
 

 

  
 

Abstract—The paper deals with testing of hypotheses and 
development of selected indicators from the annual reports of two 
companies in the Czech Republic - the Prague Public Transit 
Company and Ostrava Transport Company. The annual report is an 
important document presenting the summary of the profit or loss of 
an accounting unit during the reference period. In case of the Prague 
Public Transit Company it holds that the number of passengers is 
increasing slightly, the similar case is with the time accuracy of 
transport. It is, on the contrary, higher in Ostrava, but here there is a 
decline in the number of transported passengers. In both analyzed 
cities is increased the accuracy of urban public transport and the 
speed of circulation of vehicles. As indicated, for passenger it is also 
important the price of ticket, which in Ostrava Transport Company in 
comparison with the Prague Public Transit Company increases more 
frequently and on a larger amount. This fact has subsequently 
influence on reducing the number of passengers in Ostrava. 
 

Keywords—annual report, hypotheses testing, urban public 
transport   

I. INTRODUCTION 
RBAN public transport is a necessity for each big 
modern city. Its advantages are especially high 

availability, environmental friendliness or the lower expenses 
in comparison with the individual car transport. The aim of 
this paper is to accept or reject the selected hypotheses related 
to the operation of urban public transport in Prague and 
Ostrava by using one-sample and two-sample parametric tests. 
Another aim of this paper is to carry out the evaluation of the 
development of selected indicators over time. 

The question of performance assessment of operating and 
financial results of transport company are discussed in [26]. 
According to conclusion of the study [20], it is important to 
deal with the speed of urban public transport, the goal is 
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optimizing time of each passenger. It is valid, as mentioned 
study [29], not only in urban, but also in regional public 
transit. According to [19] during the operation of public 
transport it is necessary to create optimal schedule. A key 
factor for public transport is price [6]. Cost minimization is 
targeted not only from the perspective of passengers, but also 
from the perspective of the transport company. More about 
minimizing costs see [25]. 

Urban public transport in Prague consists of subway trains, 
trams and buses. The urban transport networks also includes 
the funicular transport and ferry. In Ostrava, the foundation of 
public transport are three tractions - bus, tram and trolleybus. 
Public transport is one of the most important means of daily 
travel for purposes such as commuting, shopping and 
education especially in large cities where the costs of 
travelling by private vehicles are high due to the lack of space 
[12]. 

The primary source for formation of hypotheses and their 
testing are annual reports of the Prague Public Transit 
Company and Ostrava Transport Company.  

The importance of the financial statements and the annual 
report is characterized in the second part of the article. The 
next part is focussed on description of mathematical-statistics 
methods which are used. The testing of hypotheses formulated 
on the basis of the processed data from the annual reports of 
Ostrava Transport Company and Prague Public Transit 
Company forms the main part of article. Last part summarizes 
the results.  

II. FINANCIAL STATEMENTS AND ANNUAL REPORT   
An annual report informs in an efficient, balanced and 

complete way about performance, activities and economic 
status of the accounting entity. Financial statements create a 
component of the annual report. This brings to users a 
reasonable level of understanding when reading an annual 
report [5]. Users may be seeking more detailed explanation, 
therefore the financial statements and annual report are widely 
demanded documents. A part of the financial statements is 
created by the balance sheet, the objective of which is to 
provide information about the financial position [14]. Income 
statement show profit for the year [13]. A cash-flow table is 
not always the compulsory part to the financial statement. 
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Preparation of the cash-flow table makes sense, since the 
information about profits or losses are based on accrual 
accounting [23]. An attachment (a comment) contains more 
detailed explanation of the information contained in the 
financial statements.  

The annual report also contains a report of the board of 
directors on the accounting entity's business, a report of the 
board of directors between the controlled and controlling 
person or an audit report. The Accounting Act states that the 
annual report are compulsorily made out by such entities that 
must have the financial statements verified by an auditor. The 
annual report is also subject to an auditor's verification [7]. 

Publication of relevant, accurate, understandable 
information in the annual report is necessary. According to [9] 
it is also suggested that disclosure regulation may be 
motivated by the need to protect the welfare of unsophisticated 
investor. Besides the financial statements prepared in 
accordance with national legislation it is often a duty to 
prepare the financial statements complying with the system of 
accounting standards recognized by the world stock exchanges 
– i.e. in accordance with IFRS or US GAAP. To learn more on 
the harmonization of accounting see [1], [11] or [8].   

