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On behalf of the Program Committee, we would like to thank all participants of “The International 
Conference on Mathematics, Computational Sciences and Statistics (ICoMCoS) 2020” hosted by 
Department of Mathematics, Universitas Airlangga. 

2020 has been a very challenging year due to Covid-19 pandemic, in which for the sake of safety and 
well-being of all participants, our initial plan to held ICoMCoS 2020 in Surabaya, Indonesia, has been 
converted to be fully delivered virtually. Nevertheless, while we may all be physically distant, we 
hope we can still connect intellectually. 

The theme of ICoMCoS 2020 is “Mathematics, Computational Sciences and Statistics for a Better 
Future”. With increasing complexities of our world today, Mathematics, Computational Sciences and 
Statistics have become powerful tools to elucidate all the complexities as well as provide the solution. 
ICoMCoS 2020, in a more detail outfit, is designed to provide a multidisciplinary forum for promoting 
and fostering interactions between mathematics (Analysis and Geometry, Algebra and Combinatoric, 
Applied Mathematics), computational sciences (algorithm analysis, network security and 
cryptography, artificial intelligence and machine learning, knowledge discovery and data mining, 
machine translation, image processing), and statistics (statistical theory, statistics modeling, 
forecasting methods, multivariate methods, econometrics, biostatistics, actuarial sciences) as well as 
related methodologies in studying various phenomena in the area. 

We would like to say thanks to all authors who have submitted the paper to our proceedings. We also 
thank the scientific committee members and all of the reviewers for all supports during the conference 
and the preparation of the proceedings. As the scientific manuscripts of the conference, we provide the 
AIP Proceedings which contains the high-quality paper selected by a blind review process. We 
apologize to the authors if this process creates inconvenience.  

Last but not least, there have been enormous collective efforts being put to run ICoMCoS 
2020, in one form or another, so, on behalf of the Program Committee, let me take this 
opportunity to express my high appreciation to all of those that have contributed. 
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Abstract. Dengue infection is one of feared diseases in the public because it often results in death in sufferers. Patients 

suspected of dengue infection are usually routinely drawn their blood to be checked in the laboratory examination. 

Unfortunately, death can be caused by a lack of speed and proper handling according to the severity of the patient. Refer 

to this problem, it is necessary to predict dengue infection severity based on blood diagnose results. This is important to 

prepare the precise treatment according to the severity of patients in order to reduce the number of death from this 

disease. Because the patient's blood examination result is a multivariate dataset then in this paper the prediction was 

solved using multivariate method, namely discriminant analysis. In this method, the parameter estimation was carried out 

using Maximum Likelihood (ML) method. This leads to classic discriminant analysis. Unfortunately, the ML method is 

heavily influenced by outlier so the estimator becomes less precise when data has been contaminated by outliers. To 

overcome this problem, a robust estimation method using Minimum Covariance Determinant (MCD) was used. This 

leads to the robust discriminant analysis. This study used a sample of dengue infection patient medical record data from 

Surabaya Hajj Hospital. The result of this study showed that the appropriate analysis for sample data was the quadratic 

discriminant analysis. Furthermore, the robust quadratic model with MCD estimator produced better prediction than the 

classic quadratic model with ML estimator. The robust quadratic model produced percentage of classification accuracy of 

87.2% in the male patient training data which is greater than the classic quadratic model accuracy of 85.7%. In the female 

patient training data, the robust quadratic model produced percentage of classification accuracy of 88.7% which is greater 

than the classic quadratic model accuracy of 80.7%. In addition, the MCD estimator was able to detect more outlier data 

than the ML estimator. 

INTRODUCTION 

World Health Organization (WHO) stated that dengue infection is a tropical disease that spreads fastest and as a 

'threat of a new pandemic'. Dengue infection has developed into a serious problem in several tropical countries, 

especially Indonesia. It was included in the ten viruses that were said to be the most deadly in the world [1].  

