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ABSTRACT

An efficient transport system in cities requires rational separation of transport tasks. Determining
the mode of travel and preferences of the choice of means of transport enables shaping communi-
cation behaviours. Research on the mobility of public transport is of particular importance. Filling
measurements are the basis of many analyzes, enabling the characteristics of passenger flows in the
quantitative and qualitative aspect, performance of transport efficiency assessment of individual lines.
The aim of the article is to present the results of a survey conducted among drivers of public transport
buses. These tests included information on filling and passenger exchange in the means of transport
of individual bus lines in Radom. The results of the surveys carried out in households were also
presented, thanks to which the motivation of the source-destination journey of the inhabitants of
Radom with the use of public transport was analyzed.
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1. Introduction

Transport in urban agglomerations plays an important role and leads to an increase or
decrease in the attractiveness and development of a given region. The spread of cities, which
is common in most agglomerations, causes changes in the requirements for satisfying trans-
portation needs of passengers [Morfoulaki, M., Tyrinopoulos, Y., Aifadopoulou, G., 2007,
Friman, M., Fellesson, M., 2009, Eboli, L., Mazzulla, G.,2009, Guirao, B., Garcia-Pastor, A.,
Lépez-Lambas, M. E, 2016, Wen-Tai Laia,, Ching-Fu Chen, 2011]. This causes an increase
in the need for fast, safe and efficient mobility. Meeting this trend is extremely difficult and
requires proper management and organization of urban transport [Banister D., 2008].

The experience of large urban agglomerations shows that it is important to create inte-
grated public transport systems, both in the country and in the world (from the point of
view of adapting public transport to the requirements of passengers) [Givoni M., Banister D.,
2010, Hine J., 2000, Hull A., 2005, Ibrahim M.E, 2003, Preston J., 2010]. Integrated actions,
both in the spatial and functional aspects of the public transport system, will contribute
to increasing the attractiveness of urban public transport and the abandonment of indi-
vidual transport

Public transport, as part of the transport sector, is subject to exactly all the laws of trans-
port economics, despite strong public interference. Globally, the analysis of demand for public
transport services shows that they are determined by the following factors:

— the number of city residents;

— the level and structure of employment;

— the number of pupils in secondary schools;

- the demographic structure of the population: the share of the population aged under 18,
aged 18-65 and over 65;

— the size of the area covered by the public transport network;

- the spatial structure of the city;

— the place of the city in the urban agglomeration and the degree of its connection with the
suburban area;

— the level of affluence of inhabitants;

— the level of individual motorization and the degree of car use;

- the quality of public transport services;

— the level of charges for public transport services.

And also [Rudnicki, 1991]:

- the spatial and functional structure of the city, including the functions performed by the
city, its level of development, the distribution of various institutions, economic, com-
mercial, service, scientific and cultural entities related to tourism and recreation, health
protection and their mutual placement, and also the spatial divergence between places of
residence and places of work;
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— the level of activity of the population;
— the scope and size of free time of the population.

Transport difficulties in contemporary cities are primarily the result of increased traffic
and congestion on roads. Despite prioritizing means of public transport, in practice the effects
of congestion are most felt in public transport. The desire to increase the attractiveness of
public transport and keep as many passengers as possible leads to the use of various methods
and means of privileging it in urban traffic.

Determination of the method of journey implementation and preferences of the choice of
means of transport and quality expectations reported by persons performing journeys is one
of the stages of the process of shaping transport behaviour in relation to the selected spatial
scope of the city [Starowicz, 2007].

Therefore, it is very important to study the motion of public transport and its main goals
are [Tracz, 1984]:

- assessment of traffic conditions of public transport means - including measurements
similar to measurements for means of individual transport;

- assessment of the passenger service quality — including measurements of: driving times,
punctuality, regularity, frequency and occupancy;

- assessment of the effectiveness of changes in traffic organization for the privilege of col-
lective transport;

- obtaining data for the design of lines and stops — including measurements of passenger
flows and time of passenger exchange at stops.

