE2 proteins are the
cluster centers that represent the
importance of these proteins in their
distribution (A.Khailany et al., 2020).
There are also NSP genes such as the
NSP13, NSP7, NSP8, and NSP12 proteins
that serve as the cluster centers and play a
role in triggering the initial coronavirus
infection (Wan et al., 2020).
The COVID-19 proteins present in 39
interaction clusters. Out of 50 simulated
clusters, 36 of them contained COVID-19
proteins as the cluster center. There are 8
clusters where the central proteins
consisted of 20 or more protein
interactions, namely the cluster with the
central protein of ORF8, NSP13, NSP7, M,
N, ORF9C, NSP8, and NSP12. Of the eight
COVID-19 proteins, there are two different
or new proteins compared to the SARSCoV, namely the ORF8 and ORF9C proteins
(Wu et al., 2020).

The central protein in the largest
interaction cluster, ORF8, is one of the 6
accessory proteins encoded in the COVID19 genome (A.Khailany et al., 2020).
Accessory protein is an additional protein
that assists other proteins during viral
replication or for other non-replicative
functions. ORF8 is reported to play a role
in the avoidance mechanism of the COVID19 virus from the immune response by
reducing the MHC-I expression by the
infected cells (Zhang et al., 2020). This is
thought to be done by mediating the posttranslation process of MHC-I modification
in the Endoplasmic Reticulum until it is
degraded in lysosomes (Zhang et al.,
2020).
Based on the clustering results, it can be
seen that several interacted proteins may

play a role in this process, namely OS9,
FOXRED2, POFUT1, ERLEC1, ER1LB, SIL1,
EDEM3, EMTC1, UGGT2, TOR1A, SDF2,
NGLY1, PLD3, PLEKHF2, and NEU1. These
proteins play a role in the process of
protein modification or the process of
protein degradation in the lysosome.
ORF9c protein is an accessory protein
whose function is unknown. The base
sequence of this protein-coding gene
overlaps with the ORF9b coding gene
which has a role in the defense of the virus
from the immune system. In the ORF9c
cluster, several proteins have functions
related to the immune response, including
NLRX1, ABCC1, GHITM, NDFIP2, and
F2RL1.
Also, there are several proteins
involved in the process of protein
degradation
through
proteasome
pathways,
energy
metabolism
in
mitochondria, or proteins related to RE
and Golgi bodies (Gordon et al., 2020).
Compounds that can inhibit ORF8 or
ORF9c protein interactions can be used as
drug candidates for COVID-19. This of course
still requires another testing stage to see the
inhibitory effect of each interaction contained
in the interaction cluster.
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Figure 1. SARS-CoV-2 (COVID-19) IPC
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Figure 2. The Clusterization Results of RMCL-PIO
CONCLUSIONS AND SUGGESTIONS
The simulation results of the SARSCoV-2 (COVID-19) IPC through pigeon
initialization ((𝑋𝑖 )) = [1,2] obtained the
best cluster results after doing 101
iterations which resulting in 42 proteins
as cluster centers and 8 interacting
protein pairs. The simulation took 1230
seconds to perform 101 iterations. There
were 39 clusters of COVID-19 proteins
that interacted with human proteins. The
interaction data can be used to search for
compounds that can inhibit these
interactions for the benefit of developing a
vaccine or drug for COVID-19.
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ABSTRACT
The study aimed to predict the chances of success from the use of
the Problem-based Learning (PBL) model compared to the
Teams Games Tournament (TGT) toward students’ learning
outcomes. The research was conducted to the eleventh-grade
students of Senior High School 106 Jakarta on the limit of
algebraic function material. The data were collected through
a posttest of 5 description questions. After the data had been
collected, it was analyzed using probit regression which can
provide more information than using just the means of two
populations. The independent variable was the class and the
dependent variable was the learning outcome. The class
independent variable was a dummy variable with the value of "1"
which applied the PBL model and the value of "0" was the class
that applied the TGT cooperative learning model. The resulting
probit regression model was the alleged Probit (mathematics
learning outcomes) = 1,114 - 0,483 (class). Based on the probit
regression model at the 5% significance level, it can be concluded
that the alleged students who were taught using the TGT
cooperative learning model had a 13% greater chance of
success/correct in working out the questions compared to
students who were taught using the PBL. The results showed that
the TGT cooperative learning model can improve students’
learning outcomes better.
http://ejournal.radenintan.ac.id/index.php/desimal/index

INTRODUCTION
Education is the process of learning
the knowledge, skills, and habits of a group
of people passed down from one
generation to the next through teaching

and learning so that the person can
develop their potential. According to
Dimyati and Mudjiono (Indrawan, 2016),
education is an action that enables the
learning process and development. From
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the two statements, it can be concluded
that education has an important role in
developing and creating the next
generation of nations that are intelligent,
skilled, and have intellectual abilities to
compete with other countries.
The interactive, inspirational, fun,
and challenging learning process could
motivate students to be active and provide
sufficient space for the initiative,
creativity, and independence based on
their talents, interests, and physical and
psychological development (Nurdiansyah,
dan Amalia, 2018). However, most of the
learning activities tend to be teachercentered. Some teachers argue that
learning that is only limited to providing
knowledge makes students less interested
in the learning process and bored when
the teachers describe the concept of
material. With the right learning strategies
and techniques, the quality of the learning
system and the quality of education can be
improved (Mukhid, 2007). Implementing
a correct and appropriate learning model
based on the needs in the classroom can
have a positive impact on improving
students’ learning outcomes (Nasution,
2018). Thus, to improve the quality of
education, appropriate learning models
are needed.
The learning model that can be
applied in class is the Problem-based
Learning (PBL) model. PBL as a
pedagogical strategy appalls to many
teachers because it offers an instructional
framework that supports active and group
learning premised on the belief that
effective learning takes place when
students both construct ideas through
social interactions and self-directed
learning (Yew & Goh, 2016). PBL model is
an approach to learning mathematics that
is contextual and facilitates problemsolving (Mahendra et al., 2019). Barrett in
a journal (Rahayu & Hartono, 2016) states
that the PBL model is a learning that is
resulted from the process of problemsolving. The advantages of the PBL model

include: (1) problem-solving in PBL is
helpful to understand the content of a
lesson, (2) the problem solving takes place
during the learning process that
challenges students' abilities and provides
satisfaction to students, (3) PBL can
increase learning activities, (4) PBL helps
the student to understand problems in
everyday life, (5) PBL helps students to
develop their knowledge and helps them
to take responsibility for their learning,
(6) PBL helps the students to understand
the essence of learning as a way of
thinking, not just understanding learning
based on textbooks, (7) PBL creates a
learning environment that is fun and wellliked by students, (8) PBL is applicable in
the real world, and (9) Pbl stimulates the
students to learn independently (B.
Wulandari & Surjono, 2013). As for the
weaknesses of the PBL model, according
to Sanjaya in the journal (Tyas, 2017), are
(1) If students do not have the belief that
the problem being learned is to be solved,
they will feel reluctant to try, (2) it needs
to be supported by books that can be used
in understanding the learning activities,
(3) it takes a long time, (4) this model does
not apply to many mathematics subjects.
One of the classroom action research that
has been conducted explains that the
application of the PBL learning model can
improve the learning process and improve
students' mathematics learning outcomes
(Saputri et al., 2019). The results showed
that the average value of the criteria of
minimum mastery before the action
research was 66,8%, the average value
after the first cycle was 82,8%, and the
average value after the second cycle was
95,2% (Pratama et al., 2018). In
conclusion, the PBL model can actively
involve the students in problem-solving
activities such as problem-solving, data
collection, data analysis, and concluding
the data.
Beside PBL, other learning models
that can make students more active in
learning are cooperative. According to
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Slavin (Yulianto et al., 2014), cooperative
learning is a learning model that
conditions students to learn, cooperate,
and actively interact in small groups that
meet the five main elements of
cooperative
learning.
Cooperative
learning models have various types, one of
the learning models that is expected to
improve student learning outcomes in
mathematics is by applying the Teams
Games Tournaments (TGT). According to
Isjoni (Damayanti & Apriyanto, 2017),
TGT cooperative learning model is one
type of cooperative learning that places
students in study groups consisting of 4-6
students who have different abilities, t
sexes, and races. According to Wartono et
al (Tiya, 2013), in TGT or game matches,
teams of students play a game of shuffling
cards with other team members to get
points. The advantages of the TGT
cooperative learning model are (1)
increasing the time spent on assignments,
(2) prioritizing acceptance of individual
differences, (3) spending less time to
master the material in-depth, (4) students
playing active roles in the learning
process, (5) educating students to
socialize with others, (6) improving
learning motivation, (7) achieving better
learning outcomes, and (8) increasing
thinking, sensitivity, and tolerance
(Susanna, 2018). The weaknesses of the
TGT cooperative learning model according
to Suarjana in a journal (Solihah, 2016)
are (1) it is hard for teachers to group
students who have heterogeneous
abilities from an academic perspective and
(2) some students have high abilities but
find it difficult to explain to their friends.
Previously, classroom action research had
been conducted which explained that the
application of the TGT type learning model
could
improve
students’
learning
outcomes (Herdian, 2016). Other results
showed that the percentage of mastery
learning outcomes in mathematics
increased from 63.6% to 83.3% after the
second cycle (Lestari et al., 2016). Based

on this statement, TGT can end with games
or tournaments in the hope that students
can work together in teams through
academic tournaments.
Learning outcomes are the ability,
skills, and attitudes obtained by students
after receiving the treatment given by the
teacher so that they can construct
knowledge in daily life. According to
Dimyati and Mudjiono in a journal
(Sulastri et al., 2015), learning outcomes
are things that can be viewed from two
sides, namely the student and teacher. In
terms of students, learning outcomes are a
better level of mental development when
compared to before learning. According to
Purwanto in a journal (Zulyadaini, 2017),
learning outcomes are changes in
students’ behavior due to learning. It can
be concluded based on the opinion of
some experts that learning outcomes are a
process or activity changes in individual
behavior after experiencing learnings.
These changes lead to better (positive)
directions.
Regarding the strength of the PBL
and TGT models, the researchers are
interested in comparing PBL and TGT
models because, in several previous
studies, these models were able to
improve students’ learning outcomes. The
novelty of this study is the use of
regression analysis to see the effect of
opportunities for the learning models
toward students’ learning outcomes. The
statistical analysis used was Probit
regression. According to Finney in a
journal (Fathurahman, 2019), probit
regression was discovered by Bliss in
1934. According to Bliss, the term "Probit"
in probit regression stands for
"probability unit" so it can state that
Probit regression is a regression model
related to unit probability. The probit
regression can provide more information
than using just two population means. By
using Probit regression analysis, the
results of this study will be able to provide
information
about
the
significant
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influence of the learning model toward
student learning outcomes.
Probit
regression can be used to predict the
chances of success based on the learning
outcomes of students who got the TGT
cooperative learning model compared to
PBL or vice versa.

30
20
10
0
XI IPS 4

XI IPS 1
Male

Female

METHOD
The approach of this study was the
quantitative approach that emphasizes its
analysis of numerical data with the
statistical method (Rusmawati et al.,
2013). The quasi-experimental was
employed by applying two learning
models, namely the PBL model and the
TGT model with matched group designs.
The population in this study were all
eleventh-grade students of Senior High
School 106 Jakarta on the limit of algebraic
function material in the second semester
of 2019/2020 academic year.
The
population consisted of 7 classes.
However, the sample used to represent
the population was only 2 classes with the
same number of students in each class.
The selection of class was based on a
homogeneity test to see whether the
sample has the same data or not (Mursalin
et al., 2016).
Table 1. Homogeneity Test
Levene Statistic
5.373

df1
1

df2
68

Sig.
.023

The selected classes were class XI
IPS 1 and XI IPS 4 because they had the
same number of students in each class,
namely 35 students. Based on the result of
the homogeneity test calculation, a
significance value of 0.023 was obtained
from the data or the scores of the firstsemester assessment. The significance
value was 0.023 < 0.05, so it can be
concluded that class XI IPS 1 and XI IPS 4
had the same or homogeneous variant.
After that, the study can be continued by
giving treatment to each class (Sibuea, M.
F. L. dan Handayani, 2019).

Figure 1. Number of Students in Each
Class
The first experimental class was XI
IPS 4 which consisted of 17 male students
and 18 female students with a total of 35
students to be given PBL learning model
treatment and the second experimental
class was XI IPS 1 which consisted of 20
male students and 15 female students
with a total of 35 students to be given the
TGT
cooperative
learning
model
treatment. In this study, researchers used
the limit of algebraic function material.
Each class had 8 x 2 hours of face-to-face
meetings. The last 1 hour at the 8th
meeting was to take the score of students’
mathematic learning outcomes.
50
48
46
44
42
40
XI IPS 4

XI IPS 1

Figure 2. Average Score before
Treatment
Based on Figure 2, it was found that
the average score of the PBL model class
was 48 before treatment. It was higher
than the TGT cooperative learning model
class which was 43.66 with a difference of
4.34.
The treatment implemented in the
first experimental class was the PBL
model. According to Arends in a journal
(Nafiah & Suyanto, 2014), there are 5 steps
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in implementing PBL, namely (1) orienting
students to problems, (2) organizing
students to research, (3) helping
independently and in groups, (4)
developing and presenting the work, (5)
analyzing and processing the problem.
The treatment implemented in the second
experimental class was the TGT
cooperative learning model. According to
Slavin in a journal (Tiya, 2013). the steps
in implementing TGT cooperative learning
model are (1) teacher teach as usual, (2)
students learn in heterogeneous groups,
(3) each student join a tournament to
compete where each tournament table
consists of representatives from each

group with the same ability, (4) after the
game is over, all students return to their
respective groups, and (5) the teacher
announces the score of each group and
rewards the winning group.
To ensure the true result of
treatment, the students' mathematical
learning
outcomes
were
taken
simultaneously and closely monitored.
The research instrument had been tested
for validity and reliability, the number of
samples may not change, and the ability
and the experience of the teachers who
conducted
the
experiments
were
relatively similar.

Table 2. Values of Pearson Correlation for Item 1 – Total Score
Item 1
Item 2
Item 3
Item 1
1
-0.044
-0.017
Item 2
-0.044
1
0.099
Item 3
-0.017
0.099
1
Item 4
0.195
0.362*
0.378**
Item 5
0.423**
0.002
0.133
Total Score
0.517**
0.466**
0.588**
**: Correlation is significant at the 0.01 level (2-tailed).
*: Correlation is significant at the 0.05 level (2-tailed).

Based on Table 2, the value obtained
for item 1 was 0.517, item 2 was 0.466,
item 3 was 0.588, item 4 was 0.678, and
item 5 was 0.573. The value of each
question when compared to 30
respondents was 0.361 at the 5%
significance. The results of item 1 were
0.517 > 0.361, item 2 were 0.466 > 0.361,
item 3 were 0.588 > 0.361, item 4 were
0.678 > 0.361, and item 5 were 0.573 >
0.361. Based on the results of the validity
of the instrument, it was found that the 5
items tested were valid. The researchers
could continue testing the reliability of the
items. The result of the calculation of the
reliability test by employing the
Cronbach’s alpha was 0.470. The
Cronbach’s alpha value was 0.470 < 0.600,
thus, it can be concluded that the items
were included in the medium reliability
category so that the researchers could use
these
questions
as
instruments
(Dhamayanti et al., 2018). The data of this

Item 4
0.195
0.362*
0.378**
1
-0.026
0.678**

Item 5
0.423**
0.002
0.133
-0.026
1
0.573**

Total Score
0.517**
0.466**
0.588**
0.678**
0.573**
1

study was in the form of quantitative data
obtained from the scores of students’
mathematic learning outcomes after being
given different learning models in each
class. The instrument used to measure the
students' mathematical learning outcomes
was an instrument that consisted of 5 item
descriptions of the limit of algebraic
function material that had passed the
validity and reliability tests. Then, the
scores were analyzed with Probit
regression to predict the chances of
success based on the comparison of the
applied learning models. By using
regression analysis, this study revealed
the significant effect of the learning
models on students’ learning outcomes.
Then, based on the result of Probit
regression analysis, the prediction of
chances of success from the learning
outcomes of students who got the TGT
cooperative learning model compared to
the PBL model or vice versa was obtained.
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Probit regression analysis is an
analysis used to see the relationship
between the dependent variable that is
categorized as qualitative and the
independent variables that are qualitative
or quantitative. The Probit model uses the
Normal Cumulative Distribution Function
(CDF) to explain the equation function.
The independent variable of this study
was the dummy variable, namely the class
given the PBL model notated by the
number "1". Classes given the TGT
cooperative learning model was notated
by the number "0". Then, the dependent
variable was the value of students’
learning outcomes in the form of a
percentage (Marlena & Nugraheni, 2019).
In this case, the variable Y was the
probability of a student getting the correct
answer (success) from the overall score.
For example, if the total score is 100 and
the student has a correct score of 78, then
the Y variable value is equal to 78/100,
78%, or 0.78.
The Probit regression model can be
written as follows:
𝑝𝑟𝑜𝑏𝑖𝑡 [𝜋(𝑥 )] = 𝛼 + 𝛽0 + 𝛽1 𝑥1 +. . . +𝛽𝑝 𝑥𝑝
Probit regression parameters are
𝛽𝑖 = (𝛽1 , 𝛽2 , … , 𝛽𝑝 ) and the independent
variables are 𝑥𝑖 = (𝑥1 , 𝑥2 , … , 𝑥𝑝 ) (Alan
Agresti, 2018).
Probit regression analysis used was
a single probit regression analysis to see
the effect of each independent variable
individually on the response variable
conducted by modeling individually(E.
Wulandari & Sutanto, 2013). Statistical
testing was done to determine whether
the independent variables contained in
the model had a real (significant)
relationship with the dependent variable
with the help of SPSS software.
The partial test had been carried out
to test the significance of the β coefficient
partially by comparing the alleged β with
the standard error estimator with the
hypothesis:

H0: βj = 0 (The class does not significantly
affect the value of students'
mathematics learning outcomes)
H1: βj ≠ 0 (The class significantly influence
the
value
of
students'
mathematics learning outcomes)
with Wald-test statistics:
𝛽̂𝑗2
𝑊=
2
𝑆𝐸(𝛽𝑗 )
Description:
𝛽𝑗 = Estimator for 𝛽𝑗
𝑆𝐸= Standard error estimator 𝛽𝑗
W test statistics followed the
standard normal distribution. The testing
was done by comparing the Wald test
statistics with the standard normal
distribution at a significant level α. H0 is
rejected if the value of |W| > Zα/2 or p-value
< α.
Simultaneous tests were carried out
to check the significance of the β
coefficient as a whole or simultaneously
with the hypothesis:
H0: β1 = β2 = … = βp = 0
H1: There is at least one βj ≠ 0 ; j=1,2,…,p
However, since the independent
variable used in this study was only one
(dummy variable), the overall test
hypothesis was no different from the
partial test, namely:
H0: βj = 0 (the class does not significantly
affect the value of mathematics
learning outcomes of students)
H1: βj ≠ 0 (the class significantly influences
students' mathematics learning
outcomes)
The test statistic carried out was the
G2 test or likelihood ratio test, namely:
𝑛

𝐺 2 = −2𝑙𝑛 [

𝑛1

( 𝑛1 )

𝑛

𝑛𝑜

( 𝑛0 )

∑𝑛𝑖=1 𝜋̂𝑖𝑦1 (1 − 𝜋̂𝑖 )1−𝑦1

]

Description:
n1 = the number of valuable observations
y=1
n0 = the number of valuable observations
y=0
n = n1 + n0
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The G2 test statistics followed the χ2
RESULTS AND DISCUSSION
distribution. The testing was done by
Based on the results of the final test
comparing the G2 test statistic value and
data,
the PBL learning model class
the χ2 table value with the degree of
obtained an average value of 73.60 and the
freedom v (number of parameters) at the
TGT cooperative learning model class
significant level α. H0 is rejected if the
obtained an average value of 86.74 with a
value of G2 > χ2(v, α) or p-value < α (E.
difference of 13.14. Thus, it can be said
Wulandari & Sutanto, 2013).
that the class applying the TGT
According to Hosmer & Lemeshow
Cooperative learning model obtained a
(Permatasari, 2016), Goodness of Fit Test
higher average value.
is used to find out whether there is a
significant difference between the
Table 1. Parameter Estimation of Probit
regression model and the model
Regression
predictions with the hypothesis:
Parameter
Estimate Significance
H0: Model is appropriate (there is no
Class
-0,483
0,000
Intercept
1,114
0,000
difference between the regression
model and the model predicted)
Table 3 shows the Probit regression
H1: Model does not match (there is a
model obtained as follows: Probit
difference between the regression
(mathematic learning outcomes) = 1,114 model and the results of the model
0,483 class. Then, the table also shows a
prediction)
partial test result for independent
Test Statistics:
2
𝑔 (𝑂 − 𝑛′ 𝜋
variables. The significance value of the
𝑘
𝑘 ̅𝑘)
𝑋2 = ∑
"Class" was 0,000. This value was less than
̅ 𝑘 (1 − 𝜋̅𝑘 )
𝑘 𝑛′𝑘 𝜋
the level of significance set at 5%. This
Where 𝑂𝑘 is the number of response
shows that the dummy class variable
variable values in the k-th observation, 𝜋̅𝑘
significantly influences the likelihood or
is the average of estimated probabilities, g
opportunity of students’
learning
is the number of observations, and 𝑛′𝑘 is
outcomes.
the number of subjects in the k-th
observation. H0 is rejected if the value of
𝑋 2 > 𝑋 2 (α, g – 2) or p-value < α.
Table 2. Probit Regression Calculation
Model
PBL
TGT

