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ABSTRACT 
The concept of quality is now increasingly important in the field of public transport. With the growth 
of living standards among passengers there is an increased needs for high quality transport services. 
Demand for public passenger transport is influenced by a number of factors. The quality of transport 
services is one of the most important. To assess the impact of quality on demand it is necessary first to 
propose a suitable methodology for measuring and evaluating the quality and subsequently assess the 
impact of changes in the quality on the change in demand. Knowing these contexts can serve to stabilize 
demand for public passenger transport. Quality requirements as well as satisfaction with quality 
criteria differ significantly in dependence on passenger groups. Research in this area is practically 
applied in a particular region in Slovakia. 
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1. INTRODUCTION 
Quality can be defined as a concept for the generally positive features of a product or service. 
Quality is nowadays increasingly important in the field of public transport. Nowadays the 
success of a public transport system depends on the number of passengers which the system is 
able to attract and retain. [6] For this reason, the quality of a service becomes an issue of 
maximum importance because it is known that an improvement in the level of quality of the 
service leads to a higher satisfaction of the passengers and to an increase of the use of the 
system.[10] Also according to Eboli and Mazzulla [5] specifically in public transport, service 
quality is a matter of the greatest importance because an improvement of quality levels can 
attract further users.  
The support of service quality is a tool of the passenger demand sustainability for the public 
passenger transport (PPT). The study of ITF recognizes the influence of the service quality to 
demand for services. Anderson et al. [1] when examining the sensitivity (elasticity) passenger 
demand to change a particular factor in study found that the quality of transport services is 
significantly more influential factor than fare and also more influential factor than income of 
the population. [2] 
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2. METHODS  
Several methods can be used to assess the impact of quality on bus transport demand. The 
recommendations are based on an analysis of relationship and causal analysis tools as well as 
existing research in the Slovak Republic and abroad not only in transport and transport services. 
 
2.1. Covariance coefficient  
Whether two variables X and Y are in a linear relation (direct or indirect) can be convinced on 
the basis of the covariance coefficient of variables X and Y (designation cov xy) defined on 
the basis of the relationship (1): 𝑐𝑜𝑣 𝑥𝑦 = 1𝑛 ∗ ෍ሺ𝑥௜ − 𝑥̅ሻ ∗ ሺ𝑦௜ − 𝑦തሻ = 𝑥 ∗ 𝑦തതതതതത − 𝑥̅ ∗ 𝑦ത௡

௜ୀଵ  

Interpretation of results: 
 if the variables X and Y are independent, then cov xy = 0, 
 if cov xy> 0, there is a direct linear relationship between X and Y, 
 if cov xy <0, there is an indirect linear relationship between X and Y. 

 
2.2. Correlation analysis 
The correlation analysis tool is the so-called correlation coefficient. The correlation coefficient 
is the measure of the linear dependence of the two variables and we can express it using the 
following relationship (2): 𝑟௫௬ = ∑ ሺ𝑥௜ − 𝑥̅ሻ. ሺ𝑦௜ − 𝑦തሻ௡௜ୀଵඥ∑ ሺ𝑥௜ − 𝑥̅ሻଶ. ∑ ሺ𝑦௜ − 𝑦തሻଶ௡௜ୀଵ௡௜ୀଵ  

Interpretation of results: 
 if rxy = 1, there is a perfect positive relationship, 
 if rxy = 0.8 to 1, there is a fairly strong positive relationship, 
 if rxy = 0.6 to 0.8, there is a moderate positive relationship, 
 if rxy = 0.3 to 0.6, there is a weak positive relationship, 
 if rxy = 0 to 0.3, there is no correlation. 

 
2.3. The theory of linear elasticity of demand 
The notion of elasticity of demand is mainly used in the area of the economy, but we can also 
meet this concept in the transport sector. Linear elasticity is a very often used method for 
calculating elasticity. It is appropriate to use it if the monitored pointers are not expressed by 
function but by arranged pairs of points. It can be calculated based on the following relationship 
(3): 

𝑒௫೔௟௜௡௘ = ⎝⎜
⎛ 𝑦ଶ − 𝑦ଵ12 ሺ𝑦ଶ + 𝑦ଵሻ𝑥௜ଶ − 𝑥௜ଵ12 ሺ𝑥௜ଶ + 𝑥௜ଶሻ⎠⎟

⎞ = ሺ𝑦ଶ − 𝑦௜ሻ. ሺ𝑥௜ଶ + 𝑥௜ଵሻሺ𝑦ଶ + 𝑦ଵሻ. ሺ𝑥௜ଶ − 𝑥௜ଵሻ 

2.4. Regression analysis 
The significance of regression analysis is based on examination of the two codes X and Y. In 
regression modeling the task is to formulate which variable is to be considered independent 
(X) and which is the dependent variable (Y). Dependent variable Y (explained) is demand and 
independently variable X (explanatory) is quality. In our example, we expect the higher the 
quality level, the higher the demand. Generally it is possible to express the relationship between 
the values of the variables X and Y as follows (4): 𝑦௜ = 𝑓ሺ𝑥௜ሻ + 𝑒௜ 
Particular regression line model has the shape (5): 𝑦పෝ = 𝑏଴ + 𝑏ଵ𝑥௜ 

