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Abstract

The performance of a transport service is measured by its quality attribute, which is the most synthetic and
comprehensive indicator. However, it is difficult to identify this service quality attribute because it involves the
various customer perceptions and it may be influenced by the passengers’ preferences or by the travel behavior
corresponding to a certain social category. The modal split of passenger transport is also influenced by the quality
of supplied services which establishes a market share for the transport mode analyzed, in this case the urban
public transport.

The present paper aims to identify specific indicators for assessing the quality of urban public transport services,
and to characterize the performance of the transport supply. It is well-known that a quality service guarantees the
success of a public transport operator, with direct implications on user behavior. A case study was carried out,
highlighting the compliance of the public transport operator in Bucharest with the traffic program, and an indicator
of travel time accuracy was established. Conclusions are formulated in order to improve service quality and, in this
way, to increase the attractiveness of urban public transport and the quality of life.

Keywords: transportation quality, public transport, quality indicators.

1. GENERAL CONSIDERATIONS

Quality is the best and most comprehensive indicator which measures the performance of the transport
system. (Nevrela Jifi, 2008, Raicu and Masala, 1981, Raicu, 2002 b, Raicu, 2007, Tobias et. al., 2009)

The success and the market share growth of public passenger transport operators are determined by
the quality of supplied services and moreover, by the passengers' perception of the provided quality
(Anastase, 2012). In many cases, perceptions are subjective and based on users' lifestyle and travel
behavior. (Dragu 2004, James, 2001, Raicu and Dragu, 2012)
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The concern for the expansion of the quality concept in the transport sector is of relatively recent date
and is marked by the ratification of the ISO 9000 standards by nations. These standards were derived
from and inspired by British Defense standards (Dragulanescu, 2004, a and b, Rusu and Bejan, 2004).
Because the standards were developed to check the quality of products, their use in the transport sector
and, in particular, in passengers transport has proved difficult and required major adaptations (Dina,
2004, Pascu et. al., 2011).

There are various quality measurements used by many transport companies; however, if they become
quantitative, these measurements no longer reflect the existing theories and no longer focus on issues

that beneficiaries consider essential. (Raicu 2007).

Quality standards are based on an assessment cycle which includes four distinct points of view (Raicu
2000, Raicu 2003): expected quality, perceived quality, desired quality, and achieved quality. The first
two aspects of quality have to do with passengers’ perceptions of public trasport services, and the last

two reflect the concerns for the quality of urban public transport operators and more.

The expected quality of service is the quality desired by users; the perceived quality reflects each
passenger's perception, in relation to his desires, of the service provided by transport operators (the

overall discrepancy between passengers’ expectations and perceptions of service experience).

The desired quality of service refers to the quality level that transport operators had set as their
objective. It is defined in terms of the expected quality, taking into account the external and internal
constraints of the public transport system, the budgetary constraints and the performance of competing

services.

The definition of this quality level takes into account the quality standards required for compliance with a
certain indicator and the establishment of a standard reference level. The achieved quality of the service
refers to the level of quality offered daily by transport operators. The achieved quality aims to equal the
desired quality; however, due to environmental conditions, the two types of quality will never be the

same, although this in fact would be the ideal.

In many cases the perceived quality is different from the achieved quality. The difference between
achieved quality and perceived quality depends on the passengers’ experiences of using the service
and on the user’s cultural and social environment (Gordon, 1989, Takyi, 1995).

The four different points of view refer not only to the service quality in transport terminals and in means

of transportation, but also to the passengers’ comfort and convenience during the journey, resulting
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from the performance of the transport supply. (Dragu, 2004, Rosca, 2001, Rusca et. al., 2004, Stopher
and Jones, 2003)

2. ASSESSMENT OF THE SERVICE QUALITY OF URBAN PUBLIC TRANSPORT

The assessment of the quality of public transport services is based on a set of criteria that represent the
views of passengers and of those who frequently use the service. Eight main categories of criteria can
be defined (table 1): the first two categories of criteria provide a general description of the public
transport service; categories 3-7 are useful for a detailed description of service achievement; and the
last category refers to the service effects on the environment, effects that are perceived both by service

users and by individuals who are not involved in the transport and even the system.