Probit (value)
= 1,114 – 0,483 class
= 1,114 – (0,483 × 1)
= 0,631
= 1,114 – (0,483 × 0)
= 1,114

The Probit regression calculation
shows that students in the PBL model
class had a 74% chance of success in
mathematic learning outcomes. Students
in the TGT Cooperative learning model
class had an 87% chance of success in
mathematic learning outcomes.
Table 3. Pearson Goodness-of-Fit
Chi-Square
1433,011

Df
68

Significance
0,000

Standard Normal
Table at 5% Level
0,7357

ZTab × 100%

0,8729

87%

74%

The significance value obtained
was 0,000 < 0.05 so that in testing the
suitability of the model, H0 was rejected.
This means that at the 5% level, the
Probit regression model in the
independent variable class was suitable
for estimating the Probit values of
students’ learning outcomes.
Based on previous research, the
mathematics learning outcomes of the
TGT cooperative learning model is better
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than the PBL model because the TGT
model actively involves students and
teachers as facilitators according to the
2013 curriculum (Wahartojo et al.,
2016). Previous research has not shown
the size of the effect of the chance of
success on the TGT cooperative learning
model. However, in this research, it was
revealed that the effect was 13% greater
than the PBL model. Students must also
learn to do their work to contribute to
their group (Yunita et al., 2020). The
results of this analysis indicated that by
applying the TGT cooperative learning
model, students’ learning outcomes can
be improved. It can be used in the
teaching and learning process to improve
students’ activeness, higher learning
motivation, sensitivity, and tolerance.
CONCLUSIONS AND SUGGESTIONS
Based on the result of the study, it
can be concluded that the TGT
cooperative learning model significantly
influenced students’ learning outcomes.
Students who were given the PBL
learning model treatment had a 13%
lower chance of success. Judging from the
average score obtained, the class that
applied the TGT cooperative learning
model obtained an average score of
86.74 while the class that applied the PBL
learning model obtained an average
value of 73.60.
Based on these findings, it is
suggested that teachers use the TGT
cooperative learning model to assist the
learning process in the classroom on the
limit of algebraic function material
because this learning model is
statistically significant in improving
students’ learning outcomes. Group
learning can help students and teachers
to overcome some difficulties in the
learning process with less time to master
the material in-depth as well as to
educate students to practice socializing
with others.
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ABSTRACT
Indonesia is a tropical country that has two seasons, rainy and dry.
Nowadays, the earth is experiencing the climate change phenomenon
which causes erratic rainfall. The rainfall is influenced by several
factors, one of which is the local scale factor. This research was aimed
to build a rainfall model in Sulawesi to find out how the rainfall
relationship with local scale factor in Sulawesi. In this research, the
data used were secondary data which consisted of 15 samples with 6
variables from Badan Pusat Statistik (BPS). The limitation of the
sample size in this study was due to the limited secondary data
available in the field. The data was processed using Principal
Component Regression Analysis. The first step was reducing local
scale factor variables so that the principal component variable could
be obtained that can explain variability from the original data which
then that variable was analyzed using principal regression analysis.
The data were analyzed by utilizing R Studio software. The results
show that two principal component variables can explain 75.2% of
the variability of original data and only one principal component
variable that was significant to the rainfall variable. The regression
model explained that the relationship between rainfall, humidity, air
temperature, air pressure, and solar radiation was in the same
direction while the relationship between rainfall and wind velocity
was not in the same direction. Overall, the results of the study
provided an overview of the application of the Principal Component
Regression analysis to model the rainfall phenomenon in the Sulawesi
region using the R program.
http://ejournal.radenintan.ac.id/index.php/desimal/index

INTRODUCTION
Rain
is
a
common
natural
phenomenon that occurs around the
world. The climate change phenomenon
caused by the greenhouse gas effect, the
rainfall has been erratic. Meanwhile,

rainfall is needed as an estimator of water
availability for local living things which
determines the boundaries of the rainy
season and dry season and controls flood
and drought disasters. The intensity of
rainfall is usually influenced by several
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factors, one of which is the local scale
factor. The local scale factor refers to the
air humidity, air temperature, air
pressure, wind speed, solar radiation, and
so on. Sulawesi is one of the areas in
Indonesia that is considered to have quite
low rainfall because the rainfall is around
1000-2000 mm/year.
Several scientific papers have
discussed rainfall models, one of which is
the sea surface temperatures rainfall
model in West Kalimantan using the
Stepwise Regression method (Handiana et
al., 2016) and rainfall estimation model
with climatic factors in Bangladesh using
Multiple Regression Analysis (Navid &
Niloy, 2018). Based on the mentioned
scientific works, the methods employed
were less than optimal because they did
not consider the multicollinearity
problem. As a result, the models obtained
contained multi-collinearity problems so
that the models should be improved.
At present, there have been many
scientific works that employ analytical
methods
to
overcome
the
multicollinearity problem, for example,
overcoming
the
problem
of
multicollinearity
using
the
Ridge
Regression (Gorgees & Ali, 2017),
overcoming the multicollinearity problem
on factors that affect the human
development index in East Java using
Principal Components Analysis (Sudrajat,
2016),
and
overcoming
the
multicollinearity problem in the factors
that affect the JCI on Indonesia Stock
Exchange using the Latent Root
Regression. The analysis methods used in
the mentioned scientific papers were
generally assisted by Microsoft Excel, SAS,
and SPSS (Untari & Susanti, 2017).
In this research, a rainfall model was
built based on multivariate data in the
Sulawesi
Region
using
Principal
Component Regression Analysis to
overcome the multicollinearity problem,
so that the right model could be obtained

for prediction studies with the help of R
Studio software.
METHODS
The method used in this research was
a literature study for theoretical studies
and experimental studies through
simulation and data processing with the
Principal Component Regression model.
The Basic Concepts of Principal
Component Regression Analysis
One of the basic concepts of algebra
used is the eigenvalues and eigenvectors
associated with Principal Component
Analysis. The eigenvalues of matrix A is
𝑛 × 𝑛, notated by:
det(λ𝐈 − 𝐀) = 0
(1)
(Johnson & Wichern, 2007)
The concept of correlation is also
needed to describe the linear relationship
between two or more quantitative
variables. The correlation value is a
standardized covariance. If the correlation
value between the independent variables
is strong enough, it can cause
multicollinearity.
If
there
is
multicollinearity, a variable that has a strong
correlation with other variables in the
regression model might have an unreliable
and unstable power of prediction (Rencher,
2002).
Regression Analysis
Regression analysis is a statistical
method for examining, modeling, and
predicting
relationships
between
variables. The relationship of a model can
be expressed in an equation that connects
the independent variable (𝑋) with the
dependent variable (𝑌) (Montgomery et
al., 2012). In general, a regression model
with 𝑝 independent variables and 𝑛
observation can be written as follows:
𝑌𝑖 = 𝛽0 + 𝛽1 𝑋𝑖1 + 𝛽2 𝑋𝑖2 + ⋯ + 𝛽𝑝 𝑋𝑖𝑝 +
𝜀𝑖 ; 𝑖 = 1,2, … , 𝑛
(2)
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(6)

The regression equation model, in
general, can also be written in matrix
notation as follow:
𝑌 = 𝑋𝛽 + 𝜀

(3)

In estimating the 𝛽 parameter, the
Least Square Method can be performed if
the
data
does
not
contain
multicollinearity. It can be calculated as
follows:
𝛽̂ = (𝑋 ′ 𝑋)−1 𝑋′𝑌

(4)

where 𝛽̂ is an unbiased estimate for
the parameter 𝛽, such that 𝐸(𝛽̂) = 𝛽.
Principal Component Analysis
Principal Component Analysis (PCA)
was first discovered by Karl Pearson in
1901 and named PCA by Harold Hotelling
in 1933. According to (Sudrajat, 2016),
Principal Component Analysis is the best
method to solve the problem because it
can overcome the multicollinearity
(correlation is zero) in all research data
conditions. PCA can be formed based on a
covariance matrix or a correlation matrix.
If 𝛼 is an orthogonal matrix of 𝑝 × 𝑝,
the principal component is defined as a
combination of 𝑝 original independent
variable that can be expressed in the form
of a matrix as follows:
′

𝐖=𝛂𝐗
(5)
𝑊1
𝑊
( ⋮2)
𝑊𝑝
𝛼11
𝛼12
=( ⋮
𝛼1𝑝

𝛼21
𝛼22
⋮
𝛼2𝑝

⋯
⋯
⋱
⋯

𝛼𝑝1
𝑋1
𝛼𝑝2
𝑋2
)
(
⋮
⋮)
𝛼𝑝𝑝
𝑋𝑝

Description,
𝛼: The eigenvector matrix of 𝑝 × 𝑝
𝑋: The original variable vector of
𝑝 × 1
in the form of a linear combination, ut
can be notated as:
𝑊𝑗 = 𝛼𝑗′ 𝑋 = 𝛼1𝑗 𝑋1 + 𝛼2𝑗 𝑋2 + ⋯
+ 𝛼𝑝𝑗 𝑋𝑝 ; 𝑗
= 1,2,3, … , 𝑝
(7)
If 𝑝 𝑜𝑓 the original variable is
measured with different units of
measurement, the variable is transformed
into a standard score (standardization).
Standardization of the original variable 𝑋
into the 𝑍 score can be done using the
following formula:
𝑊𝑗 = 𝛂′𝐣 𝐗 = 𝛼1𝑗 𝑋1 + 𝛼2𝑗 𝑋2 + ⋯ + 𝛼𝑝𝑗 𝑋𝑝
; 𝑗 = 1,2,3, … , 𝑝
(8)
The criteria of the Principal
Component Analysis with a correlation
matrix is to use principal components with
more than one eigenvalues (𝜆𝑗 ≥ 1). The
cumulative percentage variance of the
principal component representing the
total data variance (information) of the
independent variables is approximately
75%.
Principal
Component
Regression
Analysis
According to (Mariana, 2013),
Principal Component Regression Analysis
is a principal component analysis
technique that is combined with
regression analysis where the principal
component analysis is used as the analysis
stage. The principle of the Principal
Component Regression analysis is to
select several principal components that
will be used as independent variables in
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regression by estimating the regression
coefficient using the Least Square Method.
There are two ways of forming
Principal Component Regression through
principal component analysis, namely
using a covariance matrix or a correlation
matrix (Jolliffe, 2010). Both methods are
used depending on the condition of the
observation range of the independent
variable.
If matrix 𝐴 is an orthogonal matrix
𝑝 × 𝑝 with 𝐴′𝐴 = 𝐴𝐴 ′ = 𝐼 where 𝑊 =
𝑋𝐴, then the multiple linear regression
equations process becomes the Principal
Component Regression as follows:
𝑌 = 𝑋𝛽 + 𝜀
𝑌 = 𝑋𝐴𝐴′𝛽 + 𝜀
𝑌 = 𝑊𝜃 + 𝜀
(9)
where 𝜃 denotes the vector of the
regression parameter and 𝜃 = 𝐴′𝐵.
The Principal Component Regression
model that has been reduced to 𝑘 principal
components is stated as follows:
𝑌 = 𝜃0 1 + 𝑊𝑘 𝜃𝑘 + 𝜀

(10)
Where:
𝑌: Dependent variable vector with the size
of 𝑛 × 1
𝑋: Independent variable matrix with the
size of 𝑛 × 𝑝
𝛽: Regression coefficient vector with the
size of 𝑝 × 1
1: Vector with all elements equal 1 with
the size of 𝑛 × 1
𝑊𝑘 : Variable matrix principal component
with the size of 𝑛 × 𝑘
𝜃𝑘 : Vector of Principal Component
Regression coefficient with the size of
𝑘 × 1
𝜀: Vector of error/residual with the size of
𝑛 × 1
In measuring the accuracy of the
Principal Component Regression model,
several significant tests had been
performed on the regression coefficient,

namely
the
Principal
Component
Regression coefficient test as a whole with
the F-test and the Principal Component
Regression coefficient test individually
with the t-test. After obtaining the
significant principal component variable
to the dependent variable, an estimate of
the Principal Component Regression
model could be obtained. Then, the
Principal Component Regression model
could be transformed back into the
original independent variable form to see
the relationship or influence between the
independent and dependent variables.
R Studio Software in Principal
Component Regression Analysis
R studio is software related to
computing and data processing for
statistics (Chambers, 2008). R Studio is an
integrated development environment
(IDE) for R software which is a
programming language for statistics and
graphics. R Studio was founded by JJ
Allaire, the creator of the ColdFusion
programming language. R Studio is partly
written in the C++ programming language.
The development of R Studio was started
in December 2010 and version 1.0 was
released on November 1, 2016.
The steps for using R Studio in
Principal Component Regression Analysis
refer
to
the
PCR
blog
at
http://www.milanor.net. The summary of
the steps is as follows:
1. Insert the packages to be used
2. Input the research data
> data = read.csv ("data.csv")
3. Standardize the independent variables
into standard form
> Z = scale (data $ X)
4. Create a correlation matrix between
standard independent variables
> R = cast (Z )
5. Calculate the eigenvalues of the
correlation matrix
> eigen (R) $ values
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6. Determine the principal component
scores and principal components to be
used
> PCA = princomp (Z, scores = TRUE)
> summary (PCA)
> PCA $ loadings
> Score = PCA $ scores [1: n,]
7. Perform the Principal Component
Regression
variables
with
the
dependent variables
> reg = cbind (Y, score)
> regression = data.frame (reg)
> regression
> PCR = lm (Y ~ Score1 + Score2,
regression)
> summary (PCR)
(Alice, 2016)
Research Data
The data used in this research were
the data of rainfall, humidity, air
temperature, air pressure, wind speed,
and solar radiation in 15 districts/cities of
Sulawesi in 2018. The data were obtained
from the Badan Pusat Statistik (BPS)
Sulawesi as presented in Appendix 1.

Based on the research variables in
Appendix 1, the dependent variable could
be determined, namely the rainfall(𝑌). The
independent variables were humidity(𝑋1 ),
air temperature(𝑋2 ), air pressure(𝑋3 ),
wind speed(𝑋4 ), and solar radiation(𝑋5 ).
RESULTS AND DISCUSSION
Building the Principal Component
Regression Model
In this section, a rainfall model had
been built in Sulawesi, especially at the 15
studied points using the Principal
Component Regression Analysis by
performing the following steps:
Standardizing
the
Independent
Variables
In this step, the original independent
variables (𝑋) were transformed into
standardized independent variables (𝑍)
using equation (10) because they had
different measurement scales. Through
the R Studio data processing, the
standardized independent variables could
be obtained as displayed in table 1.

Table 1. The Standardized Independent Variables
𝒏
1
2
3
⋮
14
15

𝒁𝟏
0.78
-0.81
0.78

𝒁𝟐
-1.63
0.41
-1.63

𝒁𝟑
-1.52
-0.16
-1.52

𝒁𝟒
-0.61
-0.61
-0.61

𝒁𝟓
-0.32
-0.01
-0.32

-1.35
-0.81

2.10
0.41

1.20
0.68

0.69
0.69

-0.73
-0.73

Establishing a Correlation Matrix
between Standardized Independent
Variables
In this step, the correlation matrix
between the standardized independent
variables(𝑍) was formed to see whether

the multicollinearity problem present or
not. The correlation between the five
standardized independent variables was
calculated using equation (3) and through
R Studio data processing. The data can be
seen in Table 2.
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Table 2. The Correlation between Standardized Independent Variables
𝑍1
𝑍2
𝑍3
𝑍4
𝑍5

𝒁𝟏
1.00
-0.36
-0.19
-0.46
0.22

𝒁𝟐

𝒁𝟑

𝒁𝟒

𝒁𝟓

1.00
0.83
0.44
0.18

1.00
0.47
0.35

1.00
0.08

1.00

Based on Table 2, it can be seen that
there are a pair of variables, namely 𝑍2 and
𝑍3 with a correlation value of 0.83, Thus, it
can be concluded that the data contained
multicollinearity problem. This can cause
the predicted value generated to be unable to
predict the dependent variable precisely.

Determining
Eigenvalues
and
Eigenvectors
In this step, the eigenvalues and
eigenvectors were calculated as in
equations (1) and (2). Through R Studio
data processing, the obtained eigenvalues
and eigenvectors are as follows:

Table 3. Eigenvalues and Eigenvectors of the Research Variables
𝑍1
𝑍2
𝑍3
𝑍4
𝑍5
Eigenvalues
Proportion
Commulative Proportion

𝑾𝟏
-0.33
0.57
0.56
0.47
0.18
2.449
0.490
0.490

𝑾𝟐
0.61
0.06
0.26
-0.23
0.71
1.312
0.262
0.752

Determining the Score of Principal
Component Variables and Principal
Component Variables to be Used
In this step, the principal component
variable scores were calculated using the

𝑾𝟑
-0.21
-0.48
-0.31
0.59
0.53
0.635
0.127
0.879

𝑾𝟒
0.67
-0.09
0.11
0.60
-0.41
0.465
0.093
0.972

𝑾𝟓
0.16
0.66
-0.71
0.13
0.10
0.138
0.028
1.000

equation (9). Through R Studio data
processing software, the scores of the
principal component variables were
obtained.

Table 4. The Principal Component Variable Scores
𝒏
1
2
3
⋮
14
15

𝑾𝟏
-2.38
0.13
-2.38

𝑾𝟐
-0.11
-0.38
-0.11

𝑾𝟑
0.55
-0.33
0.55

𝑾𝟒
0.26
-0.96
0.26

𝑾𝟓
0.02
0.18
0.02

2.51
1.08

-1.05
-0.97

-1.06
-0.21

-0.23
0.22

0.34
-0.33

Based on Table 4, it can be seen that
the eigenvalues were greater than one
(𝜆 ≥ 1) on the first two principal
components with eigenvalues of 2,449 and
1,312. Both principal components were
able to explain 75.2% of the diversity of
the entire original data. Therefore, the

principal components used were 𝑊1 and
𝑊2 .
Performing
Principal
Component
Regression Variables Determined by
the Dependent Variable
In this step, the Principal Component
Regression model was built by estimating
the Principal Component Regression
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coefficients using the Least Square Method
(6). Through R Studio data processing
software, the Principal Component
Regression coefficient (𝜃) can be obtained
so that the Principal Component
Regression model can be written as
follows:
𝑌̂ = 1678.37 + 16.84 𝑊1 + 66.36 𝑊2

To find out whether there is a
principal component variable (𝑊)
contributed to the dependent variable (𝑌),
the overall regression coefficient test was
carried out using the F test. Based on the
Anova table and the R Studio data
processing software, the results are as
follows:

Table 6. Test Results of Regression Coefficient Variable for Principal Components 𝑊1
and 𝑊2 with Dependent Variables 𝑌
𝑭𝒐𝒃𝒔𝒆𝒓𝒗𝒆𝒅 (𝑭𝒉 )
4.04

Based on Table 6, it can be seen that
𝐹ℎ > 𝐹𝑡 , then 𝐻0 was rejected. It can be
inferred that there was at least one
principal component variable (𝑊)
contributed to the dependent variable (𝑌).

𝑭𝒄𝒓𝒊𝒕𝒊𝒄𝒂𝒍 (𝑭𝒕 )
3.89

Then, to determine whether there was
a contribution from each principal
component variable (𝑊) to the dependent
variable (𝑌), an individual regression
coefficient test was performed using the ttest. The results of the test are as follows:

Table 7. The Result of t-test for the Regression Coefficients Variableof Principal
Components 𝑊1 and 𝑊2 on the Dependent Variables 𝑌
𝑊1
𝑊2

𝒕𝒐𝒃𝒔𝒆𝒓𝒗𝒆𝒅 (𝒕𝒉 )
0.93
2.69

Based on Table 7 it can be seen that
|(𝑡ℎ )1 | < 𝑡𝑏 , then 𝐻0 was accepted. Thus, it
can be concluded that the principal
component of the variable 𝑊1 did not
significantly influence the dependent
variable 𝑌. Then, it can be seen that
|(𝑡ℎ )2 | > 𝑡𝑏 , then 𝐻0 was rejected.it can be
concluded that 𝑊2 significantly influenced
the dependent variable 𝑌. Thus, since only
the principal component variable 𝑊2
contributed to the dependent variable 𝑌,
the estimated Principal Component
Regression model are as follows:
𝑌̂ = 1678.37 + 66.36 𝑊2
The principal component variable 𝑊2
was the variable that represented the
independent variable of the original data,
so, the obtained Principal Component
Regression model can be transformed

𝒕𝒄𝒓𝒊𝒕𝒊𝒄𝒂𝒍 (𝒕𝒃 )
2.18

back into the original variable because the
principal component variable was
standardized. The final model of the
regression model can be denoted by:
𝑌̂ = −9977.02 + 21.53 𝑋1 + 6.75 𝑋2
+ 9.03 𝑋3 − 19.81 𝑋4
+ 10.61 𝑋5
CONCLUSION
Based on the description, it can be
concluded that a rainfall model in the
Sulawesi region with local-scale factors on
secondary data obtained from Badan
Pusat Statistik (BPS) can be built using
Principal Component Regression analysis
assisted by R Studio software. The five
original independent variables were
reduced to two principal component
variables which can explain 75.2% of the
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original data diversity and only one
principal component variable that was
significant to the dependent variable.
Thus, a regression model has been
obtained which shows the relationship
between rainfall, air humidity, air
temperature, air pressure, and solar
radiation is unidirectional while the
relationship between rainfall and wind
speed is not unidirectional. The use of R
Studio can simplify and speed up the
calculations of the Principal Component
Regression Analysis.
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ABSTRACT
The mathematical critical thinking ability is part of a very
important mathematical curriculum. The purpose in this study
was to analyze the influence of Deep DCT Learning and the
motivation to learn from the mathematical critical thinking ability.
Research in is a quantitative study with the type of Quasy
experimental Design by using post-test only control. Sampling
techniques are performed by means of Random Sampling. Data
retrieval is done by giving post-Test and poll. The analysis test
used is a two way variances analysis (ANAVA). Based on the
research results analyzed that: There is an influence between
Deep DCT Learning to the mathematical critical thinking ability,
there is a high, moderate and low motivation influence on
mathematical critical thinking Skills, There is no interaction
between Deep DCT Learning and the motivation to learn the
ability of critical thinking mathematically.

