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Abstract. This study analyzes the quality of VVocational High Schools (VHS), which have a hierarchical data structure
and have more than one response variable. Data gathered for this study are from the Basic Education Data
(DAPODIK) in the form of raw data variables of several variables that characterize the quality of VHS and other
independent variables in South Sulawesi for four years (2018 to 2021) from the Ministry of Finance Republic of
Indonesia (KEMENKEU), and Statistics Indonesia (BPS). The explanatory variable at the regency level consists of
four years (2018 to 2021), a multi-year and high-dimensional data structure. Therefore, Principal Component
Analysis (PCA) is used to overcome this. The modelling is done by using multivariate multilevel modelling (MVMM)
on one-level and two-level structures. This study aims to model the average National Examination and Accreditation
scores of VHS in South Sulawesi using MVMM modelling that considers the regency/city level and identifies the
factors that influence the average National Examination and Accreditation scores. The results showed that the two-
level multivariate model with a random intercept as a hierarchical component was better than the one-level multilevel
model based on a minor Deviance Information Criterion (DIC) value. Simultaneously, at the 5% level of significance,
variables that contribute significantly to the quality of VHS in South Sulawesi Province are produced. The variables
that have a significant effect on the quality of VHS at the school level are the ratio of the number of students/pupils
per study group, the percentage of certified teachers to the number of teachers, the ratio of the number of
students/pupils per number of toilets, the ratio of laboratory availability, and the ratio of the availability of supporting
rooms. Meanwhile, at the regency level, it was found that the percentage of poverty and Gross Regional Domestic
Product (GRDP) had a significant effect on the quality of VHS.
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1 INTRODUCTION

Research development in various disciplines often involves a hierarchical data structure. The hierarchy
population and sample data indicate levels in the data. In the hierarchical data structure, individuals in the
same group tend to have the same characteristics, so observations at lower levels are not independent [1].
Modelling without paying attention to the hierarchy structure will violate the freedom assumption so that the
conclusions obtained are less precise [2]. The statistical method that can solve this problem is multilevel
modelling. This model can solve all the problems in the hierarchical data structure. Multilevel regression is
one type of modelling that considers the impact of each data level on the diversity of responses [3]. In addition,
multilevel regression can measure interactions between explanatory variables at different levels, response
variables at the lowest level, and explanatory variables at each level [4].

In some research cases, the number of response variables in regression have more than one response
variable, which in this regression analysis is called Multivariate Regression. The effect of several independent
variables on multiple response variables simultaneously has not been able to be accommodated in a single
variable multilevel modelling. Therefore, to overcome these problems, Multivariate Multilevel Modelling
(MVMM) is used. Multivariate multilevel modelling is the development of multivariate analysis on hierarchy
data where the response variable is more than one and between response variables has a correlation or
covariance [5]. The authors in [6] mentioned the advantages of using a multivariate multilevel analysis
approach compared to a single variable multilevel analysis, namely: (i) MVMM may compare the impact of
explanatory variables on each dependent variable, (ii) derive inferences about the correlations between
response variables at the individual and group levels, and (iii) MVMM can simultaneously test the
significance of all response variables. Research related to MVMM, among others, by the authors in [7] used
multilevel modelling of pupils achievement in the case studies of Trends in International Mathematics and
Science Studies and Progress in International Reading Literacy Studies in Italy. The authors in [8] used
MVMM to assess the achievement of students' cognitive abilities in the 2019 action survey.

In the field of education, the factors that influence the quality of Vocational High Schools (VHS) can
be investigated. Vocational quality characteristics can be reflected through the achievement of students'
National Examination (NE) scores in education units and school unit accreditation scores. These
characteristics tend to be the same within regency/city and differ between regency/city. The quality of VHS
is influenced by internal school factors that reflect the characteristics of the school, for example, the number
of students, the adequacy of teachers, the percentage of graduate students, the number of study groups, the
number of administrative staff, and the completeness of school facilities and infrastructure [9]. In addition,
the quality of VHS is influenced by external factors, namely school location, community environment,
regional economic variables, absorption of VHS graduates in the business/industry area, the unemployment
rate for VHS graduates, and local government policies. Internal factors can be measured at the school level,
and external factors are measured at the regency/city level so that, in this context, the data is obtained using
a hierarchical structure. If the effect of regency/city is ignored, it can cause heteroscedasticity to appear in
the residual, so it is more appropriate to use multilevel analysis than multiple regression analysis [10], [11].

