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Probe for Micro-environment and Ionic Species”

This meeting aimed to promote mutual exchange between scientists and
also experts, to discuss innovative ideas in scientific research, and to tackle
contemporary problems through the application of knowledge that arises
from science. The scope of this conference is fundamental and applied
research in chemistry, biology, physics, and mathematics. The upcoming

conference theme is “Recent Advances in Basic Science toward 4.0
Industrial Revolution”, which covers a broad range of research field. This
particular theme is intended to promote recent advances in the field of
basic sciences as a transformative trend to address the revolution industry
4.0. The conference will be attended by researchers and experts from
universities, government research institutions, private sectors, and non-
government organization. Policy or decision makers in science-based
sectors will also benefit from attending this conference.
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Conference Topics

The conference consists of the following mini-symposiums that run in
parallel for two days:

Materials Science
Environmental Science
Molecular Science
Mathematics, Statistics, and Modelling
Instrumentation and measurement
New and Renewable Energy

Call for Papers

The conference invites scientists, researchers, and professionals to attend
and present their works in oral or poster session by submitting a short
abstract for consideration. The abstracts will be peer-reviewed and the
acceptance for presentation will be announced.

Important Dates

ABSTRACT SUBMISSION CLOSED 10 FEBRUARY 2019

ABSTRACT ANNOUNCEMENT 15 FEBRUARY 2019

FULL PAPER SUBMISSION CLOSED 10 20 30 MARCH 2019

DEADLINE FOR PAYMENT 28 FEBRUARY 2019

Conference Proceeding

The committee has established an agreement with IOP publishing to
publish selected papers with particular coverage in IOP Conference Series:
Materials Science and Engineering.
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Abstract. The problem of HIV and AIDS in Indonesia is a frightening health problem with a 

number of cases that tend to increase each year. The aim of this research is to model the number 

of HIV and AIDS cases in Indonesia using bivariate negative binomial regression approach. 

Bivariate negative binomial regression is a regression method for modeling a pair of response 

variables in the form of count data with negative binomial distribution and correlating to each 

other. This research uses secondary data from the ministry of health in 2017 about the number 

of HIV and AIDS cases in Indonesia. From the results of this research, we obtained the deviance 
value of 38.9197 which was used to describe the goodness of fit test. 

Keywords: Bivariate Negative Binomial Regression, HIV, AIDS, Drug Users. 

1.  Introduction 

Regression is used to explain the functional relationship between the response variable and the predictor 

variable. The discrete response variable in the form of a count data will follow a Poisson distribution 

that requires variance equal to the mean [1]. The conditions in the field show that over dispersion often 

occurs, namely a condition where the variance is greater than the mean [2]. When over dispersion occurs; 

it is better to use negative binomial regression [1, 3-4]. Bivariate count data regression models are used 

to calculate event that mutually depends on each other [5]. Paired count events that show correlations 

must be estimated together, and bivariate negative binomial regression models are designed to handle 

over dispersion cases in bivariate Poisson regression models [6]. Several previous studies that examined 

negative bivariate binomial regression were conducted by [7-11]. 

The number of Human Immunodeficiency Virus (HIV) cases and the number of Acquired Immuno 

Deficiency Syndrome (AIDS) cases in Indonesia are correlated to each other, so they are thought to have 

a high correlation. Moreover, data on the number of HIV and AIDS cases is a count data, so that the 

appropriate modeling is using bivariate negative binomial regression. HIV is one of the viruses that 

lowers the immune system so that people affected by the HIV virus will become subject to various 

infections and cause AIDS [12]. Since 2006 Indonesia has been categorized as a country with high rates 

of HIV transmission, the cumulative number of HIV infections reported up to December 2017 as many 

as 280,623, while the cumulative number of AIDS reported as of December 2017 is 102,667 [13].  

mailto:nur-c@fst.unair.ac.id
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Based on the above explanation, the number of HIV and AIDS cases will be modeled based on the 

predictor variables that influence it. 

There are many researchers that who have studied about estimation of regression model with more 

than one response variables. There are many researchers who have studied multiresponse regression 

model, i.e., kernel and local linear estimator has been used by [14] & [15] for estimating median growth 

chart children in Surabaya, spline estimator has been studied by [16] for designing standard growth 

charts children in East Java. 

2.  Materials and Methods 

The data number of HIV and AIDS cases used in this study is secondary data from the Ministry of 

Health Republic of Indonesia in 2017 [17], whereas drug users data is secondary data from the National 

Narcotics Agency Republic of Indonesia in 2017 [18]. 