The paper presents the results of research on the use of public transport in Radom,
source-destination motivation of journeys with the use of public transport, taking into account
the age and sex of travelers. The authors presented the original method of measuring the bus
occupancy based on the analysis of the opinion of bus drivers.

Measurements of public transport vehicles occupancy

Passenger flow analysis can be made on the basis of the data from the bus occupancy
indicator. These measurements belong to the most frequently performed measurements. They
enable the assessment of transport efficiency of individual lines. The measurement can be
carried out in many ways, which depend on the vehicle’s capacity, its average occupancy and
the size of the passenger exchange. The methods that can be used at low vehicle occupancy
surveys are [Tracz, 1984]:

- counting passengers;

- counting free seats and subtracting the obtained number from the number of seats by
getting the occupancy rate;

- counting standing passengers and adding them to the number of seats.

In the case of greater occupancy of vehicles during rush hours, the measurement is usu-
ally carried out on the outside of vehicles using the “photographic” method. Based on the
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model photos, the occupancy of the bus is estimated. This method does not provide too much
accuracy, but it is simple to implement. The assessment of vehicle occupancy is also carried
out by assessing the visual occupancy status of buses, distinguishing according to the WBR
(Warsaw Traffic Research 2005) five basic types of buses, among others: short, medium-sized,
long, articulated etc. [AECOM, 2009], where we distinguish 5 basic bus occupancy stages.
There are also carried out surveys at bus stops, which not only have to show the buses’/trams’
occupancy, but are focused on the identification of transport behaviour of the residents and
visitors. Other methods include the estimation of bus occupancy rates based on revenue from
ticket sales or monitoring analysis.

The modes of public transport also use automatic counting of passengers. These methods
use the stereoscopic image analysis technology [Infotron], directional sensors located under
the vehicle’s door, or sensors above the doors that emit a downstream infrared beam [Pixel]
and vision detection systems [Lukasik Z., Kusminska-Fijatkowska A, Zurek-Mordka M., 2016,
Zaktad elektroniczny Letronik]. This equipment records all passenger exits and entrances through
each of the doors of the vehicle: continuously, for each stop, throughout the period of work on
the public transport line. These systems also register all passenger exits and entrances when
the bus stops at a stop with the engine turned oft. Passenger weighing systems [Mitas W.A.,
Berna$ M., Bugdol M, Rygula A., Konior W,, 2011, Rygutla A., Loga W., Brzozowski K., 2015]
are increasingly used to measure passenger flows in public transport.

The measurement of the bus occupancy is usually performed together with the measure-
ment of the passenger exchange rate, i.e. the number of people getting on and off at stops.
Such a measurement can be carried out counting persons getting on and off at a bus stop and
registering the arrival and departure time for calculating the time of passenger exchange,
and the results obtained should be recorded in a suitably prepared form. For more lines
and passengers, and if more accuracy is required, you can use the photographic method or
frame-by-frame.

As a result of the measurement of the occupancy and the number of passengers getting
on and off a mode of transportation, you can get the values of passenger flows on a given line.
Based on the vehicle occupancy estimate (%), after taking into account the size of a bus, the
number of people traveling there is determined.

More accurate measurements of bus stop times at bus stops are required in some cases.
Then the exact times are measured:

— arrival of the bus;
— opening the door;
— end of passenger exchange;
- closing the door;
- moving off;
- joining the traffic.
The described measurements require proper preparation in such things as [Tracz, 1984]:
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- establishing the location of stops with the numbers of lines on which vehicles stop and
their frequency of running;

- establishing traffic data for a given route;

- drawing up appropriate situational plans.

In the case of analyzing the advisability and effectiveness of the introduction of priorities
for public transport, research must be expanded and should embrace all users of the public
transport system [Tracz, 1984].

The analysis of the results of the study of traffic conditions and the quality of passenger
transport services is carried out using statistical methods [Tracz, 1984].

It is worth paying attention to the fact that in the public transport services there is no clear
criteria for the classification of the quality of this service.