VHS is a vocational school that plays a strategic role in developing human resources in the
business/industry area [12]. However, the absorption capacity of VHS graduates in regional development has
not been optimal. The open unemployment rate (TPT) for VHS graduates is still the highest compared to
other educational TPT [13]. Data released by Statistics Indonesia [14] states that TPT in Indonesia is still
dominated by VHS graduates for the last three years, namely 10.36%, 13.55%, and 11.13%, respectively.
The same condition occurred in South Sulawesi Province, where TPT is dominated by the workforce of VHS
graduates for the last three years, namely 9.06%, 10.96%, and 11.34%, respectively [15]. The high
unemployment of VHS graduates is caused by the low quality of VHS graduates compared to other levels of
education, which triggers strategic issues in the education sector. Departments, facilities, teachers, and the
workforce are only a few of the variables affecting VHS quality; other factors also include the interaction
between the government, educational institutions, and businesses [16].

This phenomenon is interesting to be studied further to see the school's internal and external factors
that affect the quality of VHS. The quality of VHS can be seen from two points of view, namely, the
achievement of students' NE scores in schools and the school accreditation scores. Multivariate multilevel
regression with two response variables can be applied to this case. Therefore, this study will examine the
application of Multivariate Multilevel Modelling to assess factors affecting the quality of VVocational High
Schools in South Sulawesi Province. This study can pinpoint factors that impact VHS quality, particularly in
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South Sulawesi, so that the government can utilize the findings as a standard to raise the quality of VHS.
Additionally, high-dimensional data were employed in this study, so researchers could combine the MVMM
and Principal Component Analysis (PCA) approaches to get more precise parameter estimations.

2 RESEARCH METHODS

2.1.Data

The data used in this study consist of 169 Public Vocational Schools from the Basic Education Data
(DAPODIK) in the form of raw data variables of several variables that characterize the quality of VHS and
other independent variables in South Sulawesi from 2018 to 2021 from Ministry of Finance Republic of
Indonesia (KEMENKEU), and Statistics Indonesia (BPS). Table 1 shows the response in this study, the
explanatory variable at the school level, and the explanatory variable at the regency/city level.

Table 1. School Level Variable and Regency/City Level Variable

Variable Information
School Level Variable
Y, Average National Exam Score
Y, Average School Accreditation Final Score
X; Percentage of graduate students/pupils
X, Percentage of students/pupils who drop out (DO)
X3 The ratio of the number of students/pupils per study group
X, The ratio of the number of students/pupils per the number of teachers
X5 Percentage of certified teachers
X6 Percentage of undergraduate teachers
X5 The ratio of administrative staff per number of groups
Xg The ratio of the number of classrooms per group
Xy The ratio of number of computers per number of students/pupils
X10 The ratio of number of students/pupils per number of toilets
X111 The ratio of laboratory availability
X1z The ratio of support space availability
Regency/City Level Variable
Z, Labor Force Participation Rate (TPAK)
Z, Education Budget
Z; Poverty Percentage
Z, Human Development Index (HDI)
Zs Net Participation Rate (NER)
Z, Assistance Budget of Smart Indonesia Program (PIP) for VVocational High Schools
Z; Open Unemployment Rate (TPT)
Zg Gross Regional Domestic Product (GDP)

2.2. Modelling Procedure

The data analysis procedure was carried out using R version 4.0.0 and SAS software with package library
(nlme) and library (Ime4) with the following stages:

a. Exploring data to obtain an overview of the variables to be analyzed.

b. Performing a multivariate regression modelling to detect variables affecting the average NE scores
and school accreditation scores.

c. Performing a multivariate regression assumption test to detect any deviations in assumptions caused
by multilevel data structures.

d. Checking multicollinearity by examining the correlation coefficient between the explanatory
variables and the variance inflation factor (VIF). If multicollinearity exists, then the explanatory
variable with the highest VIF value is reduced, and the multivariate regression modelling is
performed again.

e. Conducting MVMM modelling to model the relation between the average score of the national
examination and the final score of accreditation with the following model:
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1). Develop an MVMM Model with a Multivariate Random Intercept Model without involving an
intercept-only model or an MVMM.0 model then calculate the intra-class correlation (ICC)
value for each response variable.