 (1) 

 (2) 

 (3) 

 (4) 

 (5) 
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Coefficient of determination R2 measures the delineated dependence between X and Y using 
a linear model. It takes values from the interval <0,1> and its closer to 1 so the dependence of 
the variables is better captured. The R2 .100% value expresses how much variable variables 
of the dependent variable Y are explained by the regression line. [8] 
 
3. RESEARCH AND RESULTS  
In this part of the article is processed a case study focuses on the application of selected 
methods, for assessing the impact of quality on demand in the suburban bus transport in the 
Žilina self-governing region.  
To assess the impact of quality on demand it is necessary to know the measured level of quality 
of services provided by the carrier in the surveyed period and also demand for bus transport. 
The demand indicator may be the number of tickets sold or the number of passengers 
transported. This is the available statistical data tracked by carriers and performance providers. 
Demand for bus services in recent years, significantly decreasing applies to all groups of 
passengers. There is also a markedly proportional structure of demand in terms of passenger 
groups or type of travel. It can be said that the number of those who use the services they use 
is still decreasing. While 48 million passengers were transported in the Žilina self-governing 
region in 2005, it was only 24.8 million in 2017. This represents an approximately 23.2 million 
passenger drop in 12 years. [4] 
The individual methods (analyzed in chapter 2) are examined alternatively in view of the 
method of determining the quality level: 

 Alternative I - Quality level determined by measurement based on author's research 
 Alternative II - Quality level determined by measurement based on data from carriers 

from internal quality measurement 
 Alternative III - Quality level determined by measurement customer satisfaction based 

on author research 
 

Quality level determined by measurement based on author's research was realized by 
controllers in the area a provision of transport services. The methodology recommended by 
European standards (EN 13816 and EN 15140) was applied. 
Quality level determined by measurement based on data from carriers from internal quality 
measurement was realized by providing data from carriers in Žilina region from internal quality 
measurement over the years 2013-2017. [9] 
To identify the satisfaction of passengers with the quality criteria, a questionnaire survey was 
conducted in the Žilina region in 2013-2017. These were the passengers who use the real 
services and have a personal experience with them. The actual sample size for the satisfaction 
survey was a sample of 3 928 respondents. The results of this survey show that satisfaction 
with selected quality criteria varies greatly depending on the passenger groups. [3] 
 

Table 1. Standardized values of quality criteria in the suburban bus transport in Žilina region 
(Source: authors) 

Quality 
criteria 

Alternative I 
Measured quality - author's 

research (%) 

Alternative II 
Measured quality - data from carriers 

(%) 

Alternative III 
Passenger satisfaction (%) 

 
2013 2014 2015 2016 2017 2013 2014 2015 2016 2017 2013 2014 2015 2016 2017 

Punctuality 72 65 72 73 70 67,41 67,53 69,86 73,47 75,96 64 73 73 79 70 
Information 80 77 86 99 99 94,00 94,83 96,18 96,12 98,93 56 73 76 93 83 
Cleanliness 67 82 85 83 88 98,09 98,37 98,80 99,37 99,60 60 67 66 84 66 

Driver 
behavior 64 88 89 95 88 99,95 99,95 99,96 99,98 99,98 67 68 68 83 72 

∑ 71 78 83 87 86 89,86 90,17 91,23 92,24 93,47 62 70 71 83 72 
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3.1. The application of the coefficient covariance and correlation coefficient 
For the calculation of the covariance coefficient was used formula (1) and to calculate the 
correlation coefficient was used formula (2). Table 2 shows the calculated values of the 
covariance coefficient and the correlation coefficient between the quality level and the demand 
level in 2013 to 2017 by groups od passengers.  
 

Table 2. Calculated values of the covariance coefficient and the correlation coefficient between the 
quality level and the demand level by groups of passengers (Source: authors) 

Group of 
passengers Alternative Coefficient 

covariance 
Linear 

relationship 
Correlation 
coefficient 

Linear 
dependence 

Students 
I. 2 962 148 direct 0.992816 strong 
II. 620 345 direct 0.919145 strong 
III. 2 747 275 direct 0.809384 strong 

Economically 
active population 

(EAP) 

I. 8 052 024 direct 0.933411 strong 
II. 1 881 142 direct 0.964003 strong 
III. 6 337 632 direct 0.645781 moderate 

Retirees 
I. 963 497 direct 0.930270 strong 
II. 222 589 direct 0.950059 strong 
III. 964 723 direct 0.818751 strong 

 
3.2. The application of the linear elasticity method 
A relationship (3) was used to calculate linear elasticity in two or more yearly changes in 
demand and quality. Table 3 shows the calculated linear elasticity values for quality impact 
assessment on demand in terms of two or more annual changes. 
 

