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ABSTRACT

In Vietnam, since 2015, the Ministry of Education and Training of Vietnam has decided to abolish university entrance exams
and advocates the use of high school graduation exam results of candidates for admission to go to universities. The 2015 and 2016
exam questions for the Math exam are the essay questions. From 2017 up to now, the Ministry of Education and Training of Vietnam
has applied the form of multiple-choice exams for Mathematics in the high school graduation exam. There are many mixed opinions
about the impact of this form of examination and admission on the quality of university students. In particular, the switch from the
form of essay examination to multiple-choice exams led the entire Vietnam Mathematical Association at that time to send
recommendations on continuing to maintain the form of essay examination for mathematics. The purposes of this article are analysis
and evaluation the effects of relevant factors on the academic performance of advanced math students of university students, and
offer solutions to optimize university entrance exam. The data set was provided by Training Management Department and Training
Quality Control and Testing Laboratory of the University of Finance — Marketing. This dataset includes information about math high
school graduation test scores, learning process scores (scores assessed by direct instructors), and advanced math course end test
scores of 2834 students in courses from 2015 to 2019. Linear and non-linear regression machine learning models were used to solve
the tasks given in this article. An analysis of the data was conducted to reveal the advantages and disadvantages of the change in
university enrollment of the Vietnamese Ministry of Education and Training. Tools from the Python libraries have been supported
and used effectively in the process of solving problems. Through building and surveying the model, there are suggestions and
solutions to problems in enrollment and input quality assurance. Specifically, in the preparation of entrance exams, the entrance exam
questions should not exceed 61-66 % of multiple choice questions.
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INTRODUCTION section data [1, 2]. Thus, Pooled Cross-section data
is a very common data type in surveys. For
independently Pooled Cross — Section data, the
subjects surveyed (cross units) at different times
may differ, and the number of these objects is not
fixed over time. From a statistical point of view,
independently pooled cross-section data have the
important feature that they are constituted by
independently sampled observations. This important
feature is an advantage for cross-data analysis, as it
eliminates correlation in noise error. However, an
independently pooled cross data differs from a cross
data (a single random sample) in that sampling from
the population at different points in time likely leads
to observations that are not identically distributed.
For example, the variable “income” or variable

From 2015 Ministry of Education and Training
of Vietnam removed the university entrance exam
and used the results of the high school exit exam to
enter universities in Vietnam. There are many
conflicting opinions about the impact of this
decision on the quality of university students.

Therefore, it becomes necessary to study the
problems based on survey data and data on the
performance of school graduates and students. When
investigating at different times on a large population.
In that case, at each survey time, a random sample of
survey subject’s data of the survey times.

This data is called Independently Pooled cross-
section data over time, simply called Pooled cross-

© Tran Kim Thanh, Tran The Vinh, Tran Manh Tuong, “education” have distribution that changes over time
Vu Anh Linh Duy, 2020 in most countries.
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Data in this article is data set, which is
provided by Training Management Department and
Training Quality Control and Testing Laboratory of
the University of Finance — Marketing, which
includes the following information of 2834 students
of the courses since 2015 to 2019: the math high
school graduation test scores, the Advanced Maths
learning process scores (scores assessed by direct
instructors), and the Advanced Maths final exam
scores. This dataset is an Independently Pooled
Cross-section data set with 5 observation time units
of 5 years. In Vietnam, Admission to universities in
the period 2015 — 2019 is based on the results of
high school graduation exam scores, in which
Mathematics in this period has changed the form of
exam: The 2015 and 2016 essay exam period, which
we simply call the essay examination period, the
period from 2017 to 2019 on multiple-choice exams,
which we call the multiple-choice test period. So,
the data is divided into two samples: the essay test
data sample and the multiple-choice test data
sample. Both of these samples are independent
pooled cross-section data samples.

Regression Analysis [3, 4], [5]. Regression is a
data mining technique used to predict a range of
numeric values given a particular dataset.
Regressions measure the relationship between a
dependent variable (what you want to measure) and
an independent variable (the data you use to predict
the dependent variable).

