
ABSTRACT 
Public transport is a key element of sustainable 

transport in medium and large cities. Therefore, it is 
important that city residents want to use it. This paper 
aims to determine the criteria of the public transport in-
frastructure which have the most influence on passenger 
satisfaction with the public transport system. The criteria 
of public transport infrastructure of stops, vehicles, and 
route network were analysed. The primary attention was 
focused on rating these criteria from the most to the least 
important one. The analysis of scientific papers, special-
ized literature, Europe Union regulations, Lithuanian 
legislation, and recommendations were used to explore 
the necessary criteria that have a significant effect on 
the popularity of public transport, its functionality and 
gives a reference on how to raise the willingness of the 
citizens to use public transport. The experts (14 experts 
were involved) and social surveys (440 respondents were 
involved) were used to identify the evaluation criteria of 
public transport infrastructure and to investigate the state 
of these criteria. These criteria were grouped into three 
larger groups according to their nature (public transport 
infrastructure of stops, vehicles and route network) and 
were rated and prioritized by the multi-criteria analysis. 
The results reflect the priorities of criteria parameters 
of public transport infrastructure. The results show that 
when investing in public transport infrastructure, the 
main priority should be attributed to the infrastructure 
elements, such as public transport priority in the streets, 
then shelters, lighting, cleanness of bus stops and vehi-
cles, which are physically appreciable. These parameters 
have the most significant impact on improving the level of 
service of public transport infrastructure in urban areas.
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1. INTRODUCTION 
The growth of population and cities influence the 

development and improvement of public transport 
services. It had been done to meet the growing hu-
man needs and to avoid the problems caused by the 
increasing traffic flows. The rise of the living stan-
dard of the population poses a threat to the priority 
of public transport, i.e. more people choose private 
transport, which is faster, more comfortable, and 
more convenient. The number of cars per inhabitant 
in Lithuania is continually increasing. In order to 
maintain a strong position of public transport in the 
urban transport system, the state must ensure that 
the system is reliable, convenient, and attractive to 
the city residents.

The state encourages the use of public transport 
as often as possible to reduce transport congestion, 
noise, air pollution and social exclusion. The mu-
nicipality emphasizes the need for a city to have a 
modern and balanced transport system that has a 
positive impact on the urban social and econom-
ic life, to ensure environmental quality and traffic 
safety. The offered quality of service (Level of Ser-
vice - LOS) that consists of traffic conditions and 
passenger transportation determines the demand for 
public transport [1]. The Level of Service is the re-
sult of improvement, combination and practice of 
the indicators of public transport infrastructure as 
only a sustainable transport system meets the user 
needs and attracts more passengers. Chowdhury 
et al. [2] did the analysis on public transport users' 
and policy makers' perceptions of integrated public 
transport systems. This analysis showed that most 
policy makers and users, who frequently use the PT 
system, value network integration the most. Fares 
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economic and territorial cohesion of the EU. The 
scientists Burkauskas and Susnienė [5] distinguish 
five public transport objectives in the Lithuanian 
transport policy (Figure 1). It is important to note 
that only in the case of qualitative changes in public 
transport lies the benefit to all the interested parties, 
i.e. municipality, passenger transport companies, 
passengers and the community. The quality of the 
transportation and innovations leads to a positive 
image of public transport, and only a positive image 
encourages people to use public transport instead of 
private transport.
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development
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Figure 1 – Objectives of public transport policy in Lithuania [5]

Frequently, when improving the public transport 
system, the routes are changed in the city. Advanced 
public transport modes are introduced, but the ex-
isting infrastructure is unfairly forgotten. Only by 
changing and renovating the infrastructure, is it 
possible to raise the value of public transport sys-
tem and the willingness to use it. Many scientists 
[4, 6-10, 12-14] have already studied the impact 
of various elements of infrastructure on the public 
transport system and the passenger satisfaction with 
it. The overview of these scientific studies was car-
ried out to select the elements which hereafter are 
subjected to the multi-criteria analysis of the public 
transport system.