INTRODUCTION
The 4.0 era development demands a
lot of transformation in the world of
education, one of which is the
mathematical knowledge that must be
learned (Thahir et al., 2019). Changes are
considered
important
because
mathematical reasoning is important in
solving problems, making decisions,
providing
confidence,
analyzing,
assuming, and conducting mathematical
scientific research (Rosmaiyadi, 2017).
also, critical-thinking ability helps

http://ejournal.radenintan.ac.id/index.php/desimal/index

students to express their opinions,
develop their ideas (Fakhriyah, 2014;
Rodiyana, 2015), analyze a problem, and
conclude a decision from a problem (Sari,
2015; Sihotang, 2014). Several factors are
thought to influence mathematical criticalthinking ability, including subject matter,
indicators, learning model, and learning
media (Jumaisyaroh et al., 2015; Nadiya et
al., 2016).
One of the learning models for
critical thinking skills is Deep DCT which
prioritizes the ability to have a deep
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dialogue with one another (Alimni, 2017;
Sakban, 2015). It relies on the criticalthinking ability to analyze problems so the
right
decisions
could
be
made
(Permatasari & Setyowati, 2016; Sani,
2019). Other factors affect the process of
learning activities called learning
motivation. It is said that motivation is
characterized by the emergence of feelings
(Cleopatra, 2015; Wenty, 2020). In this
case,
motivation
is
relevant
to
psychological, affection, and emotional
issues that can determine human behavior
(Mayliana & Sofyan, 2013; Suardana &
Simarmata, 2013). The function of
motivation is to encourage humans to act,
determine the direction of action, achieve
goals, and select which actions to do
(Cahyani et al., 2017; Suprihatin, 2015;
Tasrim & Elihami, 2020).
Deep DCT provides reinforcement of
learning that is centered on students
(Kurniawan, 2019). The advantages of Deep
DCT Learning (Noviandari & Fratiwi, 2018;
Untari et al., 2016) includes training the
critical-thinking, analyzing several facts.
emphasizing on attitude or effective
assessment, assessing the personality,
emotional, and spiritual, and gaining
knowledge and experience.

The Deep DCT learning model on the
mathematical critical-thinking ability and
the learning motivation can influence the
process of learning mathematics to solve
problems. This is also supported by
several studies on learning motivation
(Amiryousefi & Dastjerdi, 2011). DCT
learning influences learning (A’yuni &
Budiwibowo, 2014; Anggreni et al., 2013).
METHOD
This research was conducted at SMP
Negeri 31 Bandar Lampung. The subjects
of this research were the tenth-grade
students SMP Negeri 31 Bandar Lampung.
This research employed the posttest only
control
group
design
of quasiexperimental. This study involved two
classes, namely the experimental class
that applied the Deep DCT learning and
the control class that applied conventional
learning. After getting the treatment, a
posttest was carried out (final test).
The sampling technique used was
the cluster random sampling. The data
was collected through interviews,
documentation, tests, and questionnaires.
The instrument used in this research was
a written test in the form of essay
questions.

DCT
Mathemtical
CriticalThinking
Ability
Learning
Motivation
Figure 1. Research Design
The test was used to evaluate Deep
DCT learning and the questionnaire was
used to measure the learning motivation.
The test research instrument trial had met

the criteria for validity, reliability,
difficulty level, and discrimination index.
In this study, the data analysis technique
used was the two-way ANOVA.
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RESULTS AND DISCUSSION

using the conventional learning model.
The following is the summary of the
posttest data of mathematical criticalthinking ability:

Based on Table 1, more students
were taught using the Deep DCT learning
model than students who were taught

Table 1. Data Description of Mathematical Critical-Thinking Ability
Classes

𝑿𝑴𝒂𝒙

𝑿𝑴𝒊𝒏

Experimental
Control

100
100

25
20

Central Tendency
𝑿
𝑴𝒆
𝑴𝒐
66.5
67.5
64
48.5
40
21

Based on Table 1, the highest score
in the experimental class was 100 and the
lowest score was 25. The following is the

Group Variance
𝑹
𝑺
75
38.69
50
91.45

calculation of two-way ANOVA with
unequal cells.

Table 2. The Summary of Two-Way ANOVA with Unequal Cells
Sources
Learning Method (A)
Learning Motivation (B)
Interaction (AB)
Error
Total

JK
965,973
21215,374
161,836
11873,754
34217,137

dK
1,000
2
2
54
59

Based on the data analysis, it was
obtained that 𝐹𝑎 = 4,061 > 𝐹(0,05;1;54). It
can be concluded that there were
influence differences between students
who are taught using the conventional
learning
model
and
students'
mathematical critical-thinking ability.
Also, it was obtained that 𝐹𝑏 = 101,676 >
𝐹𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 . It can be concluded that there

RK
965,973
10607,787
80,918
219,884
-

Fobs
4,393
48.24
0.368
-

Fα
4,020
4,020
3,168
-

were influence differences between
students’ motivation level and their
mathematical critical-thinking ability. It
was also obtained that 𝐹𝐶 = 0,368 >
𝐹𝑡𝑎𝑏𝑒𝑙 which indicated that there was no
interaction between the Deep DCT
learning model in terms of learning
motivation and mathematical criticalthinking ability.

Table 3. Mean and Marginal Mean
Model
Learning
DDCT
Conventional
Marginal Mean

Mathematics Learning Motivation
High
85,231
76,375
80,803

Moderate
59,583
47,091
53,337

Based on the marginal mean, it can
be concluded that the Deep DCT learning
model was better than the conventional

Mean

Low
34,400
30,364
32,382

Marginal
59,738
51,277

learning model. The result of the multiple
comparison test can be seen in Table 4.

Table 4. Multiple Comparison Test Results
Interaction
𝜇1 vs 𝜇2
𝜇1 vs 𝜇3
𝜇2 vs 𝜇3

𝑭𝒐𝒃𝒔𝒆𝒓𝒗𝒆𝒅
41,16
13,31
79,97

𝑭𝒄𝒓𝒊𝒕𝒊𝒄𝒂𝒍
4,019
4,019
3,175

Description
𝐻0 was rejected
𝐻0 was rejected
𝐻0 was rejected
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Based on the multiple comparison
test between 𝜇1 vs 𝜇2 , there were
differences between students with high
learning motivation and students with
moderate learning
motivation on
mathematical critical-thinking ability.
Between 𝜇2 𝑣𝑠 𝜇3 , it was found that there
were differences between students with
moderate learning motivation and

students with low learning motivation on
mathematical critical-thinking ability.
Between 𝜇1 𝑣𝑠 𝜇3 , it was found that there
were differences between students with
high learning motivation and students
with low learning motivation on
mathematical critical-thinking ability. The
steps of the Deep DCT Learning Model
consists of:

Asking the ununderstood learning material

Delivering the learning material
Discussing the task in groups
Presenting the results of discussion
Clarifying the results of discussion
Summarizing important points
Figure 2. The steps of the Deep DCT Learning Model
The mathematical critical-thinking
ability of students who were taught using
the Deep DCT learning model was better
than the students who were taught using
the conventional learning model. Based on
the previous theory, it is said that the Deep
DCT learning model is one that
emphasizes deep dialogue and criticalthinking. Besides, Deep DCT learning can
make students have a better criticalthinking ability because they are trained
to solve problems related to everyday life.
So that they can be more active in the
learning process.
The results of the analysis
discovered that students with high
learning motivation had a better
mathematical critical-thinking ability
compared to the students with moderate
learning motivation. Students with
moderate learning motivation had a better
mathematical critical-thinking ability

compared to students with low learning
motivation. There was no interaction
between the learning model and learning
motivation on mathematical criticalthinking ability.
Based on the results of the two-way
ANOVA, it was found that there was no
interaction between learning models and
learning
motivation
on
students'
mathematical critical-thinking ability.
This indicated that any learning models
applied to the students with high,
moderate, or low learning motivation do
not have a significant effect on students'
mathematical critical-thinking ability.
Even though different learning models are
applied in each class, the goal remains the
same, namely to improve students'
mathematical critical-thinking ability.
It is the same as previous research
which stated that DCT is quite effective to
use. The previous research also analyzed
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that there was a significant influence on
Indonesian subject learning outcomes
between students who were taught using
DCT/critical thinking and students who
were taught using conventional learning.
The results showed that tobserved was
greater than tcritical (7,897> 2,000). It was
also supported by the difference in the
mean score obtained between students
who were taught using the Deep DCT
learning model (83.32) and students who
were taught using conventional learning
(77,42). Therefore, the alternative
hypothesis was accepted which stated that
there was a significant effect of Indonesian
learning outcomes between students who
are taught using the Deep DCT learning
model and students who were taught
using conventional learning at the fifthgrade of SD No. 1 Tuban, Kuta District. The
previous research had the same results as
this research which states that the Deep
DCT was effectively used by students to
remember the material in a better and
more meaningful way. It increased the
absorption rate of the learning material
and the students’ learning outcomes
(A’yuni & Budiwibowo, 2014; Amiryousefi
& Dastjerdi, 2011; Anggreni et al., 2013).
CONCLUSIONS AND SUGGESTIONS
Based on the results of the analysis
and discussion, the mathematical criticalthinking ability of students who were
taught using the Deep DCT learning model
was better than students who were taught
using the conventional learning model.
The mathematical critical-thinking ability
of students who had moderate
mathematics learning motivation was
better than students who had low
mathematics learning motivation. There
was no interaction between learning
models and students' motivation for
mathematical critical-thinking ability.
Based on the results of the research,
it is suggested to use a learning model that
makes students more active. Teachers
must always develop learning motivation

because motivation is an important factor
in improving mathematical critical
thinking skills. It is hoped for the further
researcher to develop this research with
other materials and models. Finally, this
research is expected to be used as a
reference for further research.
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ABSTRACT
The rice yields have fluctuated in Wonogiri Regency. This occasion
happened in 2016-2018. Therefore, a prediction is needed to know
whether rice yields will increase or decrease in the following year. The
purpose of this study was to apply the polynomial non-linear
regression method of third-degree in predicting rice yields. This study
utilized the Unified Modeling Language (UML) as the system design,
black-box testing as the functional testing, and MSE testing as the
validity testing. The computed data was data of 2016-2018. The
results showed that the prediction of 2017-2019 using the harvested
area model produced more accurate calculations. The harvested area
model produced the same MSE value in manual and application
calculations, which were 405433,1349 in 2017, 312677,7798 in 2018,
and 171183.6347 in 2019. The polynomial non-linear cubic regression
is a solution to predict rice yields. The output of the application is the
prediction information for rice yields
http://ejournal.radenintan.ac.id/index.php/desimal/index

INTRODUCTION
Wonogiri Regency is one of the food
buffer districts in Central Java. Wonogiri
Regency produces various kinds of food
plants every year. One of the food crops
that is produced is rice. Indonesian
statistical data for 2018 shows that
Wonogiri is the eighth largest riceproducing district of 35 districts/cities in
Central Java. Rice productivity in 2018
reached 58.56 kw/ha with a production of
351,576 tons and a harvest area of
60,033.4 ha (BPS, 2019).
Rice yields in three years from 20162018 in Wonogiri Regency experienced
ups and downs and tended to be unstable.

In February 2018, farmers who had been
producing rice in Wonogiri, and several
regions experienced crop failures which
resulted in reduced harvests and
increased rice prices (Purnomo, 2019).
Therefore, it is necessary to have a
prediction to find out the yield of rice in
the future whether an increase or
decrease as well as a reference to
determine policies in controlling rice
prices and stock.
This study uses data from the
Wonogiri Regency Agriculture Office and
the Central Statistics Agency website. The
data used include rice yield data (tons),
harvested area data (ha), and irrigation
data (ha). While the method used is a non-
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linear cubic regression. The method was
chosen because the relationship between
the dependent variable and the
independent variable is not linear,
meaning that the rate of change of the
dependent variable due to the rate of
change of the dependent variable is not
constant for the value of certain
independent variables (Prasetyo, 2018).
Studies with the theme of rice yield
prediction are not the first thing to do.
Many studies use the same topic, but the
used method or independent variables are
different. As one of the studies conducted
by Suryanto & Muqtadir. The study uses a
casual linear regression method to predict
rice yields and uses MEA as its forecasting
error. The study also uses population
registration as the independent variable
(Suryanto, 2019).
The rice yield prediction study was
also conducted by Asih, Setyaningsih, &
Midyanti. The authors use harvested area,
planted area, productivity, and rainfall as
the independent variables. The result of
this study is an application that predicts
rice yields in each of the three periods
using an interval regression method with
neural fuzzy (Asih, 2017).
There is also a study by Hermawan
and Vulandari. The author compares the
prediction of rice yields in the Sukoharjo
Regency, which is affected by irrigation
and rainfall. Forecasting models used in
this study by applying the cubic regression
method and applying MSE & MAPE as
forecast errors. Based on the calculations,
the rice yield prediction will be more
accurate if it calculated using the irrigation
model (Vulandari & Hermawan, 2018).
Also, the study from Nurudin uses
the least square time series as a
forecasting method and uses harvest
month, rainfall, and pests as the
independent variables (Nurudin, 2017).
Based on these thoughts, the authors
are interested in researching to predict
rice yields that are affected by harvested
area or irrigation using a non-linear

polynomial regression method with a
degree of three in Wonogiri Regency.
Calculation of forecasting error is done
using Mean Squared Error (MSE). The MSE
calculation results of the harvest and
irrigation area models are compared,
where the smallest MSE value is an
accurate forecast model (Suryanto, 2019).
METHOD
The research method is the stages
that the researcher goes through in
researching so that the results achieved do
not deviate from the goal.
Several independent variables affect
rice yields, including soil fertility, seed
selection, land area, rainfall, harvested
area, water availability, and so on. The
selected independent variables were the
irrigation variable and the harvested
variable. The reason why those variables
were chosen was that they directly or
indirectly affect the rice yields. There are
several methods to predict the causal
relationship model, including regression,
correlation, econometrics, and inputoutput methods. The selected prediction
method is the non-linear cubic regression.
Besides, it has a non-linear relation
between the independent variable and the
dependent variable.
The data source used in this study
was the secondary data. The data obtained
were the data of rice yields, harvested
area, and irrigation in the form of reports
from the Agriculture Service Office of
Wonogiri Regency and BPS. The data
collection technique was the literature
study. This technique was used to find the
information and knowledge from the
literature related to the object being
studied, such as the basic concept of
forecasting, forecasting error, the
application of a non-linear cubic
regression, etc.
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The polynomial non-linear cubic
regression is a form of the polynomial with
k=3. The equation for the regression is :
Ŷ = 𝑏0 + 𝑏1 𝑋 + 𝑏2 𝑋 2 + 𝑏3 𝑋 3
(1)
Where:
Ŷ = the predicted score (forecast)
X = the independent variable
b0, b1, b2, b3 = the regression coefficient
The equation is converted into a matrix
using the formula below:
1 𝑋1
𝑌1
1 𝑋2
𝑌2
[ ]= ⋮
⋮
⋮
𝑌𝑛
[1 𝑋𝑛

𝑋1 2
𝑋2 2
⋮
𝑋𝑛 2

𝑋1 3 𝑏0
𝑋2 3 [𝑏1 ]
𝑏2
⋮
𝑋𝑛 3 ] 𝑏3

(2)

To estimate the coefficient b0, b1, b2, and
b3, use the equation below:
Y=Xb
T
T
X Y=X Xb
T -1 T
T -1 T
(X .X) X Y = (X .X) (X .X) b = I b
T -1 T
b = (X . X) X Y

(3)

From equation (3), the value of XT. X can be
given as the following equation:
1
1
𝑋1 𝑋2
𝑋𝑇 𝑋 = 𝑋 2 𝑋 2
1
2
[𝑋1 3 𝑋2 3
𝑛
∑𝑋
∑𝑋 ∑𝑋 2
𝑋𝑇 𝑋 =
∑𝑋 2 ∑𝑋 3
[∑𝑋 3 ∑𝑋 4

… 1
1 𝑋1
… 𝑋𝑛 1 𝑋2
… 𝑋𝑛 2 ⋮ ⋮
… 𝑋 3]
𝑛 [1 𝑋𝑛
∑𝑋 2 ∑𝑋 3
∑𝑋 3 ∑𝑋 4
∑𝑋 4 ∑𝑋 5
∑𝑋 5 ∑𝑋 6 ]

𝑋1 2
𝑋2 2
⋮
𝑋𝑛 2

𝑋1 3
𝑋2 3
⋮
𝑋𝑛 3 ]

(4)

From equation (3), the value of XT. Y can be
given as the following equation:
1
𝑋1
𝑋𝑇 𝑌 = 𝑋 2
1
[𝑋1 3

1 … 1
𝑌1
𝑋2 … 𝑋𝑛 𝑌2
𝑋2 2 … 𝑋𝑛 2 [ ⋮ ]
𝑋2 3 … 𝑋𝑛 3 ] 𝑌𝑛
∑𝑌
∑𝑋𝑌
𝑋𝑇 𝑌 =
∑𝑋 2 𝑌
[∑𝑋 3 𝑌]

As indicated in equation (4) and (5), the
coefficient b0, b1, b2, and b3 can express the
following equation:

(5)

𝑛
𝑏0
∑𝑋
𝑏1
[ ]=
𝑏2
∑𝑋 2
𝑏3
[∑𝑋 3

∑𝑋 ∑𝑋 2 ∑𝑋 3
∑𝑋 2 ∑𝑋 3 ∑𝑋 4
∑𝑋 3 ∑𝑋 4 ∑𝑋 5
∑𝑋 4 ∑𝑋 5 ∑𝑋 6 ]

−1

∑𝑌
∑𝑋𝑌
∑𝑋 2 𝑌
[∑𝑋 3 𝑌]

(6)

The analysis stage was divided into
two, namely the dataset and analysis of
application methods. The dataset used in
this study was the data on rice yields
(tons), harvested area (ha), and irrigation
(ha) of each sub-district in Wonogiri
District within three years from 20162018. The 2016-2017 data are used as the
training data while the 2018 data was
used as the test data. The data was then
calculated manually. The analysis of the
application of the method was done by
explaining the steps in applying the nonlinear polynomial regression method with
a degree.
The Design stage was done by
designing the system design and user
interface design. The system design in this
study was carried out using modeling
based on scenarios/UML including use
case diagrams, sequence diagrams, class
diagrams, and activity diagrams. The
interface design was used as a reference in
making the application. The interface
consisted of: login interface, main page
interface, initial data interface, coefficient
calculation
interface,
forecasting
calculation interface, error interface per
district, results in comparison interface,
application user interface, profile
interface, and instruction interface.
This stage explained the functional
and additional requirements of the
application to be built, the software and
hardware requirements needed to build
the application, and the steps for making
the application.
The tests were in the form of testing
the system's functionality using black-box
testing and testing its validity using Mean
Squared Error (MSE). The MSE values
from the prediction of harvest and
irrigation area were compared to the
smallest MSE value
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Table 1. The 2019 Prediction Results
Based on 2018 Irrigation Data

RESULTS AND DISCUSSION
The results and discussion chapter
consists of five sub-chapters, namely the
selection of variables and methods,
manual
calculation,
system
implementation, functional testing, and
validity testing.
a) Calculation of prediction for 2019 based
on 2018 irrigation data
The first step to take is to find the
values of X2, X3, X4, X5, and X6 each subdistrict. Then, calculate the ∑X, ∑X2, ∑X3,
∑X4, ∑X5, and ∑X6. Put those values into
equation (4).
𝑋 𝑇𝑋 = [

25
22212
28316230
41036149404

22212
28316230
41036149404
6,349 x 1013

28316230
41036149404
41036149404 6,349 x 1013
]
13
6,349 x 10
1,023 x 1017
1,023 x 1017 1,699 x 1020

Change the matrix of XTX into an
inverse matrix.
𝑇

(𝑋 𝑋)

−1

0,402831959
−0,001562218
=
1,573 x 10−6
[−4,609 x 10−10

−0,001562218
1,573 x 10−6 −4,609 x 10−10
−1,012 x 10−8
3,213 x 10−12
8,731 x 10−6
−1,012 x 10−8
1,274 x 10−11 −4,270 x 10−15
3,213 x 10−12 −4,270 x 10−15 1,488 x 10−18 ]

Find the values of XY, X2Y, and X3Y each
sub-district, and then calculate the ∑Y,
∑XY, ∑X2Y, dan ∑X3Y. Put those values into
equation (5).
351576
400748793
𝑋𝑇 𝑌 = [
]
5,602 x 1011
8,513 x 1014

Calculate the regression coefficients by
multiplying the inverse matrix of XTX with
XTY as in equation (6).
𝑏0
4498,238759
𝑏1
11,95097081
[ ]=[
]
−0,001143492
𝑏2
1,472 x 10−7
𝑏3

After calculating the regression
coefficients, then calculate the predicted
score (Ŷ) or the 2019 prediction in each
sub-district with equation (1) :
Ŷ =4498,238759 + 11,95097081*Xi + 0,001143492*Xi2 + 1,47296E-07*Xi3
Prediction calculation results are shown in
Table 1.