Regression analysis is used to solve the
following types of problems:

— Determine which independent variable is
associated with the dependent.

— Understand the relationship between the
dependent and independent variables.

— Predict the unknown values of the dependent
variable.

Regression is used across multiple industries
for business and marketing planning, financial
forecasting, environmental modeling and analysis of
trends. For example, in the field of education,
department of education analyst examines the
effectiveness of a new school feeding program. The
analyst constructs a regression model for
performance indicators using independent variables
such as class size, household income, student
funding per capita, and school feeding. The model
equation is used to identify the relative contribution
of each variable to school performance.

Linear and nonlinear regression analyzes are
detailed in the Literature review below.

Over the years Python has several powerful and
popular libraries that are designed to work with data
mining: analysis, visualization, trend forecasting

[29, 30], [31]. For example, the Matplotlib library is
one of the most popular data visualization libraries.
The Pandas library is used to analyze information.
Scikit-learn library provides simple and efficient
tools for predictive data analysis.

LITERATURE REVIEW

Ordinary least squares (OLS) regression [6,
71, [8, 9], [10, 11], [12] is a statistical method of
analysis that estimates the relationship between one
or more independent variables and a dependent
variable; the method estimates the relationship by
minimizing the sum of the squares in the difference
between the observed and predicted values of the
dependent variable configured as a straight line.
OLS regression will be discussed in the context of a
bivariate model, that is, a model in which there is
only one independent variable (X) predicting a
dependent variable ().

OLS regression is one of the major techniques
used to analysis data and forms the basis of many
other techniques [7]. The usefulness of the technique
can be greatly extended with the use of dummy
variable coding to include grouped explanatory
variable [8], for a discussion of the analysis of
experimental designs using regression) and data
transformation methods [9]. OLS regression is
particularly powerful as it relatively easy to also
check the model assumption such as linearity,
constant variance and the effect of outliers using
simple graphical methods [10].

Simple linear regression: general problem
formulation [3], [13, 14], [15, 16].

Suppose  we have k predictor  variab-
les x4, ..., x; and a dependent variable y.
We consider the simple linear relation

(where the hat on top of vector y symbolizes that
this is a vector of predicted y values:

Vi = Bo + Prx1i + -+ + BrXp-

The parameters Sy, B4, ..., B Of this equation
are called regression coefficients. In
particular, B, is called the regression inter-
cept and B4, ..., By are regression slope coefficients.

Based on the predictions of a parameter
vector ( By, B1, -, Brx) We consider the residual sum
of squares as a measure of prediction error:

RSS (g pofi) = Steal ¥i —
9i(Bo, B, - Br)]?
We would like to find the best parameter
values (denoted traditionally by a hat on the

parameter’s variable: §;,) in the sense of
minimizing the residual sum of squares:
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(BoBr s Bic) = arg , min  RSSg,p,,..p)

In statistics, the mean squared error (MSE)
[17, 18] - the average squared difference between
the estimated values and the actual value. MSE is
arisk function, corresponding to the expected
value of the squared error loss.The MSE is a
measure of the quality of an estimator, it is always
non-negative, and values closer to zero are better

1 ~
MSE =3[ i — 91>

Coefficient of determination R? [5], [19, 20] is
the square of the sample correlation coefficient,
written as a percent. When evaluating the goodness-
of-fit of simulated (Ypred) VS. measured (Yops) values,
it is not appropriate to base this on the R? of the
linear regression (i.e., Yobs= M-Ypreq + b).
The R? quantifies the degree of any linear correlation
between Yons and Ypred, While for the goodness-of-fit
evaluation only one specific linear correlation
should be taken into consideration: Yops = 1*Ypred + 0.

So, its value is between 0 % and 100 %. A
value of 0 % means that there is no linear
dependence between the sample values of X and Y.
while a value of 100 % means there is a perfect
linear dependence. Clearly, the larger the value of
R2, the more confidence we can have that there
really is a linear relationship between X and Y.