Rational locations of stops in the bus route lay-
out and the service frequency are sufficient to be 
a condition of sustainable public transport system 
that makes a significant impact on the quality of 
passenger service. The selection of the optimal dis-
tances between stops helps to save passenger time 
and increase the operating speed of the vehicles [6]. 

and ticketing were identified to be an important at-
tribute by all three clusters of PT users. The econo-
mists Francis and Elliot [3] point out in their paper 
that it is important to analyse the need and benefit of 
an investment before investing. Only then will the 
investments have the greatest impact.

The role of public transport is essential in the 
accessibility of residential quarters, workplaces or 
leisure centres. With a rapidly developing city, the 
infrastructure of public transport must also keep 
pace [4]. In this way, there are needs for increased 
infrastructure investments that many cities do not 
have in many cases. Each year there are millions to 
be invested in public transport infrastructure devel-
opment and modernisation of the public transport 
system, but people are still more likely to choose 
private cars. The lack of information on the impor-
tance and priority of public transport infrastructure 
indicators is one of the reasons for this phenome-
non, i.e. there are investments in the development of 
irrelevant facilities and consequently the reduction 
of the number of funds for other needs that perhaps 
are significant. The attractive and accessible public 
transport system, which accumulates a significant 
part of the citizens who would use public transport 
instead of private cars for city trips, is created if 
public transport infrastructure criteria are arranged 
according to the importance based on the priorities 
that are set by the users of public transport. It is es-
sential to understand which criterion is more or less 
necessary for the user, i.e. which of these criteria 
have the most influence on the user satisfaction or 
dissatisfaction with public transport. It is neces-
sary to analyse and evaluate the criteria that make 
up the public transport infrastructure by applying 
Multi-Criteria Decision Analysis (MCDA) to reveal 
the current state of the public transport infrastruc-
ture.

This paper aims to determine these criteria of the 
public transport infrastructure, which have the most 
influence on the passenger satisfaction with the 
public transport system, i.e. for direct investments 
in public transport infrastructure and essential per-
ception of LOS of the public transport.

2. LITERATURE REVIEW
Public transport with the possibility of enabling 

the European Union (EU) to meet the requirements 
for the movement and supply is one of the most es-
sential services of general interest. This area is of 
particular importance for strengthening the social, 



Ušpalytė-Vitkūnienė R, Šarkienė E, Žilionienė D. Multi-criteria Analysis of Indicators of the Public Transport Infrastructure

Promet – Traffic&Transportation, Vol. 32, 2020, No. 1, 119-126 121

“A” bus lanes ensure the priority for public trans-
port on the street sections and intersections. These 
measures increase the average operating speed and 
create a higher LOS in public transport on the main 
routes [18, 19]. Agrawal et al. [14] indicate that 
when the yellow line and neon signs mark the "A" 
bus lane (extra lane), another motor vehicle is al-
lowed to use it, but it is not allowed to stop and stay 
on this extra lane. For drivers who do not comply 
with this requirement and leave the motor vehicle 
on the extra lane, the penalties are imposed (the mo-
tor vehicle is towed away, there is financial penalty) 
to ensure efficient bus traffic flow on the extra lane.

The characteristics of public transport also af-
fect the priority of passenger travel and, according 
to the studies carried out in Belgrade, this is due to 
the condition and the age of the motor vehicles, and 
even their fuel type [20].

Lighting and video cameras increase the pas-
senger safety in public transport. Newton [13] did 
the investigation to find out what types of crime are 
common in public transport. It was found that both 
passengers and the public transport staff became 
victims. Often, there are cases of vandalism when 
the elements of a motor vehicle are destroyed [13].

3. CRITERIA OF PUBLIC TRANSPORT 
INFRASTRUCTURE
The analysis of public transport infrastructure 

identified the criteria which have a significant in-
fluence on the LOS conception of this mode of 
transport. These criteria were summarized and di-
vided into three groups: the infrastructure of public 
transport stops, the infrastructure of public transport 
vehicles and the infrastructure of public transport 
route network (Table 1).

Public transport provides passenger services 
on scheduled routes, but it is clear that the public 
transport system has a sophisticated infrastructure 
consisting of various criteria, ranging from bus 
stops and their facilities to extra bus lanes. The in-
frastructure, in its general meaning combines inter-
connected structural elements that enable or support 
the entire structure and its functioning. The public 
transport infrastructure consists of stops and a trans-
port network, as well as of public vehicles. Public 
vehicles are an essential component of the public 
transport system without which the system would 
be inoperable. The appearance, interior comfort and 
technical condition of the motor vehicle influence 
both the passenger opinion and choice.