III. METHODOLOGY 

To test the hypotheses, one can choose either parametric or 
nonparametric tests. Since only some basic parameters of the 
selected set are tested, the parametric tests will be applied. In 
case of the mentioned tests, there are considered either two or 
one independent choice.  

For the test of a significance of the difference of two sample 
variances, the F-test is used. A test criterion that has Fisher-
Schnedecor distribution takes the form (1). 

 

𝐹𝐹 =  𝑛𝑛1 (𝑛𝑛2−1)𝑆𝑆1
2

𝑛𝑛2 (𝑛𝑛1−1)𝑆𝑆2
2,             (1) 

 
where n1 and n2 are the sample sizes, 𝑆𝑆1

2 and 𝑆𝑆2
2are sample 

variances. To learn more about the F-test, see [18] 
The range of random samples n is <30, for the test of the 

significance of difference of two sample mean values, a two-
sample t-test is used. The test criterion T value (in case of 
equality of variances confirmed by F-test) takes the form (2), 
 

𝑇𝑇 =  (𝑋𝑋1�����− 𝑋𝑋2)�����−𝑑𝑑0

�𝑛𝑛1𝑠𝑠𝑥𝑥1
2 +𝑛𝑛2𝑠𝑠𝑥𝑥2

2
.�𝑛𝑛1.𝑛𝑛2.(𝑛𝑛1+𝑛𝑛2−2)

𝑛𝑛1+𝑛𝑛2
,     (2) 

 
where 𝑋𝑋1��� and 𝑋𝑋2���are average values, the interpretation of the 
remaining variables are the same as in (1). To learn more 
about a t-test, see [3] and [16].  

The one-sample t-test is used for verifying the hypothesis in 
case of an unknown variance. The form of test criterion T that 
has a Student distribution t(n-1) is determined by the relation 
(3). 
 

𝑇𝑇 =  𝑋𝑋
�−𝜇𝜇0
𝑆𝑆

.√𝑛𝑛 − 1,           (3) 

where 𝑥̅𝑥 is the mean value, S is a standard deviation with a n 
range of random samples. 
 

To determine the dependency between the two characters, it 
is possible to use Spearman's rank correlation coefficient rs 
that takes the form (4). Spearman's rank correlation coefficient 
is dealt with by [21] or [30].  
 

𝑟𝑟𝑠𝑠 = 1 −  6.∑ 𝑑𝑑𝑖𝑖
2𝑛𝑛

𝑖𝑖=1
𝑛𝑛  (𝑛𝑛2−1)

,             (4) 
 
where d are the differences in the order ix – iy of values xi and 
yi, n is the number of pairs xi and yi. In the event that the value 
of rs takes 1, we are talking about a complete dependence of 
the order of the characters x and y. 

Values from annual reports were identified during the 
selected period of time. The crucial objective of a time series 
analysis is to determine its trend, i.e. searching for a function 
that will best express the dependence of the values of 
monitored indicators on the time. In such case the simple 
regression methods are used, and the function might take 
following form (5). To learn more about a regression analysis, 
see [2].  

 

   𝑇𝑇𝑇𝑇 =  𝑐𝑐1 + 𝑐𝑐2𝑥𝑥.             (5) 
 
For evaluation of the development of selected indicators 

over time, the average growth rate k (6) is used:  
 

𝑘𝑘 =  �
𝑦𝑦𝑛𝑛
𝑦𝑦1

𝑛𝑛−1 ,                (6) 

 
where yn is the value in the last monitored period, and y1 is the 
value in the first monitored period. 

IV. HYPOTHESES TESTING 

Formulated hypotheses are as follows, 

H1: Time accuracy of urban public transport is the same in 
both cities, 

H2: Public transport in Ostrava meets the quality standards of 
time accuracy of the transport  

H3: Circulation speed of vehicles in Ostrava is higher, 

H4: Time accuracy of the urban public transport and the 
number of passengers are two independent variables, 

A significance level is set to be at 5 %. It is a commonly 
used significance level [17]. 