No

Sub-district

1.

Pracimantoro

12701,92457

2.
3.
4.
5.
6.
7.
8.

Paranggupito
Giritontro
Giriwoyo
Batuwarno
Karangtengah
Tirtomoyo
Nguntoronadi

4498,238759
7130,995697
13402,59592
6207,536656
5305,663582
20120,32841
6670,964965

9.
10.
11.
12.
13.
14.
15.
16.

Baturetno
Eromoko
Wuryantoro
Manyaran
Selogiri

19363,68247
19325,20026
14884,85824
8153,935422
21380,5479

17.
18.
19.
20.
21.
22.
23.

Wonogiri
Ngadirojo
Sidoharjo

14034,34551
24849,04521
21859,61808

Jatiroto
Kismantoro
Purwantoro
Bulukerto
Slogohimo
Jatisrono
Jatipurno

11019,98222
12974,68597
17486,6641
8221,545802
20823,51491
18658,67467
11621,01393

Girimarto

21953,29965

Puh Pelem

8927,137128

24.
25.

Ŷ (tons)

b) Calculation of prediction for 2019 based
on 2018 harvested area data

The calculation of rice yield prediction
is calculated by finding the regression
coefficient beforehand using equation (6).
The regression coefficient values based on
the harvested area are obtained as
follows:
𝑏0
−40,56108492
5,761955537
𝑏1
[ ]=[
]
𝑏2
2,542 x 10−5
𝑏3
3,792 x 10−9
Prediction calculation results are shown in
Table 2.
Use Case Diagram from the application of
rice yield prediction illustrates the
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interaction of the actor(s) with the system
(Sukamto, 2015). The diagram is depicted
in Figure 1.
Table 2. The 2019 Prediction Results Based on 2018 Harvested Area Data
No

Sub-district

Ŷ (tons)

1.
2.
3.
4.
5.

Pracimantoro
Paranggupito
Giritontro
Giriwoyo
Batuwarno

8007,376138
-40,56108492
2116,430272
16572,15705
5357,064413

6.
7.
8.
9.
10.

Karangtengah
Tirtomoyo
Nguntoronadi

7198,499918
22560,5051
11247,43749

Baturetno
Eromoko
Wuryantoro

15263,8599
22383,0127
12933,79629

Manyaran
Selogiri

15135,47341
24910,15477

14.
15.
16.
17.
18.
19.
20.

Wonogiri
Ngadirojo
Sidoharjo
Jatiroto
Kismantoro
Purwantoro
Bulukerto

11694,58421
23948,3513
21134,01892
8390,426797
12009,74978
16796,53744
12313,9439

21.

Slogohimo
Jatisrono
Jatipurno
Girimarto
Puh Pelem

20986,05031
18145,06807
13966,18975
22023,485
6522,388161

11.
12.
13.

22.
23.
24.
25.
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Figure 1. Use Case Diagram of the Application of Rice Yield Prediction
Meanwhile, the description of the
actor(s) is explained in Table 3.
Table 3. Actor(s) Description
No
1.

2.

Actors
Admin

User

Description
The actor who has admin privileges
is part of the land and irrigation
section. Actors can access all of the
menus; which are the initial data
menu,
calculation
of
menu
coefficients, calculation of menu
forecasting, error per menu district,
comparison of menu results, user
menu applications, profile menu,
and instruction menu.
Actors who have user privileges are
part of the food crops section and the
field of food security. Actors can only
access two menus; which are the
coefficient calculation menu and
forecasting calculation menu.

The first thing before calculating MSE
is to calculate the error value per data (YŶ). The MSE value for irrigation model:
𝑀𝑆𝐸 =

∑(𝑌 − Ŷ)2 256440115,6
=
= 10257604,62
𝑛
25

The MSE value for harvested model:

𝑀𝑆𝐸 =

∑(𝑌 − Ŷ)2 4279590,867
=
= 171183,6347
𝑛
25

Based on the MSE calculation above, it can
be concluded that the use of the harvested
area as a calculation of the predicted rice
yields in 2019 will be more accurate with
a smaller value of 171183,6347.
The MSE values of predicted rice yields in
2017-2019 based on irrigation and
harvested area are shown in Table 4.
Table 4. MSE Calculations
No

Year

MSE Irrigation

1.
2.
3.

2017
2018
2019

14806093,58
13196779,89
10257604,62

MSE Harvested
Area
405433,1349
312677,7798
171183,6347

Based on Table 4, it can be concluded
that the prediction of rice yields in 20172019 will be more accurate by using the
harvested area model because the results
of the MSE calculation of the harvested
area model have a smaller value than the
irrigation model. The study by Hermawan
and Vulandari on the prediction of rice
yields in the Sukoharjo Regency
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discovered that the rice yields was
affected by the irrigation and rainfall. The
forecasting model used in this study was
the cubic regression method and applying
MSE & MAPE as forecast errors. Based on
the calculations, the rice yield prediction
will be more accurate if it is calculated
using the irrigation model.
CONCLUSIONS AND SUGGESTIONS
Based on the discussion from the
previous chapter, it can be concluded that
the use of the harvest area model as a
prediction calculation in 2017-2019 was
more accurate because it had a smaller
MSE value than the MSE value of the
irrigation model. The harvest area model
produced the same MSE value in manual
and application calculations, specifically
405433.1349 in 2017; 312677,7798 in
2018; and 171183,6347 in 2019. The
developed product of this study was the
predictive application of rice yield using a
non-linear polynomial regression method
with a degree of three by comparing the
prediction results between the irrigation
model and the harvested area.
It is suggested for further studies to
use other variables so that the results of
forecasting with other calculated variables
can produce a smaller error value. It is also
expected for further studies to use other
methods, compare prediction results and
predictive error values between the two
methods, and improve the application.
The application can be improved by
providing additional data upload features
so that the users do not have to input the
initial data manually, but can import data
directly into the application. This research
is suggested to be a guide and reference
for further research.
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ABSTRACT
The learning process is inseparable from the learning model. The
application of a learning model is an attempt to improve learning
outcomes and learning motivation. This research aimed to
determine the effect of the Jigsaw-type cooperative learning model
on students’ motivation and learning outcomes. This research was
a quasi-experimental research with a non-equivalent control group
design. The research instruments used were learning motivation
questionnaires and tests. Data analysis techniques used were
descriptive analysis and inferential analysis using the MANOVA
test. The results showed that there was an influence of the Jigsawtype cooperative learning model on students’ motivation and
learning outcomes.

Doi:
10.24042/djm.v3i3.6831

INTRODUCTION
Education is a conscious effort to
achieve certain goals. A good education
helps students to achieve the desired goals
(Rosmaiyadi et al., 2018). The National
Education System Law Number 20 of 2003
states that education is a conscious and
planned effort to create an atmosphere of
learning and the learning process so that
students can actively develop their
potential to have religious and spiritual
strength,
self-control,
personality,
intelligence, noble character, as well as the
skills needed by himself, society, and the
state (Suhana, 2014). One of the indicators

http://ejournal.radenintan.ac.id/index.php/desimal/index

of successful learning is the ability to
attract students' attention. The learning
activity is related to the process and effort
did by teachers in delivering the learning
materials to students through the material
organization in the classroom (Irham &
Wiyani, 2013).
One of the learning materials in
education is mathematics. Many students
consider mathematics to be the most
difficult learning material (Puspita &
Amalia, 2020). Students are less interested
in mathematics (Prawiyogi et al., 2020).
Those who think that mathematics is
difficult will eventually understand it. It
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means that the action depends on the
mind (Aslamiah & Suparman, 2019).
According to one of the mathematics
teachers at MTs Ganrang Batu, students'
learning motivation was lacking so that
many students dislike mathematics and
considered
it
difficult.
Learning
motivation is necessary for the learning
process. It takes a variety of alternatives to
generate students’ motivation, including
the application of learning models.
According to Berlyana and Purwaningsih
(2019), learning motivation can foster
enthusiasm in learning so that students
can be encouraged to carry out learning
activities (Berlyana & Purwaningsih,
2019). With motivation in the learning
process, students will try to do any task
and achieve the learning objectives
(Sitohang et al., 2017). With learning
motivation, students will be prepared to
participate in learning activities. This is
why the learning motivation variable was
one of the data to be discovered in this
research.
It is necessary to apply a learning
model that can involve students actively in
the learning process because the learning
model used by the teacher greatly affects
the learning outcomes that will be
achieved by students (Akhmad, 2018).
According to Janah and Subroto,
cooperative learning is one of the teaching
strategies designed to educate students to
work together and interact within a group
(Janah, I. & Subroto, 2018). Cooperative
learning is focused on motivating students
to take an active role in interacting with
other students in groups.
One of the cooperative learning
models that can be used in problemsolving is the Jigsaw model. The Jigsaw
model can support the development of
students’ problem-solving ability because
they must learn within more specific small
groups (Buhr et al., 2014). The Jigsaw-type
cooperative learning model is slightly
different from other cooperative learning
models. According to Subiyantari, Muslim,

and Rahmadyanti, students are grouped
twice, when they are in their group and
when they are in an expert group
(Subiyantari et al., 2019). According to
Djuli, the Jigsaw-type cooperative learning
model contains learning activities that
teachers need to provide, namely
determining the learning objectives to be
achieved,
preparing
the
learning
guidelines,
forming
heterogeneous
groups, and presenting (Djuli, 2016). The
Jigsaw-type cooperative learning model is
one of the learning models that require
students to help each other in building and
understanding class assignments (Abed et
al., 2019).
One of the factors that can affect
students’ learning outcomes is learning
motivation (Kohar, 2017). The learning
motivation is defined as the students’
tendency to perceive academic activities
as meaningful and useful so that they try
to take the desired academic benefits
(Ningsih et al., 2016). According to
Supardi (2012), a strong learning
motivation will encourage students to try
hard and never give up when facing all
challenges and obstacles while studying so
that in the end, they will produce optimum
learning achievement (Supardi, 2012).
This is also reinforced by previous
research which suggests that students'
ability to understand mathematical
concepts will increase by applying the
Jigsaw-type cooperative learning model
(Ananda et al., 2020; Septian &
Ramadhanty, 2020). According to
Novitasari and Leonard (2017), there is a
significant influence on students' ability to
understand mathematical concepts on
their mathematics learning outcomes
(Novitasari & Leonard, 2017). According
to Sumarsih and Pardimin (2017), the
Jigsaw-type cooperative learning model
can increase students' understanding and
learning
motivation
(Sumarsih
&
Pardimin, 2017). The difference between
this research and the previous ones was
that this research simultaneously tested
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the effect of the Jigsaw-type cooperative
learning model on students' motivation
and mathematics learning outcomes.
Various studies had been conducted on
the relationship between learning models,
learning
outcomes,
and
learning
motivation. The learning motivation
which is usually used as the modifier
variable in previous studies served as the
dependent variable in this research.
METHOD
This research was a quasiexperimental
research
with
the
quantitative approach. The research
design used was the non-equivalent
control group design to determine the
initial state and determine the difference
between experimental groups I and II. The
pretest results are considered good if the
experimental class scores are not
significantly different. This research was
conducted at MTs Ganrang Batu which is
located at Ganrang Batu Selatan of
Kayuloe Timur Village, Turatea District,
Jeneponto Regency. The seventh-grade
students of MTs Ganrang Batu in the
2018/2019 academic year were involved
in this research. The students were
divided into 2 classes, namely class A and
class B which consisted of 40 students. The
sampling technique used was the
saturated sampling technique so that from
the 2 classes, one of them was taken as the
control class and the other one was taken
as the experimental class. The data
collection techniques were written tests
and questionnaires to determine student
motivation and learning outcomes. The
indicators of learning motivation were the
willingness and desire to succeed,
encouragement and need in learning,
future hopes and aspirations, appreciation
in learning, interesting activities in

learning,
and a conducive learning
environment that allowed students to
learn better (Uno, 2016). The data analysis
technique in this research was the
descriptive analysis and inferential
analysis with prerequisite tests, namely
the normality test, the homogeneity test,
and the hypothesis test using the MANOVA
test.
RESULTS AND DISCUSSION
The results indicated that there
was a difference in the students’ average
learning
motivation
between
the
experimental class and the control class.
The average learning motivation of the
class that applied the Jigsaw-type
cooperative learning model (78.05) was
higher than the class that did not apply the
Jigsaw-type cooperative learning model
(51.70). the detail can be seen in table 1.
Table 1. The Description of Learning
Motivation in the Experiment Class and
the Control Class
Class

N

Mean

Experimental
Control

20
20

78.05
51.70

Std.
Deviation
8,281
5,090

The mean difference was in line
with the percentage of learning
motivation categories between the
experimental class and the control class
which also different. The learning
motivation of students who were taught
using the Jigsaw-type cooperative learning
model was in the high category while the
learning motivation of students who were
not taught using the Jigsaw-type
cooperative learning model was in a low
category. The details of learning
motivation categories can be seen in table
2.
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Table 2. The Categories of Learning Motivation in the Experiment Class and the Control
Class
Interval

Categories

The Learning Motivation
of the Experimental Class
F
P (%)
0
0

The Learning Motivation of
the Control Class
F
P (%)
0
0

20 – 36

Poor

37 – 52

Low

1

5

13

65

53 – 68

Moderate

2

10

7

35

69 - 84

High

12

60

0

0

85 – 100

Excellent

5

35

0

0

20

100

20

100

Total

The results of the descriptive
analysis showed that there were
differences in the mean scores and the
students' learning motivation categories.
The class that was taught using the Jigsawtype cooperative learning model had a
high level of learning motivation. The
results of the descriptive analysis were in
line with the results of the MANOVA test
with the p-value of 0.04 <0.05 which
indicated that Ho was rejected. It meant
that there was an effect of the Jigsaw-type
cooperative learning model on the
learning motivation of the seventh-grade
students of MTs Ganrang Batu.
The results of the analysis were
relevant with the advantages of the
Jigsaw-type cooperative learning model
which can stimulate students’ learning
motivation and can make it easier for them
to remember an event (Suprihatin, 2017).
The Jigsaw-type cooperative learning
model can maximize the students’
activeness in the learning process by
collecting information, discussing, and
helping
each
other
in
learning
mathematical concepts so that their
conceptual understanding could be
improved (Istihapsari, 2017). The results
are also relevant to the research
conducted by Wicaksono (2018) that
there is an effect of the Jigsaw-type
cooperative learning model on students'
learning motivation (Wicaksono, 2018).
These results are in line with the
research by Asnawi, Ikhsan, and Hajidin

(2020), which concluded that there are
differences in learning motivation
between students who are taught using
the Jigsaw-type cooperative learning
model and students who are taught using
the STAD learning model (Asnawi et al.,
2020). According to Utomo (2016),
motivation can make students learn by
using higher cognitive processes so that
they can better absorb and remember the
learning material (Utomo, 2016).
Research by Tarigan (2014),
concluded that the use of the Jigsaw-type
cooperative learning model can increase
students’
learning
motivation
in
mathematics (Tarigan, 2014). I am also in
line with the research by Batubara (2018)
which states that the Jigsaw-type
cooperative learning model, students’
learning motivation in mathematics
increases (Batubara, 2018).
Research
by
Anggis
(2017)
concluded that the application of the
Jigsaw-type cooperative learning model
can increase learning motivation (Anggis,
2017). It is similar to the research by
Kesuma and Sukirno (2016) where
students' learning motivation increased
after implementing the Jigsaw-type
cooperative learning model (Kesuma &
Sukirno, 2016). Likewise, the research by
Susanto, Handayani, Akhlis (2013)
concluded that the application of the
Jigsaw II cooperative learning model can
increase students’ learning motivation
(Susanto et al., 2013).
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According to Cleopatra (2015),
motivation is a factor that stimulates a
person in the form of an urge to act and
behave (Cleopatra, 2015). Two factors
influence a person to be motivated in
learning (Anggraini, 2016), The first is the
internal factors that come from within a
person. Someone will acknowledge the
importance of learning that can affect the
present and future life so that the
motivation will be formed. The second is
the external factors that come from
outside a person or commonly known as
environmental factors. The involvement of
other people or the environment can
provide a stimulus.
The average mathematics learning
outcomes between the experimental class
and the control class was different. The
average learning outcomes of the

experimental class that applied the
Jigsaw-type cooperative learning model
was 67.35 which was higher than the class
that did not apply the Jigsaw-type
cooperative learning model (58.05). The
detail can be seen in table 3.
Table 3. The Posttest Learning Outcomes
of the Experiment Class and Control Class
Class

N

Mean

Experimental
Control

20
20

67.35
58.05

Std.
Deviation
19,693
15,555

The mean difference was in line with
the learning outcome percentage of the
experimental class that applied the
Jigsaw-type cooperative learning model.
The detail can be seen in Table 4.

Table 4. The Categories of Mathematics Learning Outcomes of the Experimental Class
and Control Class
Interval

Category

0 – 20
21 - 40
41 - 60
61 - 80
81 - 100

Poor
Low
Moderate
High
Excellent
total

Experimental Class
posttest
F
P (%)
0
0
3
15
3
15
8
40
6
30
20
100

Table 4 shows that the excellent
category of the learning outcome in the
experimental class was at 30% while the
control class was only at 5%. This showed
that the two classes, namely the
experimental class and the control class,
achieved different results as a result of the
treatment carried out by the researcher.
The results of the descriptive
analysis were also in line with the
MANOVA test with the p-value = 0.0001
<0.05, so Ho was rejected. The results
indicated that the Jigsaw-type cooperative
learning
model
influenced
the
mathematics learning outcomes of the
seventh-grade students of MTs Ganrang
Batu. The results were reinforced by

Control Class
posttest
F
P (%)
0
0
2
10
10
50
7
35
1
5
20
100

Gulsen CaGaTay (2013) which discovers
that the experimental group students who
were taught with the Jigsaw learning
obtained much better learning outcomes
than the control group students who were
taught using the conventional model
(Gulsen CaGaTay, 2013).
The results of this research are in
line with the research by Andini and
Barutu (2019) which states that there was
a significant influence of the Jigsaw-type
cooperative learning model on students’
learning outcomes (Andini & Barutu,
2019). Likewise, research by Dinar, Asdar,
and Saputri (2018) discovers that the
mathematics learning outcomes of
students who were taught using a Jigsaw-
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type cooperative learning model were
higher than students who were taught
using STAD cooperative learning model
(Dinar et al., 2018).
Rosyidah (2016) concludes that the
Jigsaw-type cooperative learning model
had a positive influence on students’
learning outcomes (Rosyidah, 2016). It is
also similar to the research results by
Singga (2011) that there is a significant
difference in the mathematics learning
outcomes between the application of the
Jigsaw-type cooperative learning model
and the application of the conventional
learning model (Singga, 2011).
Basuki (2015) states that the use of
the Jigsaw-type cooperative learning
model in learning can activate students’
activities and can improve their learning
outcomes (Basuki, 2015). A similar result
was also found in research by Hia (2013),
that after applying the Jigsaw-type
cooperative learning model, there was an
increase in students’ activity and learning
outcomes (Hia, 2013). Nasruddin and
Abidin (2017) state that students'
mathematics learning outcomes were
improved after implementing the Jigsawtype
cooperative
learning
model
(Nasruddin & Abidin, 2017).
According to Lestari (2015), learning
outcomes change after carrying out the
learning
process.
Changes
in
psychomotor, affective, and cognitive
aspects are a form of change as a result of
the learning process (Lestari, 2015). In
assessing students’ learning outcomes,
Subagia and Wiratma (2016) state that it
depends on what competencies will be
assessed. To assess the students' attitudes,
an assessment can be carried out through
observation, self-assessment, and peer
assessment (Subagia & Wiratma, 2016).
To assess the knowledge, the assessments
can be written tests, oral tests, and
assignments.
Skills
competency
assessment can be done through
performance appraisals such as portfolios,
projects, and practical assessments.