2). Develop the MVMML1.1 model by inputting the school-level explanatory variable in the
MVMM.0 model.

3). Simplify or reduce the dimensions of multiyear data structures using Principal Component
Analysis (PCA) on regency/city level variables.

4). Develop a model involving explanatory variables at the school level and regency/city level using
the MVMML1.2 Model. Combined school-level model and regency/city-level model.

5). Calculate the deviance value for each model and perform a model comparison test.

Choosing the best model through the smallest deviance difference size, which is dif f = D; — D,.
Determining the variables that affect the quality of VHS with simultaneous test and partial test.
Interpreting variables that have a major impact on VHS quality.

Multilevel maximum likelihood estimation (MLE) is the model's chosen strategy for parameter

estimation [17]. The specification of the model used is the intercept only (MVMM.0) multilevel model, which
means the multivariate multilevel model without involving the independent/explanatory variables at the
school level and regency level, the school-level multivariate multilevel model (MVMML. 1), namely the
multivariate multilevel model involving independent/explanatory variables at the school level, and
(MVMML1.2), namely the general multivariate multilevel model from the school level multivariate multilevel
models and the regency level multivariate multilevel model (MVMML1 .2) [5], [10], [18]. Furthermore, it is
written as follows.

a.

The model of h-th response dummy variable (lowest level) by including dummy variables in the
model as follows.
Ynij = Maijdaij + oijdaij + - + T d g 1)
where p is the response variable, Yhij is the response on the h-th measure, where i is individual at
school level and j is individual at regency level.
School-level multivariate multilevel modelling (MVMML1.1)
K

Tpij = Ynij = Bpoj + Z BpijXkij + epij )
k=1
when mean vector 0 and covariance matrix £, of the multivariate normal distribution are present for
the €1ij, €2ijs ) Epij-
Regency level multivariate modelling (MVMML1.2)

Bioj = Y100 T Y101Z1; + Uy
Bi1j = V110 T V111Z1; + Uy
L
Bikj = Yiok + ) VikZiyj + Uik
=1

: 3)
ﬁzo;‘ = Y200 T V20142 T Uz
Ba1j = V210 T V211425 + Uy

L

Bokj = Ypok + ) YpkiZij + Upk;j
=1

where mean vector 0 and covariance matrix Q,, of the multivariate normal distribution are present
forthe wygj, Upoj, Urkjs oos Upijy Withh =12, .. pri=12,...,n;j=12, ..., k=12,... ,K;
I=12,...,L

Ynij = response variables for the h-th measurement at the i-th school and j-th regency level

xxij = explanatory variables for the h-th measurement at the i-th school and j-th regency level
Bpoj= random intercept of the p-th response variable at the regency-level j-th unit

Ypoj= fixed intercept response variable of the p-th response variable at the regency-level j-th unit
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epi; = residual for the i-th unit at the school level in the j-th unit at the regency level, is assumed to
be spread out N(0,52).
u,,;= random residual in the j-th unit at the regency level, assumed to be spread N(0,6.2).

3 RESULTS AND DISCUSSION

3.1 Characteristics of Regency/City Based on National Examination and Accreditation Scores

This study was conducted to determine the variables affecting VHS quality in South Sulawesi. The
VHS quality variables are the National Examination (NE) and Accreditation scores. The data characteristics
of the National Examination (Y1) and the accreditation scores (Y2) of VHS of 169 Public VHS in South
Sulawesi Province, consisting of 21 regencies and 3 cities from 2018 to 2020, are shown in Figure 1.