Each of the eight criteria requires a certain desired performance and specific indicators for measuring
the achievement of the required performance. Certain qualitative indicators should be measured by

quantitative indicators, in which case their semantic information might be lost.

Table 1 shows a detailed presentation of criteria for assessing the quality of public transport services,

based on passengers’ points of view and on indicators that can be used to quantify the quality.

TABLE 1 - INDICATORS OF DESIRED QUALITY IN PUBLIC PASSENGER TRANSPORT

adjustment  of
offer, reliability)

categories of passengers

No. Quality
crt. Criterion Desired Indicator
The existence of a high density | The percentage of people with access to each mode
Offer of services | transport network of transport
(modes and | A station can be reached within a | The percentage of people taking trips without
transport clearly-defined time frame transfer
1. | network, The minimum frequency of service % of the minimum frequency
operation, Providing a service adapted to special

Services that inspire the passengers'
confidence

Accessibility
(access to the
system and
within it, travel
tickets)

Facility to access the service

Availability defined according to various criteria

Travel facility inside the network

Travel time;

Access, output and transfer time

Distance/time to go between two points of the
network

Tickets distribution devices within the
network;

Tickets distribution devices outside
the network;

The possibility of choosing the most
advantageous ticket, appropriate to
user needs

Sold tickets
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No. Quality
crt. Criterion Desired Indicator
The availability of schedules and informative
material;
Information % of responses to telephone information requests.
(General, relatin Providing accurate and useful | Information in stations;
’ N9 1 information Staff ability to provide accurate information with
3. | to travel, relating Kindness:
t(.) ) special Number of passengers receiving accurate
situations) information;
Providing information in a timely The accuracy and timeliness of information
manner
Total volume passengers-hours;
Reducing the duration of movement Travel time n V?h'de;
Time of walking;
Time required to buy the ticket;
Time . The waiting time;
4, | (compliance with % of passengers arriving at the destination in the
the schedule, scheduled time;
travel time) Reducing traffic deviations from Percentage of travelers who are sent with delay /
schedule advance;
Additional travel time;
Additional time waiting in transport vehicle;
Additional time for ticket purchase.
Attention given to Qompllance grlterla and response Time of solving complaints
passengers time to complaints
(relationships Staff ability to provide accurate information with
5. with the | Staff availability for all travelers kindness;
passengers, staff Staff behavior;
behavior, support Staff availabili Accurate and in time information in stations and in
provided) y means of transport
Comfort Facilities to ensure the passengers % of installations in working order
(the comfort of | comfort
the passengers, | Cleaning in stations and in means of Dearee of cleanliness
6. | the  ambiental | transport 9
conditions,
additional Pleasant ambiental conditions Noise level, temperature
installations)
Safety and
secunty (accident . - % accidents, differed in relation to the
7 prevention, Providing a service in terms of safety consequences;
’ protection and security % aqaressed ’eo le:
against any kind °agg people,
of aggression)
Effects on the ) The percentage of vehicles which meet
environment Low level of pollution environmental standards
g. | (the —level of "Reducing energy consumption Energy consumption
polluion, nafura The percentage of the urban area occupied by public
resources  used, ' i u upied by publ
infastrudture) Space occupied by infrastructure transport infrastructure

(processed after: Research on implementation of urban public transport system to served areas of the
Municipality of Bucharest, contract 5C031/7.09.2003, developed by PUB-CCPCT)

The introduction of transport systems in the category of large technical systems results in a variety of

items which require quality assessment indicators corresponding to transport terminals, paths segments

and the entire transport system (Hopkins et. al., Raicu 2002).

35
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The indicators relative to public passenger transport terminals characterize the accessibility, the
comfort and the convenience features of a station and varies from one station to another. The indicators
for path segments refer to the accessibility, the comfort and the convenience on a portion of the path,
or they refer to a set of parallel services serving common origins and destinations. The system
indicators refer to the accessibility, the comfort and the convenience characteristic to several public

transport routes which serve a certain city area.

Urban transport involves a multitude of decisions of moving people, such as the decision to travel and

the modal split.

An important decision is to determine if public transport can be selected for a given journey. Public
transport can be selected to perform a shift when the transport service simultaneously meets the five

conditions laid down in Figure 1.