Analyzes of the use of public transport in Radom were made on the basis of the research
carried out by the authors as part of the project “Analysis of traffic and communication prefer-
ences in the area of ROF”, carried out as part of the project “Strategy for Urban Development
of the Radom Function Area (ROF)” co-financed from the European Union Regional Devel-
opment Fund and the state budget from the Operational Programme Technical Assistance
2007-2013, Radom June-August 2014. The aim of the project was to perform diagnostic
research including: research into the traffic at selected points (over 100) in Radom, a vehicle
occupancy survey and surveys generators of movement and the execution of the survey in the
households of the inhabitants of the ROEF, to determine the motivation and intensity of the
movement of the ROF citizens and within the ROE The article uses the results of the surveys
concerning bus occupancy in public transport and the results of surveys in the households
of the inhabitants of Radom - in this case, part of the survey, the so-called “journey diary”,
in which the respondents indicated all journeys made on the weekday preceding the research
indicating, among others, their source-goal (destination) and means of transport.

2. Vehicle occupancy surveys in public transport at selected
final stops in Radom

There were 25 bus lines in Radom in 2014." The lines operating within the city are divided
into four categories: priority, basic, complementary and marginal lines. The priority lines
include two lines: 7 (connecting the Michaléw estate located northwards with the “Poludnie”
estate) and 9 (running from the north-eastern Golebiow I estate to the Predocinek estate
located in the south), operating at peak times with a frequency of not less than 10 minutes.
These lines run through the city centre and close to the railway and bus junctions, providing
access to the four largest housing estates. The second group of the lines are basic lines (12
lines) running at their peak frequency every 15 minutes. The remaining lines are designed

! The same number of lines operates in 2018.
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to complement the transport needs of people moving around in Radom. Their frequency at
the rush hour is more than 20 minutes. The operators used 186 buses to service the public
transport lines in Radom. Buses in the public transport in Radom transport about 40 million
passengers per year.

An analysis of the routes of individual public transport lines in Radom was carried out,
before starting the survey on selected public transport stops. The purpose of this analysis was
to indicate the end stops at which surveys will be carried out with public transport drivers
in Radom, so that each bus line will be tested in each direction of travel. 15 measurement
points were chosen (Figure 1), in which questionnaire surveys with drivers were carried out.

Figure 1. Location of measurement points for questionnaire surveys with drivers at
end stops in Radom
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Source: the authors’ own study based on the scheme of the public transport network in Radom taken from the website of MZDiK
in Radom: [http://www.mzdik.radom.pl/index.php?id=193 (accessed: 06.06.2014]
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The survey research was carried out on June 4, 2014. The interviewers collected informa-
tion from the drivers about inflows in the means of transport of individual bus lines at certain
times. The driver registered the occupancy of the means of transport in previously prepared
forms during the journey at each stop. The form contained information on the estimated
occupancy rating (%) of the means of transport on the line operated by a given driver during
the working day. It should be emphasized that in the literature one has not found publications
that would present a method of measuring the occupancy in means of urban transport by
conducting a survey with the drivers of these means of transport.

The results of the survey on a given route and at particular stops of a given line are presented
in Tables 1-2. The analyzed data sets for each line were the average bus occupancy and average
number of passengers on the bus on a given route (as the average at individual stops) and the
average bus occupancy and average number of passengers on the bus at the bus stop (as the
average from individual buses). Figures 2-5 present examples of the average occupancy on
a given route and the average occupancy at individual stops on two lines (numbers 7 and 11).2

The average daily vehicle occupancy indicator in the public transport in Radom, both in the
aspect of inflating on particular routes of the line (Table 1) and at individual stops (Table 2)
ranges from 19.8% to 59% and the mean is about 41% while the median is 40.3in the aspect of
inflating on particular routes of the line and 41.7 at individual stops. The remaining statistical
measures are identical (0.1 percentage point difference) and amount to: SD =8.4, Q1 =35.1,
Q3 =46.8, although the occupancy at stops for individual lines shows a slightly higher vari-
ation (measured by the standard deviation and coeflicient of variation) than the occupancy
on the routes of the line. Only in 4 cases (on the 47 lines considered) the occupancy exceeds
50% (7b, 12a, 18 and 24a), and in 5 it does not exceed 30% (2a, 2b, 5b, 19a, 19b).