With the aid of a time-series analysis, the following 
arguments will be verified,  

H5: The number of people using public transport has a 
downward trend in both cities, 

H6: The 24-hours ticket's price increased more in Ostrava than 
in Prague.   
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A. Time accuracy of transport  

The transport service is considered to be accurate in terms 
of time when it arrives exactly or within a permitted deviation 
with a maximum delay of 179 seconds. The data in Table 1 
express percentage of service meeting this criterion. The first 
null hypothesis is based on the argument that the accuracy of 
urban traffic is same during the reference period in both cities, 
an alternative hypothesis claims the opposite. The data on how 
many percents of services meet the criterion of accuracy are 
shown in Table 1. 
 

Table 1 Time accuracy [in %] of public transport Ostrava vs 
Prague 

 
Source: own processing according to the annual reports 
 
Time accuracy of public transport in Ostrava is improving, 
mainly by reason of increasing the number of intersections 
with the preference of public transport. The lower level of 
time accuracy of public transport operation in Prague in 2012 
was caused by floods during this period. Service reliability is 
one of the most important level-of-service determinants for 
public transport users [22].  

Results of two-sample F-test are shown in Table 2 and Fig. 
1. The value of test criterion F specified by relation (1) takes 
the amount of 2.48, while the critical domain W = (0, 0.23) ∪ 
(9.27; ∞). 

Since the value of the test criterion does not lie in the 
domain of critical values, the null hypothesis based on the 
equality of variances of the two sets (H0: σ1

2 = σ2
2) is accepted 

at the 5% of significance level. 
 

Table 2 Two-sample F-test for a variance 

   
      Source: own calculation 
 

 
Fig. 1 F-test, Source: own calculation by using Maxima 

For verification of the compliance of mean values of both 
sets, t-test is applied. The null hypothesis is based on the 
equality of mean values (H0: µ1 = µ2), an alternative 
hypothesis is based on the argument that the mean values are 
different (H1: µ1 ≠ µ2). With the aid of (2) a value of test 
criterion T is calculated. In conclusion, the Table 3 and Fig. 2 
show that the time accuracy of the public transport is the same 
at the 5% of significance level. 
 

Table 3 Two-sample t-test  

 
    Source: own calculation 

 

 
Fig. 2 T-test, Source: own calculation by using Maxima 

 
The value of the test criterion T is – 0.74359, while the 

critical domain lies in the interval (-∞; -2.44) ∪ (2.44 ∞). At 
the 5% of significance level, the hypothesis H0 is accepted. 

The second null hypothesis H2 dealing with the time 
accuracy of public transport is as follows: public transport in 
Ostrava meets the quality standards of time accuracy of the 
service (i.e. at least 85 % services arrive on time). Data 
concerning the percentage of the time-accurate services during 
the years 2005 - 2013 are shown in Table 4. Since 2010, there 
is an improvement in time accuracy of urban public transport. 
Using (3), the test criterion for one-sample t-test is calculated. 
An alternative hypothesis is left-sided and it says that during 
the reference period, on average the quality standards of time 
accuracy of the service (i.e. less than 85 % of the services 
arrived on time, μ <85) were not met. 
 
Table 4 Time accuracy (TA) of public transport in Ostrava in 

years 2005 – 2013 [in %] 

 
Source: annual reports of Ostrava Transport Company  
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Since it is a left-sided hypothesis, the critical value takes an 
amount of t2p(n-1), i.e. t0,01(8) =1.85. Critical domain is (-∞; -
1.85). The value of the test criterion is T = 0.649. The 
hypothesis H0 is accepted, for the value of the test criterion, as 
stated in Fig. 3, does not lie in the critical domain. At the 5% 
of significance level, it is clear that urban public transport 
arrivals were time-accurate during the reference period.  
 

 
Fig. 3 One-sample t-test. Source: own calculation using 

Maxima 
 

B.  Circulation speed of vehicles 

For testing the circulation speed of vehicles there were 
chosen the trams and buses from the public transport in 
Ostrava and in Prague there was excluded the subway traction 
from the circulation speed. The reason for excluding 
circulation speed of the subway and trolley buses is the fact 
that in the latter of mentioned cities, there is no such traction 
in operation. Considering the traffic density in individual 
cities, the third null hypothesis is based on the argument that 
the circulation speed of vehicles in Ostrava is higher than in 
Prague. Table 5 shows the circulation speed of vehicles in the 
reference period. 
 