According to WHO’s term in case of dengue virus infection, there are three diseases severity that can be suffered 

by patients [2]. They are Dengue Fever (DF), Dengue Hemorrhagic Fever (DHF), and Dengue Shock Syndrome 

(DSS). Those diseases are caused by the dengue virus which is transmitted through the bite of mosquitoes Aedes 

aegypti or Aedes albopictus. DHF is a more severe level than DF. Plasma leakage or the occurrence of bleeding is a 

factor that can distinguish the DHF and DF. While DSS is the most dangerous type of dengue [3]. To enforce DF, 

DHF, and DSS diagnosis, it is necessary the laboratory examination. Hematokrit and thrombocyte levels are the 

main parameters used to determine the diagnosis on laboratory criteria levels [4]. 

Knowing dengue infection severity is important to performed as consideration the medical officer to determine 

the therapy and observation of the patient [5]. Lack of speed in handling or inappropriate handling with the severity 

of dengue infection can cause death of patients. So, prediction of dengue infection severity is needed because it 

pertains to the follow-up of patient handling. This is important to prepare the precise treatment according to the 

severity of patients in order to reduce the number of death from this disease. Therefore, we were interested in 
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finding the model classification of DF, DHF, and DSS based on the patient's blood examination using a statistical 

approach.  

There are several methods in statistical approach. Because the patient's blood examination result is a multivariate 

dataset, so the authors used discriminant analysis approach. Discriminant analysis is one of the multivarat analysis 

techniques that aims to separate some groups with discriminant functions. Here, assumed that data come from 

multivariate normal distribution. When multivariate normal distribution assumptions have been met, then to estimate 

the parameters can be used the method of Maximum Likelihood (ML) [6]. This analysis can be called classic 

discriminant analysis. Unfortunately, the ML method is heavily influenced by outlier so the estimator becomes less 

precise when data has been contaminated by outliers. To overcome this problem, robust estimation methods can be 

used. One of robust estimation methods in discriminant analysis is Minimum Covariance Determinant (MCD) [7]. 

Therefore, in this research the authors discuss prediction of dengue infection severity using discriminant analysis 

with ML and MCD estimator.  

REVIEW OF LITERATURES 

Dengue Virus and Its Diagnosis Enforcement 

Dengue virus is artropod borne virus (arbovirus) that belong to Flavivirus genus, flaviviridae family. Dengue 

virus is cause of dengue infection which transmitted by biting Aedes aegypti and Aedes albopictus mosquitoes. This 

disease can be divided into three severity levels, namely DF, DHF, and DSS [3].  

On laboratory criteria, thrombocyte and hematocrit levels are used as parameter to determine the diagnosis of 

dengue infection. Decreasing of platelets number in the blood is called thrombocytopenia. Thrombocytopenia of 

dengue infection occur through the mechanism of bone marrow suppression and destruction as well as shortening 

the life span of platelets. The normal level of thrombocyte is 150,000 - 400,000/mm
3
 [4].  

Hematocrit is volume of erithrocyte cells in 100 mm
3
 blood notated in percentage. Normal hematocrit levels for 

men and women are different. The normal ranges for hematocrit are depend on age and sex of the individual. The 

normal ranges for adult males are about 42% – 54%, while for adult females are about 38% – 46%. When suffering 

from dengue fever, the patient's hematocrit increased. However, after receiving fluid therapy, hematocrit levels of 

dengue patients typically have declined by more than 20% [8]. 

Multivariate Normal Distribution and Its Goodness of Fit Test 

A vector of � = ���, ��, … , �		 is distributed Multivariate Normal with mean vector � and the covariance matrix � if it has probability density function in the form [6]

��� = �2�����  |�|��� ��� �−���� − �������� − ���, (1) 

where usually notated by �~�	��, ��.