2.1. Vehicle occupancy surveys on the routes of individual lines (Table 1)

The highest occupancy occurs on the lines No. 7b and 24a, with the median for the line 7a
being slightly (0.8 percentage points) higher than the average, and in the case of the 24a line
6 percentage points lower and 50%. For line 7b, for 75% of the rates the average occupancy is
not less than 50.6% and the maximum 86.8%; the average number of passengers is 81.6 with
a nearly 30% coeflicient of variation (+ 23.9 passengers). For line 24a, for 75% of the rates, the
occupancy exceeds 44.7% and the maximum 100%, which means that the whole bus took the
maximum number of passengers throughout the route. The average number of passengers is
62 with the coefficient of variation equal to 36.7% (+ 22.8 passengers). The difference in the

2 The data from the tables and drawings do not allow for a full analysis, in particular of individual routes or
stops in a timely manner. For this it is necessary to analyze the occupancy at individual stops for individual routes.
However, the data for one line takes as much space as tables 1 and 2 together. Therefore, it was decided to “com-
press the data” from a given line/line stop to the average value, i.e. the average occupancy in the route, the average
occupancy at the stop of the given line and, respectively, the average number of passengers. For the average sets, the
basic statistical parameters given in the tables were calculated. Unfortunately, the results obtained in the aspect of
passenger exchange at stops did not allow analysing this issue.
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average number of passengers does not result from a significant difference in the occupancy
but from the average capacity of buses (139 for lines 7b and 115 for lines 24a, for this line the
largest and smallest occupancy “implemented” was a bus with a nominal capacity of 100 peo-
ple). Please note that the average nominal capacity of public transport buses in Radom is 109,
minimum 86, maximum 151. The 12a line has the average occupancy of 52%, the average of
79 passengers and the average bus capacity of 151 and line 18 (a circular line) for which the
respective values are 52%, 50.8 and 99.6.

There are significant differences between lines 7a and 7b and 24a and 24b. On line 7a (fol-
lowing the same route but in the opposite direction of every 7b), the occupancy level was much
lower and amounted to 45.1% with the maximum of 57.9% (only 25% of the courses had the
occupancy of at least 50%), and the average number of travelers was 66.7 (£ 12.5 passengers).
The average nominal capacity was 147.3. For line 24b the average occupancy was 38.5%. (min-
imum 23.7%, maximum 60.7%), the average number of passengers 40.7 (+ 11.3 passengers)
and the average nominal capacity 107.9 (i.e. lower than for 24a). Only for these two lines we
can see such significant differences between the “there” and “back” courses, and for almost
all the measured parameters. For the remaining lines, these differences are much smaller or
insignificant and concern only some parameters (the variation coefficient for lines 14, 15,
26, minimum occupancy for lines 13, 14, 26, Q1 for lines 10 and 26, maximum occupancy
for lines 5, the coefficient of variation for the number of passengers for lines 14, 15, 26). For
11 lines (out of 47), the average occupancy range is not less than 60 pp, and for 28 the median
is larger than the mean value (in one case it is equal to the mean value).

