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Abstract. Multiresponse semiparametric regression model is a combination of parametric 

regression model and nonparametric regression model with response variables more than one 

and correlate.The estimate used in estimate the parameters is spline truncated. Excess spline 

truncated is a model that has excellent statistical and visual interpretation and can model data 

with changing patterns on certain sub-intervals, because spline is a kind of polynomial pieces. 

The data used in this study is the value of Computer Based National Examination (CBNE) 

Vocational High School (VHS) in the province of West Nusa Tenggara (NTB) in 2017, each 

subject tested on CBNE serve as response variables. Based on the significant correlation test 

results obtained p-value <0.05 so it can be concluded that there is correlation between the 

responses.The result of the multiresponse semiparametric regression model estimation is 

obtained by the best model with the value of MSE of 49,608; R2 of 0.84 and minimum GCV 

value of 0.00000323 so it can be concluded that the value of CBNE VHS in NTB province 

satisfies goodness of fit criterions.   

Keywords: Multiresponse semiparametric model, spline truncated, computer-based national 
exam, West Nusa Tenggara 

1.  Introduction 

Regression analysis is an analysis to investigate the pattern of functional relationships between response 

variables and predictor variables. There are three types of regression developed by the researchers 

namely parametric regression, nonparametric regression, and semiparametric regression. Parametric 

regression is a regression analysis in which the regression curve pattern is assumed to be known as 

linear, quadratic, cubic and others. Nonparametric regression is a regression analysis in which the 

regression curve pattern is assumed to be unknown. Whereas if some of the regression curve patterns 

are assumed to be known and some are assumed to be unknown, the regression analysis used is 

semiparametric regression. One estimator that is often used in the last decade is the truncated spline. 

The spline is a model that can handle data or smooth functions. Truncated functions have advantages in 

overcoming data patterns whose behavior changes at certain sub-intervals [1]. 
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Research on unirespon semiparametric regression models includes [2-4] using penalized spline 

estimators [5-6] use smoothing spline estimators [7-8]; Research semiparametric bi-response regression 

model [9]; use linear local estimator [10] use penalized spline estimators; [11] the paper convergence 

submitted using the Truncated Spline estimator. Whereas for the research of multiresponse 

semiparametric regression model using penalized spline estimators [12]. 

In modeling, many cases that cannot be solved only with one response regression analysis because 

there is a correlation between the response variables, so that this model can only be solved using a 

multiresponse regression model. The multiresponse regression model is a regression model with more 

than one response variable that correlates with one or more predictor variables. The multiresponse 

semiparametric regression model in this study is applied to the field of education because each student 

must experience it every year, especially those related to the value of the mid-level national exam. This 

national exam data is very important in Indonesia because it is a mandate of Law Number 20 of 2003 

concerning the national education system which aims to measure the achievement of graduate 

competencies on subjects nationally by referring to Graduates' Competency Standards (GCS). 

Therefore, all students are required to take a national examination to measure the achievement of 

competency of student graduates nationally. National exam scores are very important for education units 

and local governments in making policy-making and mapping the achievement of student standards, and 

are used to develop coaching programs for education units in the region. Data on the National 

Examination of Vocational Schools in NTB from year to year is always the most prevalent compared to 

other provinces in Indonesia [13].  

Based on the description, it is important that a parameter estimate is then used to model the value of 

a computer-based national exam so that it will be very beneficial for the government to determine 

improvement efforts and guidance programs in the education unit. 

2.  Methods  

The data used in this study are secondary data about the value of computer-based National Examination 

(CBNE) in 2017 in West Nusa Tenggara Province, the steps taken in this study are: 

 

a. Create a multiresponse semiparametric regression model using a truncated spline estimator. 
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With i=1,2,3, ...,n the number of observations each response variable r =1,2,3, ...,R and j= 1,2,3,..., p 

the number of predictor variables that is a parametric component and h = 1,2,3, ..., m the number of 

predictor variables which are nonparametric components. 