Table 5 Circulation speed of vehicles [in km per hour] 

 
 Source: annual reports of Ostrava Transport Company and 
Prague Public Transit Company 

 
F-test is used to test the null hypothesis for the significance 

of differences between the two sample variances. The test 
results are shown in Table 6 and Fig. 4. 
 
 
 
 
 

Table 6 F-test  

 
           Source: own calculation 
 

 
Fig. 4 F-test, Source: own calculation by using Maxima 

 
The null hypothesis based on the argument that σ1

2 = σ2
2, 

was confirmed, because the value of the test criterion F does 
not lie in the domain of critical values. The domain of critical 
values is in the interval (0, 0.026) ∪ (0.290, ∞). The results of 
t-test are given in Table 7 and Fig. 5. 

 
Table 7 T-test 

 
         Source: own calculation 
Sou 

. 
 

Fig. 5 T-test. Source: own calculation by using Maxima 
 

                       -10                            0                               10 
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The null hypothesis based on the argument that µ1 = µ2 was 
rejected, because the value of the test criterion (13.49) lies in 
the domain of critical values (1.74; ∞). Circulation speed of 
vehicles is not the same in both the traffics. At the 5% of 
significance level, there is accepted an alternative hypothesis 
µ1 - µ2 > d0. Circulation speed of vehicles in Ostrava is higher. 

Lower circulation speed of vehicles in Prague is caused 
mainly by a lower travel speed due to heavier traffic of 
individual transport in the capital city. In busy urban areas 
where traffic congestion is severe and bus frequencies are 
high, priorities are often provided to buses to reduce bus 
passengers' journey time and to improve regularity [28]. 

For the year 2014, it is possible to expect an increase in the 
circulation speed of vehicles in Ostrava, for there was a 
implementation of test run of so called alternating breaks on 
selected lines this year. This system of breaks has been used in 
the tram traction in Prague, in case of most lines, for several 
years. 

C.  Number of transported passengers and time accuracy 
of the transport 

During the reference period, the time accuracy of urban 
public transport in Ostrava improved, but despite this trend, as 
shown in Table 8, the number of passengers declined. The 
fourth null hypothesis that there is no relation between the 
characters xi and yi is tested on the 5% of significance level 
using the Spearman's rank correlation coefficient. 

 
Table 8 Spearman´s rank correlation coefficient  

 
Source: own calculation  
 

Substituting into equation (4) we obtain the value rs = -0.69. 
The critical value 𝑟𝑟𝑝𝑝

2
 (n), where n is the number of elements 

and p is the significance level, takes the amount of 0.683. 
Domain of critical values W lies in the interval (-∞; -0.683) ∪ 
(0.683; ∞). Rs lies in the domain of critical values, therefore 
the fourth null hypothesis is rejected. A negative value rs 
indicates the inverted order. 

Number of people who used the services of Ostrava 
transport company was lower in 2013 compared to 2005. In 
Prague, there is the opposite situation. The exact number of 
passengers in the period of years 2005 - 2013 is shown in 
Table 9. The data in Tab. are given in thousands.  Reference 
[4] indicates that among the most important factors when 

deciding whether to use a means of urban transport, belongs 
the availability of a stop near the home, service frequency or 
ticket costs. 
 

Table 9 Number of passengers in public transport in Prague 
and Ostrava [in million] 

 
Source: annual reports of Ostrava Transport Company and 
Prague Public Transit Company  

 
The trend in the number of passengers in Fig. 5 is evaluated 

using (5). While in Prague, the trend is a growing, the number 
of passengers in Ostrava declines every year. This is also the 
reason of the negative coefficient C1 for the regression 
equation in case of tracking a dependency. 
 