A goodness of fit test for Multivariate Normal distribution based on skewness and kurtosis measurements was 

developed [9]. If �  and ! are estimate of mean vector and covariance matrix, respectively, skewness and kurtosis are

formulated by 

"�,	 = �#� ∑ ∑ ���% − � �& !�� ��' − � 
�(#')�#%)� , and (2) 

"�,	 = �# ∑ ���% − � �� !�� ��% − � �
�#%)� , (3) 

respectively. The test statistic for skewness, 
#* �"�,	
 is approximately +� distributed with p�p+1��p+2� 6⁄  degrees of

freedom. Similarly, the test statistic for kurtosis, "�,	 is approximately Normally distributed with mean ��� + 2� and

variance 8��� + 2� .⁄ . A correction term into the skewness test statistic was introduced, usually when . < 20, in

order to control type I error [10]. The corrected skewness statistic for small samples is 
#1* �"�,	
, where 2 =�� + 1��. + 1��. + 3�/�.�. + 1��� + 1� − 6�. This statistic is also distributed as +� with p�p+1��p+2� 6⁄  degrees

of freedom. 
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Under the null hipothesis (H0) that data comes from multivariate normal distribution, the null hipothesis is 

accepted when 

#* �"�,	
 ≤ +8,���9����9��:
�  , (4) 

and 

;�,��	�	<��
=>���9��?

≤ @8, (5) 

where +8,���9����9��:
� is the quantile �1 − A�% of Chi-Square distribution with degree of freedom of  

	�	<���	<��* , and 

@8 is the quantile �1 − A�% of Standard Normal distribution [11].

Discriminant Analysis 

Discriminant analysis is one method in multivariate analysis that aims to separate some groups with a 

discriminant functions. Discriminant functions are able to describe the differences between groups through 

mathematical equations. Discriminant analysis was first discovered and developed later by Fisher. Suppose that xijr  

is the value of i
th

 observation, j
th

 group and r
th

 independent variable for pr , 2,1, L= , and

( )xxx ijpijijij L21=x  is a vector of i
th

 observation from j
th

 group. Based on normality assumption, the linear 

discriminant score for the j
th

 group to be 

C'��� = �D���E� − �� �D���E�D + log �' for j = 1, 2, …, k, (6) 

where �' is the mean vector of j
th

 group, Σ is the general covariance matrix, and p j  is the prior probability of j
th

group [6]. An object characterized by x is classified in to IJth
 group if dj0

�x�=maxKdj�x�L;  I = 1,2, … , 2. In practice,

the classification rule is implemented by substituting the sample quantities � ' and S for �' and Σ, respectively.

Those sample quantities will be given in section 2.5 and 2.6 below. Whereas, the prior probability of j
th

 group can be 

used two options. Firstly, it is estimated by an equal value for each group, i.e. 
k

p j

1
ˆ =  for I = 1,2, … , 2. The second

option is based on group size, i.e. 
n

n
p

j

j =ˆ , where n j  is the sample size of j
th

 group, and n is the total sample size,

i.e. ∑=
=

k

j
jnn

1

. 

In fact, the assumption of similarity covariance matrix between groups for linear discriminant analysis is not 

always being met. Quadratic discriminant analysis is emerging as one of the alternative methods in discriminant 

analysis which used when the group follows a multivariate normal distribution with unequally covariance matrix 

between groups, by forming quadratic discriminant functions. The quadratic discriminant score for the j
th

 group as 

follows  

C'��� = − �� lnP�'P − �� �� − �'
��'���� − �'
 + log �', for j = 1, 2, …, k, (7) 

where μ j  is the mean vector of j
th

 group, �' is the covariance matrix of j
th

 group, and p j  is the prior probability of

j
th

 group. Here, the sample quantities and classification rule are similarly with linear discriminant analysis. In 

addition, the sample quantities Sj is used to substitute �' [6].

Parameter Estimation 

Usually, mean vectors and covariance matrix for j
th

 group and the general covariance matrix above are estimated 

using Maximum Likelihood (ML) method. The ML’s estimator for mean vectors are [6] 
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∑=
=

n j

i
ij

j

j x
n 1

1
x , for j = 1, 2, …, k.   (8) 

While, the general covariance matrix Σ is estimated by pooled covariance matrix as follow 

 kn

n
k

jj

−

∑ −
= =1j

)1( S

S , (9) 

where   

 !' = �#Q�� ∑ ��%' − � D
��%' − � '
&#Q%)� , and ∑=
=

k

jnn
1j

.  (10) 

In here, the discriminant analysis with ML estimator is called classical or non robust discriminant analysis.  