Support Vector Machines (SVM) are very
specific class of algorithms, characterized by usage
of kernels, absence of local minima, sparseness of
the solution and capacity control obtained by acting
on the margin, or on number of support vectors, etc.
[5], [21, 22], [23, 24], [25, 26]. Support Vector
Machine can also be used as a regression method,
maintaining all the main features that characterize
the algorithm (maximal margin). Still, it contains all
the main features that characterize maximum margin
algorithm: a non-linear function is leaned by linear
learning machine mapping into high dimensional
kernel induced feature space. The capacity of the
system is controlled by parameters that do not
depend on the dimensionality of feature space.

The SVM regression algorithm (Support
Vector Regression or SVR) [23, 24], [25], [28] is a
supervised learning algorithm that is used to predict
discrete values. Support Vector Regression uses the
same principle as the SVMs. The basic idea behind
SVR is to find the best fit line. In SVR, the best fit
line is the hyperplane that has the maximum number
of points.

Advantages of Support Vector Regression are
as mentioned below:

— It is robust to outliers.

— Decision model can be easily updated.

— It has excellent generalization capability, with
high prediction accuracy.

— Its implementation is easy.

Some hyperparameters in SVR are as below:

— Hyperplane. Hyperplanes are decision
boundaries that is used to predict the continuous
output. The data points on either side of the
hyperplane that are closest to the hyperplane are
called Support Vectors. These are used to plot the
required line that shows the predicted output of the
algorithm.

— Kernel [27]. A kernel is a set of mathematical
functions that takes data as input and transform it
into the required form. These are generally used for
finding a hyperplane in the higher dimensional
space. The most widely used kernels include Linear,
Non-Linear, Polynomial, Radial Basis Function
(RBF) and Sigmoid. By default, RBF is used as the
kernel. Each of these kernels are used depending on
the dataset.

— Boundary lines. These are the two lines that
are drawn around the hyperplane at a distance of ¢. It
is used to create a margin between the data points.

Support Vector Regression performs linear
regression in the high-dimension feature space using
g-insensitive loss and, at the same time, tries to
reduce model complexity by minimizing ||w||?. This
can be described by introducing (non-negative) slack
variables ¢;,¢/,i=1,..,n , to measure the
deviation of training samples outside e-insensitive
zone.

Thus, SVR is formulated as minimization of the
following functional:

. 1
min (3 loll? + € X141,

yi—f,w) <e+ &
flx, w) —yi—<e+§.
fiiflfk = 0,l = 1, s, n

This optimization problem can transform into
the dual problem and its solution is given by

f() = 25 (a — a)K (x;, %),
where:
0<a/<C
0< a; < Cc
Ng, IS — the number of Support Vectors (SVs);
K — the kernel function

K(x,x) =X 9j(0)g;(x).

Parameter C determines the tradeoff between
the model complexity (flatness) and the degree to
which deviations larger than & are tolerated in
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optimization formulation for example, if Cis too
large (infinity), then the objective is to minimize the
empirical risk only, without regard to model
complexity part in the optimization formulation.

Parameter € controls the width of the
€ — insensitive zone, used to fit the training data.
The value of ¢ can affect the number of support
vectors used to construct the regression function.
The bigger ¢, the fewer support vectors are
selected. On the other hand, bigger ¢ -values results
in more “flat” estimates. Hence, both Cand ¢ -
values affect model complexity (but in a different
way).

Linear SVR

n
y = (@—a)x) +b.
i=1

Non-linear SVR [26]. The kernel functions
transform the data into a higher dimensional feature
space to make it possible to perform the linear
separation.

Kernel functions [27].

— Polynomial
k(xl-,x]-) = (xi,xj)d.
— Gaussian Radial Basic function
2
Xi—Xj
k(x;,x;) = exp(— %} :

Example of 1D regression [32] using linear,
polynomial and RBF kernels is shown in Fig. 1.

PURPOSE AND TASKS OF WORK

Since 2015 up to now, in Vietnam, the Ministry
of Education and Training of Vietnam has removed
the university entrance exam and used the results of
the high school graduation exam to be admitted to
universities. For the years 2015, 2016 the Math
exam of this exam is the essay. Since 2017 until
now, the Ministry of Education and Training of
Vietnam has applied the form of multiple-choice
exams in Mathematics in the high school graduation
exam. There are many mixed opinions about the
impact of this form of examination and admission on
the quality of university students.