If one of these 5 conditions is not met for a given journey, then the public transport will not be selected
for the travel; consequently, another mode of transport will be selected, or the journey will be made at a
less convenient time, or it will not be made at all. The quality of public transport service is no longer
important if the service is not accessible for the person considered, no matter how good the quality of

service is for another place or another time.
Accessibility of public transport lines is defined by by the length of the service program.

The duration of the service is defined as the number of hours per day during which the service is
provided along the path or between two points. If the service is not offered in the period of the day when
a potential passenger wants to travel, the frequency and area of influence offered by the public transport
service for the rest of the day does not matter anymore.

Service quality levels for the period of circulation (Table 2) are based on the number of hours during

which a service is provided with a frequency of at least one vehicle per hour.

TABLE 2 - QUALITY LEVELS OF SERVICE (QLS) FOR THE DURATION OF THE SCHEDULE

aLs Period of service Observations
[hours]

A 19-24 Service provided day and night
B 17-18 Service provided till late-night
C 14 -16 Service provided until the evening
D 12-13 Service provided during the day
E 4-11 Limited service only at peak times
F 0-3 Very limited service

Source: Transit Capacity and Quality of Service Manual — 2nd Edition, TRB 2003
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1. SPATIAL ACCESSIBILITY- ORIGIN

Can the distance from the starting point of the travel to the nearest station be covered on foot?
Is there a bike available and an existing bicycle parking in a station on your path?

Is there a bike available and are you allowed to carry a bike on the means of transportation?

Y

2. SPATIAL ACCESSIBILITY-DESTINATION
Can you walk the distance from the station to the final destination?
Is there a bicycle that was allowed on the means of transportation?

Y

3. AVAILABLE INFORMATION

Are the path and the schedule known?

Is there a phone number or an Internet address where you can obtain information and the phone
line isn’t alwavs busv? (Is the information accurate and up to date?)

Y

4. TEMPORALLY ACCESSIBILITY

Is the service accessible and available when reauested?

Y

5. AVAILABLE CAPACITY
Are there available places in the means of public transportation at the time of reauest?

FIGURE 1 - THE CONDITIONS OF ACCESSIBILITY TO A PUBLIC TRANSPORT SERVICE

(processed after: Research on the implementation of the urban public transport system to cover the areas of the
Municipality of Bucharest, contract 5C03V/7.09.2003, developed by PUB - CCPCT)

It can be said that a certain destination is in the service area of the public transport service if it is at a
distance of less than 800 m (SR 13342 1996, Transit Capacity and Quality of Service Manual 2003),
distance measured in bird flight. Due to the topography of the places, which involves different urban
forms and gradients, this distance may decrease. The relationship that determines the service area of

the public transport service is:

r= ro*fsc*fg*fpop*fpx, (1 )

where:

ro - represents the radius of transport service area under ideal conditions (800 m);

fsc - the coefficient of streets connectivity. Its value varies depending on the configuration of the street
(grid, radial annular, mixed) between 0.45 and 1,00;

f - represents the coefficient that depends on the streets declivity (this coefficient has values
between 0.65 and 1,00);

fop - represents the coefficient that depends on the age structure of the population that travels to

public transport stations. It has values under 1;

fox - represents the coefficient for proportion of pedestrian crossings.



Dragu V., Roman E. A. and Roman V. C.
QUALITY ASSESSMENT IN URBAN PUBLIC TRANSPORT

In Highway Capacity Manual a value limit of 30 sec is indicated as the time that pedestrians are willing

to lose while crossing a street.

The fpx value is determined by relation (2):

. \/—0,005th —0,1157t,, +100 2)
P 100

where te is the time that includes the waiting time before crossing the street, the time for insurance
before crossing and the time of crossing. This period of time varies according to the curve shown in

Figure 2.

fox
1,0 ——]
0,9 = -
0,8 ~
0,7
0,6
0,5
0,4
0,3
0,2
0,1
0,0

0 50 100 150 200 250 300[s]

FIGURE 2 - THE COEFFICIENT FOR THE PROPORTION OF PEDESTRIAN CROSSINGS
(Source: Transit Capacity and Quality of Service Manual — 2nd Edition, TRB 2003)

The choice of public transport as an option for travel also depends on travel time accuracy (Hellgren
1994, Raicu 2000). The accuracy regarding the transport duration is measured by the Ct indicator

o[-

where: T, is the real travel time (recorded);

defined by relation (3).