Kab. Sinjai
Kab. Pinrang
Kab. Barru
Kab. Bantaeng
Kab. Tana Toraja
Kab. Luwu Utara
Kab. Enrekang
Kab. Kepulauan Selayar
Kab. Luwu
Kab. Bulukumba
Kab. Toraja Utara
Kab. Bone
Kab. Wajo
Kab. Soppeng
Kab. Jeneponto
Kota Parepare
Kota Palopo
Kab. Luwu Timur
Kota Makassar
Kab. Takalar
Kab. Pangkajene Kepulauan
Kab. Sidenreng Rappang
Kab. Gowa
Kab. Maros
0.

o

0 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 100.00

m Accreditation Score  m National Exam Avg Score

Figure 1. Distribution of National Examination and Accreditation Scores by Regency/City

Figure 1 shows that the highest average national exam score in Sinjai Regency is 64.207 and the lowest
national exam score in Maros Regency is 35.02. The school obtained an average NE score of 50.984 with a
standard deviation of 5.458. Meanwhile, the highest accreditation score in Makassar City is 99.00, and the
lowest score in Luwu Regency is 72.00. In addition, the school received an average accreditation score of
86.156 with a standard deviation of 5.889. The achievement of the national examination scores and the VHS
accreditation scores in Figure 1 shows that the characteristics of the average NE scores and the VHS
Accreditation scores in South Sulawesi reflect inconsistent characteristics. These are outside with the
government's expectation that better-quality schools will have higher accreditation and national examination
scores [19]. One possibility is that the accreditation instrument is not yet accurate in measuring the quality of
Vocational High Schools. In addition, based on the picture above, the average score for the national
examination and the accreditation score in each regency tends to be different. These indicate a hierarchical
structure in the VHS quality data, so it is more appropriate to use a multilevel model.

3.2 Multivariate Regression Modelling
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In this modelling, regression modelling is carried out to determine the variables that affect the quality
of VHS using a multivariate regression model and a multivariate multilevel regression model. The best model
will be determined from the two models. This section will discuss the results of multivariate regression
modelling and test the classical assumptions of the multivariate regression.

To analyze the occurrence of multicollinearity in multivariate regression analysis, the correlation
between independent variables was examined. The results of the calculation show that the ratio variables of
the number of students/pupils per group (X3) and the ratio of the number of students/pupils per number of
teachers (X4) have a correlation coefficient of -0.76; the percentage of certified teachers to the number of
teachers (X5) and the ratio of the availability of supporting space (X12) has a coefficient of 0.61. These
variables indicate the existence of multicollinearity. However, the VIF value of the four variables is less than
10, so it can be stated that there is no multicollinearity [20]. Furthermore, a multivariate regression model
was built to see the pattern of variable relationships simultaneously and the basis for comparison of
subsequent modelling.

Model (4) is a model of the estimated impact of independent factors on the NE score, and Model (5) is
a model of the estimated impact of independent variables on the accreditation score (Y2), which is described
as follows.

¥;, = 50.9841 + 0.0629 X,;; — 0.0643 X,; + 0.4173X3; + 0.7796X,; — 1.2953Xs;
+ 0.4476X,; — 0.4689X,; — 0.1844Xg; + 0.7782Xo; — 0.2862X,9;  (4)
— 0.4709X,,; + 0.6257X,;

—

Y,, = 86.1557 + 0.4600 X;; + 0.3096 Xo; + 1.6579X3; + 0.1714X,; + 0.9721Xs;
— 0.6089X,; — 0.4150X,; — 0.0513Xg; — 0.1891Xy; + 0.9914X,y;  (5)
+1.0952X,,; + 1.27021X;5;

wherei=1,...,n; h = 1,2; ¥; =the h-th response variable in the i-th school unit; X;,; = explanatory variables
in the h-th response and the i-th school unit; and ey; = residual for the h-th response of the i-school unit.

Table 2. Multivariate Test Results (Wilks Lambda)

Wilk Lambda test Wilks p-value Wilk Lambda Wilks p-value
value test value

Simultaneous (12 0.4676  0.000* Partial X7 0.9849 0.3132

explanatory variables)

Partial X1 0.9454 0.3001 Partial X8 0.9978 0.8462

Partial X2 0.9951 0.6873 Partial X9 0.9812 0.2353

Partial X3 0.9454  0.014* Partial X10 0.9615 0.049*

Partial X4 0.3771 0.4826 Partial X11 0.9529 0.049*

Partial X5 0.9353  0.026* Partial X12 0.9390 0.008*

Partial X6 0.9779 0.1815

(*) Significant at 5% degree (o:: 5%)