Minimum Covariance Determinant (MCD) is a robust estimation of mean vector and covariance matrix of 

multivariate data. The MCD algorithm estimates a mean vector and covariance matrix of multivariate data based on 

the determinant of the smallest covariance matrix. Suppose that a multivariate sample data X is viewed as a set of n 

observations with p variables, estimator of MCD will be searched based on a subset of X which consists of a number 

of h observations, where 






 ++
=

2

1pn
h , that is the integer part of the division of  �R + S + E� by 2. So, there is a 

number of combinations that should be inspected to obtain MCD estimator [7]. If the discriminant parameters are 

estimated by using a robust method, we called the robust discriminant analysis. 
 

DATA AND METHODOLOGY 

The data used in this research is results of blood tests and final diagnosis of dengue infection patients in 2017-

2018. A number of 167 observations were obtained from Surabaya Hajj Hospital, East Java, Indonesia. They are 90 

observations of male patients, and 77 observations of female patients. There were 67, 12, and 11 male patients with 

DF, DHF, and DSS levels, respectively. On the other hand, a number of 51, 17, and 9 female patients with DF, 

DHF, and DSS levels, respectively. 

In this study, the dependent variable is the classification of dengue infection severity with code 1 for DF, 2 for 

DHF, and 3 for DSS. Whereas, the independent variables were age ( x1 ) in years, the decreasing of hematocrit levels 

at the first measurement after the patients hospitalized to the day later ( x2 ) in per mm
3
, and the decreasing of 

thrombocyte levels at the first measurement after the patients hospitalized to the day later ( x3 ) in percentage. 

Suppose that a multivariate sample data X is viewed as a set of n observations with p variables, estimator of 

MCD will be searched based on a subset of X which consists of a number of h observations, where 






 ++
=

2

1pn
h , 

that is the integer part of the division of  �. + � + 1� by 2. This is MCD algorithm which adopted from [7] 

(1) Suppose that a sample of multivariate data consists of n observations and p variables with np ≤ , notated as 

X = ���  ��  … �#��, where �% = [�%� �%� … �%	] , and �%'  stated i
th

 observation of j
th

 variable, for V = 1,2, … , . 

and I = 1,2, … , �. 

(2) Determine a set of WX ⊆ X for iteration index of m = 1, by taking a number of h observations randomly from n 

observations. 

(3) Set !X = �Z  ∑ ��[ − �  X�&��[ − �  X��\∈^_  and  �  X = �Z  ∑ �[.�\∈^_  

(4) Compute the determinant of covariance matrix !X notated det(!X). 

(5) Compute the Mahalanobis distance `a%� for each observation �[ ∈ X , where  `a%� = ��[ − �  X�!X����[ − �  X�&for V = 1, … , .. 

(6) Sort those Mahalanobis distances from step 5 with increasing order. 

(7) Determine the WX<� by taking a number of h observations according to the first h mahalanobis distances at 

step 6. 
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(8) Set !X<� = �Z  ∑ ��[ − �  X<��&��[ − �  X<���\∈^_9�  and �  X<� = �Z  ∑ �[�\∈^_9� . 

(9) Compute the determinant of covariance matrix !X<�, notated C�b�!X<��. 

(10) If C�b�!X� = C�b�!X<�� then stop iteration and continue to step 11, otherwise repeat to step 5 with upgrade 

m=m+1. 

(11) Found that � cde = �  X<� and !cde = !X<�. 

 

Furthermore, the outliers can be detected by the following steps [7]: 

(1) Compute the Mahalanobis distance `a%� for each observation �[ ∈ X , where  `a%� = ��[ − �  cde  �!cde�� ��[ − �  cde  �&  for V = 1, … , .   