T, —Tle.loo 1%] )
Tp

T, - scheduled travel time.
The C: indicator can be calculated for each traveler, but can also be aggregated at bus level, at motor
depot or transport operator, for a certain period of time, providing information on the compliance with

schedules that are made public.
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3. CASE STUDY

Through the case study, the degree of compliance with the schedule of the means of transport serving a
particular area, mainly a residential area of the city of Bucharest was determined, and also the indicator
that reflects the accuracy of the travel time on Saturdays and Sundays in May 2011. The case study
helped to determine the extent to which the means of transportation that serve a mainly residential area
of Bucharest City comply with the schedule; the indicator that reflects the accuracy of the travel time on
Saturdays and Sundays in May 2011 has also been determined. The case study was conducted by an
original method proposed by the authors and it aimed to analyze the regularity of traffic on holidays
when the influence of congestion is minimum. The expected result of the case study was the absolute
regularity of movement. The current network of urban public transport managed by the Bucharest
Transport Company (R.A.T.B.) serves a metropolitan area of about 710 km2 of which 228 km2 in the
urban area, with a population of over 2.3 million inhabitants, covering the city itself and the llfov district,
functionally and structurally connected to the city (Parlea and Dicu, 2011, Purcar and Titu, 2011,
Sterian, 2003). Of the approximately 5 million travels generated daily in this territory, 1.6 million journeys
(32%) [ are made with personal means of transport or otherwise, about 600 thousand (12%) with
underground transport and 2.9 million (58%) with the surface means of transportation (trams,
trolleybuses and buses). In this paper, we conducted a study on the compliance with the schedule of the
268 bus line that connects Drumul Taberei neighborhood (Valea Argesului Street) and the city center
(21 December 1989 Square); on this path, there is no underground transport. The study was done on
Saturdays and Sundays when, due to the low intensity of the urban traffic, the schedule should be

respected.

In order to analyze the the schedule accuracy, four measuring points were chosen for every sense of

movement, as follows:

= For the path Valea Argesului Street-21 December 1989 Square, the two ends of the line and
the intermediate points-Drumul Taberei Square and Pod Eroilor Station have been considered:;
= For the path 21 December 1989 Square-Valea Argesului Street, the two ends of the line and

the intermediate points-University Hospital and Drumul Taberei Square-have been considered;

The results of data processing were introduced in four tables and one of them is presented as Table 3.
In Table 3 one can notice that delays at terminal 2 (21 December 1989 Square) are much bigger than at
terminal 1. The explanation would be that terminal 2 is in the downtown, where congestion starts to

make sense and disturbs urban traffic in which the RATB buses are also trapped.
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This can be explained by the fact that terminal 2 is in the city center where congestion disturbs urban

traffic (in which the RATB buses are also trapped).

Probably when traffic conditions are favorable, drivers travel at higher speeds in order to reduce the
delays caused by congestion periods and to fit into the schedule. In conclusion, at terminal 2 the value
of early arrivals is also high, as compared to those in 1. From relation (3) the indicator that shows the
accuracy of reaching the destination at the scheduled time was established (table 4). This indicator was

calculated for all Saturdays and Sundays.

TABLE 3 - THE COMPLIANCE WITH THE SCHEDULE ON SATURDAYS, ON THE WAY TO 21ST DECEMBER 1989 SQUARE
Intermediate Intermediate