Equations (4) and (5) were tested simultaneously to test the significance of the explanatory variables
on the quality of VHS. Simultaneous test results indicate that there is at least one explanatory variable that
affects the quality of VHS at the 5% level of significance. The result of the partial test in Table 2 shows that
the variables, which are the ratio of the number of students per group (X3), the percentage of certified teachers
per number of teachers (X5), the ratio of the number of students per number of toilets (X10), the ratio of
laboratory availability (X11), and the ratio of the availability of supporting rooms (X12), has a significant
effect on the quality of VHS at a significant level of 5%. However, the results of the multivariate regression
analysis were unable to identify the effect of the regency/city on the quality of VHS and the possible
interactions between the school-level variables and the variables describing the regency/city level. Therefore,
the multivariate analysis was only carried out at the school level [3]. The results of the test of the assumption
of freedom between residuals obtained a p-value of 0.00*, which indicates that the residuals are not
independent (correlated). This means that there is a deviation in the assumption of multivariate regression,
namely, the residuals in the regression model are not independent (correlated), so the multivariate regression
model is less accurate in this modelling [5], [21].
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3.3 Multivariate Multilevel Modelling
3.3.1 Random Intercept Multivariate Multilevel Modelling

In this study, multivariate multilevel modelling was carried out using three model specifications,
namely the intercept-only multilevel model (MVMM.0), the school-level randomized intercept multivariate
multilevel model (MVMML.1), and the multivariate multilevel combined model of school-level randomized
intercept and regency-level randomized intercept (MVMML1.2). The authors in [3], [22] mentioned that the
MVMM.0 model is used to determine an indication of the proportion of diversity at the regency/city level, or
it can be interpreted as the expected correlation between two randomly selected schools within the same
regency/city called the intraclass correlation coefficient (ICC). The result of the calculation of the ICC value
is shown in Table 3 as follows.

Table 3. Variance Between Response Variables

Outline StdDev ICC
National Exam Score 0.0189 0.0345
Accreditation Score 24171 0.3076
Residual 5.4414

Table 3 shows the estimated intraclass correlation coefficient (ICC) for each response variable: the
national exam score of 0.0345 and the accreditation score of 0.3076. This means the expected correlation
estimate between two randomly selected schools within the same regency/city of the accreditation score is
30.76%. Meanwhile, the expected correlation between two schools taken randomly in the same regency/city
with the average NE score is 3.50%. The ICC value shows that the proportion of diversity at the regency/city
level is quite large and indicates that the diversity of the regency/city affects the quality of VHS, making it
possible to use multivariate multilevel analysis [23], [24].

The MVMM1.1 model was built to obtain explanatory variables at the school level that affect the
quality of VHS. Table 5 shows that the MVMML1.1 model is a significant model at the 5% significance level,
which means that the addition of explanatory variables at the school level has a significant effect on the
quality of VHS. The significant variables in the MVMML1.1 model are as follows: percentage of graduates
per number of students/pupils (X1), the ratio of the number of students/pupils per group (X3), the ratio of the
number of students/pupils per number of teachers (X4), percentage of certified teachers per number of
teachers (X5), the ratio of the number of students/pupils per number of toilets (X10), the ratio of laboratory
availability (X11), and the ratio of the availability of supporting rooms (X12). The MVMM1.2 model is a
combined model to determine the effect of adding explanatory variables at the regency/city level on the
quality of VHS.

The explanatory variables at the regency/city level consist of four years (from 2018 to 2021). This is a
multi-year data structure, so the dimensions of the variable data structure are complex. One method that
handles high-dimensional data is PCA [25]. The results of the regency level variable PCA scree plot are
shown in Figures (2) as follows.

Scree plot

] ~
= o
|

Percentage of explained variances
ra o
th

=
|

\ . ! !
1 2 3 4
Dimensions

Figure 2. PCA scree plot of regency level variables
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Figure (2) is a plot between k (sequential number of principal components) on the x-axis and the KUy
(eigenvaluex) on the y-axis. The number of principal components (k) is taken based on the extreme position,
where the curve line starts to slope or the point where there is no significant change in variance (steep)
anymore. Based on the screen plot of Figure (2), the number of principal components k is 1 [26]. Thus, the
characteristic root value (A;) is greater than one consisting of one main component with a cumulative
proportion of 91.23%. This explains that 91.23% of information can be represented by explanatory variables
at the regency/city level. The result of the deviance comparison test for the MVMMZ1.1 model is presented in
Table 4 below.