Support Vector Regression

—— REBF model
< REBF support vectors
©  other training data

—— Linzar model
> Linear support vectors < Polynomial support vectors
©  other training data

—— Paolynomial model

O other training data

20

15

10

05

target

0.0

o

Fig. 1. Example of 1D regression using linear, polynomial and RBF kernels [32]
Source: [32]
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Based on the reviews of linear regression, SVR,
and given Python library features, to survey
problems from enrollment data and student training
quality, as well as to propose solutions to solve
problems, tasks have been introduced including:

— Data analysis. We choose this data set to
apply the Independent Pooled Cross-section data
analysis model to analysis and assess the impact of
the basic factors such as: input score (score high
school graduation exam in Math), process scores
(attendance and learning attitude along course), the
students’ final exam scores in Advanced Math.

Apply linear regression models to analyze data
in both university entrance examination periods
from 2015 to 2019.

— Using Epsilon Support Vector Regression
model to solve the problems, which were given
during the survey in the data analysis section, and
propose optimal solutions for university entrance
exam.

DATA ANALYSIS

Data set is provided by Training Management
Department and Training Quality Control and
Testing Laboratory of the University of Finance —
Marketing,  which includes the following
information of 2834 students of the courses since
2015 to 2019: the math high school graduation test
scores, the Advanced Maths learning process scores
(scores assessed by direct instructors), and the
Advanced Maths final exam scores. The 2015 and
2016 essay exam. period, which we simply call the
essay examination period (EE period), the period
from 2017 to 2019 on multiple-choice exams, which

we call the multiple-choice test period (MCT
period).

Let X1, X2, Y denote respectively the entry
score in Mathematics, the process scores in
Advanced Math and the final exam score of a
student's Advanced Math course. For the sake of
simplicity, X, is called the input score, Y is called
the output score.

Based on the available data, to serve the
analysis and evaluation, the entry scores are classed
as the following:

— Group A is a group with an output score from
7 to 10;

— Group B is the group with an output score
from 4.5 10 6.9;

— Group C is group of output points below 4.5.

To analyze the data, we used the students' entry
scores, progress scores, and math study scores for
the students grouped in both exam preriods.

The process of data analysis and evaluation
includes:

— general data analysis, group analysis by
conventional statistical methods. The obtained
results are shown in Table 1 and Table 2

— using a linear regression model [29] to
evaluate the influence of input variables X1, X2 on
the output variable Y. Two linear regression models
are set up corresponding to 2 data pairs (X1, Y) and
(X2, Y). The parameters and performance of the
linear regression models are shown in Table 3.

— representation of scatter plots of data with
graphs of a linear regression model. Use the chart
(Fig. 2 and Fig. 3) to see trend as well as the
anomaly occurring in the statistical data.

Table 1. General data analysis in both exam preriods

Medium scores of In EE period In MCT period
Input scores 6.71 7.19
Process scores 7.63 7.7
Output score 5.85 5.78

Source: compiled by the author

Table 2. Data analysis in both exam preriods by divided groups

Statistics In EE period In MCT period
Group Input | Process | Output % Input | Process | Output %
Group A 6.9 8.93 7.9 23.5 7.46 8.68 8.11 25.9
Group B 6.7 7.65 5.64 63 7.16 7.87 5.63 53.5
Group C 6.45 5.3 3.27 13.5 6.92 6.01 3.21 20.6
Source: compiled by the author
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Table 3. The parameters and performance of the linear regression models [29]

Model 1 for Input-ouput scores Model 2 for process-ouput scores
Parameters
Periods a b £ R? a b £ R?
(MSE) (MSE)
On EE period 0.57 2.04 243 0.05 0.52 1.89 1.49 0.42
On MCT periods 0.59 1.57 3.34 0.06 0.6 1.19 2.24 0.37
Source: [29]
on essay exam period
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Fig. 2. Representation of graphs of a linear regression models (green lines ) with
scatter plots (blue points) of data in EE period
Source: compiled by the author
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Fig. 3. Representation of graphs of a linear regression models (green lines) with scatter
plots (blue points) of data in MCT period

Source: compiled by the author
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From the obtained results (Table 1, Table 2 and
Table 3; Fig. 1 and Fig. 2) we have clearly seen that:

— The average of the math input scores for the
EE period (6.71) was lower than the MCT period
(7.19), average of their math output scores higher
(5.85), and less difference with average of input
score than on MCT period (Table 1).

