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Abstract

Relation between the study results in mathematics and ways of acceptance students
at University of Economics in Prague is studied in present paper. The analysed data are the
results of students in the basic course Mathematics for Economists at the Faculty of
Informatics and Statistics in winter semester of the academic year 2019/2020. The applicants
can be accepted to study at the Faculty of Informatics and Statistics on the basis of tests in
mathematics and English, which are used at University of Economics, on the basis of
excellent results in entrance examinations mock at the university, on the basis of the national
comparative exams (the tests of general academic prerequisites), on the basis of excellent
results in mathematics and English at grammar school and other way (excellent results in
mathematical Olympiad etc.). Different methods of mathematical statistics were used for the
analysis. Results of this paper can be used for improvement of the admission process at

University of Economics in coming years.

Key words: Entrance examinations, course Mathematics for Economists, statistical methods.

JEL Code: C12, 121

Introduction

The basic course Mathematics for Economists (ident 4MMZ101) at University of Economics in
Prague consists of linear algebra and mathematical analysis. Examinations in the course
include mid-term test, final test and oral examination. These tests are standard tests, the
multiple choice question tests (see e.g. (Klufa, 2015b), (Klafa, 2016)) in this course are not
used. The number of points in the mid-term test can be in interval [0,20], the number of points
in the final test can be in interval [0,40] and the number of points in the oral examination can

be in interval [0,40] (see e.g. (Otavova and Sykorova, 2016)). This course is mandatory for
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the Faculty of Informatics and Statistics, Faculty of Finance and Accounting, Faculty of

Business Administration and Faculty of International Relations.

The students can be accepted to study at the Faculty of Informatics and Statistics on the
basis of tests in mathematics and English, which are used at University of Economics
(denoted VSE tests) — see (Klifa, 2015a), on the basis of excellent results in entrance
examinations mock at the university (denoted EEM), on the basis of the national comparative
exams - the tests of general academic prerequisites (denoted SCIO tests), on the basis of
excellent results in mathematics and English at grammar school (denoted GrSch) and other

way (excellent results in mathematical Olympiad etc.).

Relation between the study results in course Mathematics for Economists and the ways
of acceptance students at the Faculty of Informatics and Statistics is studied in present paper.
The same problem at the Faculty of Mathematics and Physics Charles University is studied in
(Zvara and Andg¢l, 2001). Relationship between admission grades and academic achievement
is also in (Sulphey et al., 2018). Similar problems are studied in (Kucera, SvatoSova and
Pelikan, 2015) - Czech University of Life Sciences, (He et al., 2015) - the Faculty of
Medicine of Juntendo University, (Klafa, 2015c), (Loster and Langhamrova, 2012), (Hruby,
2016), (Kluafa, 2015d), (Kasptikova and Klafa, 2011), (Je¢minek et al., 2018). Results of this
paper can be used for improvement of the admission process at University of Economics in

coming years.

1 Comparison the ways of acceptance students

The analysed data (the number of points in the final test in mathematics) are the results of 183
students in the basic course Mathematics for Economists at the Faculty of Informatics and
Statistics in winter semester of the academic year 2019/2020. These data were sorted
according to 5 ways of acceptance students. Basic descriptive statistics of distribution of the

number of points in the final test in mathematics are in Table 1 (see also Figure 1).

1.1 Kruskal-Wallis test

Now we shall compare the ways of acceptance applicants to study Faculty of Informatics and

Statistics. We shall test null hypothesis

Ho: distribution of number of points in the final test in mathematics is the same

for all ways of acceptance students
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Tab. 1: Basic descriptive statistics for number of points in the final test in mathematics

Ways of Other EEM SCIO GrSch VSE
acceptance
Average number 29.6000 21.4444 21.0294 27.9474 24.7320
of points
Median 29 22 23 30,5 27
Mode Not specified Not specified 29 38 28
Standard 5.814 14.423 10.429 9.954 10.164
deviation
Variance 33.8000 208.0278 108.7567 99.0782 103.3024
Xmax — Xmin 13 40 36 33 39
Xmin 23 0 3 7 1
Xmax 36 40 39 40 40
Kurtosis -2.6678 -1.4658 -1.0267 -1.1775 -0.4629
Skewness 0.0733 -0.0605 -0.2001 -0.4544 -0.5912
Sum 148 193 715 1026 2399
Frequency n; 5 9 34 38 97

Source: own calculation

Fig. 1: Average number of points in the final test in mathematics in course 4MM101
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To verify the validity of the hypothesis we use Kruskal-Wallis nonparametric test. We use the
statistic H as follows (see e.g. (Andél, 1978))

e 2 ST E Ly
nn+1) £u=1n;

where k is the number of groups (k =5), n; is the size of the jth group (last row in the Tab. 1),
n is the total sample size (n = 183) and R; is the rank sum for the jth group (all 183 test points
are ranked, the same values have an average rank). This statistic has asymptotically y?

distribution for k — 1 = 4 degrees of freedom. If
H>yi(k-1)

where y2(k — 1) is the critical value of y? distribution for (k — 1) degrees of freedom, null

hypothesis is rejected at significance level, which is approximately equal to a.