According to Slameto in Suwardi
(2012), two factors influence a person's
success in the learning process, namely (a)
internal factors or often referred to as
factors that come from within a person
which include
physical factors,
psychological factors, and student
activeness in society; (b) external factors
or factors that come from outside a person
are usually called environmental factors,
including family factors (upbringing from
parents, relationships among family
members, family economic conditions,
understanding of parents and cultural
background), school factors (learning
methods,
tools,
materials,
media,
curriculum, learning standards, the state
of the school environment, school facilities
and infrastructure, relationships between
teachers and students, and the
relationships between students and other
students (Suwardi, 2012).
The separate test results showed
that the Jigsaw-type cooperative learning
model influenced students' learning
motivation. Likewise, the Jigsaw-type
cooperative learning model influenced
students’ learning outcomes. To test both
factors, the MANOVA test was carried out.
The statistical tests used were the Pillai's
Trace test, Wilks' Lambda, Hotelling's
Trace, Roy's Largest Root contained in the
Multivariate Test table.
Table 5. Multivariate Significance Tests
Effect
Class

Pillai's
Trace
Wilks'
Lambda
Hotelling'
s Trace
Roy's
Largest
Root

Value
.079

F
1.595b

Sig.
.005

.921

1.595b

.005

.086

1.595b

.005

.086

1.595b

.005

The multivariate test results showed
that the p-values for Pillai's Trace, Wilks
Lambda, Hotelling's Trace, Roy's Largest
Root were 0.005 <0.05. since the F values
of the Pillai's Trace, Wilks Lambda,
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Hotelling's Trace, Roy's Largest Root were
all significant, so Ho was rejected. This
indicated that there is an influence of the
Jigsaw-type cooperative learning model
on learning motivation and mathematics
learning outcomes.
The results of this research were
supported by Yemi, Binti, and Azid (2018)
who stated that the learning achievement
of the experimental group who were
taught using the Jigsaw-type cooperative
learning model was better than students
who were taught using the lecture method
(Yemi et al., 2018). Also, Lasmawan and
Sutama (2013), states that there are
differences in motivation and learning
outcomes between groups of students
who are taught using the jigsaw-type
cooperative learning model and groups of
students who are taught using the
conventional learning model (Lasmawan
& Sutama, 2013). In other research, Jaya
(2016) concludes that there is an influence
of the Jigsaw-type cooperative learning
model on students' Geography learning
outcomes so that this model can be used to
improve students’ learning outcomes
(Jaya, 2016).
Research by Juwaeriah, Muhyani,
and Ikhtiono (2017) conclude that there is
a significant influence between motivation
and students’ learning outcomes between
the Jigsaw-type cooperative learning
model and the conventional learning
model (Juwaeriah et al., 2017).
Sudharmini, Lasmawan, and Natajaya
(2014) state that there are differences in
students’ learning motivation and learning
outcomes between students who were
taught using the Jigsaw-type cooperative
learning model and students who were
taught using the conventional learning
model (Sudharmini et al., 2014).
Sumarsih and Pardimin (2017)
conclude that there is an increase in
students’ learning motivation and
students’ learning outcomes after
implementing the Jigsaw-type cooperative
learning model (Sumarsih & Pardimin,

2017). Likewise, the research by Sulasmi,
Lasmawan, and Landrawan (2013)
discovers that after implementing the
Jigsaw-type cooperative learning model,
there was an increase in students’ learning
motivation and learning outcomes
(Sulasmi et al., 2013). Kesnajaya, Dantes, &
Dantes (2015) state that to improve
students’ motivation and learning
achievement, the application of the
Jigsaw-type cooperative learning model is
quite effective to be used.
One of the factors that affect learning
outcomes is students’ learning motivation.
According to Emda (2017), the learning
success of students is greatly influenced
by the presence or absence of motivation
in learning (Emda, 2017). If there are a
desire and encouragement to learn,
learning success can be achieved. Hamdu
and Agustina (2011) state that students
who have high learning motivation will
also get high learning outcomes because
students with high motivation will study
harder, more persistent, and more diligent
so that it will affect their learning
outcomes (Hamdu & Agustina, 2011).
Mulyaningsih (2014) states that the
students’ learning success is due to the
high
motivation
they
possess
(Mulyaningsih, 2014). To improve
learning outcomes, someone who has high
learning motivation will try to be more
active, persistent, never give up, and study
hard. Therefore, in the learning process, it
is necessary to pay attention to the
treatment given to students so that
learning
motivation
and
learning
outcomes can increase. The information as
the results of this research provides an
overview of the effect of the learning
model.
CONCLUSIONS AND SUGGESTIONS
It can be concluded that there was a
significant effect of the application of the
Jigsaw-type cooperative learning model
on students' learning outcomes and
motivation.
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Future research can develop and
retry with different learning models that
can better influence students' learning
motivation. The jigsaw learning model can
also be investigated whether it can affect
students' abilities in other aspects of
ability.
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ABSTRACT
This research was a modification of research by Catalbas (2016) and
Pratikto (2012). The model that can separate long-term and shortterm components are the Vector Error Correction Model (VECM). This
study aimed to model export, import, inflation, interest rates, and the
rupiah exchange rate using VECM and to test the causality between
variables using the Granger Causality test. The inter-variable model
obtained in this study was VECM with lag 2 using a deterministic
trend with the assumption of none intercept no trend and two
cointegrations. In export and import, there was an adjustment
mechanism from the short-term to the long-term. This research
model was appropriate to forecast the export and import where
VECM with export and import as the target variables, the
cointegration equation (long-run model) for 𝒆𝒄𝒕𝒕−𝟏 , 𝒂𝒏𝒅 𝒕𝒉𝒆
cointegration equation (long-run model) for 𝒆𝒄𝒕𝒕−𝟐 . Based on the
Granger Causality test, it was found that there was a one-way
relationship between exchange rates and inflation, export and
interest rates, export and import, inflation and export, and import
and the interest rate at the significance level of 5%.
http://ejournal.radenintan.ac.id/index.php/desimal/index

INTRODUCTION
The world economic development
requires every country to expand its
market network through international
trade. Economic growth in the era of
globalization can be seen from the
increased interaction between countries
around the world. The intensity of the
interaction is marked by the increasing
relationship between countries to
complement the needs of one country to

another. To conduct a transaction in
international trade, an agreed-upon
currency is needed to be used in the
transactions, in this case, the US dollar
(United States). The use of the US dollar
causes the exchange rate of the rupiah to
fluctuate from time to time. There is a risk
of changes in the currency exchange rates
caused by the uncertainty of the exchange
rate itself (Muzakky et al., 2015).
As reported by Bisnis.tempo.co, the
Governor of Bank of Indonesia, Perry
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Warjiyo, state that the reduced inflow of
foreign capital into the domestic financial
market after the spread of COVID-19 has
depressed the rupiah exchange rate. The
lack of foreign capital inflows has
pressured and weakened the rupiah
exchange rate since mid-February 2020.
“As of March 18, the rupiah, compared to
the end of 2019, had depreciated by
around 8.77 percent. This is in line with
the weakening of other developing
country
currencies”
(Muhammad
Hendartyo, 2020).
International trade Transactions
utilize different types of currency which
make the exchange rate a measuring tool
in transactions. Mankiw (2008) states that
the exchange rate is the price level agreed
upon by countries to trade. However, the
weakening of the exchange rates can cause
difficulties for the business world,
especially for those who bring in raw
materials from abroad and can disrupt the
stability of domestic prices of goods. For
this reason, the role of the state needs to
be done in safeguarding economic
fundamentals and in maintaining the
stability of a country's macroeconomic
(Mankiw, 2008).
According to Chou (2000), the
fluctuation of the exchange rate shows the
amount of volatility where the greater the
volatility, the greater the exchange rate
movements, namely the appreciation and
depreciation. This condition is influenced
by economic factors, both domestic and
foreign. These factors can be fundamental,
technical, and market sentiment factors
(Chou, 2000).
The free economic impacts on the
balance of payments of a country which
concerns trade flows and capital flows.
Trade flows can be influenced by exchange
rate policies to maintain export
competitiveness and suppress imports to
reduce the current account deficit. The
effect of exchange rate policies on the
economy can be seen from two sides,

namely demand and supply (Mankiw,
2008).
On the other hand, inflation has a
major influence on exchange rate
fluctuations. If the inflation rate in
Indonesia increases significantly while the
inflation rate in the United States is
relatively constant, it will make product
prices in Indonesia even more expensive.
This price increase will affect demand for
the rupiah currency because consumers
will divert product purchases to the
United States which have relatively cheap
prices (Madesha et al., 2013). Also, high
inflation will weaken the purchasing
power, especially for domestic products,
which in turn can reduce the value of
public confidence in the domestic
exchange rates.

Figure 1. The Inflation Rate in Indonesia
in 2016-2019
Source: (Bank Indonesia, 2020)
Inflation can trigger import growth
to develop faster than export growth
(Sukirno, 2002), It can be said that
inflation has a negative relationship with
export. This tendency is due to the effects
of inflation, namely (1) inflation causes the
prices of domestic goods to be more
expensive than the prices of foreign goods.
Therefore, inflation tends to increase
import and causes the demand for foreign
exchange to increase. (2) Inflation causes
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the price of exported goods to be
expensive so that inflation tends to reduce
export which causes the supply of foreign
currency to decrease. Thus, the price of
foreign currency will increase (Sukirno,
2013).
Another macroeconomic indicator
that is thought to affect the rupiah
exchange rates is the SBI interest rate.
Exchange rate fluctuations, which changes
the inflation rates, can eventually lead to
increases and decreases in domestic
interest rates. Bank Indonesia, which has
the policy to control the interest rates, is
expected to create stability in the value of
the rupiah. This is because changes in
interest rates influence the flow of funds in
a country so that it can affect the demand
or supply of currency exchange rates.
According to Mishkin (2008),
changes in domestic interest rates are
often a common factor affecting the
exchange rates. When the domestic real
interest rate increases, the domestic
currency appreciates. Conversely, when
the domestic interest rate increases
towards
the
expected
inflation
development, the domestic currency will
depreciate (Mishkin, 2008). Kewal (2012)
examines the inflation, interest rates,
exchange rates, GDP growth, and the
composite stock price index (IHSG)
(Kewal, 2012). According to Rinaldi
(2019), GDP and growth rates can
measure welfare in the development of the
economic sector (Rinaldi, 2019). Kewal
(2012) discovers that JCI is influenced by
exchange rates (Kewal, 2012).
Other research on macroeconomic
variables had been done by Pratikto
(2012) and Catalbas (2016). The dynamics
between the real effective exchange rate
and macroeconomics variables in
Indonesia were studied by Pratikto
(2012). Pratikto (2012) shows that the
movement of export, import, and inflation
is related to the real effective exchange
rate (Pratikto, 2012).

The relationship between nominal
exchange rates, import, and export in
Turkey for the period of 1998: 1 to 2015:
3 was examined by Catalbas (2016) using
the Vector Autoregressive (VAR) model on
three months worth of data. Catalbas
(2016) shows that the exchange rate does
not affect export, import, and trade
balance while the import restriction
measures have a negative impact on
export (Catalbas, 2016).
The current standard VAR system
generally comes from the primitive VAR
system which has several weaknesses. The
restricted form of VAR is the Vector Error
Correction Model (VECM) (Enders, 2014).
Additional restrictions are given so that
the data is not stationary at a certain level
but can be co-integrated (Firdaus, 2011).
According
to
Verbeek
(2008),
cointegration describes a long-term
relationship (Verbeek, 2008). The VECM
model has two main estimator outputs,
namely measuring cointegration and
error-correction (Besimi et al., 2006). The
long-term and short-term components are
separated by the VECM procedure
(Lütkepohl, 2005).
Research by Silitonga RBR et. al
(2017) employs multiple linear regression
analysis to analyze the export, import, and
inflation on the rupiah exchange rates in
Indonesia. Thus, it is necessary to research
the export, import, inflation, interest rates,
and rupiah exchange rates through VECM
(Silitonga et al., 2017).
Based on the background of the
problem and some of the literature that
has been described, this study aimed to
model the export, import, inflation,
interest rates, and the rupiah exchange
rates using VECM and to test the causality
between variables using the Granger
Causality test. The results of this study are
expected to be used as consideration for
policymakers in controlling the rupiah
exchange rates.
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METHOD
This research was a secondary data
analysis
through the quantitative
approach. The monthly data period used
was January 2009 to December 2019.
There were five variables of this study,
namely total export value, total import
value, inflation rates, interest rates, and
rupiah exchange rates. The types and
sources of data of this research were the
secondary data, namely, data sourced
from the official website publication of the
Bank of Indonesia (BI) and the Central
Statistics Agency (BPS).
The statistical testing was assisted
by the EViews software with the following
research steps:
1. Exploring monthly data by looking at
the movement of the export, import,
inflation rates, interest rates, and
rupiah exchange rates during a
predetermined period.
2. Checking the stationarity of the data in
the mean of each variable through the
Augmented Dickey-Fuller (ADF) test.

3. Determining the optimum lag through
the Smallest Schwarz Information
Criterion (SC) value.
4. Performing Granger’s causality test on
the export, import, inflation rates,
interest rates, and the rupiah exchange
rate variables.
5. If the data is stationary, the model used
is VAR with p-order. If the data is not
stationary,
the
Johansen’s
cointegration test is used. If the
cointegration rank (𝑟) = 0, then the porder VAR model with distinction is
used. But if 𝑟 > 0, then the model used
is the VECM p-order rank r.
6. Estimating the parameters of VAR (p),
VARD (p), or VECM model using
EViews.
7. Diagnostic testing of the model is done
to ensure that the model obtained
meets the assumptions and is suitable
for use.
8. Forecasting five months' worth of data
using the model.
9. Evaluating the forecast by considering
the relative error generated by using a
tolerance limit of 5%.
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Figure 2. Research Flow
RESULTS AND DISCUSSION
One of the problems with the time
series data is the non-stationary data.
Special actions need to be applied in time
series analysis due to the potential for

false regression results (Granger et al.,
1974). The ADF test is used to check
whether the data is stationary or not. The
results of the stationary data test at a
significance level of 5% can be seen in
Table 1.

Table 1. The Results of the Stationary Data Test
Variable
Import
Export
Exchange Rates
Inflation Rates
Interest Rates

t-Statistic
-2.507625
-3.948239
-4.196178
-2.853632
-2.189573

MacKinnon’s 5%
Significance level
-3.448021
-3.444756
-3.444756
-3.445030
-3.445030

Results
Not Stationary
Stationary
Stationary
Not Stationary
Not Stationary
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Based on Table 1, it was found that
the export variables and the exchange
rates were stationary at the 5% level. The

result of the first difference of the
stationary data at a 5% significance level
can be seen in Table 2.

Table 2. The First Difference Test Results
Variabel

t-Statistic

Import
Export
Exchange Rates
Inflation Rates
Interest Rates

-2.443620
-11.86077
-8.789074
-7.901848
-7.061221

MacKinnon’s 5%
Significance level
-3.448021
-3.445030
-3.444756
-3.445030
-3.444756

Based on Table 2, the export
variables, exchange rates, inflation rates,
and interest rates were stationary. The

Results
Not Stationary
Stationary
Stationary
Stationary
Stationary

results of the stationary data test on the
second difference at the 5% significance
level can be seen in Table 3.

Table 3. The Second Difference Test Results
Variable
Import
Export
Exchange Rate
Inflation
Interest Rate

t-Statistic
-6.864874
-7.114187
-14.27714
-8.844436
-17.44473

Based on Table 3, it can be seen that all
variables were stationary.
The optimum lag had been
obtained from the stationary VAR system.
The optimum lag was obtained by testing
the stability of the VAR. The optimum lag

MacKinnon
critical point
5% level
-3.448681
-3.448021
-3.445308
-3.446168
-3.445030

Results
Stationary
Stationary
Stationary
Stationary
Stationary

obtained for the VAR model is considered
stable at 14. The lag with the smallest
Schwarz Information Criterion (SC) value
was the optimum lag used in this study.
The results of selecting the optimum lag
can be seen in Table 4.

Table 4. Selection of the Optimum Lag
Lag
SC
0
4.Table-23.34443
1
-24.15621
2
-24.42057 *
3
-24.10667
4
-23.67256
5
-23.12480
6
-22.48091
7
-21.75298
8
-21.21633
9
-20.83946
10
- 20.10519
11
-20.27566
12
-19.58902
13
-19.25115
14
-18.72538
*shows the lag sequence selected based on
criteria
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Based on Table 4, lag 2 had the
smallest SC value. Thus, the optimal lag
used in this study was 2.
Before performing the cointegration
testing, it was necessary to determine the

deterministic trend assumption. The
results of selecting the deterministic trend
assumptions for the model can be seen in
Table 5.

Table 5. The Results of Selecting Deterministic Trend Assumptions
Data Trend:
Rank or
No. of CEs
0
1
2
3
4
5

None
No Intercept
No Trend
-26.31684*
-26.14778
-25.94689
-25.66465
-25.32319
-24.94648

None
Intercept
No Trend
-26.31684*
-26.14043
-25.92910
-25.64162
-25.32165
-24.93832

Based on Table 5, the SC assumption
suggested that the model should use the
deterministic assumption with no
intercept and no trend as well as none
intercept no trend. The none intercept and
no trend were chosen as the deterministic

Linear
Intercept
No Trend
-26.18034
-26.04038
-25.85569
-25.59900
-25.31458
-24.93832

Linear
Intercept
Trend
-26.18034
-26.03442
-25.82301
-25.54982
-25.23827
-24.91323

Quadratic
Intercept
Trend
-26.03137
-25.89964
-25.72336
-25.48120
-25.20371
-24.91323

trend assumption because they had the
largest adjusted R-Squared value.
Cointegration testing was done using
the Johansen’s cointegration test based on
the Trace test. The results of Johansen’s
cointegration test can be seen in Table 6.

Table 6. The results of the Johansen’s Cointegration Test
Hypothesized
No. of CE (s)
None *
At most 1
At most2
At most 3
At most 4

Eigenvalue
89.45980
76.97277
0.0041
0.183781
0.119195
0.090119
0.030587

Trace
Statistic

0:05
Critical Value

Prob. **
0.211790

58.75903
32.56272
16.19023
4.007276

54.07904
35.19275
20.26184
9.164546

0.0180
0.0936
0.1657
0.4110

Trace test indicates 2 cointegrating eqn (s) at the 0.05 level
* denotes rejection of the hypothesis at the 0.05 level
** MacKinnon-Haug-Michelis (1999) p-values

Based on table 6, it was found that
the trace test showed 2 significant
cointegrations ata 5% significance
level.The next step was to estimate the
VECM model parameters.
The inter-variable model in this
study was VECM with lag 2 using a
deterministic trend with the assumption
that there was no intercept and no trend
and there were 2 cointegrations. Based on
the Breusch-Pagan-Godfrey, it was found

that the variance of the residuals was
constant at the 5% significance level.
Based on the Breusch-Pagan-Godfrey
Serial Correlation LM Test, it was found
that there was no autocorrelation problem
at the 5% significance level.
The
VECM
model
between
macroeconomic variables has 5 models
where each variable is the target variable.
VECM with export as the target
variable is as follows
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∆𝑒𝑥𝑝𝑜𝑟𝑡𝑡 = −0.058378𝑒𝑐𝑡𝑡−1 − 0.136997𝑒𝑐𝑡𝑡−2 − 0.770885∆𝑒𝑥𝑝𝑜𝑟𝑡𝑡−1
− 0.064200∆𝑒𝑥𝑝𝑜𝑟𝑡𝑡−2 + 0.101808∆𝑖𝑚𝑝𝑜𝑟𝑡𝑡−1 − 0.118906∆𝑖𝑚𝑝𝑜𝑟𝑡𝑡−2
− 0.717528∆𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡−1 − 2.461659∆𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡−2
+ 0.490593∆𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑟𝑎𝑡𝑒𝑡−1 − 0.402662∆𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑟𝑎𝑡𝑒𝑡−2
− 1.287147∆𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡𝑟𝑎𝑡𝑒𝑡−1 + 1.612054∆𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡𝑟𝑎𝑡𝑒𝑡−2
(1)

Table 7 indicates that the VECM
estimate of export which showed a shortterm
variable
relationship.
The
significance level used was 5%.
Table 7. The VECM Estimation Results for
Export That Show the Short-Term
Variable Relationship
Variable
𝑒𝑐𝑡𝑡−1
𝑒𝑐𝑡𝑡−2
∆𝑒𝑥𝑝𝑜𝑟𝑡𝑠𝑡−1
∆𝑒𝑥𝑝𝑜𝑟𝑡𝑠𝑡−2
∆𝑖𝑚𝑝𝑜𝑟𝑡𝑠𝑡−1
∆𝑖𝑚𝑝𝑜𝑟𝑡𝑠𝑡−2
∆𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡−1
∆𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡−2
∆𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒 𝑟𝑎𝑡𝑒𝑡−1
∆𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒 𝑟𝑎𝑡𝑒𝑡−2
∆𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒𝑡−1
∆𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒𝑡−2

Coefficient
−0.058378*
−0.136997*
−0.770885*
−0.064200
0.101808
−0.118906
−0.717528
−2.461659*
0.490593
−0.402662
−1.287147
1.612054

*at the 5% significance level.