Modeling number of HIV and AIDS cases in Indonesia with a percentage of drug users as predictor 

variable using bivariate negative binomial regression is carried out by the following steps: 

a. Test the correlation for the response variable 

b. Conduct bivariate negative binomial regression parameter estimates 

The bivariate negative binomial regression model considers two response variables  1 2 and y y

which are correlated to each other. Suppose that data is given in pairs  1 2, ,i i ix y y , with 1,2,...,i n

and n  is the number of observations observed. Response variable 1iy  and 2iy  is a discrete type 

random variable which is assumed to be a bivariate negative binomial distribution and has a 

regression model as follows [19]: 

 

   
         1 2
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     (1) 

where    1 1exp ,T

i ix x  and           (2) 

   2 2exp .T

i ix x               (3) 

The estimation used in the bivariate negative binomial regression model is the maximum likelihood 

estimation (MLE). To get an estimator   using MLE is with the following steps: 

1) Taking n  random samples  

 1 2, ,i i iy y x  1,2, ,i n   

2) Determine a likelihood function 
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                       (4) 

3) Determine a log-likelihood function 
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4) Maximize the log-likelihood function by derivate the log-likelihood function to its parameters 

and equating to zero.  

then the first derivative  1 2, ,L   to 1  is: 
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the first derivative  1 2, ,L   to 2  is: 

 
 

 
    

 
2

1
1 2 1 22

2

11
1

2 2

, , n

i

i ii
i i

i i i

dL y yy
x x

d x x x

  


   










       
     

         (7) 

while the first derivative  1 2, ,L   to  is: 
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            



 
 
 
 


  
    
 
 

               (8) 

Because the results are not close form, so one of the numerical approaches that can be used is the 

Newton-Raphson method. Through the Newton-Raphson iteration process, a maximum 

likelihood estimator can be obtained for , where 
( )m  is a parameter estimate in the thm iteration. 

Newton-raphson iteration process algorithm for finding an estimator for ,  first determine is the 

vector ,g  which is the first derivative of the log likelihood function for its parameters. Next, 

determine the matrix ,H  the elements are the second derivative of the parameter. 

c. Test Bivariate Negative Binomial Regression Parameters 

According to [11], a measure of goodness of fit for the bivariate negative binomial regression model 

may be based on the deviance statistic ,D  the hypothesis used is as follows: 

0 1 2

1

: 0; 1,2

:  there is at least one 0; 1,2; 1,2, ,

r r rk

rj

H r

H r j k

  



    

  
  

and the deviance statistic is defined as: 

 2 log ( ; ) log ( ; )D L y y L y                   (9) 

The deviance statistic D  can be approximated by a chi-square distribution with n p degrees of 

freedom.  

d. Interpret the model 

e. Make conclusions 

3.  Result and Discussion 

The first step to model bivariate negative binomial regression is to calculate the correlation coefficient 

between 1 2 with .y y  The results of the calculation of correlation using OSS-R is 0.649 which means that 

the closeness between the number of HIV cases and the number of AIDS cases is strong, so that bivariate 

negative binomial regression modeling can be done. 
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The results of modeling the number of HIV and AIDS cases in Indonesia with the bivariate negative 

binomial regression approach are as follows: 

 1
ˆ exp 5.6358 0.2648x              (10) 

 2
ˆ exp 3.9606 0.2838x             (11) 

According to the equation (10) it can be interpreted that each addition of 1 percent of drug users will 

result in an increase in the number of HIV cases in Indonesia amounting to 1.3032 times from the 

previous case. Likewise in equation (11) it can be interpreted that each addition of 1 percent of drug 

users will result in an increase in the number of AIDS cases in Indonesia amounting to 1.3282 times 

from the previous case. 

Bivariate negative binomial regression model for the number of HIV and AIDS cases in Indonesia 

obtained deviance value as a measure of goodness of fit test with predictor variable percentage of drug 

users that is equal to 38.9197 which is smaller than the 
 0.05,32

   of 46.1943, its means the model is 

appropriate. 

The following will show the plot between the observation and the estimation results in the first 

response variable and the second response in Figure 1 and Figure 2, where the circle states the 

observation and the line form states the estimated results of the response variable. 

 
Figure 1. A plot of Observation and Estimation for Number of HIV Cases 

 

Figure 1 above shows a plot between observations and estimation results for the number of HIV 

cases in Indonesia with 1 predictor variable, namely the percentage of drug users. According to the 

equation (10), for example in the province of East Java in 2017 the number of HIV cases was 5263 

cases, so with an increase of 1 percent of drug users in East Java, it would increase the number of HIV 

cases in East Java to 6859 cases.  
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Figure 2. Plot of Observation and Estimation for Number of AIDS Cases 

 

Figure 2 above shows a plot between observation and estimation results for the number of AIDS 

cases in Indonesia with 1 predictor variable, namely the percentage of drug users. According to the 

equation (11), for example in the province of East Java in 2017 the number of AIDS cases was 741 

cases, so with an increase of 1 percent of drug users in East Java, it would increase the number of AIDS 

cases in East Java to 985 cases. 

 

4.  Conclusion 

According to the modeling results of the number of HIV and AIDS cases in Indonesia using bivariate 

negative binomial regression, the goodness of fit was obtained with a deviance value are smaller than 

chi-square value, its means the model is appropriate. Suggestions can be given to the Ministry of Health 

Republic of Indonesia to reduce the percentage of drug users so that the increase in the number of HIV 

and AIDS cases in Indonesia can be reduced. For further research, bivariate negative binomial regression 

modeling with a nonparametric approach can be used. 
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