Table 4. Comparison test of MVMM.0, MVMML1.1, and MVMM1.2 models
Model Df Deviance LogLik LRT p-value
MVMM.0 8  2087.103 -1043.552
MVMM1.1 22 1983.074 -991.5368 104.0297 0.001*
MVMM1.2 30 1967.387 -983.6934  15.6867 0.047*
*Significant at 5% degree (a: 5%)

Table 4 shows that the MVMM1.2 model is a significant model at the 5% level, meaning that the
random intercept model involving explanatory variables at the school and regency/city levels is the best
model at this stage. Thus, through the stepwise regression method, the fixed effect structure used at the school
level is the percentage of graduate students/pupils (X1), the ratio of the number of students/pupils per group
(X3), the ratio of the number of students/pupils per number of teachers (X4), the percentage of certified
teachers per number of teachers (X5), the ratio of the number of students/pupils per number of toilets (X10),
the ratio of laboratory availability (X11), and the ratio of the availability of supporting rooms (X12).
Furthermore, the fixed effect structure used at the regency/city level is LFPR (Z1), poverty percentage (Z3),
NPR (Z5), and GRDP (Z8).

3.3.2 Best Multivariate Multilevel Modelling

The MVMM1.2 model is the best based on the deviance value comparison test results. The estimation
of fixed effects results uses the Maximum Likelihood approach as presented in Table 5.

Table 5. Best model estimation result (MVMM1.2)

NE value Accreditation NE value Accreditation
Fixed Estima Estima Fixed Estima Estima p-
Effect tion p-value tion p-value  Effect tion p-value tion value

Intercept ~ 50.984  0.00*  86.157  0.000* X1l 0329 0529 0927 0.01*
X1 0.366 0.449 0.474  0.1917 X12 0.743 0.146 1.035 0.01*
X3 -0.088 0.898 1,370  0.008* Z1  -0,125 0.660 0.099 0.643
X4 0.094 0.884 0.431  0.3750 Z3 0.023 0.938 0.645  0.00*
X5 -1.093 0.05* 1.699 0.001* Z5 -0.164 0.485 -0.029 0.868
X10 -0.223 0.672 1.018 0.010* Z8 0.225 0.422 0.712 0.00*

*Significant at 5% degree (a: 5%)
The estimation of the multivariate multilevel model that can be formed based on the estimated model
parameters in Table 5 is as follows.

MVMM of School Level:
Yiij = Pioj + 0,3658 X1;; — 0,0880X3;; + 0,0940X,;; — 0,9468* X5,
—0,2234X,0;; — 0,3296X11;; + 0,7435X 5 (6)

1721-]- = Pao; + 0,4742X,;j + 1,3708X3;; + 0,4317X,;; + 0,5397" X5 )
+1,0183"X;9;; + 0,9269°X;4;; + 1,0350" X1 5;;

MVMM of Regency/City Level:
[?101- = 50,9847 — 0,1251Z,; + 0,0230Z3; — 0,164Z5s; + 0,2253Zg; + Uy (8)
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Baoj = 86,1557 + 0,0990Zy; + 0,6448"Zs; — 0,0293Zs; + 0,7122* Zg; + Uz 9)

where, h =1,2; i=1, ..n; j =1, ...,p ; k=1,...,K; Y;; = h-th response variables at the i-th school and j-th
regency/city level; ;= random intercept at the j-th unit at the regency/city level; X,;; = the k-th explanatory
variable at the i-th school level and the j-th regencyi/city level; e,;; = residual for the i-th unit at the school
level in the j-th unit at the regency/city level.

The estimation of the random effect that can be formed based on the multivariate multilevel model is
shown in Table 6 below.

Table 6. The results of the best random effect estimation model
NE Accreditation
Random Effect  Estimator  p-value  Estimator  p-value
Residual between regencies/cities

var(upg;) 0.01956 <.047 0.6676 <.047
cov(uy;, Uso;) 0.01095 <.047
Residual within regencies/cities

var(en;;) 04017  <.0001 1.0133  <.0001
cov(ey;j, €2:)) 0.6342  <.0001

(*)Significant at 5% degree (a: 5%)
3.3.3 Best Model Result Interpretation

This study conducted simultaneous and partial tests on the variables affecting VHS quality.
Simultaneous testing of the MVMM1.2 model was carried out using the F-test. The F test in Table 5 reveals
that at least one school level and regency/city level variables are significant at the 5% level. These variables
have different effects on the quality variables of VHS. One of the factors is the characteristics of the national
examination scores and VHS accreditation in South Sulawesi, which have a negative linear relation. The
average NE score in the education unit does not reflect that the school's accreditation is better.