(2) If `a%� > +��J.J�g,	� then �[ is outlier data, otherwise it is non outlier data. 

In this paper, we performed the following research procedure:  

(1) Drawn random sample. 

(2) Disaggregate data by sex, i.e: male patients data and female patient data. 

(3) Check the discriminant assumptions about normality, mean vector difference, and variance equality for male 

and female patient data. 

(4) Separate data in to training data and validation data for male and female. 

(5) Perform the quadratic discriminant analysis using ML and MCD estimator based on training data of male 

patients, and compute its classification accuracy respectively.  

(6) Based on each model, predict classification on validation data and compute its cassification accuracy. 

(7) Repeat step 5 and 6, but for female patients data. 

(8) Conclude which one better between ML and MCD methods based on criteria of classification accuracy. 

RESULTS AND DISCUSSION 

Because of difference in normal measurements of hematocrit levels for male and female, data was disaggregated 

by sex. Then, observations were choosed randomly and separated again in the category of “Training data” and 

“Validation data”. Male patients data was divided into Training and Validation data with 70 and 20 observations, 

respectively. While, the female patients data was divided into Training and Validation data with 62 and 15 

observations, respectively. Among the male training data, there were 53 patients with DF severity, 10 patients with 

DHF severity, and 7 patients with DSS severity. Meanwhile, among the female training data, there were 41, 14, and 

7 patients with DF, DHF, and DSS severity, respectively. 

The multinormality assumption is tested firstly before analyzing the sample using discriminant analysis. Here, 

the multinormality of data was tested by using a method proposed by [9], and it has been used by [11] or [12]. Here, 

each group of dengue infection severity, i.e. DF, DHF, and DSS severity should be tested. The method uses two test 

statistic based on skewness and kurtosis. By using R programming, the values of test statistics for multinormality, 

i.e. left side of inequality (4) and (5) are available in Table 1. By using  significance level of 5%, we find the critical 

values of Chi-square and Z are 18.307 and 1.645, respectively. Test decisions were taken by comparing test statistic 

of skewness and kurtosis with their critical values based on inequality (4) and (5) criteria.  All of conclusions about 

multinormality of the data are available in the last column of Table 1. Based on Table 1, we concluded that all of 

groups in the male and female data followed multivariate normal distribution. 
 

TABLE 1. The values of Multinormality test statistics for sample  

Sex Category Test statistic of 

skewness 

Test statistic of 

kurtosis 

Decision  

Male 1 17.923 -3.052 Accept H0 

2 5.472 -2.182 Accept H0 

3 9.894 -0.922 Accept H0 

Female 1 16.942 -1.797 Accept H0 

2 12.829 -1.785 Accept H0 

3 0.430 -3.105 Accept H0 

The condition that must be met in the discriminant analysis is the difference in mean vectors between groups. 

For this reason we tested about difference of mean vectors.  The number of DF, DHF, and DSS in male patient data 

are 67, 12, and 11, respectively. Based on them, the result of some statistical tests for mean vector difference are 
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presented in Table 2. We can see that we have “Sig” values of 0.000 for all statistical methods, which means p < 

0.05. Therefore we concluded that there were difference of mean vectors between groups in male patient data. 

 

 

TABLE 2. Multivariate test of mean vectors for male patient data  

Effect  Statistical Methods Value F Hypothesis df Error df Sig 

CATEGORY Pillai’s Trace 0.881 12.060 9 261.000 0.000 

Wilks’ Lambda 0.233 18.821 9 207.018 0.000 

Hotelling’s Trace 2.803 26.058 9 251.000 0.000 

Roy’s Largest Root 2.624 76.108 3    87.000 0.000 

 

In female patient dataset, the number of DF, DHF, and DSS are 51, 17, and 9, respectively. Using this data, the 

result of some statistical tests for mean vector difference are presented in Table 3. It can be seen that the “Sig” 

values are 0.000 for all statistical methods, which means p < 0.05. So, we concluded that there were difference of 

mean vectors between groups in female patient data. 
 