— In group C (Table 2), the percentage of
students with a failing semester math score in EE
period (13.5 %) was much lower than in MCT test
(20.6 %), although in the MCT period the math input
score is higher (6.92), than in the EE period (6.45).

— The lines obtained from the linear regression
models in the both periods (Fig. 1 and Fig. 2)
showed the increasing trend of Y (outpput scores)
according to X1 (input scores) and according to X2
(process scores).This means that in general, students
with higher entry math scores or higher progress
scores will most likely have higher Advanced Math
scores. The uptrend of Y according to X1 and the
uptrend of Y according to X2 is approximately the
same.

— From the scatter chart of the distribution from
the original data (Fig. 1 and Fig. 2) showed that
there are quite a few students who have an entry
score of more than 7 points but only achieve the
final exam results of Advanced Math below 4.5
points. Specifically, in the MCT period the number
of students with such status accounts for 42.1 % of
group C and in EE period is 12.32 % of group C ).
This showed that there are still risks in the
admissions problem, especially the multiple choice
test.

— The linear regression model built on data pair
(X2, Y) model 2 gives better performance with MSE
value for the both periods of 1.49 and 2.24
respectively; coefficient of determination — 0.42 and
0.37. This means that data pair (X2; Y) more
accurately assess student quality. The model 2 can
be used to predict student’s output score.

Thus, the analysis of the above data has clearly
shown that this form of essay examination has
ensured better student input, and less quality
problem risks. However, in reality, the organization
of examination in the form of multiple choice test
brings great advantages in terms of organization
such as budget, time, and manpower. So a test that
includes both multiple choice and essay format will
guarantee the admission advantages of both.

In this paper, we have created both-stage
scrambled datasets according to different ratios.
Build machine learning models and apply their to
survey and evaluate the results according to the
criteria: giving the highest test rate possible, but the
quality of students is still relative to the built model.

From there, giving a reasonable rate for the test and
the essay in a university entrance exam.

USING EPSILON-SUPPORT VECTOR
REGRESSION (ESVR) MODEL TO SOLVE
THE PROBLEM

Building dataset for learning process

To solve the problem given above. The first
step to take is to set up the data set for machine
learning. A data set will be generated from statistical
data of EE period and MCT period, including input
scores, progress scores, output-scores of students.
The multiple-choice ratio on the entrance exam will
determine the data mixing rate for MCT period in
the new data. New data sets were generated from
data mixed at a ratio of 1 % to 99 % of MCT
period’s data. New data are categorized into groups
A, B, and C based on semester exam scores in math.

This new data set will be surveyed using the
developed ESVR model (will be discussed in the
next section) to find the data with the appropriate
mixing ratio that yields the highest performance.

Establishment of ESVR models
conducting surveys

and

The implemented ESVR model, which used
scikit-learn Python [30], is based on below
parameters:

—Specifies the kernel type to be used in the
algorithm kernel="rbf".

— Degree (=3) of the polynomial
function.

— Kernel coefficient for ‘rbf” gamma=0.5.

— Regularization parameter C=10.

— Epsilon in the epsilon-SVR model € = 0.5.

This ESVR model is trained from sample data,
which have been classified by groups A, B, C,
whose input is process score X2 and output Y-math
semester exam score. Examples are shown in Fig. 4.

The performance survey of this ESVR model
was performed with using the input data (the
entrance test scores X1) from the new data set,
which were according to subgroups A, B, C (Fig. 5).
From there we find out the highest possible rate that
can be mixed into the college entrance exam
guestions, while ensuring the highest model
performance. The obtained results are shown in
Table 4.