The public transport route network with the layout 
of periodical bus stops allows passengers to walk 
the short distances home ↔ stop, or workplace ↔ 
stop. People are attracted to use public transport, as 
they save travel time on a proper stop. It is crucial 
that a dense network of stops interfering with traf-
fic (in mixed lanes) slows down the traffic flows. 
Also, the losses in speed of public transport, causing 
passengers to stay longer in the vehicle and caus-
ing higher risk of accidents due to manoeuvring to 
or from the stops, increases the transportation costs 
due to higher fuel consumption of buses [7, 8]. The 
Sydney University specialists in the transport sys-
tems note that it is no less important to take into 
account the demographic indicators. For example, 
in areas where there are more elder adults or few-
er private cars, the distance to the stop should be 
shorter and vice versa [9]. Thus, the disabled people 
(especially those using wheelchairs) self-use public 
transport only when a low-floor bus or trolleybus 
arrive at the stop. The research results by Verseck-
ienė et al. [10] show that only 30% of the transport 
system has been adapted for the disabled people. 
Tyler and Caiaffa [11] from the University College 
of London, argue that public transport stops should 
be designed in such a way as to be accessible for all 
the users of public transport.

Key points by Boyle [12] are that there are a 
pavilion, practical access to the kerb, pedestrian 
accessibility, street design, passenger information, 
comfort and accessibility for the disabled passen-
gers, road or kerb design adapted to vehicles. One 
of the more significant factors by Newton [13] are 
the lighting of the stops and zones to access them.

The public transport network infrastructure and 
bus lanes were studied based on the research of 
Agrawal, Goldman and Hannaford, specialists from 
the Norman Y. Mineta International Institute for 
Surface Transportation Policy Studies (MTI) [14] 
focusing on separate bus lanes in the USA and the 
UK, as well as the Bus Rapid Transit (BRT) sys-
tem. The research results show that the BRT system 
strongly enhances the image of public transport and 
strengthens its competitiveness with private cars. 
The research that also approved of this tendency 
was done by the Norwegian [15] and Spanish [16] 
specialists. Viegas and Lu [17] highlighted that even 
if it is impossible to install a full BRT system, the 
public transport priority should be maximally inte-
grated into the street network.
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show the priority criteria of public transport quali-
ty based on the theoretical and practical knowledge 
or assumptions, and the apparent priority of criteria 
that make a significant contribution to satisfy the 
public transport users in the public transport system.

In this case, the significance level was given to 
the expert depending on their experience, i.e. the 
criterion (significance level) is equal to 1.00 for an 
expert with more than 15 years of experience, 0.8 − 
from 10 to 15 years of experience, and 0.6 − from 5 
to 10 years of experience.

After the examination, the tjk evaluation sets 
were processed statistically. Therefore, the average 
value of criterion ̅tj is determined by Equations 1 or 2: 
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where wk – significance level of the k-th expert;  
tjk – estimation of the j-th criterion made by the k-th 
expert; r –number of experts.

Variation (Equation 3) characterizes expertise re-
liability

: tj jb v=  (3)

where σ – average square variance of the expert es-
timate, determined by Equation 4:
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where σ2 – the variance of the expert estimates.
Reliability of expertise is expressed by the Ken-

dall coefficient of concordance that describes the 
level of consensus among the estimates of individ-
ual experts:
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where S – sum of the squared deviations of the re-
sults of each estimate criterion by the expert
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4. MULTI-CRITERIA ANALYSIS
Arditi and Gunaydin’s [21] and Yoon and 

Hwang’s [22] methods and recommendations were 
used to describe the multi-criteria analysis and cal-
culate the results.