 
Fig. 6 Number of Passengers in Prague and Ostrava, Source: 

own calculation 
 

It is true that for the number of passengers in Prague the 
argument H5 is not valid. The reason of the increasing number 
of passengers is mainly a competitiveness of urban public 
transport with private transport, higher frequency of services 
(the introduction of so called metrolinks) or an increase in the 
number of intersections with a preference of public transport. 
The Metrolink successfully achieved its ridership projections 
[10]. The signal priority technology has great significance in 
the development of tram system [31].  

D.  Price of the basic 24-hour ticket    
For the passenger, the ticket price is an important 

information. In Table 10, based on the availability, there are 
given the data of price of the basic 24-hour ticket that is valid 
for the territory of the city, i.e. in terms of Prague in zones P + 
0 and in Ostrava in zones 1,2,3 and 4. 

y = -2946,1x + 121353

y = 1831x + 339759
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Table 10 Ticket price in Ostrava and Prague [in CZK]  

 
 Source: own calculation 
 

The average growth rate for the all-day ticket valid for the 
territory of the city of Ostrava (k1) and Prague (k2) is 
calculated using (6). 

The price of the 24-hour ticket in Ostrava increased each 
year on average by 9.59% (k1 = 1.0959), while the price of the 
ticket in the capital city increased by 3.23% (k1 = 1.0323). 
Expressed in Czech crowns it means that passengers in 
Ostrava had to pay each year for a ticket 4.80 CZK more, 
while in Prague 3 CZK more. Even this fact can be one of the 
reasons why the number of passengers decreases, despite 
increasing time-accuracy of urban public transport. It should 
be stressed that the all-day ticket is valid only within the city 
territory, therefore it is not valid in suburban zones. This 
restriction was ceased in Ostrava in 2014 and the all-day ticket 
is valid for traveling even into the tariff zone of territory of 
Ostrava XXL. The mentioned argument H6 that the price of 
the ticket in Ostrava has increased more than in Prague is true. 

As far as the price of the basic monthly pass is compared, 
its price in Prague and Ostrava is the same, i.e. 550 CZK. In 
case of a purchase of a ticket via e-cards Odiska for public 
transport in Ostrava, the price of such a ticket is 495 CZK. 
The public transport is subjected to the first reduced VAT rate. 
Expenditures to public transport are a part of the consumer 
basket. The role of VAT rates on the selected commodities in 
the consumer basket deals [24]. 

V. CONCLUSION   

The aim of this paper was to verify or refute claims and 
hypotheses formulated on the basis of the information in an 
annual report. An annual report developed by commercial 
companies provides information on the financial standing, 
profit or loss, cash flow, as well as any other information that 
is relevant to its users to make a variety of important decisions 
[15]. To provide information, accounting systems prepare 
reports at regular interval [27] that comes once in the 
accounting period. Accounting is the primary source of 
information, not only in this case of hypothesis testing, but 
also as a source of financial analysis or other economic 
analyzes. 

In both cities, time accuracy of urban public transport 
improves. Even though, there is a decrease in the number of 
transported passengers in Ostrava. The higher the time 
accuracy of the urban public transport system in Ostrava, the 
less passengers were transported. On the other hand, it should 
be noted that one of the causes might be a higher increase in 
ticket price compared to the increase in ticket price in Prague 
traffic. Another factor is the limited competitiveness of urban 
public transport in comparison with the conditions in Prague. 

It was found form the annual reports of Ostrava transport 
company that the number of transported passengers has 
decreased, time accuracy improved, the number of dispatched 
low-floor vehicles and transport convenience has increased. 
With the decrease in the number of passengers there is also a 
relation to cancellation or change of route of selected lines. 

The annual reports of the Prague public transit company 
show that the trend of the number of passengers, on the 
contrary, is growing at this moment. Also in this traffic, there 
is an increase in the number of modern low-floor vehicles in 
all operated tractions. In the reference period, there were 
changes in line routes, with respect to the change in demand 
there were adjustments in offered transport capacity. In both 
of the analyzed transport company there was not an increase in 
the circulation speed of vehicles. 

One of the factors that may lead to an increase in the 
number of transported passengers is an increase of the 
attractiveness of urban public transport by means of increasing 
the travel speed of vehicles. Increasing of circulation speed 
might be a way how to cut costs. Also the ticket price, quality 
fleet, time accuracy of services or cleanliness of vehicles are 
the factors that have an influence on this fact. 
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