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Abstract: This paper presents the analysis of student performance on the entrance exam 
and the first colloquium on the subject Business Informatics teaching in the school year 
2015/2016 at the Faculty of Hotel Management and Tourism Vrnjačka Banja. The analysis 
is conducted through several hypotheses. For the implementation of analysis, appropriate 
statistics and data were used and an adequate interpretation of the results is given. 
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1. INTRODUCTION
This paper analyzes the success of the students in the entrance exam and the first 
colloquium on the subject of Business Informatics in the academic year 2015/2016 at the 
Faculty of Hotel Management and Tourism in Vrnjačka Banja. Today, in the digital era, 
information and communication technologies have a great impact on daily life. Considering 
that the results of this study can provide new perspectives on the links between secondary 
school, knowledge shown in the entrance exam and the knowledge shown in the subject 
which is directly related to information and communication literacy. 
The data analyzed in the examples are taken from the official records of Student Services at 
the Faculty of Hotel Management and Tourism. 

2. METHODOLOGY
Data for 107 students were obtained, which represent a statistically large sample due to 
their number greater than 30. For the analysis the program StatSoft Statistica was used. 

2.1. Testing the mean value hypotheses 
In a large sample, which is the case here, the arithmetic mean of the sample X̅ has a normal 
distribution X̅ ~ N(μx,σx / √n) ≈ N(μx,sx / √n). This, of course, holds for the standardized 
random variable T̅ = (X̅ - μ) / (σ / √n) ~ N(0,1), too. 
If the hypothesis H0(μ = a) is tested, ie. the assertion that the mean value does not differ signifi-
cantly from the value of a, we do not reject it, with the confidence level of 95%, if (|x̄ - a| 
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√n) / σ ≤ 1.96. If this is not fulfilled, then we reject the null hypothesis with a significance 
level of 5%. To reduce this risk to 1% it is necessary that (|x̄ - a| √n) / σ > 2.58 is satisfied. 

2.2. Equality testing of the two main data sets mean values 
Let X̅1 and X̅2 be the mean of large number of samples with n1 and n2 elements which are 
subject to normal distributions N(μ1,σ1) and N(μ2,σ2). If we test the null hypothesis H0(μ1 = 
μ2), ie. that the mean values of the two observed sets are equal, then X̅1 - X̅2 has normal 
distribution with parameters μX̅1 - X̅2 = 0 and σX̅1 - X̅2 = √(σ1

2 / n1 + σ2
2 / n2) ≈ √(s1

2 / n1 + 
s2

2 / n2). For the standardized variable holds t = (X̅1 - X̅2 - 0) / σX̅1 - X̅2 ~ N(0,1). We verify 
|t| < 1.96 = t0.05, and for the true inequality we do not reject the null hypothesis with the 
probability of 95%. Similarly, if we use t0.01 = 2.58 instead of t0.05, the probability is 99%.  

2.3. Testing hypotheses regarding the proportions of the main data set 
We test the hypothesis that the probability of the observed characteristics of p (success) on 
the main set of elements is equal to a perceived value p0, or H0(p = p0). From the initial set 
we separate a sample of n elements, with condition that it is a large sample, i.e. n > 30. Let 
m elements have the required property. Now, the probability of their occurrence in the 
given sample is p̄ = m / n. Under these terms, the random variable p̄ has a normal 
distribution, and holds that p̄ ~ N(p,√(pq / n)) ≈ N(p̄,√(p̄q̄ / n)). 
We introduce standardized variable t = (p̄ - p) / √(p̄q̄ / n) = (p̄ - p0) / √(p̄q̄ / n) ~ N(0,1). The 
decision on acceptance or rejection of the null hypothesis is as follows: 
If |t| < 1.96, hypothesis is not rejected. If |t| > 2.58, hypothesis is rejected as inaccurate 
because the difference between p and p0 is highly significant. 
In the case of 1.96 < |t| < 2.58, difference between p and p0 is substantial, and we can either 
reject the hypothesis or, better, carry out new testing on a larger sample. 

2.4. Testing hypotheses about the equality of the dispersion of two samples of normal sets 
When comparing two sets, comparison of their arithmetic means and dispersions is needed. 
Assuming that for the given sets are with normal distribution, let take two statistically large 
samples with n1 and n2 elements and dispersions of the samples s1

2 and s2
2. Let check 

hypothesis H0(σ1
2 = σ2

2). Random variable F = (n1 s1
2 (n2 - 1))  / (n2 s2

2 (n1 - 1))  ≈ s1
2 / 

s2
2 has distribution with two degrees of freedom k1 = n1 - 1 and k2 = n2 - 1. 