Terminal 1 . . Terminal 2
Date point 1 point 2
Early | Delayed | Early | Delayed | Early | Delayed Early Delayed
[min] [min] [min] [min] [min] [min] [min] [min]
07.05.2011 17 8 27 32 43 54 52 109
14052011 | 22 15 40 2 98 25 56 51
21.05.2011 16 26 25 50 70 53 53 94
28.05.2011 17 8 27 32 43 54 52 109
04.06.2011 16 24 11 77 25 123 38 159
TABLE 4 - ACCURACY OF TRAVEL TIME
Accuracy of travel time [Ci] %
Date Way Time Delay Total Date Time | Delay | Total
To downtown | 96,75 | 93,19 89,94 99,06 | 96,00 | 95,06
07052011\ From 1 g)05 | gpag | 733 | 9809201 1 o507 | 9567 | 9173
downtown
To downtown | 96,50 | 96,81 93,31 95,31 | 97,50 | 92,81
14.05.2011 From 96,13 | 92,13 88,27 15052011 1 o580 | 9427 | 90,07
downtown
To downtown | 96,69 | 9413 90,81 96,88 | 97,06 | 93,94
21052011 | From lgeng | ogagr | goer | 2209201 1487 | 9607 | 90,93
downtown
To downtown | 96,75 | 93,19 89,04 96,00 | 97,31 | 93,31
80520111 From g ga | go0 | g7a3 | 2209201 onan | 9440 | 89,80
downtown
To downtown | 97,63 | 90,06 87,69 9531 | 9713 | 92,44
04.06.2011 y From 9513 | 90,07 85,20 05.06.2011 | 9360 | 97.20 | 9080
owntown

For the accuracy of reaching your destination to be very good, the value of the coefficient Ci should
come as close to 100% as possible. In the table, "direction” refers to the way to the center of the city. In
table 4 it can be noticed that the accuracy of the arrival time values at terminal stations are best for the
direction to the center of the city; therefore, drivers can take passengers to their destinations in a timely
manner or they can stay at the inactive terminal (21 December 1989 Square) as they have introduced a
rest break (a minimum of 10 minutes after every hour of driving). It can be said that buses are already
late when they leave the city center, and this delay increases on the return, due to traffic conditions.
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However, we appreciate that the average delay per journey is small (for the example shown in table 3

the value is 159/50 which means 3,18min/tour).

During Saturday or Sunday, the four buses number 268 run a total of 50 tours. Thus, the number of
travels with early, late and regular arrivals, determined every day and for every direction, in relation to
the total number of travels, established the percentage of early, regular and late arrivals, presented in

Figures 3 and 4.

Regular arrivals,
40%

Early arrivals, 18%

Delay arrivals,
42%

FIGURE 3 - THE REGULARITY ON 08.05.2011 T0 21 DECEMBER 1989 SQUARE

Early arrivals Regular arrivals

30% 8%

Delay arrivals
62%

FIGURE 4 - THE REGULARITY ON 07.05.2011 TO 21 DECEMBER 1989 SQUARE

The regular arrivals percentage is 40% in Figure 3 and 8% in Figure 4; the delay percentage is 42% in
Figure 3 and 62% in Figure 4; the other percentages mentioned in the chart represent the early arrivals

to the area.
4. CONCLUSIONS

The quality of urban public transport is the attribute which can lead to widespread use of public transport

with major implications in reducing traffic congestion and in improving the quality of life in cities.

Certain aspects of public transport perfomance can be quantified, that is, expressed in numeric values.
The numerical values do not provide information about how good or bad a result is. In order to interpret
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these values, they can be compared to standard values. As shown above, the default values are

recorded within the service levels that define the areas on the steps levels Ato F.
It is considered that between two levels of transport service, users report significant quality differences.

What users consider the best service quality is often inefficient from the economic point of view, and the

operators must balance the quality of service with the possibility of providing the service.

The case study presented in the paper has shown that there are both positive and negative deviations
from the running schedule of the means of transportation. It should be stressed that in the urban public
transport, the negative deviations from the schedule are bothersome for users who can miss the bus
because of these deviations. The average values of the delays are between 0 and 3,18 min/ travel
which, for a non-working day, is quite a lot in our opinion. The average values of early arrivals are
between 0 and 1.5 min/travel. The analysis also shows that the delays accumulated in the inactive
periods always increase, until the bus arrives at the active terminal again; this means that the

accumulated delay cannot be recovered due to the congested traffic conditions.

Solutions to improve the quality of the transport circulation should be of primary concern. They should
mainly refer to: the use of special public transport lanes, the monitoring and the real-time intervention to
reduce early arrivals, increasing discipline in traffic for all those involved, the reduction in the shipment

of goods during peak traffic hours, and finding solutions for levelling passenger traffic.
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