Estimation models (6), (7), (8), and (9) show that the variables at the school level that have a positive
influence on accreditation are the ratio of the number of students/pupils per group (X3), the percentage of
certified teachers (X5), the ratio of the number of students/pupils per number of toilets (X10), the ratio of
laboratory availability (X11), and the ratio of the availability of supporting space (X12). This means that
adding one unit of the variable can increase the quality of the school by the value of its coefficient.
Meanwhile, the variable that has a negative effect on the quality of VHS is the percentage of certified teachers
(X5). That means the addition of one unit of the variable will reduce the quality of the school by the value of
its coefficient.

The ratio of the number of students/pupils per group increases (according to the standards of
Permendikbud Number 34 of 2018 concerning Vocational Schools, which is in the range of 15-36
students/pupils per group) is supported by the percentage of certified teachers, and the availability of adequate
facilities will improve on the school quality. The consequence of a large number of students/pupils is that
schools must have qualified teachers and adequate facilities (including classroom conditions) so that the
atmosphere of the learning process can run well, thus enabling the achievement of better quality as well [27].
Similarly, at the regency/city level, variables that have a positive value on school quality are obtained, namely
the percentage of poverty (Z3) and GRDP (Z8). This means that the addition of one unit of the characteristic
variable at the regency level will increase the quality of the school by the value of its coefficient. The
expectation is that regencies/cities that have high GRDP values will have a positive influence on the quality
of schools in their respective regencies/cities [28]. Meanwhile, it is not expected that the regional poverty
level will affect the achievement of school quality. In addition, there are indications that students/pupils who
have low economic ability prefer other education compared to VHS.

According to the estimation results of the random effect of the multivariate multilevel model in Table
6, it can be seen that there is at least one explanatory variable for the characteristics of the regency/city that
has a significant impact on school quality. Characteristics of regency/city that significantly impact school
quality according to the coefficient values in the two-level MVMM model in Table 6 are the percentage of
poverty (Z3) and GRDP (Z8). Partially, these two variables have a positive effect on the accreditation score.
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Table 6 shows that the variance that can be explained by these variables on the accreditation score is 66.67%.
However, the contribution of the percentage of poverty (Z3) and GRDP (Z8) is low to the average diversity
of NE scores between regencies/cities, which is 19.56%. Although the value of diversity shown is small, the
average variance of NE scores in each regency is significant at the 5% level. Schools located in areas with
higher GRDP tend to have better VHS quality. GRDP, in this context, reflects the regional economic structure
and the level of economic growth in the regency/city [29]. Thus, it can be concluded that regencies/cities with
high levels of economic growth, equitable community welfare, and the contribution of a large government
role in education will improve school quality [30]. The achievement of a better quality of VHS in an area,
indeed, is supported by the synergy of the role of the government, the role of schools, and the role of the
community [31].

4 CONCLUSIONS

Multivariate multilevel modelling provides better modelling results than multivariate regression
models. Multivariate multilevel modelling can show variations in the quality of VHS caused by the influence
of the regency as the highest level. The regency-level multi-variable model with random intercept gives better
modelling results than the school-level multi-variable model with the smallest deviance value. Simultaneous
testing at the 5% significance level produces variables that contribute significantly to the quality of VHS in
South Sulawesi Province. Partially, the percentage of certified teachers per number of teachers is one of the
factors that significantly affects the NE score at the school level, while accreditation scores are the ratio of
the number of students/pupils per group, the percentage of certified teachers per number of teachers, the ratio
of the number of students/pupils per number of toilets, the ratio of laboratory availability, and the ratio of the
availability of supporting space. Meanwhile, at the regency/city level, it was found that the percentage of
poverty and GRDP had a significant effect on the accreditation score. Therefore, it can be interpreted that the
progress of the education level of a region, besides being influenced by internal school factors, is also
influenced by external school factors such as the community environment, regional economic structure, and
the role of local government at the regency/city level.
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