Tab. 2: Rank sum and rank average for the ways of acceptace students

Ways of acceptance Frequency n; Rank sum R; Rank average E]
Other 5 571.5 114.300
EEM 9 728.5 80.9444
SCIO 34 2489 73.2059
GrSch 38 41435 109.0395
VSE 97 8910 91.8557

Source: own calculation

Using Table 2 we can calculate H = 9.917. The critical value of y? distribution for 4 degrees

of freedom and significance level 0.05 is yZ,5(4) = 9.488. Since
H > 9.488,

null hypothesis is rejected at significance level, which is approximately equal to 0.05. There
are significant differences between the ways of acceptance students to study Faculty of

Informatics and Statistics.
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1.2 Nemenyi test

Since the Kruskal-Wallis test showed there is a significant difference between the ways of
acceptance students, we use the Nemenyi test to determine which groups are significantly
different. According to the Nemenyi test, the two rank averages (last column in the Tab. 2) are

significantly different if

1 N i) nn+1) 1)

|§1_§j|>CIcrit (n_l n; 24

where q.-i; IS the critical value of Studentized range distribution for infinity degrees of
freedom (for « = 0.05 and k =5 is q.-; = 3.858). Results of the multiple comparison are in
Table 3.

Tab. 3: Nemenyi method

Ways of Ways of Difference Right hand of Significant

acceptance acceptance |1?l — 1?]| formula (1) difference
Other EEM 33.36 80.60 NO
Other SCIO 41.09 69.21 NO
Other GrSch 5.26 68.75 NO
Other VSE 22.44 66.27 NO
EEM SCIO 7.74 54.17 NO
EEM GrSch 28.10 53.57 NO
EEM VSE 10.91 50.35 NO
SCIO GrSch 35.83 34.11 YES
SCIO VSE 18.65 28.80 NO
GrSch VSE 17.18 27.66 NO

Source: own calculation

From Table 3 it is seen that a significant difference at 5% significant level is only between

SCIO and GrSch. All other pairs of the rank averages are not significantly different.

Remark. Since the Bartlett's test for homogeneity of variances did not show any significant
differences® between variances in Table 1 (see 6™ row of Table 1), we can use for comparison
the ways of acceptance students also ANOVA (Kruskal-Wallis nonparametric test is
asymptotic test and frequency n, is only 5). We shall test null hypothesis Ho: mean number

of points in the final test in mathematics is the same for all ways of acceptance students. The

! The Bartlett statistic (see e.g. (Andél, 1978)) B=4.126 is less than x§¢s(4) = 9.488
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results of ANOVA were obtained using MS Excel — see Table 4. Since F = 2.520 > 2.442,
null hypothesis is rejected at 5% significance level (also at 4.3% significance level — see p
value). The differences between average number of points in the final test in mathematics in
Table 1 (see also Figure 1) are statistically significant. This result confirms the result of the
Kruskal-Wallis test.

Tab. 4: Results of ANOVA

Source of variability SS Degrees of freedom | Fraction F p value F crit
Between groups 1074.299 4 268.5748 | 2.519925 | 0.042865 | 2.42241
Within groups (residual) | 18971.32 178 106.5804
Sum 20045.62 182

Source: own calculation

Conclusion

From results of this paper follows that the differences between average number of points in
the final test in mathematics (see Figure 1) are statistically significant, i.e. there are significant
differences between ways of acceptance students to study Faculty of Informatics and
Statistics. But based on our data (the results of 183 students), we can only say that there is a
significant difference between the results in mathematics of students which were admitted to
study on the basis of SCIO tests and the results in mathematics of students which were
admitted to study on the basis of excellent results in mathematics and English at grammar
school (the results in math of students which were accepted to study on the basis of excellent
results in mathematics and English at grammar school are better than the results in math of
students which were admitted to study on the basis of SCIO tests). For a detailed analysis of
admission methods to the Faculty of Informatics and Statistics, it will be useful to study the

results of exams in other courses.
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