Table 3. Linear elasticity calculation with two and more yearly changes in demand and quality by 
groups of passengers (Source: authors)  

Group of 
passengers 

Alter
native 

Two or more year change Average 
value 

Value 
range 2017/2015 2017/2014 2017/2013 2016/2014 2016/2013 2015/2013 

Students 
I. 0.6874 0.5358 0.4503 0.4386 0.4030 0.3957 0.4851 0.40-0.69 
II. 1.0062 1.4546 2.1849 2.1083 3.1226 4.0761 2.3255 1.01-4.08 
III. 1.7450 1.8559 0.5765 0.2816 0.2818 0.4557 0.8661 0.28-1.86 

Economically 
active 

population 
(EAP) 

I. 2.3380 1.4670 1.1090 0.7433 0.7415 0.8308 1.2049 0.74-2.34 
II. 3.4221 3.9822 5.3808 3.5727 5.7456 8.5569 5.1101 3.42-8.56 

III. 5.9349 5.0808 1.4198 0.4772 0.5185 0.9566 2.3980 0.48-5.93 

Retirees 
I. 1.5348 0.7697 0.5052 0.6910 0.4780 0.2701 0.7081 0.27-1.53 
II. 2.2464 2.0893 2.4510 3.3212 3.7038 2.7821 2.7656 2.09-3.78 
III. 3.8959 2.6657 0.6467 0.4436 0.3342 0.3110 1.3829 0.31-3.90 

 
3.3. The application of the regression analysis 
In this method, it is first necessary to estimate the parameters of the regression line y versus x 
using the least squares method. Using the relations (5) for the regression line, we then calculate 
its coefficients b0 and b1. Based on researches for the period 2013 to 2017, single-criterion 
regression features have been established to express the dependency on demand for quality. 
(Table 4) 
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Table 4. Single-criteria regression model to assess the impact of quality on passenger demand by 
groups of passengers (Source: authors) 

Group of passengers Alternative
Characteristic

Equation of the 
regression line R2 Significance F P-value 

Students 

I. y=7179671+68095x 0.9857 0.000730 0.00034 
0.00073 

II. y=12775201+278690x 0.8448 0.027262 0.13576 
0.02726 

III. y=9201525+48797x 0.6551 0.096995 0.00823 
0.09699 

Economically active 
population (EAP) 

I. y=1277432+185104x 0.8713 0.020420 0.72733 
0.02042 

II. y=60966582+845104x 0.9293 0.008154 0.01577 
0.00815 

III. y=8210919+112569x 0.4170 0.239166 0.23399 
0.23916 

Retirees 

I. y=1772639+22149x 0.8654 0.021871 0.02275 
0.02188 

II. y=5572480+99998x 0.9026 0.013297 0.04878 
0.01329 

III. y=2339841+17135x 0.6704 0.090068 0.01833 
0.09007 

 
Table 5 shows a sample calculation of a single-criterion regression model for assessing the 
quality impact of a measurement based on the author's research and the demand of a group of 
student students. 
 

Table 5. Sample calculation of a single criterion regression model for assessing quality impact on 
student demand (Source: authors) 

Regression Statistics   
Multiple R 0.9928161   
R Square 0.9856837   
Adjusted R2 0.9809116   
Standard Error 62499.691   
Observations 5   
ANOVA     

  df SS MS F Significance F  
Regression 1 8.06834E+11 8.07E+11 206.5516 0.000730146  
Residual 3 11718633982 3.91E+09  
Total 4 8.18553E+11        

  Coefficients Standard E t Stat P-value Lower 95% Upper 95% 
Intercept 7179671.1 384801.7005 18.65811 0.000336 5955060.322 8404281.82 
X Variable 1 68095.362 4738.089318 14.3719 0.00073 53016.64722 83174.0769 

 
4. CONCLUSION 
The coefficient of covariance between the quality and demand reaches positive values which 
can be interpreted as a direct linear relationship (with increasing quality demand is rising). 
The correlation coefficient for the EAP group in Alternative III is less than 0.8, which is a 
moderate linear dependence. In other cases, the correlation coefficient is close to 1, which can 
be interpreted as a strong linear dependency.  
The calculated linear elasticity for two and more year changes in demand and quality is positive 
in all cases. These positive values mean that the increase in the quality of bus services increases 
passenger numbers. 
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The results obtained can be interpreted as an example of the average value of two or more 
annual elasticity of demand and quality (Alternative I) for a group of student students as 
follows: 

 the average value of demand elasticity and measured quality is 0.4851, which means 
that if quality increases by 1% in the short term, demand will also increase by 0.4851%. 

By applying the regression analysis method to assess the quality impact on demand, it was 
possible to determine the equation of the regression line, on the basis of which it is possible to 
estimate the future evolution of the demand for quality change. The null hypothesis is tested in 
the ANOVA section when applying a regression analysis method based on passenger groups. 
In almost all cases, the model as a whole is chosen correctly. This is evidenced by the 
Significance F value, which is in almost all cases less than 0.05. 
Based on the results of measuring and evaluation the quality and customer satisfaction with 
suburban bus transport there is scope for increasing quality and satisfaction (values do not reach 
the ideal 100%) which can then be used to slow down the pace of passenger demand or stopping 
its decline. 
The findings could be the basis for stabilization of development (deceleration decrease) in 
passenger demand for bus transport in the Žilina self-governing region by improving quality 
and increasing customer satisfaction with the quality of services. 
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