The decision on acceptance or rejection of the proposed hypotheses is made by comparison 
of the calculated value for F with the table value (F(k1,k2))0.05, , i.e. (F(k1,k2)0.01, so that if F is 
smaller than the table value, hypothesis is not rejected, and opposite if it is higher. 

2.5. χ2 test for nonparametric hypothesis verification 
Tests that examine the probability distribution of some characteristic in the general 
population are nonparametric hypotheses tests. The value of χ2 is used as a measure of 
deviation between the empirical and theoretical frequencies and is calculated as follows: 
 χ2 = ∑((f i - fti)2 / fti)  = ∑(f i

2 / fti - N) 
where: fi – frequency of the i-th value of random variable in the given sample or the 
frequency of the i-th class; fti – corresponding theoretical frequency; N = ∑f i = ∑f ti – the 
total number of elements; α – probability, critical coefficient of the concurrence of 
empirical and theoretical distribution, the risk of accepting the hypothesis (1 - α is the 
reliability of hypotheses); k – the number of degrees of freedom (for normal distribution  
k = number of classes – 3). 
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The decision on rejecting or accepting of the hypotheses is made by reading the value χα
2, 

according to the chosen value α and a corresponding number of degrees of freedom, from 
the table of values for which is P(χ2 > χα

2) = α, and then, if the calculated value of χ2 is 
greater than χα

2, reject the hypothesis. If the calculated value χ2 is smaller than χα
2, 

hypothesis is not rejected, but for its acceptance testing on a few more samples is required. 

2.6. The Kolmogorov test for verification nonparametric hypothesis 
This is a test that requires less calculation compared to the χ2 test, and often can be used 
instead. Kolmogorov introduced the size Dn as the maximum difference between the 
empirical distribution function and the assumed theoretical distribution, and found the 
probability distribution function of the random variable Dn √n 
 limn→∞ P(Dn √n < λ)  = limn→∞ P(Dn < λ / √n)  = Q(λ)  = ∑k∈[-∞,∞]((-1)k e-2k^2 λ^2) 
The process of deciding whether to accept or reject the hypothesis of presumed concurrence 
of the empirical and theoretical distributions goes as follows: 

1. Assume that a characteristic X has a distribution function F(x) in general population; 
2. Select a large enough sample and form a distribution function Fn(x) and find Dn; 
3. Choose the required reliability 1 - α; 
4. In the table of function Q(λ) values find the value of λα, for which Q(λα) = 1 - α; 
5. Do not reject the hypothesis if Dn √n < λα, otherwise rejected it with the risk of α. 

3. RESEARCH RESULTS 

3.1. Testing hypothesis for the mean of the total score on the entrance exam 
We test the hypothesis that the mean total score on the entrance exam is 86 - H0(μ = 86). 
By using StatSoft Statistica we get the following values: n = 107; σ = 4.05; x̄ = 85.36; a = 
86; α = 5%; c = 85.36 ± 0.78 and p = 0.10. 
Now we calculate (|x̄ - a| √n) / σ = 1.64 ≤ 1.96. Since the calculated value of 1.64 is less 
than 1.96, the null hypothesis is not rejected with a significance level of α = 5%. The same 
conclusion is obtained by comparing assumed value with critical value c = 86.13. Similar 
conclusion follows from comparison of the P-value p = 0.10 with the value 0.05. Since 
p > 0.05, the null hypothesis is not rejected with a significance level of α = 5%. 

 
Figure 1. Descriptive statistics – the complete sample 

 
Figure 2. Testing hypotheses about the mean value 

3.2. Testing hypothesis of equality of mean values 
We test the equality of mean values of the total number of points at the colloquium for 
students on budget and self-financing. By using StatSoft Statistica we get the following 
values (index 1 – students on budget, index 2 – self-financing): 
 n1 = 57; n2 = 50; σ1 = 3.39; σ2 = 3.61; x̄1 = 14.11 and x̄2 = 12.19. 
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We calculate t = (X̅1 - X̅2 - 0) / √(σ1
2 / n1 + σ2

2 / n2) = 2.84 > 1.96. Since the calculated 
value of 2.84 is greater than 1.96, the hypothesis is rejected with the probability of error 
5%. This means that there is a statistically significant difference in the results achieved by 
students enrolled in the budget and self-financing students. 