From the obtained results in the Table 3, we see
that the performance of the generated ESVR model
is highest with data with a mixing ratio of 61%-66 %
of the multiple choice test. From there we can
conclude that according to the built model, to ensure
the quality of students, the highest test rate can be
put on the university entrance exam from 61 % to
66%.

kernel
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Table 4. Result of the survey performance of

developed ESVR model with new mixed datasets

Group Group | Group
A B C
Mean (MSE) 0.5772 | 0.5354 | 1.7486
Max (MSE) 0.5935 | 0.5418 | 1.7938
Min (MSE) 0.5633 | 0.5308 | 1.6956
Obtained ratio of 66 61 65
MCT (%)
Source: compiled by the author
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Fig. 5. Performance surveying of developed

ESVR model with new mixed datasets:
a—group A; b—group B; c—group C
Source: compiled by the author

CONCLUSION
In this article, the data set was provided by

Training Management Department and Training
Quality Control and Testing Laboratory of the
University of Finance - Marketing. This dataset

includes
graduation test scores,

information about math high school
learning process scores
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(scores assessed by direct instructors), and advanced
math course end test scores of 2834 students in
courses from 2015 to 2019. By mathematical
statistical method with 4using NumPy, Pandas
library Python, initial data analysis was performed
(Table 2 and Table 3). The article discusses the
features of building linear (OLS) and non-linear
regression (ESVR) machine learning models were
used to solve the tasks. For this, the capabilities of
matplotlib, scikit-learn libraries Python are used
(Fig. 1; Fig. 2; Fig. 3 and Fig. 4). Performance
surveying of developed OLS models and ESVR
models with processed data were tested (Table 4 and
Table 5). The paper has analyzed the advantages and
disadvantages of both forms of university enroliment
(multiple-choice test and essay) from the obtained

results of the data analysis. From the built-in ESVR
model, the model performance was investigated on
the new data set, which generated from the original
data set. The ratio of mixing data from two periods
(EE period and MCT period) to get the highest
modeling performance was found. From there we
have a solution for the entrance exam questions.
From this result, in the article, it is possible to
propose enrollment options to ensure the learning
quality of students while ensuring the factors of
saving budget, time and human resources. That is, in
the university entrance examination can be used both
multiple-choice test and an essay forms with the
highest rate of multiple-choice test questions from
61 % to 66 %.
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AHOTANIA