The multi-criteria analysis was carried out by in-
terviewing 14 respondents from different European 
cities with the scientific experience in the transport 
field of at least five years. The experts were chosen 
to represent the public transport operators, planners, 
and scientists involved in the field of public trans-
port. The City of Vilnius (Lithuania) was chosen as 
the case study area. The significance and the exist-
ing situation of the expert surveys were made to find 
out the expert opinions about the priority criteria of 
public transport. The results of the expert surveys 

Table 1 – Selected criteria of public transport infrastructure 
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5. THE SIGNIFICANCE OF PUBLIC 
TRANSPORT CRITERIA
The expert evaluation of the significance (weight) 

of each criterion in its group was determined, and the 
weight coefficients multiplied by the normalized ma-
trix. Then, the best option was selected by calculating 
the total distance of each comparative variant to the 
best and the worst solutions. Calculations made in all 
three criteria groups showed that the value of χ2 > 
χ2

table, which means that the expert hypothetical esti-
mations are consistent and acceptable. 

Stop shelter and timetable are the most signifi-
cant criteria of the infrastructure of public transport 
stops (Figure 3). The least value was attributed to the 
wireless Internet, security cameras or distance to 
the points of ticket sale and distribution. Even the 
reason for these two criteria is irrelevant to the tech-
nological development, i.e. growing mobile Inter-
net and increasing the number of public transport 
services to the online space, such as online tickets. 
The map of the public transport network or the re-
al-time display is attributed to the criterion of less 
significance.

The most significant criteria are those which are 
physically assessed by passengers while waiting for 
the vehicle. The physical criteria of the vehicle, i.e. 
cleanliness, heating, conditioning or ventilation, as 
well as the technical condition of vehicles also re-
mained as the most significant criteria in the group 
of criteria for public vehicles (Figure 4). Additional 
services, such as the wireless Internet or the possi-
bility to carry a bike, as well as the beautiful view 
from the vehicle, were assessed as the least signifi-
cant ones. The interior design or age of the vehicle 
are insignificant as long as the vehicle is in good 
technical condition and clean.

where Tk – indicator of ranks correlated in the k-th 
ranking; Hl – number of equal rank groups in the k-th 
ranking; hl – number of equal ranks in the first group 
of correlated ranks estimated by the k-th expert; tjk – 
rank attached to the j-th criterion by the k-th expert; r 
– number of experts; n – number of estimate criteria.

If there are no correlated ranks, the Kendall co-
efficient of concordance is determined by Equation 8:
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Equation 9 determines the significance of the Ken-
dall coefficient of concordance:
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If χ2 > χ2
table, the hypothesis of expert ranking 

is accepted. Otherwise, if χ2 < χ2
table, it is assumed 

that there is no overall agreement among the expert 
opinions and the hypothesis is rejected (Figure 2) 
[21, 22].

Calculation of the average value of criterion t̄j  taking into account or not
taking into account the significance level of expert wk.

Calculation of the sum of squared deviations S of each estimate criterion
by the expert

Determination of the indicator of ranks Tk correlated in the k-th ranking

Calculation of the Kendall coefficient of concordance W of expert estimates

Calculation of the significance values of the Kendall coefficient of
concordance χ2

Verification of the significance values of the Kendall coefficient of
concordance χ2 with the value χ2

table determined by the number 
of freedom degrees obtained from the table.

Figure 2 – The scheme of the expert method
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5. Real-time display

7. Ticket sale and distribution points
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6. Map of the public transport network

8. Security cameras

Figure 3 – The significance of the criteria of the infrastructure of public transport stops

3. Heating, conditioning, ventilation

1. Cleanness

5. Possibility to have a seat

7. Age of the vehicle

9. Interior design

4. Adaptation for the disabled

2. Technical condition

6. Audio and video notifications

8. Possibility to carry a bike
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Figure 4 – The significance of the criteria for public vehicles
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of public transport first and foremost for the vast 
majority of consumers, forgetting about its social 
function.

Evaluation of the technical facilities of vehicles 
showed that the most significant criteria in both cas-
es were their technical condition and the vehicle air 
regulation system. First, it would be necessary to in-
vest in the development of these technical facilities 
of vehicles to make passengers more likely to feel 
an increased LOS of the public transport. It is inter-
esting that the results of vehicle assessment did not 
include the criteria which provide real comfort, i.e. 
the age of the vehicle or the interior design. Such an 
attitude makes it clear that, first of all, public trans-
port is a mode of mobility.