TABLE 3. Multivariate test of mean vectors for female patient data  

Effect  Statistical Methods Value F Hypothesis df Error df Sig 

CATEGORY Pillai’s Trace 0.807 9.085 9 222.000 0.000 

Wilks’ Lambda 0.291 12.884 9 175.380 0.000 

Hotelling’s Trace 2.101 16.497 9 212.000 0.000 

Roy’s Largest Root 1.926 47.496 3   74.000 0.000 

 

Another assumption that have to be tested is equality of covariance matrix across groups. The null hypothesis 

stated that the observed covariance matrix of the dependent variables are equal across groups. Result of this test for 

male and female patient data are presented in Table 4. 

TABLE 4. Box’s test of equality of covariance matrices  

data Box’s M  F df1 df2 Sig 

male patient 41.354 3.071 12 3337.689 0.000 
female patient 75.199 5.579 12 2584.825 0.000 

 

With significance level A = 0.05, the p-value of both tests were less than A. So, we rejected the null hypothesis and 

concluded that the observed covariance matrix of the dependent variables were unequal across groups for both of 

male patients and female patients data. Therefore, the appropriate analysis was quadratic discriminant as in the 

following section. 

Quadratic Discriminant Analysis for The Male Patient data 

Firstly, we performed quadratic discriminant analysis using ML estimator. We found that the classification 

accuracy rate for the training data and the validation data of male patients were 85.7% and 70%, respectively. 

Furthermore, there was 5.66% outlier data in DF level, and there were no outlier in others. The presence of outlier 

indicated the need for a robust method. 

Next, we performed quadratic discriminant analysis using MCD estimator. For the male training data, It was 

found that the estimator of mean vector for each group using equation (8) and (10) were as follows 

  ixj� = �15.6   2.575   6.675�
xj� = �19.857  − 0.871   18,714.29�
xj( = �13.8   4.5   7.800�   .   (11) 

While, the ML estimator for covariance matrix of the dependent variables were obtained 
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3S .  (14) 

The estimators of prior probabilities based on group size were 

 
757.0ˆ

1
=p , 143.0ˆ

2
=p , and 1.0ˆ

3
=p .  (15) 

In this sample, consider that � = ���,  ��,  �(�. Based on equation (7) and by using those MCD estimators in 

equation (11) until equation (15), the quadratic discriminant scores for dengue infection severity classification of 

male patients data can be written by the following simple forms: 

                          C����,  ��,  �(� = −15.123 + 0.193 �� + 0.246 �� + 2.675 × 10�g �( +  

                                               0.018 ���� − 2.862 × 10�* ���( + 1.466 × 10�g ���( −  

                                             0.007 ��� − 0.122 ��� − 1.488 × 10�p �(�,   (16) 

                         C����,  ��,  �(� = −111.33 + 6.977 �� − 23.250 �� + 0.002 �( +  

                                               0.827 ���� − 6.907 × 10�g���( + 2.3 × 10�q���( −  

                                             0.125 ��� − 1.451 ��� − 1.064 × 10�r �(�,     (17) 

                          C(���,  ��,  �(� = −244.439 + 4.006 �� + 68.853 �� + 0.012 �( −  

                                               0.568 ���� − 1.031 × 10�q���( + 1.846 × 10�(���( −  

                                             0.023��� − 5.179��� − 1.648 × 10�s�(�.      (18) 

Those quadratic discriminant scores in equation (16), (17), and (18) then applied to training and validation data 

of male patients. The classification accuracy rate using those quadratic discriminant scores for the training data and 

the validation data of male patients are 87.2% and 75%, respectively.  

Quadratic Discriminant Analysis for The Female Patient data 

Similarly, here we also performed quadratic discriminant analysis using ML estimator for female patient data. 

We found that the classification accuracy rate for the training data and the validation data of female patients were 

80.7% and 66.7%, respectively. For outlier checking, there were 7.32% and 7.14% outlier data in DF and DHF 

levels, and there was no outlier in DSS level. These indicated the need of robust method. 