V B'ernami 3 2015 poky MinictepcTBo 0ocBiTH i mpodeciiiHol miarotoBku B'eTHaMmy BHPIIINIO CKaCyBaTH BCTYIHI ICIIUTH 10
VHIBEPCHUTETIB 1 BHCTYNA€ 3a BUKOPUCTaHHS pe3yJbTaTiB BUITYyCKHHX ICHHTIB Yy CEpeiHId IIKoJII KaHAWAATIB UL BCTYIY IO
yHiBepcutetiB. ®opma icriuty 3 Mmatemaruku 2015 1 2016 pokis — nuceMoBwuii icriut. 3 2017 poky i Ho TenepimHii yvac MiHicTepcTBO
OCBITH 1 npodeciiiHoi miaroroBku B'eTHamy 3acTocoBye (OpMy TECTOBHX ICITHTIB 3 MATEMAaTHKH Ha BUITYCKHUX ICIIMTax y CepenHii
mkoi. IcHye Garato cynepedsMBHX AyMOK IPO BIUIUB Li€l popMHU iCTIUTIB i IPHHOMY Ha SIKICTh CTYJICHTIB YHIBEpCHTETIB. 30KpeMa,
nepexia Big GopMHU MICBMEHHBOTO ICHHTY 10 TECTOBOTO iCIIUTY CIOHYKaB BCIO B'eTHaMChKy MaTeMaTH4HY acollialilo B TOH dac
HaIpaBUTH PEKOMEHMalii moa0 30epexeHHs GOopMH MICEMEHHBOTO iCIIATY 3 MaTeMaTHKUA. MeToro JaHoi CTaTTi € aHajli3 Ta OILiHKa
BIUIMBY BIiAMOBIAHHUX (PAaKTOPIB HA aKaJAEMiUHYy YCHIIIHICTh CTY/ACHTIB-MaTEMaTUKIB 1 CTy[CHTIB YHIBEPCHUTETIB, a TAKOX MPOTIO3HIIii
pilieHb [UIA omTMMi3amii BCTYMHHX IiCIHMTIB B yHiBepcuteT. Habip maHmx Hamano JlemapTaMeHTOM YHIpaBlliHHA HABYAaHHIM 1
JlaGopatopi€ro KOHTPOJIO SKOCTI HaBYAHHA 1 TecTyBaHHSI PiHAHCOBOTO YHiBepcuTeTy - Mapketunr. Llelt HaOlp JaHUX BKIIOYA€E B
cebe iH(pOpMaIio PO pe3yJbTaTd BHITYCKHHX ICIHTIB CEpEIHBOI INKOIM 3 MareMaTHKH, Oajax Imporiecy HaB4daHHs (Oaiu, sKi
OLIHIOIOTBhCS Oe3ocepeIHIMU BHKJIaadamMu) 1 ouinkax 2834 yuHiB B KiHII Kypcy maremaTuku Ha Kypcax 3 2015 mo 2019 pik.
Mopeni MalIMHHOTO HaBYaHHS 3 JIiHIIHOI 1 HeNMHIHHOT perpecielo BUKOPHCTAHI JUIs BUPIIISHHS ITOCTaBJICHUX B CTAaTTi 3aBaaHb. bys
NIPOBEICHUH aHaJi3 JaHuX, 100 BUSBUTH IEpeBary Ta HEIOJIKY 3MiH B IPUIHOMI CTYIEHTIB 0 YHIBepCHTETiB MiHicTepcTBa OCBITH i
HaBuaHHs B'ernamy. [HcTpymeHTH 3 6ibmiotexk Python Gynm miarpumani i epeKTHBHO BUKOPHUCTOBYBAIKCS B MPOLECI BUPIILCHHS
mpo6iaem. [ToOynoBa i BUBUCHHSA MOJENi IO3BOJIAIOTH OTPUMATH IPOIO3MLIi i pillleHHs mpoOieM Mpu 3apaxyBaHHI 1 3a0e3neyeHH]
SIKOCT1 BXIITHMX [JaHWAX. 30KpeMa, HpH MiArOTOBLI A0 BCTYHNHHX ICHHTIB KUIBKICTh MUTaHb BCTYIHOTO iCIIUTY HE IOBHHHO
nepeBuinyBatu 61-66 % TecToBHX 3amHUTaHb.

Knrouogi cnoea: nepexpecHi naHi; NMUCEMOBHI ICIIMT, TECTOBHMH ICHHT, JHIHHA perpecis; HeJiHiiHA perpecis; MeTox
HalMEHIINX KBaJIPaTiB; METO]] OIIOPHUX BEKTOPIB
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AHHOTADIMUA