Some estimations between experts and social 
opinions differed slightly in the evaluation of crite-
ria of the infrastructure of the public transport route 
network. The distance to the public transport stop 
and the possibility to change a vehicle are the main 
criteria based on a multi-criteria analysis. However, 
in the public survey, most respondents emphasized 
the need for as many as possible extra bus lanes in 
public transport. Such an estimation indicates that 
for the users the speed is one of the most significant 
criteria of public transport.

7. CONCLUSION

In the last group of the criteria of the public 
transport network infrastructure (Figure 5), the most 
significant criteria were the accessibility of bus 
stops and multimodal compatibility. Both criteria 
interpret the accessibility of public transport for all 
road users; those coming on foot from home and 
those coming from other vehicles (bicycles, cars) to 
the point of public transport. The ticket sale and dis-
tribution system are assessed as the least significant 
criteria in the infrastructure of the public transport 
network.

6. ESTIMATIONS OF EXPERTS AND 
USERS
In order to confirm the credibility of the expert 

opinion, a population survey was conducted. They 
were asked about the main criteria for public trans-
port infrastructure that influence their choice of 
public transport for travel. A public survey was car-
ried out to verify the results of the expert multi-cri-
teria analysis. The questionnaire was used in the 
survey. The survey involved 440 respondents, who 
were selected in public places like shopping centres 
in order to include all types of users. The results of 
multi-criteria analysis and the public survey showed 
that the estimations of experts and users coincide 
with both the general priorities of public transport 
and the comparison of specific criteria. In summary, 
both groups specified that the speed of travel (which 
is achieved by giving priority to public transport by 
implementing bus lanes and stops accessibility) is 
the main priority of public transport. For the pres-
ent, comfort (which includes the possibility to sit, 
heating/ventilation system, adaptation for the dis-
abled) is the second priority, and the cost (which is 
influenced by the age of the vehicle, the design, the 
additional services) of the journey is only the third 
priority of public transport.

The information system and lighting remained 
significant in both cases in the infrastructure of pub-
lic transport stops (Figure 6). The adaptation to the 
needs of the disabled arises as a little significant 
criterion compared to others even in the results of 
multi-criteria analysis based on expert estimates. 
This shows that experts seek to raise the quality 

2. Multimodal compatibility (P&R)
1. Accessibility

3. Information system

5. Ticket sale and distribution
4. Extra lanes for public transport

Figure 5 – The significance of the criteria of the public transport network infrastructure
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kriterijai. Pagrindinis dėmesys buvo skiriamas šių krit-
erijų įvertinimui išskiriant svarbiausius. Išanalizuoti 
svarbiausi kriterijai, turintys reikšmingą poveikį viešojo 
transporto populiarumui, jo funkcionalumui ir pateik-
tos prioritetinės kryptys, kaip kelti viešojo transporto 
patrauklumą, analizuoti moksliniai darbai, specializuo-
ta literatūra, Europos Sąjungos reglamentai, Lietuvos 
įstatymai ir rekomendacijos. Viešojo transporto infras-
truktūros vertinimo kriterijams nustatyti ir šių kriterijų 
būklei ištirti buvo naudojamos ekspertinė analizė (da-
lyvavo 14 ekspertų) ir socialinės apklausos (dalyvavo 
440 respondentų). Šie kriterijai buvo suskirstyti į tris 
didesnes grupes pagal jų pobūdį (stotelių, transporto  
priemonių ir maršrutų tinklo viešojo transporto infra-
struktūra), tolesniam etape daugiakriterinės analizės 
būdu kriterijai buvo įvertinti ir jiems suteikti prioritetai. 
Rezultatai rodo, kad investuojant į viešojo transporto in-
frastruktūrą, svarbiausias prioritetas turėtų būti teikia-
mas infrastruktūros elementams, tokiems kaip viešojo 
transporto prioritetas gatvėse, stotelių aprūpinimas pas-
togėmis, apšvietimu, autobusų stotelių ir transporto prie-
monių švarumas. Šie parametrai daro didžiausią įtaką 
gerinant viešojo transporto infrastruktūros paslaugų lygį 
miesto teritorijose.

RAKTINIAI ŽODŽIAI
viešojo transporto infrastruktūra; prioritetas; viešojo  
transporto stotelės; stotelių apšvietimas;  
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The research aimed to find out what makes the 
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