Next, we performed robust quadratic discriminant analysis for the female patient data. The MCD estimators of 

mean vectors based on female training data were found as follows  

                                                             ixj� = �13   1.026   6444.444�
xj� = �24.67  4.067   1000�
xj( = �7.2   3.34   63,000.0� .  (19) 

The MCD estimators of covariance matrix for each group were 
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000.01,789,000,70,875.080,250.0

70,875.056.8788.060

80,250.08.0604.20

3S .  (22) 

The estimators of prior probabilities based on group size were 

                                                       66.0ˆ
1
=p , 23.0ˆ

2
=p , and. 11.0ˆ

3
=p .  (23) 

In this case, by considering that � = ���,  ��,  �(�, and entering those estimators above to equations (7), then 

obtained the discriminant scores for dengue infection severity classification of female patient data in the following 

simple forms: 

                            C����,  ��,  �(� = −14.627 + 0.387 �� − 0.723 �� + 1.004 × 10�q �( +  

                                                 0.123 ���� − 6.645 × 10�* ���( + 1.516 × 10�g ���( −  

                                               0.018 ��� − 0.476 ��� − 2.296 × 10�p �(�,   (24) 

                           C����,  ��,  �(� = −149.144 + 3.443 �� + 45.873 �� + 0.003 �( −  

                                                 0.545 ���� − 2.646 × 10�g���( − 4.593 × 10�q���( −  

                                               0.024 ��� − 3.931 ��� − 1.807 × 10�r �(�,     (25) 

                            C(���,  ��,  �(� = −90.594 + 30.7 �� + 2.879 �� − 0.001 �( −  

                                                 0.565 ���� + 2.586 × 10�q���( + 2.261 × 10�g���( −  

                                               3.132 ��� − 0.035 ��� − 5.632 × 10�p�(�.      (26)     

Based on those estimators in (24), (25), and (26), we found that the classification accuracy rate  for the training data 

and the validation data of female patients were 88.7% and 73.3%, respectively.  

For ease in seeing the comparison of the results of both, here we show those results in Table 2. 

TABLE 2. Percentage of classification accuracy 

Data 
Quadratic Discriminant 

ML (%) MCD (%) 

Male Training 85,7 87,2 

 
Validation 70 75 

Female Training 80,7 88,7 

 
Validation 66,7 73,3 

 

Based on Table 2, it can be seen that the robust quadratic discriminant analysis with MCD algorithm was better 

than the other one. It can improve level of accuracy from ML method about 1.5% and 5% for the training and 

validation data of male patients, respectively. While, for female patients it can improve about 8% for the training 

data and 6.6% for the validation data.  

In detection of outlier, the ability of MCD compared with ML for male and female patients can be shown in 

Table 3. 
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TABLE 3. Percentage of outlier in training data  

Methods 
Male Patients  Female Patients 

DF DHF DSS  DF DHF DSS 

ML (%) 5.66 0.00 0.00  7.32 7.14 0.00 

MCD (%) 26.41 30.00 28.57  31.71 35.71 28.57 

Based on Table 3, the average number of outlier in a group which is detected by MCD and ML are 30.16% and 

3.35%, respectively. So, we can say that the MCD method has ability to detect outlier more than the ML method 

has. 

CONCLUSION 

Based on percentage of classification accuracy applied to dengue infection severity sample, we can conclude 

empirically that the quadratic discriminant analysis is more appropriate than the linear discriminant analysis. 

Furthermore, the MCD estimator is better than ML estimator in quadratic discriminant analysis. In addition, MCD 

estimator has a higher ability to detect outlier data. Furthermore, in order to classificate the dengue infection severity 

of new patients, we recommend for using the best discriminant analysis that have been generated in here, i.e. the 

quadratic discriminant analysis using robust MCD with the discriminant scores writed in equations (16)-(18) for 

male patient, and equations (24)-(26) for female patients.  
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