Based on Table 7, it was found that in
the short-term, there were two significant
variables to export at the 5% significance
level. The significant variable was the
export in the first lag which negatively
affected the export at the 5% significance
level. It can be explained that an increase
of one percent in export will decrease the
export itself by 0.770885 percent.
The second variable was inflation in
the second lag which negatively affected
the export at the 5% significance level. It
can be explained that an increase of one
percent in inflation will decrease the
export by 2.461659. In export, there was
an adjustment mechanism from the shortterm to the long-term which was indicated
by the significant and negative
cointegration errors.
VECM with import as the target
variable is displayed as follows:

∆𝑖𝑚𝑝𝑜𝑟𝑡𝑡 = −0.064658𝑒𝑐𝑡𝑡−1 − 0.153353𝑒𝑐𝑡𝑡−2 − 0.147856∆export 𝑡−1
+ 0.302665∆𝑒𝑥𝑝𝑜𝑟𝑡𝑡−2 − 0.537494∆𝑖𝑚𝑝𝑜𝑟𝑡𝑡−1 − 0.526892∆𝑖𝑚𝑝𝑜𝑟𝑡𝑡−2
− 1.730351∆𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡−1 − 2.893331∆𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡−2
+ 0.377239∆𝑒𝑥𝑐𝑎ℎ𝑎𝑛𝑔𝑒𝑟𝑎𝑡𝑒𝑡−1 − 0.411728∆𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑟𝑎𝑡𝑒𝑡−2
− 0.016583∆𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡𝑟𝑎𝑡𝑒𝑡−1 + 1.754202∆interestrate𝑡−2
(2)
Table 8 is the VECM estimation
result of the import which shows the

short-term variable relationship with a
significance level of 5%.
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Table 8. The VECM Estimation Result of Import That Show the Short-Term Variable
Relationship
Variable
𝑒𝑐𝑡𝑡−1
𝑒𝑐𝑡𝑡−2
∆𝑒𝑥𝑝𝑜𝑟𝑡𝑠𝑡−1
∆𝑒𝑥𝑝𝑜𝑟𝑡𝑠𝑡−2
∆𝑖𝑚𝑝𝑜𝑟𝑡𝑠𝑡−1
∆𝑖𝑚𝑝𝑜𝑟𝑡𝑡−2
∆𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡−1
∆𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡−2
∆𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒 𝑟𝑎𝑡𝑒𝑡−1
∆𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒 𝑟𝑎𝑡𝑒𝑡−2
∆𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒𝑡−1
∆𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒𝑡−2

Coefficient
−0.064658*
−0.153353*
−0.147856
0.302665
−0.537494*
−0.526892*
−1.730351
−2.893331
0.377239
−0.411728
−0.016583
1.754202

*at the 5% significance level.

Based on Table 8, it was found that in
the short term, there were two significant
to import variables at the 5% significance
level. The variable was the import in the
first lag which negatively affected the
import. It can be explained that an
increase of one percent in imports will
reduce the import itself by 0.537494
percent.
The second variable is the import in
the second lag which negatively affected

the import. It can be explained that an
increase of one percent in imports will
decrease the import 0.526892 percent. In
import, there was an adjustment
mechanism from the short-term to the
long-term indicated by both significant
and negative cointegration errors.
VECM with the inflation as the target
variable is as follows:

∆𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡 = 0.000563𝑒𝑐𝑡𝑡−1 − 0.000415𝑒𝑐𝑡𝑡−2 + 0.001875∆𝑒𝑥𝑝𝑜𝑟𝑡𝑠𝑡−1
+ 0.000128∆𝑒𝑥𝑝𝑜𝑟𝑡𝑠𝑡−2 − 0.000400∆𝑖𝑚𝑝𝑜𝑟𝑡𝑠𝑡−1 − 0.003868∆𝑖𝑚𝑝𝑜𝑟𝑡𝑠𝑡−2
+ 0.409537∆𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡−1 − 0.165632∆𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡−2
+ 0.056153∆𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒 𝑟𝑎𝑡𝑒𝑡−1 + 0.056469∆𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒 𝑟𝑎𝑡𝑒𝑡−2
+ 0.431314∆𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒𝑡−1 − 0.179088∆𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒𝑡−2
(3)
Table 9 is the VECM estimation
result of inflation which shows the short-

term variable relationship
significance level of 5%.

with

Table 9. The VECM Estimation Results of Inflation That Show the Short-Term Variable
Relationship
Variable
𝑒𝑐𝑡𝑡−1
𝑒𝑐𝑡𝑡−2
∆𝑒𝑥𝑝𝑜𝑟𝑡𝑠𝑡−1
∆𝑒𝑥𝑝𝑜𝑟𝑡𝑠𝑡−2
∆𝑖𝑚𝑝𝑜𝑟𝑡𝑠𝑡−1
∆𝑖𝑚𝑝𝑜𝑟𝑡𝑠𝑡−2
𝛥𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡−1
𝛥𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡−2
𝛥𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒 𝑟𝑎𝑡𝑒𝑡−1
𝛥𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒 𝑟𝑎𝑡𝑒𝑡−2
𝛥𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒𝑡−1
𝛥𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒𝑡−2

Coefficient
0.000563
−0.000415
0.001875
0.000128
−0.000400
−0.003868
0.409537*
−0.165632
0.056153
0.056469*
0.431314
−0.179088

*at the 5% significance level.
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Based on Table 9, two variables were
significant to inflation at the 5%
significance level. This first variable was
the inflation in the first lag which
positively affected the inflation. It can be
explained that an increase of one percent
in inflation will increase the inflation itself
by 0.409537 percent.

The second variable was the
exchange rate at the second lag which
positively affected the inflation. It can be
explained that an increase of one percent
in the exchange rate will increase the
inflation by 0.056469 percent.
VECM with the exchange rate as the
target variable is as follows:

∆𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒 𝑟𝑎𝑡𝑒𝑡
= 0.006171𝑒𝑐𝑡𝑡−1 + 0.016950𝑒𝑐𝑡𝑡−2 − 0.018421∆𝑒𝑥𝑝𝑜𝑟𝑡𝑡−1
− 0.000543∆𝑒𝑥𝑝𝑜𝑟𝑡𝑡−2 − 0.010623∆𝑖𝑚𝑝𝑜𝑟𝑡𝑡−1 − 0.001996∆𝑖𝑚𝑝𝑜𝑟𝑡𝑡−2
+ 0.264227∆𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡−1 + 0.099278∆𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡−2
+ 0.213066∆𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒 𝑟𝑎𝑡𝑒𝑡−1 − 0.233988∆𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒 𝑟𝑎𝑡𝑒𝑡−2
+ 1.535983∆𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒𝑡−1 + 0.713371∆𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒𝑡−2
(4)
Table 10 shows the VECM estimation
result of the exchange rate which shows
the short-term variable relationship at a
significance level of 5%.
Table 10. The VECM Estimation Results
of the Exchange Rate That Show the
Short-Term Variable Relationship
Variable
𝑒𝑐𝑡𝑡−1
𝑒𝑐𝑡𝑡−2
∆𝑒𝑥𝑝𝑜𝑟𝑡𝑠𝑡−1
∆𝑒𝑥𝑝𝑜𝑟𝑡𝑠𝑡−2
∆𝑖𝑚𝑝𝑜𝑟𝑡𝑠𝑡−1
∆𝑖𝑚𝑝𝑜𝑟𝑡𝑠−0.001996
𝛥𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛0.264227
𝛥𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛0.099278
𝛥𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑟𝑎𝑡𝑒0.213066
𝛥𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑟𝑎𝑡𝑒−0.233988
𝛥𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒1.535983
𝛥𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒0.713371𝑡

Coefficient
0.006171*
0.016950*
−0.018421
−0.000543
−0.010623
𝑡−2
𝑡−1
𝑡−2
𝑡 − 1*
𝑡 − 2*
𝑡−1
2

*at the 5% significance level.

variables to the exchange rate at the 5%
significance level. The first variable was
the exchange rate in the first lag which
positively affected the exchange rate. It
can be explained that an increase of one
percent in the first lag of the exchange rate
will increase the exchange rate itself by
0.213066 percent.
The second variable was the
exchange rate in the second lag which
positively affected the exchange rate. It
can be explained that an increase of one
percent in the exchange rate in the second
lag, the exchange rate will decrease by
0.233988 percent. In inflation, there was
an adjustment mechanism from the shortterm to the long-term indicated by two
significant cointegration errors.
VECM with the interest rate as the
target variable is as follows:

Based on Table 10, it is found that in
the short-term, there were two significant
∆𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒𝑡
= 0.000167𝑒𝑐𝑡𝑡−1 + 0.000553𝑒𝑐𝑡𝑡−2 + 0.003129∆𝑒𝑥𝑝𝑜𝑟𝑡𝑡−1
+ 0.000340∆𝑒𝑥𝑝𝑜𝑟𝑡𝑡−2 + 0.002148∆𝑖𝑚𝑝𝑜𝑟𝑡𝑡−1 + 0.001674 ∆𝑖𝑚𝑝𝑜𝑟𝑡𝑡−2
+ 0.045677∆𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡−1 − 0.007648 ∆𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡−2
+ 0.002259∆𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑟𝑎𝑡𝑒𝑡−1 − 0.001566∆𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒 𝑟𝑎𝑡𝑒𝑡−2
+ 0.359769 ∆𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒𝑡−1 + 0.157656∆𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒𝑡−2
(5)

Copyright © 2020, Desimal, Print ISSN: 2613-9073, Online ISSN: 2613-9081

Desimal, 3 (3), 2020 - 257

Nina Valentika*, Vivi Iswanti Nursyirwan, Ilmadi
Table 11 shows the VECM estimation
result of the interest rate which shows the

short-term variable relationship at a
significance level of 5%.

Table 11. The VECM Estimation Result of the Interest Rate Which Shows the Short-Term
Variable Relationship
Variable
𝑒𝑐𝑡𝑡−1
𝑒𝑐𝑡𝑡−2
∆𝑒𝑥𝑝𝑜𝑟𝑡𝑠𝑡−1
∆𝑒𝑥𝑝𝑜𝑟𝑡𝑠𝑡−2
∆𝑖𝑚𝑝𝑜𝑟𝑡𝑠𝑡−1
∆𝑖𝑚𝑝𝑜𝑟𝑡𝑠𝑡−2
∆𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡−1
∆𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡−2
∆𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒 𝑟𝑎𝑡𝑒𝑡−1
∆𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒 𝑟𝑎𝑡𝑒𝑡−2
∆𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒𝑡−1
∆𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒𝑡−2

Coefficient
0.000167
0.000553
0.003129
0.000340
0.002148
0.001674
0.045677
−0.007648
0.002259
−0.001566
0.359769*
0.157656

*at the 5% significance level.

Based on Table 11, it was found that
in the short term, there was one significant
variable to the interest rate at a
significance level of 5%. This variable was
the interest rate in the first lag which
positively affected the interest rate. It can

be explained that an increase of one
percent in the first lag interest rate will
increase the interest rate itself by
0.359769 percent.
The cointegration equation (longrun model) for 𝑒𝑐𝑡𝑡−1 is as follows:

𝑒𝑐𝑡𝑡−1 = 1.0000𝑒𝑥𝑝𝑜𝑟𝑡𝑠𝑡−1 − 220.9148𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡−1 − 4.642013𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒 𝑟𝑎𝑡𝑒𝑡−1
+ 192.0311𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒𝑡−1 + 17.83737
(6)
The results of the VECM estimation
that shows the long-term relationship for
𝑒𝑐𝑡𝑡−1 can be seen in Table 12.
Table 12. The VECM Estimation Results That Show the Long-Term Relationship for
𝑒𝑐𝑡𝑡−1
Variable
Coefficient
𝑒𝑥𝑝𝑜𝑟𝑡𝑠−1
1.0000
𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡−1
−220.9148*
𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒 𝑟𝑎𝑡𝑒𝑡−1 −4.642013
𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒𝑡−1 192.0311*
Constant
17.83737

t-statistics
- 4.85488
-1.53300
2.64564
0.61084

*at 5% significance level.

Based on Table 12, it was found that
there were two variables affected the
export in the long-term. The inflation with
a coefficient of −220,9148 indicated that
an increase of one percent of the inflation
will reduce the export by 220,9148
percent. The interest rate with a

coefficient of 192.0311 indicated that an
increase of the interest rate of one percent
will increase the export by 192.0311
percent.
The cointegration equation (longrun model) for 𝑒𝑐𝑡𝑡−2 is as follows:
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𝑒𝑐𝑡𝑡−2 = 1.0000𝑖𝑚𝑝𝑜𝑟𝑡𝑠𝑡−1 + 86.87339𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡−1 + 2.412033𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒 𝑟𝑎𝑡𝑒𝑡−1
− 63.27930𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒𝑡−1 − 45.74021
(7)
The results of VECM estimation that
show a long-term relationship for 𝑒𝑐𝑡𝑡−2 can
be seen in Table 13.
Table 13. The VECM Estimation Results That Show the Long-Run for 𝑒𝑐𝑡𝑡−2
Variable
Coefficient
𝑒𝑥𝑝𝑜𝑟𝑡𝑠−1
1.0000
𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛−1
86.87339*
𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒 𝑟𝑎𝑡𝑒𝑠𝑡−1 2.412033
𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒−1
−63.27930*
Constant
−45.74021*
*at 5% significance level.

Based on Table 13, it was found that
two variables affected the import in the
long-term. The inflation with a coefficient
of 86.87339 indicated that an increase of
inflation by one percent will increase the
import by 86.87339 percent. The interest

t-statistics
4.61750
1.92657
-2.10857
-3.78842

rate with a coefficient of −63,27930
indicated that an increase of the interest
rate by one percent will reduce the import
by 63,27930 percent.
The forecasting model to forecast the
export can be seen in Table 14.

Table 14. The Forecasting Model to Forecast the Export
Months

The Forecasting
Results

January 2020

23.43778

February 2020

Analytical
Results

Relative Error
0:44

23.43779%

23.33569
23.36666373

in March 2020

23.43779

23.36716144%

0:30

April 2020

23.4378

23.22167262%

0.93 %

May 2020

23.4378

23.07785497

1.56%

June 2020

23.43781

23.2108107

0.98%

Based on Table 14, the forecasting
model showed that each month, the
relative error was less than 5%. Thus, this
research model is good at forecasting the

00:30

export. The forecasting model for
forecasting the exchange rates can be seen
in Table 15.

Table 15. The Forecasting Model to Forecast the Exchange Rates
Months
January 2020
February 2020
March 2020
April 2020
May 2020
June 2020

The
Forecasting
Results
9.151702
9.151699
9.151697
9.151695
9.151693
9.151691

Analytica
l Results

Relative
Error

9.527501
9.530694
9.628693
9.672024
9.609532
9.560712

3.94%
3.98%
4.95%
5.38 %
4.76%
4.28%
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Based on Table 15, the forecasting
results showed that not every month the
relative error was less than 5%. Thus, this
research model is inappropriate to

forecast exchange rates. The forecasting
model to forecast the interest rates can be
seen in Table 16.

Table 16. The Forecasting Model to Forecast the Interest Rates
Months
January 2020
February 2020
March 2020
April 2020
May 2020
June 2020

The Forecasting
Results
0.068544
0.068544
0.068544
0.068543
0.068543
0.068543

Based on Table 16, the forecasting
results showed that each month, the
relative error was greater than 5%. Thus,
this research model is inappropriate to

Analytica
l Results
0.05
0.0475
0.045
0.045
0.045
0.0425

Relative
Error
37.09%
44.30%
52.32%
52.32%
52.32%
61.28%

forecast interest rates. The forecasting
model to forecast the import can be seen
in Table 17.

Table 17. The Forecasting Model to Forecast the Import
Months
January 2020
February 2020
March 2020
April 2020
May 2020
June 2020

The Forecasting
Results
23.30191
23.30192
23.30193
23.30193
23.30194
23.30194

Based on Table 17, the forecasting
results showed that each month, the
relative error was less than 5%. Thus, this

Analytical
Results
23.38133
23.169787
23.314947
23.251807
22.856497
23.099501

Relative
Error
0.34%
0.57%
0.06%
0.22%
1.95%
0.88%

research model is appropriate to forecast
the import. The forecasting model to
forecast inflation can be seen in Table 18.

Table 18. The Forecasting Model to Forecast the Inflation
Months
January 2020
February 2020
March 2020
April 2020
May 2020
June 2020

The Forecasting
Results
0.054115
0.054115
0.054115
0.054115
0.054115
0.054116

Based on Table 18, the forecasting
results showed that each month, the
relative error was more than 5%. Thus,

Analytical
Results
0.0268
0.0298
0.0296
0.0267
0.0219
0.0196

Relative
Error
101.92%
81.59%
82.82%
102.68%
147.10%
176.10%

this research model is inappropriate to
forecast inflation. Granger’s Causality test
can be seen in Table 19.
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Table 19. The Granger Causality Test
𝑯𝟎 **

F-Statistic

EXPORT does not cause EXCHANGE RATE
EXCHANGE RATE does not cause EXPORT
INTEREST RATE does not cause EXCHANGE RATE
EXCHANGE RATE does not cause INTEREST RATE
IMPORT does not cause EXCHANGE RATE
EXCHANGE RATE does not cause IMPORT
INFLATION does not cause EXCHANGE RATE
EXCHANGE RATE does not cause INFLATION *
INTEREST RATE does not cause EXPORT
EXPORT does not cause INTEREST RATE *
IMPORT does not cause EXPORT
EXPORT does not cause IMPORT *
INFLATION does not Cause EXPORT *
EXPORT does not cause INFLATION
IMPORT does not cause INTEREST RATE *
INTEREST RATE does not cause IMPORT
INFLATION does not cause INTEREST RATE
INTEREST RATE does not cause INFLATION
INFLATION does not cause IMPORT
IMPORT does not cause INFLATION

0.4130
0.2028
0.0553
0.9068
0.4384
0.5429
0.7953
0.0180
0.1917
0.0149
0.0899
0.0057
0.0313
0.8830
0.0054
0.7862
2.35608
0.35632
2.28149
0.08432

Prob.
0.89079
1.61638
2.96424
0.09788
0.83026
0.61384
0.22944
4.15210
1.67442
4.35589
2.45695
5.38927
3.56493
0.12456
5.45778
0.24106
0.0991
0.7010
0.1064
0.9192

*𝐻0 is rejected
**use the second differentiated data

Based on Table 19, the exchange
rates significantly influence inflation. This
result is relevant to Madesha, et al. (2013)
that inflation greatly influences the
exchange rates' fluctuations (Madesha et
al., 2013). The export significantly
influences interest rates. The export
significantly influences the import.
inflation significantly influences export.
The import significantly influences the
interest rate
CONCLUSIONS AND SUGGESTIONS
It can be concluded that the intervariables model in this research was the
VECM model with lag 2. It used the
deterministic trend with the assumption
of none intercept no trend and there was
two cointegration. There was an
adjustment mechanism in import and
export in the short-term and long-term.
The model was appropriate to forecast
export and import. Based on Granger’s
Causality test, there was a one-way
relationship between the exchange rates
and inflation, between export and interest

rates, between export and import,
between inflation and export, and
between import and interest rates at a
significance level of 5%. Further research
is expected to add other macroeconomic
factors.
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ABSTRACT
Life insurance is insurance that protects against risks to someone's
life. Joint Life Insurance is insurance where the life and death rules
are a combination of two or more factors, such as husband-wife or
parent-child, and if the first death occurs, then the premium payment
process is stopped. The annual premium is the premium paid
annually. In this study, the annual premium is calculated
continuously with the equivalence principle based on the 2011
Indonesian Mortality Table. The calculation shows that the amount
of annual premiums for 2 (two) and 3 (three) people is not much
different. The factors that influence the annual premium amount are
the duration insurance period, age at signing the policy, interest
rates, life chances, force of mortality, and the number of benefits.