 

b. Presents a multiresponse semiparametric regression model based on the spline truncated with   

knots as follows: 
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c. Presents a multiresponse semiparametric regression model based on the spline truncated in the form 

of a matrix: 

y x T                   (3)

  

d. Forms a new matrix notation from the multiresponse semiparametric regression model. For example, 

   and C X Z   
     
the new regression model can be written in another form, namely

y C                               (4)   

 

e. Get estimates for parameters  using the Weighted Least Square (WLS) method therefor we obtained: 
1 1 1ˆ ( )T TC W C y W C                (5)  

 

f. Create program algorithms and scripts for multiresponse semiparametric regression models based on 

the truncated spline estimator. 

 

g. Applying the program that has been made in step g on the data on the CBNE Value of Vocational 

Schools in West Nusa Tenggara Province. 

 

h. Choose the optimal knot point using the GCV method defined as : 
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Where  
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i. Calculate MSE and R2 as the criterions for the goodness of the model. 

3.  Result and discussion 

Given data
(1) (2) ( )

1 2 1 2( , ,..., ; , ,... ; , ,..., )R

p my y y x x x t t t  as the semiparametric spline truncated 

multiresponse regression model that contains these variables is stated in equation (1) which can then be 

written in the matrix notation as follows:  
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where the parametric component parameters in the semiparametric regression model are as follows: 
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For the parameters of the parametric component in equation (1), while for the parameters of the 

nonparametric component in the multiresponse semiparametric regression model are as follows:  

1 1

( ) ( )
R m

i R hi

r h

f t f t
 

           (8) 

For each f contains functions that are not known the shape of the regression curve pattern which is 

approached by the spline truncated function. 

The semiparametric regression model of multiresponse spline truncated was applied to 2017 

education data, especially at the CBNE of VHS in West Nusa Tenggara Province. Correlation testing is 

done aiming to determine the relationship between response variables, so that the data is feasible to be 

analyzed using multiresponse regression analysis. The formulation of the hypothesis is  

H0: There is no correlation between response variables ( 0)   

H1: There is correlation between response variables ( 0)   

Based on the results of the correlation test obtained if the p-value <0.05 can be concluded that there 

is a correlation between the responses. In the multiresponse semiparametric regression model based on 

the spline truncated estimator there is a known point of knots. Optimal selection of knots is done to 

determine the best model formed. One method used to select the optimal knot point is to use the GCV 

(Generalized Cross Validation) method [14]. The spline model with the optimum knot point is obtained 

from the smallest GCV value.  

Table 1. Results of analysis knots optimum. 

Variables Konts Orde 

1t  4;5 2 

2t  5;7 2 

3(1)t  68 ; 69 1 

3(2)t  78.5 ; 79.5 1 

3(3)t  95 ; 96 2 

3(4)t  84 ; 85 2 

 

Based on the results of the analysis of the multiresponse spline truncated semiparametric regression 

model obtained from the optimum knot points obtained: 

Table 2. Results of analysis goodness of fit. 

MSE R2 GCV 

49.60792 0.8389319 0.000003229985 
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The estimated models based on multiresponse spline truncated semiparametric regression model are: 
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Function Based on the best model obtained it turns out that each increase in one unit score report in 

each subject resulted in an increase in the value of CBNE in each subject. The average score of CBNE 

for male students is better than female students. Predicate the value of school accreditation influences 

based on its level, namely the predicate A is better B; and accreditation B is better than schools with C 

accreditation. On the distance variable, parental education, the value of School Examination (SE) 

fluctuates on certain knots for the value of CBNE. The following estimation plot for each response. 

 

 

 

 
 

 

 Figure 1. Plots of Observation and Estimation for each response 
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4.  Conclusion  

The result of the semiparametric regression model, we get the R2 of 0.84 and the MSE value of 49.61 

that satisfies the goodness of fit criterions. The increase in the value of report cards, gender and the 

predicate value of school accreditation had an effect on the increase in the value of CBNE in each 

subject. Whereas distance, parental education and SE values experienced fluctuations in certain knots 

for the CBNE values in each lesson. 
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