 
Figure 3. Testing the equality of mean values 

 
Figure 4. Box & Whisker Plot 

3.3. Testing hypothesis of the probability of passing the colloquium 
We test the hypothesis that the passing level at the colloquium, ie. the number of students 
with more than 10 points, is 75% - H0(p = 0.75). By using StatSoft Statistica we get the 
following values: n = 107; m = 86; p̄ = m / n = 86 / 107 = 0.80; q̄ = 1 - p̄ = 0.20 and p0 = 0.75. 
We calculate t = (p̄ - p0) / √(p̄q̄ / n) = 1.40 < 1.96. Since the calculated value of 1.40 is less 
than 1.96 we have no reason to reject the hypothesis. 

3.4. Testing hypotheses of the equality of two samples dispersion 
We compare number of points at the colloquium for the students on budget and for self- 
financing students. 

 
Figure 5. Descriptive statistics - budget 

 
Figure 6. Descriptive statistics - self-financing 
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With n1 = 57; n2 = 50; σ1 = 3.40 = s1 and σ2 = 3.61 = s2 we have that 
 F = (n1 s1

2 (n2 - 1)) / (n2 s2
2 (n1 - 1)) = 0.88. 

The variable F has a distribution with two degrees of freedom k1 = n1 - 1 = 56 and k2 = n2 - 
1 = 49. In the table we have no value (F(56,49))0.05, but we see that it is in the range from 1.44 
to 1.76. We test the hypothesis H0(σ1

2 = σ2
2), and since calculated F is less than (F(56,49))0.05 

hypothesis is not rejected with significance level of α = 5%. This means that the dispersion 
around the mean value is equal for both the budget students and for the self- financing 
students. In other words, the results of this research are equally reliable for both of those 
samples and in the future we cannot expect significant changes in the ratio of their 
achievements, ie. budget students will always achieve better results. 

3.5. Testing the hypothesis of independance 
Here, we use χ2 test and make hypothesis that the type of school and its status are 
independent of each other. By using StatSoft Statistica we get frequencies and values 
(Figures 7 and 8). 

 
Figure 7. Frequency of data for different types of schools 

 
Figure 8. χ2 test – type of the school and status 

From these Figures 7 and 8 we get the values χ2 = 7.09 and p = 0.31. As for the P-value 
holds p > 0.05, the hypothesis is not rejected with a significance level of α = 5%. This 
means that there is no significant correlation between types of the school which students 
attended and enrollment status. 

3.6. Testing the hypothesis that the achieved results are in accordance with the normal 
distribution 

The Kolmogorov test is similar to χ2 test and the hypotheses are similar to the former – if 
the high school points, points obtained at the entrance exam, total points at the enrollment, 
the theoretical part and the practical part of the colloquium follow the normal distribution. 
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Figure 9. Test whether the data follow a normal distribution 

By looking at the table of values for the function Q(λ) we find that the limit is λα ≈ 1.36. 
After checking whether the requirement Dn √n < λα is fulfilled, we conclude that only the 
points at the theoretical part of the colloquium do not have a normal distribution. The same 
conclusion would come by observing P-values, because only for the points on the 
theoretical part of the colloquium we have p < 0.05. Further, as an example, the detailed 
data table is given, which is obtained from testing the same hypothesis for a single value - 
the total number of points at the colloquium observed by classes of data. 

 
Figure 10. The Kolmogorov test and χ2 test 

Here it is Dn √n = 0.64 < 1.36 = λα, so the hypothesis is not rejected with a significance 
level of α = 5%. 

4. CONCLUSION 
Results of this analysis lead to some new conclusions. It is evident that the entrance exam is 
well devised, because it does not favor any type of school from which the candidates come. 
Then, it is encouraging that the average number of points on the entrance exam, 86 of 100, 
show that the colleges located outside the large university centers can attract good quality 
students. This further provides opportunity for better quality work with them, and then both 
budget and self-financing students achieve good consistent results at the colloquium with 
high success rate. The success of the budget students is slightly better, as it would be expected. 
As for the colloquium on the subject of Business Informatics, it can be noted that there are 
some deviations from the expected achievement in the theoretical part. It is positive that the 
achievement at practical work, which is particularly important for further study and 
subsequent integration in the business environment, meets the high expectations. 
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