Doi:
10.24042/djm.v3i3.6761

INTRODUCTION
Everyone in their life has many risks of
occurrence
that
maybe
happen
themselves that causes loss, such as
accidents, damage, health, loss of life, and
other unexpected events. According to
(Sembiring, 1986), life is full of
uncertainty. Everyone wants to have
prospered; life prosperity will be
disturbed if he is sick, disability, or died.
Welfare guarantee can be obtained if he
insures himself, guaranteeing that is given
like compensation, so it can be concluded
that insurance is a guarantee against the
unexpected event that possibly happened
to minimize risk. Insurance that

http://ejournal.radenintan.ac.id/index.php/desimal/index

guarantees a person's life is called life
insurance.
Life insurance protects against the risk
of someone's life who becomes an insured
(Bhuana et al., 2015). Life insurance can be
divided into two: life insurance for an
individual is called single life insurance,
while for more than one person is joint-life
insurance (Futami, 1994). One type of
combined life insurance is joint-life life
insurance. Joint-life is a condition where
the death rule of his life is a combination
of two or more factors, such as husband
and wife, parents, and children (Futami,
1994). An institution that provides various
protection for its customer is called an
insurance company.
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According to (Bowers et al., 1987), the
insurance company will publish a contract
that will promise to pay a specified
amount, equal to or less from the loss
during the policy period. Then it is started
from the signing of the insurance policy. It
means that it is started to switch the
insured (customer) to the guarantor
(company). Both sides in the insurance
policy must obey the rule that each
customer must pay a premium, while the
company must provide rights to the
suspended family (heirs) if a risk occurs,
the right is called a benefit. The premium
paid directly at the insurance contract
time is agreed at once is called a single
premium (Futami, 1993), but in reality,
they are rarely used because they are too
expensive to be paid at once. Premium
payments can be made every year to
facilitate customers. This payment is
called the annual premium.
According to (Matvejevs & Matvejevs,
2001), family insurance contracts have
applied more than individual insurance,
and family insurance is joint-life
insurance. Therefore, they determine the
annual premium for two people on
discrete joint-life life insurance, and
(Bhuana et al., 2015) also research to
determine the annual premium for three
people with the same type of insurance.
The discrete premium calculation means
that the insured's provided the benefit is
carried out at the end of the year the
insured dies, whereas for deaths that
occur at the beginning of the year is very
long to receive the provided benefit at the
end of the year. Moreover, other research
related to determining the annual
premium by discrete calculations can be
seen in (Ihsan et al., 2014) and (Bizaini et
al., 2016).
Therefore, the author is motivated to
determine the formulation of annual
premiums with a type of joint-life
insurance for two and three people
continuously. The continuous premium
calculation means that the benefit can be

given directly when the insured dies but
with the same amount of benefit if he dies
within the specified policy, different from
two previous journals with many benefits
with premiums that have been paid. This
study aims to determine the annual
premium continuously from joint-life
insurance for two people (husband and
wife) and three people (husband, wife, and
son).
METHOD
An insurance contract for two people
consists of a married couple, with their
ages, namely husband (𝑥) and wife (𝑦).
Suppose both remain alive until the
insurance contract expiration for 𝑛 years
or reach 𝑥 + 𝑛 and 𝑦 + 𝑛 years. In that
case, they get a benefit 𝑄.
If one of the couples dies before the
contract expires, for example, 𝑥 dies, then
𝑦, who remains alive until the end of the
contract, starts in the 𝑛 year during a
lifetime each year gets a benefit of 𝑅𝑦, and
vice-versa if 𝑦 died then 𝑥 gets a benefit of
𝑅𝑥. If the couple both (𝑥 and 𝑦) dies before
the contract expires, then the heir will
receive a 𝐽 benefit as soon as they both die.
Furthermore, the insurance contract
for three people consists of husband, wife,
and son, with their age, namely husband
(𝑥), wife (𝑦), and son (𝑧).
Suppose all three remain alive until the
end of the contract for n years or reach 𝑥 +
𝑛, 𝑦 + 𝑛, and 𝑛 years. Then, they get
benefits of 𝑄. Furthermore, if one of three
participants dies before the contract
period ends, for example, 𝑥 died, 𝑦 and 𝑧
are still alive until the end of the contract,
then 𝑦 and 𝑧 gets a benefit of 𝑅𝑦𝑧. If 𝑦 dies,
then 𝑥 and 𝑧 get a benefit of 𝑅𝑥𝑧, and so if
𝑧 dies, then 𝑥 and 𝑦 get a benefit of 𝑅𝑥𝑦.
Meanwhile, if 𝑥 and 𝑦 die, while 𝑧 is still
alive until the end of the contract, then
starts in the 𝑛 year during a lifetime every
year, gets a benefit of 𝑅𝑧. If 𝑥 and 𝑧 die,
then 𝑦 get a benefit of 𝑅𝑦, and so if 𝑦 and 𝑧
die, then 𝑥 get a benefit of 𝑅𝑥. If all their
participant dies in the same year before
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the contract expires, then the heirs will
receive a 𝐽 benefit as soon as three of them
died.
In this research, the calculation of the
formulation is based on the 2011
Indonesian mortality table. Then the
formulation uses the symbols in the table.
The chance of living a joint-life or the
chance of survival for people aged 𝑥1 , 𝑥2 ,
𝑥3 , … 𝑥𝑚 will remain alive until they are x
+ n years old.
n px1 ,x2 ,x3 ,… xm = n px1 . n p x2 . n p x3 …
(1)
n pxm
For a joint-life, the chance of living for
two people is denoted by 𝑛 𝑝𝑥𝑦 , and
formulated as follows:
n pxy

= n px . n py =

lx+n ;y+n

(2)

lxy

Whereas, for three people is denoted
by 𝑛 𝑝𝑥𝑦𝑧 , and formulated as follows:
𝑛 𝑝𝑥𝑦𝑧

=

𝑛 𝑝𝑥 . 𝑛 𝑝𝑦 . 𝑛 𝑝𝑧

=

𝑙𝑥+𝑛 ;𝑦+𝑛 ;𝑧+𝑛
𝑙𝑥𝑦𝑧

(3)

The rate of death is the chance of
person currently aged 𝑥 years will die
sometime later or die between the ages of
𝑥 and 𝑥 + ∆𝑥 with the condition of life at
age 𝑥 is denoted by 𝜇𝑥 (𝑡) , and formulated
as follows:
l
−lx+t+1
μx (t)= x+t−1
(4)
2l
x+t

Meanwhile, for two people, age 𝑥 and 𝑦
years and three people, age 𝑥, 𝑦, and 𝑧
years are denoted each 𝜇𝑥𝑦 (𝑡) and 𝜇𝑥𝑦𝑧 (𝑡) ,
and formulated as follows:
𝑙𝑥+𝑡−1;𝑦+𝑡−1 −𝑙𝑥+𝑡+1;𝑦+𝑡+1
𝜇𝑥𝑦 (𝑡)=
(5)
2𝑙𝑥+𝑡;𝑦+𝑡

(5)

𝜇𝑥𝑦𝑧 (𝑡)=
𝑙𝑥+𝑡−1;𝑦+𝑡−1;𝑧+𝑡−1 −𝑙𝑥+𝑡+1;𝑦+𝑡+1;𝑧+𝑡+1
2𝑙𝑥+𝑡;𝑦+𝑡;𝑧+𝑡

(6)

A single premium is a premium that is paid
directly when an insurance contract is
agreed upon. Term life insurance is
insurance with the benefit provided if the
insured dies as long as the contract is not
over. If he is still alive, then he does not get
anything (Sembiring, 1986). Single life

term joint-life insurance premium for two
people age 𝑥 and 𝑦 years, with the contract
for 𝑛 years, is denoted by 𝐴̅ 1𝑥𝑦:𝑛|
̅̅̅ , and
formulated as follows:
𝑛 𝑡
𝐴̅ 1𝑥𝑦:𝑛|
(7)
̅̅̅ = ∫0 𝑣 .𝑡 𝑝𝑥𝑦 𝜇𝑥𝑦 (𝑡 ) 𝑑𝑡
(7)
Meanwhile, for three people age 𝑥, 𝑦, and
𝑧 years, with insurance contract for 𝑛
years is denoted by 𝐴̅ 1𝑥𝑦𝑧:𝑛|
and
̅̅̅ ,
formulated as follows:
n t
A̅ 1xyz:n|
(8)
̅ = ∫0 v .t pxyz μxyz (t) dt
Pure endowment life insurance is
insurance with the benefit provided if the
insured remains alive until the end of the
insurance contract. If he dies, then he does
not get anything (Sembiring, 1986). The
single premium of pure joint-life
endowment life insurance for two people
age 𝑥 and 𝑦 years with a contract for 𝑛
1
̅ 𝑥𝑦∶𝑛|
years is denoted by 𝐴
̅̅̅ , and formulated
as follows:
1
n
A̅ xy∶n|
(9)
̅ = v . n pxy
Meanwhile, for three people age 𝑥, 𝑦, and
𝑧 years with an insurance contract for n
1
years is denoted by 𝐴̅ 𝑥𝑦𝑧:𝑛|
and
̅̅̅ ,
formulated as follows:
1
n
n lx+n ;y+n ;z+n
A̅ xyz∶n|
(10)
̅ = v . n pxyz = v .
lxyz

An annuity is a series of payments for a
certain period. A life annuity is a series of
payments done during a person who is still
alive, so this payment is associated with
someone's life or death (Sembiring, 1986).
Joint-life term annuity for two people age
𝑥 and 𝑦 for 𝑛 years is denoted by a̅ xy : n|
̅ ,
formulated as follows:
𝑛
𝑡
𝑎̅ 𝑥𝑦 : ̅̅̅
(11)
𝑛| = ∫0 𝑡 𝑝𝑥𝑦 𝑣 𝑑𝑡
Meanwhile, for three people aged 𝑥, 𝑦, and
𝑧 years, with insurance contract for 𝑛
years are denoted by a̅ xyz : n|
̅ , formulated
as follows:
𝑛
𝑡
𝑎̅ 𝑥𝑦𝑧 : ̅̅̅
(12)
𝑛| = ∫0 𝑡 𝑝𝑥𝑦𝑧 𝑣 𝑑𝑡
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An annuity paid after a while is called a
deferred annuity (Futami, 1993). An
annuity which is postponed 𝑛 years of
joint-life for two people age 𝑥 and 𝑦 years
is denoted by 𝑛| 𝑎̅𝑥𝑦 , and formulated as
follows:
∞
̅𝑥𝑦 = ∫𝑛 𝑡 𝑝𝑥𝑦 𝑣 𝑡 𝑑𝑡
𝑛| 𝑎
∞ 𝑙𝑥+𝑡;𝑦+𝑡

= ∫𝑛

𝑙𝑥𝑦

𝑣 𝑡 𝑑𝑡

(13)

Meanwhile, for three people age 𝑥, 𝑦, and
𝑧 years, with an insurance contract for 𝑛
years is denoted by n| a̅xyz, and formulated
as follows:
∞
̅𝑥𝑦𝑧 = ∫𝑛 𝑡 𝑝𝑥𝑦𝑧 𝑣 𝑡 𝑑𝑡
𝑛| 𝑎
∞ 𝑙𝑥+𝑡;𝑦+𝑡;𝑧+𝑡

= ∫𝑛

𝑙𝑥𝑦𝑧

𝑣 𝑡 𝑑𝑡

(14)

The premium amount sought in this study
is determined by the principle of
equivalence as follows:
𝐸 (𝐿 ) = 0
(15)
𝐿 states that the amount of loss the
guarantor is defined as a random variable
from the cash benefit. According to
(Sembiring, 1986), there is a healthy and
fair guideline that "the value of future
premiums = the value of future benefit"
does not harm/benefit the insured or the
guarantor. The translation of loss
functions using the equivalence principle
is as follows:
E(L) = 𝐵 𝐸(𝑉 𝑇 ) −𝑃̅. E( 𝑎̅𝑡|̅ ) = 0
𝑃̅. E( 𝑎̅𝑡|̅ ) = B. 𝐸(𝑉 𝑇 )
(16)
information:
B. 𝐸(𝑉 𝑇 )= Output (the insurer pays the
value of the benefit).
̅
𝑃. E( 𝑎̅𝑡|̅ )= Input (annual premium value).
B = Amount of benefit (the company pays
the amount of coverage).
̅
𝑃= Annual premium amount (the
customer pays the amount of premium
each year).
The formulation above can be
concluded that the value of the benefit
must be equal to the annual premium
value. There is an equivalence principle
that can be determined the amount of the
annual premium of insurance. The

procedure and data analysis technique
should be emphasized in the literature
review article.
RESULTS AND DISCUSSION
This chapter will determine the value of
the annual premium and the value of the
benefit paid by the guarantor because
both of them are used to obtain the annual
premium formulation of joint-life life
insurance for two and three people based
on the principle of equivalence with
continuous calculation.
The annual premium for joint-life life
insurance for two people is as follows:
1. Annual premium value (Input)
̅ . 𝑎̅𝑥𝑦:𝑛|
𝑃̅ .E( 𝑎̅𝑛|
̅̅̅ ) = 𝑃
̅̅̅
𝑛
= 𝑃̅. ∫0 𝑡 𝑝𝑥𝑦 . 𝑣 𝑡 𝑑𝑡.

2. The value of the benefit is paid by the
insurer (Output)
1
𝐵. 𝐸(𝑉 𝑇 )=[(𝑄(𝐴̅ 𝑥𝑦 : 𝑛|
̅𝑥 .𝑛 𝑞𝑦 )
̅̅̅))+ (Rx.𝑛| 𝑎
+ (Ry. 𝑛| 𝑎̅𝑦 .𝑛 𝑞𝑥 ) + (J.( 𝐴̅ 𝑥𝑦1 :𝑛|
̅̅̅ )].
3. By using the equivalence principle, the
annual premium formulation is
obtained
1
𝑃̅ .𝑎̅𝑥𝑦:𝑛|
̅𝑥 .𝑛 𝑞𝑦 )
̅̅̅ = (𝑄. (𝐴̅ 𝑥𝑦 : 𝑛|
̅̅̅))+(Rx. 𝑛| 𝑎
̅=
+(Ry. 𝑛| 𝑎̅𝑦 .𝑛 𝑞𝑥 )+(J.(𝐴̅ 𝑥𝑦1 :𝑛|
̅̅̅ ).𝑃
1
̅ 𝑥 .𝑛 𝑞𝑦 )
(𝑄.(𝐴̅ 𝑥𝑦 : 𝑛|
̅̅̅)) + (𝑅𝑥. 𝑛| 𝑎

𝑎̅𝑥𝑦:𝑛|
̅̅̅

+

(𝑅𝑦. 𝑛| 𝑎̅𝑦 .𝑛 𝑞𝑥 ) + (𝐽.(𝐴̅ 𝑥𝑦1 :𝑛|
̅̅̅ )
𝑎̅𝑥𝑦:𝑛|
̅̅̅

Thus, the annual premium formula is
denoted by 𝑃̅𝑥𝑦:𝑛 , and formulated as
follows:
1
(𝑄.(𝐴̅ 𝑥𝑦 : ̅̅̅
)) + (𝑅𝑥. 𝑛| 𝑎̅𝑥 .𝑛 𝑞𝑦 )
𝑛|

𝑃̅𝑥𝑦:𝑛 =
+

𝑎̅𝑥𝑦:𝑛|
̅̅̅

(𝑅𝑦. 𝑛| 𝑎̅𝑦 .𝑛 𝑞𝑥 ) + (𝐽.(𝐴̅ 𝑥𝑦1 :𝑛|
̅̅̅ )
𝑎̅𝑥𝑦:𝑛|
̅̅̅
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Meanwhile, for the annual premium
formulation of joint-life insurance for
three people as follows:
1. Annual premium value (Input)
̅ ̅𝑥𝑦𝑧:𝑛|
̅ . ∫𝑛 𝑡 𝑝𝑥𝑦𝑧
𝑃̅. E( 𝑎̅̅̅̅
̅̅̅ = 𝑃
𝑛| ) = 𝑃 . 𝑎
0

𝑃̅𝑥𝑦𝑧:𝑛 =

1
̅ 𝑦𝑧 .𝑛 𝑞𝑥 )
(𝑄.(𝐴̅ 𝑥𝑦𝑧 : 𝑛|
̅̅̅)) + (𝑅𝑦𝑧. 𝑛| 𝑎

𝑎̅𝑥𝑦𝑧:𝑛|
̅̅̅
(𝑅𝑥𝑧. 𝑛| 𝑎̅𝑥𝑧 .𝑛 𝑞𝑦 ) + (𝑅𝑥𝑦. 𝑛| 𝑎̅𝑥𝑦 .𝑛 𝑞𝑧 )
𝑎̅𝑥𝑦𝑧:𝑛|
̅̅̅
(𝑅𝑥. 𝑛| 𝑎̅𝑥 .𝑛 𝑞𝑦𝑧 ) +(𝑅𝑦. 𝑛| 𝑎̅𝑦 .𝑛 𝑞𝑥𝑧 )
𝑎̅𝑥𝑦𝑧:𝑛|
̅̅̅
𝑎̅𝑥𝑦𝑧:𝑛|
̅̅̅

𝑣 𝑑𝑡.
2. The value of benefit paid by the insurer
(Output)
1
B. 𝐸(𝑉 𝑇 ) = [(𝑄. (𝐴̅ 𝑥𝑦𝑧 : ̅̅̅
)) +
𝑛|
(𝑅𝑦𝑧. 𝑛| 𝑎̅𝑦𝑧 .𝑛 𝑞𝑥 )
+
(𝑅𝑥𝑧. 𝑛| 𝑎̅𝑥𝑧 .𝑛 𝑞𝑦 )
+
(𝑅𝑥𝑦. 𝑛| 𝑎̅𝑥𝑦 .𝑛 𝑞𝑧
)
+
(𝑅𝑥. 𝑛| 𝑎̅𝑥 .𝑛 𝑞𝑦𝑧 ) + (𝑅𝑦. 𝑛| 𝑎̅𝑦 .𝑛 𝑞𝑥𝑧
) + (𝑅𝑧. 𝑛| 𝑎̅𝑧 .𝑛 𝑞𝑥𝑦 ) + (J.( 𝐴̅ 𝑥𝑦𝑧1 :𝑛|
̅̅̅
))].
3. By using the equivalence principle, the
annual premium formulation is
obtained
1
𝑃̅. 𝑎̅𝑥𝑦𝑧:𝑛|
[(𝑄. (𝐴̅ 𝑥𝑦𝑧 : ̅̅̅
)) +
̅̅̅ =
𝑛|
(𝑅𝑦𝑧. 𝑛| 𝑎̅𝑦𝑧 .𝑛 𝑞𝑥 )

+

(𝑅𝑥𝑧. 𝑛| 𝑎̅𝑥𝑧 .𝑛 𝑞𝑦 )

+

(𝑅𝑥𝑦. 𝑛| 𝑎̅𝑥𝑦 .𝑛 𝑞𝑧

)

(𝑅𝑥. 𝑛| 𝑎̅𝑥 .𝑛 𝑞𝑦𝑧 ) + (𝑅𝑦.

̅𝑦 .𝑛 𝑞𝑥𝑧
𝑛| 𝑎

)].
𝑃̅=
1
̅ 𝑦𝑧 .𝑛 𝑞𝑥 )
(𝑄.(𝐴̅ 𝑥𝑦𝑧 : 𝑛|
̅̅̅)) + (𝑅𝑦𝑧. 𝑛| 𝑎

+

(𝑅𝑥𝑧. 𝑛| 𝑎̅𝑥𝑧 .𝑛 𝑞𝑦 ) + (𝑅𝑥𝑦. 𝑛| 𝑎̅𝑥𝑦 .𝑛 𝑞𝑧 )
𝑎̅𝑥𝑦𝑧:𝑛|
̅̅̅

+

(𝑅𝑥. 𝑛| 𝑎̅𝑥 .𝑛 𝑞𝑦𝑧 )+ (𝑅𝑦. 𝑛| 𝑎̅𝑦 .𝑛 𝑞𝑥𝑧 )
𝑎̅𝑥𝑦𝑧:𝑛|
̅̅̅

(𝑅𝑧. 𝑛| 𝑎̅𝑧 .𝑛 𝑞𝑥𝑦 ) + (J.(𝐴̅ 𝑥𝑦𝑧1 :𝑛|
̅̅̅ )

+

2.

3.

+

) + (𝑅𝑧. 𝑛| 𝑎̅𝑧 .𝑛 𝑞𝑥𝑦 ) + (J. (𝐴̅ 𝑥𝑦𝑧1 :𝑛|
̅̅̅

𝑎̅𝑥𝑦𝑧:𝑛|
̅̅̅

1.

𝑎̅𝑥𝑦𝑧:𝑛|
̅̅̅

Thus, the annual premium formula is
denoted by 𝑃̅𝑥𝑦𝑧:𝑛 , and formulated as
follows:

4.

+

+

(𝑅𝑧. 𝑛| 𝑎̅𝑧 .𝑛 𝑞𝑥𝑦 ) + (J.(𝐴̅ 𝑥𝑦𝑧1 :𝑛|
̅̅̅ )]

𝑡

+

.

(18)

Case examples will be provided to
facilitate understanding of the
formulation as follows:
Insurance starting age
Insurance starting age is the age when
he registers his self to join insurance.
In this case, for two people (husband
and wife) and three people (husband
and wife and son), the detail of ages is
a husband (𝑥) 50 years, wife (𝑦) 45
years, and son (𝑧) 15 years.
Insurance coverage period
The insurance coverage period is the
length of time the insurance contract
valid. In this case, the insurance
coverage period is 𝑛 = 1-10 years.
Interest Rates
The interest rate that is used in this
case is 5%.
Benefit
The amount of benefit for two or three
people, if all of the participants still
alive until the contract end, they are
given benefit, namely a sum of 1 rupiah
(𝑄 = 1). If one of the participant
members dies, the premium payment
is stopped. The participant who
remains alive until the end of the
contract will get the benefit of money,
that is, the amount of 1 rupiah every
year for the rest of his life (𝑅𝑦 = 1, 𝑅𝑥 =
1, 𝑅𝑧 = 1, 𝑅𝑦𝑧 = 1, 𝑅𝑥𝑧 = 1, 𝑅𝑥𝑦 = 1).
Also, if all of the participants die before
the contract ends, the expert
inheritance will get a benefit of 1
rupiah (𝐽 = 1).

Based on the annual premium
formulation for two and three people and
the case example above is obtained, the
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value of the annual joint-life insurance
premium for two and three people can be
seen in Table 1 below and can compare the
result.
Tabel 1. Annual premiums for two and
three people contract
̅ 𝟓𝟎;𝟒𝟓:𝒏
𝑷
(two people)
1.1228250
0.6293587
0.4695112
0.3929323
0.3495403
0.3226249
0.3050462
0.2932705
0.2852671
0.2797692

Contract
n years
1
2
3
4
5
6
7
8
9
10

̅ 𝟓𝟎;𝟒𝟓;𝟏𝟓:𝒏
𝑷
(three people)
1.1288090
0.6355765
0.4760903
0.4000484
0.3573477
0.3313351
0.3148549
0.3043200
0.2976445
0.2935317

Annual Premium Value

If it is stated in the graph of the value
of the annual joint-life insurance
premiums for two and three people, it can
be seen in Figure 1.
Annual Premium For xy (two)
dan
xyz (three) People
1.5
1
0.5
0

CONCLUSIONS AND SUGGESTIONS

xy
1

3

5

7

9

contract period for two people must pay a
premium each year of 0.2797692. For
three people to amount to 0.2935317 with
the same benefit amount, if considered, it
is more profitable to pay for three people
than for two people because of the
difference it is the amount of a small
annual premium.
Meanwhile, based on Figure 1, with
the duration of the insurance contract (n =
1-10 years), it can be seen that the annual
premium value decreases every year. For
a short term insurance contract, the
annual premium is much greater than the
long term, and after that, the annual
premium is the age of a person. The
number of insurance participants, because
of the annual premium for three people, is
slightly greater than for two people.
However, it does not look much different
because of the life opportunity that affects
it; this can be considered in choosing the
type of insurance needed or more profit
than a joint-life insurance case for 2 (two)
or 3 (three) people.

xyz

Duration of insurance contract
(years)

Figure 1. Annual premium for two and
three people
Based on Table 1, it can be seen that
the amount of the joint-life annual
premium with the benefit of each
possibility is the duration of the insurance
contract strongly influences 1 rupiah, and
the number of people is covered. It can be
seen that the annual premium for three
people is slightly more expensive than for
two people, and the shorter the period, so
the more significant the annual premium
must be paid. For example, a 10-year

Based on the results and discussion in
the previous chapter, it can be concluded
that the principle of continuous
equivalence determines the annual jointlife premium for two and three people. It
can be obtained from the formulation of
the joint-life insurance annual premium as
follows:
1. Formulation of annual joint-life
premium for 2 (two) people as follows:
𝑃̅𝑥𝑦:𝑛 =

1
̅ 𝑥 .𝑛 𝑞𝑦 )
(𝑄.(𝐴̅ 𝑥𝑦 : 𝑛|
̅̅̅)) + (𝑅𝑥. 𝑛| 𝑎

𝑎̅𝑥𝑦:𝑛|
̅̅̅

(𝑅𝑦. 𝑛| 𝑎̅𝑦 .𝑛 𝑞𝑥 ) + (𝐽.(𝐴̅ 𝑥𝑦1 :𝑛|
̅̅̅ )
𝑎̅𝑥𝑦:𝑛|
̅̅̅

+

.