Bo Brername ¢ 2015 roma MunucTepcTBO 00pa3oBaHMsi M NPO(GEeCCHOHAIBHONW TMOArOTOBKM BheTHamMa pemrmio OTMEHUTb
BCTYIHTENIbHBIC 3K3aMEHBI B YHHBEPCHTETHI M BBICTYIIACT 3a HCIOJIb30BAaHUE PE3YJIbTATOB BBITYCKHBIX 9K3aMCHOB B CPEIHEH LIKOJIe
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KaHJIMJaTOB JUIs NMOCTYIUICHUs B yHHBepcuTeTsl. @opma sk3amena no maremaruke 2015 n 2016 ronoB — nucsMeHHSIH dk3ameH. C
2017 ronma u mo Hacrosimiee BpeMss MUHHCTEPCTBO 00pa3oBaHus U MPOoQecCHOHATbHON MOArOTOBKM BheTHama mpumenseT ¢opmy
TECTOBBIX 9K3aMEHOB 110 MaTEMaTHKE Ha BBITYCKHBIX 9K3aMeHaxX B cpenHeil mkoie. CyliecTByeT MHOTO IPOTHBOPEUHBBIX MHEHUH O
BIUSHUM 3TOH (JOPMBI SK3aMEHOB M IIpHEMa Ha KAa4yeCTBO CTYJICHTOB YHHMBEPCHUTETOB. B uacTHOCTH, mepexox OT (OpMBI
MMCbMEHHBOT'O 9K3aMEHa K TECTOBOMY 3K3aMeHy NOOYyAmI1 BClo BheTHAMCKYIO MaTeMaTH4YECKYIO aCCOLMALMIO B TO BPEMs HAIIPABHUTh
PEKOMEHIALMU OTHOCHTEIBFHO COXpaHEHHS (OpPMBI IHCHMEHHBOIO 9K3aMEHa MO MaTeMaTuke. LIenbro JaHHON CTAaThU SIBISCTCS
aHAIIM3 M OLCHKA BJIMSHUS COOTBETCTBYIONIMX (haKTOPOB HA aKaJeMHUYECKYIO YCIIEBAEMOCTh CTYICHTOB-MAaTEMATHKOB U CTYICHTOB
YHUBEPCUTETOB, a TAKXKe MPEUIOKEHUS PELICHUIl ISl ONTHMH3AlUK BCTYNHTEIbHBIX 9K3aMEHOB B yHHBepcuTeT. Habop maHHBIX
npefocraBieH JlemapTtaMeHTOM yrpaBieHuss oOydeHneM u JlaGoparopuell KOHTpOJs KadectBa OOYYCHHS M TECTHPOBAHHS
@DUHAHCOBOTO YHUBEpCHTETa — MapKeTuHr. JTOT HabOp HaHHBIX BKIIOYAaeT B ceOs MH()OpPMAaLHMIO O pe3yibTaTaX BbITYCKHBIX
9K3aMECHOB CpEAHEH MIKONBI 1[I0 MaTeMarhke, Oammax mporecca oOydeHust (0auibl, OLEHHBAEGMBIE HEMOCPEICTBEHHBIMU
MPENOAaBaTeNAMHU) U OleHKax 2834 yuwamuxcsi B KOHIE Kypca MaTeMaTuku Ha kypcax ¢ 2015 mo 2019 rox. Mojenan MammHHOTO
o0ydueHHsI ¢ JIMHEHHONW W HENUHEHHOW perpecchell MCIOb30BaHBl Ul PELICHHs IOCTaBICHHBIX B CTaThe 3aiad. Bbul mpoBeneH
aHAIIM3 JAHHBIX, YTOOBI BBIIBHTH HPEUMYIIECTBA M HEIOCTATKH W3MEHCHHUI B MPHEME CTYACHTOB B YHHBEPCHTETHI MUHHCTEpPCTBA
obpasoBanust U 00yueHust BeerHama. MHCTpyMeHTHI U3 OubianoTek Python Osuti moanepkansl # 3G(EKTHBHO HCIOIb30BAIKCH B
nporecce pemeHus npobseM. ITocTpoeHHe M M3ydeHHE MOJEIH IO3BOJSIOT MOJYYHTh MPEUIOKCHHS M PELICHHS MpoOJieM MpH
3aYHCIICHHN U 00ECIICYCHNH KaueCcTBa BXOJHBIX AaHHBIX. B YaCTHOCTH, HPH MOATOTOBKE K BCTYIHTEIBHBIM K3aMEHaM KOJIHYECTBO
BOIIPOCOB BCTYITHTEIILHOTO 3K3aMeHa He JO0JDKHO MpeBbimaTh 61-66 % TecTOBBIX BOIPOCOB..

Knroueevie cnoea: nepekpecTHbIC TaHHBIC; NMHUCHMCHHBIH 3K3aMEH; TECTOBBIN SK3aMEH; JIMHEWHAas perpeccus; HelMHeiHas
perpeccus; MeToJ] HAMMEHBIIHMX KBaJAPaTOB; METO]] OIIOPHBIX BEKTOPOB
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