2. Joint-life annual premium formulation
for 3 (three) people as follows:
𝑃̅𝑥𝑦𝑧:𝑛 =

1
̅𝑦𝑧 .𝑛𝑞𝑥 )
(𝑄.(𝐴̅ 𝑥𝑦𝑧 : 𝑛|
̅̅̅)) + (𝑅𝑦𝑧. 𝑛| 𝑎

𝑎̅𝑥𝑦𝑧:𝑛|
̅̅̅
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(𝑅𝑥𝑧. 𝑛| 𝑎̅𝑥𝑧 .𝑛 𝑞𝑦 ) + (𝑅𝑥𝑦. 𝑛| 𝑎̅𝑥𝑦 .𝑛 𝑞𝑧 )
𝑎̅𝑥𝑦𝑧:𝑛|
̅̅̅
(𝑅𝑥. 𝑛| 𝑎̅𝑥 .𝑛 𝑞𝑦𝑧 ) +(𝑅𝑦. 𝑛| 𝑎̅𝑦 .𝑛 𝑞𝑥𝑧 )

+

𝑎̅𝑥𝑦𝑧:𝑛|
̅̅̅

+

(𝑅𝑧. 𝑛| 𝑎̅𝑧 .𝑛 𝑞𝑥𝑦 ) + (J.(𝐴̅ 𝑥𝑦𝑧1 :𝑛|
̅̅̅ )]
𝑎̅𝑥𝑦𝑧:𝑛|
̅̅̅

.

The result of calculations implies
that the amount of the annual premium
joint-life for two people and three people
will affect the table value mortality,
annuity, and single premium. Moreover, to
determine the annual premium for jointlife life insurance, which causes three
people is slightly greater than for two
people, this can be a consideration to
choose the type of insurance that is
desired or which is more profit. It can be
concluded that the factors influence the
amount of the annual premium are the
number of insured, the duration of the
insurance contract (period), the age when
the policy is signed, the interest rate, life
chances, the rate of death, and also the
number of benefits to be provided.
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ABSTRACT
In this article, we provided a numerical simulation for asymptotic
normality of a kernel type estimator for the intensity obtained as a
product of a periodic function with the power trend function of a
nonhomogeneous Poisson Process. The aim of this simulation is to
observe how convergence the variance and bias of the estimator. The
simulation shows that the larger the value of power function in
intensity function, it is required the length of the observation interval
to obtain the convergent of the estimator.

*Correspondence: E-mail:
ikhsanmaulidi@unsyiah.ac.id
Doi:
10.24042/djm.v3i3.6374

INTRODUCTION
There are many real phenomena that
can be modeled using stochastic
processes. This kind of model uses
opportunity rules that describe the
behavior of a system that is not known in
the future. For example, the process of
coming customers to a service center such
as bank, post office, supermarket, etc
((Mahmud et al., n.d.; Sumiati et al., 2019;
Tse, 2014)). The Poisson process is one of
the continuous stochastic processes,

http://ejournal.radenintan.ac.id/index.php/desimal/index

namely the enumeration process where
the number of events at time intervals
spreads with the Poisson distribution.
The Poisson process is divided into
two, namely the homogeneous Poisson
process and the nonhomogeneous Poisson
process. In a homogeneous Poisson
process, the intensity function (a function
of expectation value) is a constant function
(not dependent on time), whereas the
intensity function in the nonhomogeneous
Poisson process depends on time. Periodic
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Poisson process is a nonhomogeneous
Poisson process whose intensity function
is a periodic function. This process is one
of the special forms of stochastic
processes with a continuous time that
have many benefits to modeling various
kinds of real phenomena related to
opportunity rules. Some applications of
this periodic Poisson process can be
applied in the fields of communication,
hydrology, meteorology, insurance, and
seismology, (Sumiati et al., 2019),
Suppose N is a nonhomogeneous
Poisson process at interval [0, 𝑛] (𝑛 is an
integer number) with an unknown
function of intensity λ and assumed that
the intensity function is locally integrated.
It is also assumed that the function of this
intensity is the product of the periodic
component and the power trend
component 𝑎𝑠 𝑏 with b>0 is known, so that
for all s∈[0,∞] the function of intensity λ
(s) can be expressed as
𝜆(𝑠) = (𝜆∗𝑐 (𝑠))𝑎𝑠 𝑏 (1)

with 𝜆∗𝑐 (𝑠) is a periodic function with a
known period. The constant 𝑎 is the slope
of the trend with 𝑎 > 0. Equation (1) can
also be written as
𝜆(𝑠) = (𝑎𝜆∗𝑐 (𝑠))𝑠 𝑏 , (2)
∗
with𝑎𝜆𝑐 (𝑠)is also a periodic function.
Suppose 𝜆𝑐 (𝑠) = 𝑎𝜆∗𝑐 (𝑠), then Equation
(2) becomes
𝜆(𝑠) = (𝜆𝑐 (𝑠)) 𝑠 𝑏 .
(3)
Furthermore, because 𝜆𝑐 (𝑠) is a periodic
function, then 𝜆𝑐 (𝑠) = 𝜆𝑐 (𝑠 + 𝑘𝜏), where
𝜏 is the period and 𝑘 is the natural number.
Let 𝐾: ℝ → ℝ is a real value function. The
𝐾 function is called the kernel if it fulfills
the properties: (K1) 𝐾 is an opportunity
density function, (K2) 𝐾 is bounded, and
(K3) 𝐾 has a domain in [−1,1],(Helmers et
al., 2003).
The proposed estimator 𝜆𝑐 (𝑠) at 𝑠 ∈
[0, 𝜏] has been studied in (Erliana et al.,
2014) by only using a single realization
𝑁(𝜔) from a Poisson process with the
intensity function 𝜆(𝑠) as in Equation (3)

observed in interval [0, 𝑛]. The estimator
is as follows:
𝜆̂𝑐,𝑛,𝐾 (𝑠)
∞

=

𝑛
𝜏
1
𝑥 − (𝑠 + 𝑘𝜏)
∑
∫ 𝐾(
) 𝑁(𝑑𝑥) . (4)
𝑏
𝑛
ℎ𝑛 (𝑠 + 𝑘𝜏) 0
ℎ𝑛
𝑘=0

In the previous article, (Erliana et al.,
2014), also has been given the bias,
variance, and optimal bandwidth for all
values b. Strong consistency of the
estimator has also been proven in(Maulidi
et al., 2015). Other similar studies can be
seen in (Mangku, 2011), (Erliana et al.,
2014) and (Mangku et al., 2013).
METHOD
This research started from the
Theorems that analitically prove the
normal distribution of the estimator for all
cases of 𝒃 values.
The normality
asymptotic of the estimator is a useful tool
in developing a prediction model. This is
because by knowing the asymptotic
normality, the interval confident of the
estimator can be obtained. Here we
provide the theorems for the asymptotic
normality of the estimator that has been
formulated, Equation (4).
Theorem 1 (Asymptotic Normality of
̂𝒄,𝒏,𝑲 (𝒔)for 𝟎 < 𝑏 < 1)
𝝀
Suppose that the intensity 𝜆 satisfies
(1) and locally integrable. The kernel
function 𝐾 satisfies (K1), (K2), (K3), 𝜆𝑐 has
a bounded second derivative around of
𝑠, 0 < 𝑏 < 1, 𝑛1−𝑏 ℎ𝑛 → 0, 𝑛𝑏+1 ℎ𝑛 →
∞,ℎ𝑛 ↓ 0 as 𝑛 → ∞,
a)

1

If (𝑛1+𝑏 ℎ𝑛5 )2 → 0, then
1

(𝑛1+𝑏 ℎ𝑛 )2 (𝜆̂𝑐,𝑛,𝐾 (𝑠) − 𝜆𝑐 (𝑠))
𝑑

→ Normal(0, 𝜎 2 )
as 𝑛 → ∞, with 𝜎 2 =
b)

1
∫ 𝐾 2 (𝑧)𝑑𝑧.
(1−𝑏) −1

𝜏𝜆𝑐 (𝑠)

1

If (𝑛1+𝑏 ℎ𝑛5 )2 → 1, then
1

(𝑛1+𝑏 ℎ𝑛 )2 (𝜆̂𝑐,𝑛,𝐾 (𝑠) − 𝜆𝑐 (𝑠))
𝑑

→ Normal(𝜇, 𝜎 2 )
as 𝑛 → ∞, with 𝜇 =

𝜆′′
𝑐 (𝑠 )
2

1

∫−1 𝑧 2 𝐾 (𝑧)𝑑𝑧,
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and 𝜎 2 =

𝜏𝜆𝑐 (𝑠)

1

1

∫ 𝐾 2 (𝑧)𝑑𝑧.
(1−𝑏) −1

(𝑛2 ℎ𝑛 )2 (𝜆̂𝑐,𝑛,𝐾 (𝑠) − 𝜆𝑐 (𝑠))

Theorem 2 (Asymptotic Normality of
𝝀̂𝒄,𝒏,𝑲 (𝒔)for 𝒃 = 𝟏)
Suppose that the intensity 𝜆 satisfies
(1) and locally integrable. The kernel
function 𝐾 satisfies (K1), (K2), (K3), 𝜆𝑐 has
a bounded second derivative around of
𝑛2 ℎ

𝑠, 𝑏 = 1, ln (𝑛)ℎ𝑛 → 0, 𝑙𝑛(𝑛𝑛) → ∞, ℎ𝑛 ↓ 0 as
𝑛 → ∞,
1

a)

5 2
𝑛2 ℎ𝑛

If (ln (𝑛)) → 0, then
1

𝑛2 ℎ𝑛 2
(
) (𝜆̂𝑐,𝑛,𝐾 (𝑠) − 𝜆𝑐 (𝑠))
ln (𝑛)
𝑑

→ Normal(0, 𝜎 2 )
1

as 𝑛 → ∞, with 𝜎 2 = 𝜏𝜆𝑐 (𝑠) ∫−1 𝐾 2 (𝑧)𝑑𝑧.
1

b)

5 2
𝑛2 ℎ𝑛

If (ln (𝑛)) → 1, then
1

𝑛2 ℎ𝑛 2
(
) (𝜆̂𝑐,𝑛,𝐾 (𝑠) − 𝜆𝑐 (𝑠))
ln (𝑛)
𝑑

→ Normal(𝜇, 𝜎 2 )
as 𝑛 → ∞, with 𝜇 =

𝜆′′
𝑐 (𝑠 )
2

1

∫−1 𝑧 2 𝐾 (𝑧)𝑑𝑧,

1

and 𝜎 2 = 𝜏𝜆𝑐 (𝑠) ∫−1 𝐾 2 (𝑧)𝑑𝑧.
Theorem 3 (Asymtotic Normality of
𝝀̂𝒄,𝒏,𝑲 (𝒔)for 𝒃 > 1)
Suppose that the intensity 𝜆 satisfies
(1) and locally integrable. The kernel
function 𝐾 satisfies (K1), (K2), (K3), and 𝜆𝑐
has a bounded second derivative around
of 𝑠, 𝑏 > 1, 𝑛2 ℎ𝑛 → ∞, ℎ𝑛 ↓ 0 as 𝑛 → ∞,
a)

lim (∑∞
𝑘=1

b)

𝑘𝑏

1

𝜇=

and

𝜁 (𝑏 ) =

[0, 𝑛])) .

The proofs of theorems above can be
obtained through a rough analysis,
(Maulidi, 2015). However, the basic theory
to proof these theorems can be studied
in(Dudley, 1989), (Hogg et al., 2005), and
(Serfling, 1980).
The simulation is given by
generating local intensity estimators at
intervals [0, 20𝜏]. It can be choosed other
values of 𝜏, in this simulation we choose
𝜏 = 5. The method used is the Monte Carlo
method. The purpose of this simulation is
to see how convergence the variance and
bias of the estimator.
The intensity function used in this
simulation is
2𝜋𝑠
))] 𝑠 𝑏
𝜆(𝑠) = [2𝑒𝑥𝑝 (𝑠𝑖𝑛 (
5
for 𝑏 = 0.5, 𝑏 = 1, and 𝑏 = 2. The chosen
bandwidth is the optimal bandwidth that
minimizes MSE, see [2], is as follows:
ℎ𝑛 =
1

[

𝜏𝜆𝑐 (𝑠) ∫−1 𝐾2 (𝑥)𝑑𝑥

2
1 2
(1−𝑏)(𝜆′′
𝑐 (𝑠 ) ∫−1 𝑥 𝐾(𝑥) 𝑑𝑥)

1
5

] 𝑛−(1,5)⁄5 ,for 𝑏 =

0.5,
1
1
𝜏𝜆𝑐 (𝑠)𝑙𝑛(𝑛) ∫−1 𝐾2 (𝑥)𝑑𝑥 5

ℎ𝑛 = [

ℎ𝑛 = [
𝜎2 =
𝜁 (𝑏 ) =

𝐼 (𝑥 + 𝑠 + 𝑘𝜏 ∈ [0, 𝑛])) .

If (𝑛2 ℎ𝑛5 )2 → 1, then

1
∫−1 𝑧 2 𝐾(𝑧)𝑑𝑧 , 𝜎 2 =
2
1
𝜏 2−𝑏 𝜆𝑐 (𝑠)𝜁(𝑏) ∫−1 𝐾 2 (𝑧)𝑑𝑧
1
lim (∑∞
𝑘=1 𝑘 𝑏 𝐼 (𝑥 + 𝑠 + 𝑘𝜏 ∈
𝑛→∞

] 𝑛−2⁄5 ,

2
1 2
(𝜆′′
𝑐 (𝑠 ) ∫−1 𝑥 𝐾(𝑥) 𝑑𝑥 )

1

→ Normal(0, 𝜎 2 )

𝑛→∞

with

𝑛 → ∞,

𝜆′′
𝑐 (𝑠)

1
𝜏 2−𝑏 𝜆𝑐(𝑠)𝜁(𝑏 ) ∫−1 𝐾2 (𝑥)𝑑𝑥 5

𝑑

1

as

for 𝑏 = 1,

1

If (𝑛2 ℎ𝑛5 )2 → 0, then
1
(𝑛2 ℎ𝑛 )2 (𝜆̂𝑐,𝑛,𝐾 (𝑠) − 𝜆𝑐 (𝑠))

As𝑛 → ∞,
with
2−𝑏 ( ) ( ) 1
2( )
𝜏 𝜆𝑐 𝑠 𝜁 𝑏 ∫−1 𝐾 𝑧 𝑑𝑧and

𝑑

→ Normal(𝜇, 𝜎 2 )

1

2

2
(𝜆′′
𝑐 (𝑠 ) ∫−1 𝑥 𝐾(𝑥) 𝑑𝑥 )

] 𝑛−2⁄5,

for 𝑏 = 2.

The kernel function that has been
used in this simulation was a uniform
1
kernel function 𝐾(𝑥 ) = 2, −1 ≤ 𝑥 ≤ 1, 𝑥 ∈
ℝ. The simulation used R program. The

Copyright © 2020, Desimal, Print ISSN: 2613-9073, Online ISSN: 2613-9081

Desimal, 3 (3), 2020 - 274
Ikhsan Maulidi, Mahyus Ihsan, Vina Apriliani

simulation algorithms are given as
follows:
a. Generate the realization of periodic
Poisson process at interval [0, 𝑛] and
period 𝜏.
b. Generate the estimator at a point 𝑠 with
the bandwidth ℎ𝑛 and uniform kernel.
c. Determine mean of the estimator, mean
of the theory, variance of the estimator,
variance of the theory, bias, and the
difference between the variance of the
estimator and variance of the theory.

RESULTS AND DISCUSSION
The results of the simulation for each
case of the value 𝑏 with s=3 are shown in
Table 1, Table 2, and Table 3 as follows:

Table 1. The simulation results from the estimator generated and the theoretical results
for 𝑏 = 0.5
n

𝝀̂
𝒏,𝑲 theory

𝝀̂
𝒏,𝑲 simulation

𝝈
̂ 𝟐 theory

𝝈
̂ 𝟐 simulation

Bias

100
300
500
1000
1500
2000

1.9245
1.9245
1.9245
1.9245
1.9245
1.9245

1.7431
1.8121
1.8570
1.8833
1.8951
1.9048

0.1195
0.0496
0.0330
0.0189
0.0137
0.0109

0.1796
0.0725
0.0473
0.0269
0.0207
0.0174

-0.1814
-0.1124
-0.0675
-0.0412
-0.0294
-0.0197

𝝈
̂ 𝟐 theory - 𝝈
̂𝟐
simulation
0.0600
0.0228
0.0143
0.0101
0.0070
0.0174

Table 2. The simulation results from the estimator generated and the theoretical results
for 𝑏 = 1
n

𝝀̂
𝒏,𝑲 theory

𝝀̂
𝒏,𝑲 simulation

𝝈
̂ 𝟐 theory

𝝈
̂ 𝟐 simulation

Bias

100
300
500
1000

3.3333
3.3333
3.3333
3.3333

1.7026
1.8458
1.8767
1.9013

0.0069
0.0014
0.0007
0.0002

0.0032
0.0008
0.0005
0.0002

-1.6307
-1.4875
-1.4566
-1.4321

𝝈
̂ 𝟐 theory - 𝝈
̂𝟐
simulation
-0.0037
-0.0006
-0.0002
0

Table 3. The simulation results from the estimator generated and the theoretical results
for 𝑏 = 2
n

𝝀̂
𝒏,𝑲 theory

𝝀̂
𝒏,𝑲 simulation

𝝈
̂ 𝟐 theory

𝝈
̂ 𝟐 simulation

Bias

50
70
80
100
120

10.0000
10.0000
10.0000
10.0000
10.0000

5.4328
6.2890
6.6024
6.8237
7.4096

0.0011
0.0005
0.0004
0.0002
0.0001

0.0219
0.0177
0.0141
0.0103
0.0090

-4.5672
-3.7110
-3.3976
-3.1763
-2.5904

Table 1 shows the bias values and
the difference between the variance of the
theory and variance of the simulation. It
can be seen that the bias in Table 1
converges to zero faster than the bias in
Table 2 and Table 3. The value of 𝑏 =
0.5 From this simulation, the larger values
of 𝑏 requires a large interval of

𝝈
̂ 𝟐 theory - 𝝈
̂𝟐
simulation
-0.0207
-0.0172
-0.0137
-0.0101
-0.0089

observation to determine the convergence
of the estimator.
Unlike the bias, the variance values in
Table 1 are slower to converge to zero
when compared to Table 2 and Table 3. So
that the greater value of 𝑏, than the smaller
variance of the estimator.
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𝜆(𝑠)

𝑠
Figure 1.Graph of intensity function( the blue line) and its estimated value (the red line)
with observation interval [0,100] for 𝑏 = 0.5using uniform kernel function
𝜆(𝑠)

𝑠
Figure 2.Graph of intensity function (the blue line) and its estimated value (the red line)
with observation interval [0,100] for 𝑏 = 1using uniform kernel function
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𝜆(𝑠)

𝑠
Figure 3. Graph of intensity function (the blue line) and its estimated value (the red line)
with observation interval [0,100] for 𝑏 = 2 using uniform kernel function
Figure 1, Figure 2, and Figure 3 show
the alleged plot of the estimator and the
actual intensity function. From the figure,
it can be seen that the greater the value of
𝑏, then bias, which in this case represents
the difference between the red points and
the graph lines of intensity, is greater for
the observation interval [0,100].
CONCLUSIONS AND SUGGESTIONS
From the simulation that has been
done to see the convergence rate of bias
and variance of the estimator, the results
show that the greater the value 𝑏, then the
larger observation interval will be needed
to achieve the convergence of estimators.
This
results
should
be
proved
theoretically by using estimator proposed
and the Theorems related.
The suggestions for the next
simulation are to provide a numerical
simulation for each case of Theorem 1,
Theorem 2, and Theorem 3 specifically. It
could be done by taken the bandwidth
function which satisfies the given
conditions.
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