Table 1. The vehicle occupancy indicator on the routes of individual lines*

NL P MBC| SD | CV | Me | Min | Q1 | Q3 | Max | MC | SD | CV | NC | MBN
1a | Potudnie 438 | 711162 443|273 |389| 496|573 |438| 7.1 | 16.2| 40 [100.0
1b | Gofgbiow 4731 11.0| 232 | 478|283 | 37.0| 56.1 | 71.3 | 473 | 11.0 | 23.2 | 41 |100.0
2a | Zamiynie 287|124 | 433 | 25.3 | 14.3 | 19.0 | 34.9 | 57.5 | 29.1 | 12.6 | 43.2 | 29 [101.6
2b | Idalin 26.1|10.4 | 39.8 | 242 | 11.9 | 18.5| 31.0 | 59.0 | 26.4 | 10.9 | 41.3 | 30 [100.7
3a | Michatow 435|134 309|404 | 20.6 | 34.0 | 48.8 | 80.6 | 37.5 | 11.3 | 30.1 | 37 86.6
3b | Idalin 4951129 | 26.0 | 50.0 | 20.4 | 39.8 | 58.5 | 73.3 | 46.7 | 12.9 | 27.6 | 37 94.6
4a | Predocinek 372|107 | 288 | 36.7 | 18.8 | 29.5 | 44.1 | 66.7 | 48.2 | 15.3 | 31.7 | 36 |128.9
4b | Firlej Cmentarz 344 81]237|346(19.2 292|383 |542|446| 120|269 | 41 |129.3
5a | Sadkow/Lotnisko 333|134 402|324 | 138|223 | 39.6 | 83.6 | 31.6 | 12.7 | 40.2 | 42 95.0
5b | Pruszakéw/Mtodocin 278|126 | 454|267 | 96| 189 | 335|559 | 264 | 12.0 | 45.4 | 37 95.0
6a | Predocinek 408|101 | 247 | 421|229 | 36.8 | 47.1 | 59.3 | 38.7 | 9.5 | 24.7 | 25 95.0
6b | Milejowice 440| 85| 19.2|43.7| 263|403 | 493|583 |418| 80| 192 29 95.0
7a | Potudnie 451 | 64 |142| 452|286 | 413|500 579 |66.7 | 125 | 18.8 | 75 |147.3
7b | Michatow 58.9 | 13.7 | 23.2 | 59.8 | 23.2 | 50.6 | 67.5 | 86.8 | 81.6 | 23.9 | 29.3 | 66 (139.1
8a | Wosniki 434 8.7 ]200| 428|236 |379|508 560 |434| 8720017 [100.0
8b | Kierzkow 441 | 851|193 |469 | 215|406 | 496 | 535 | 441 | 85| 193 | 15 |100.0
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NL P MBC| SD | CV | Me | Min | Q1 | Q3 | Max | MC | SD | CV | NC | MBN
9a | Gotgbiow 473|153 | 323 | 45.8 | 200 | 344 | 61.3 | 80.0 | 53.4 [ 19.1 | 35.7 | 74 |113.0

9b | Predocinek 471 | 11.8 | 251 | 48.1 | 19.7 | 37.8 | 55.0 | 74.4 | 54.9 | 148 | 269 | 73 |116.4

10a | Wacyn 39.6 | 10.3 | 26.0 | 39.0 | 24.5| 30.7 | 46.0 | 65.5 | 385 | 9.9| 25.6 | 20 97.5
10b | Gotgbiow/Rodziny Zigtalow | 44.5 | 10.9 | 24.5 | 425 | 28.8 | 39.6 | 483 | 70.0 | 41.8 | 96| 23.0 | 9 94.6
11a | Idalin 36.4 | 13.7 | 37.5| 333 | 142 | 245 | 46.6 | 63.5| 35.0 | 12.2 | 34.9 | 36 97.2
11b | Gotgbiow/Paderewskiego | 35.5 | 11.6 | 32.8 | 33.6 | 19.5| 26.4 | 42.7 | 61.8 | 34.0 | 11.0 | 32.2 | 33 96.5
12a | Potudnie 523 | 5.8 | 11.0 | 52.6 | 38.0 | 49.8 | 55.9 | 65.2 | 79.2 | 12.8 | 16.1 | 27 [151.0
12b | Wincentow 496 | 38| 7.6 503|403 |47.0]| 523|548 |739| 102|138 |29 |[148.8
13a | Jozefow Szpital 46.5| 11.8 | 254 | 46.0 | 28.4 | 37.5| 52.2 | 75.6 | 50.7 | 23.2 | 45.8 | 36 |107.6
13b | Wosniki Szkota 481 13.0| 270 | 476 | 16.7 | 41.2 | 54.2 | 89.6 | 53.4 | 21.6 | 40.5 | 28 [110.2
14a | Sadkow/Lotnisko 359 | 145|405 | 355 | 80| 239|450 | 744|339 | 15.1 | 44.7 | 34 93.8
14b | Potudnie 396 | 84211 411|208 |349| 458 | 566|381 | 97| 255 34 95.3
15a | Kaptur 461 19.1 | 415 | 42.0 | 15.0 | 30.0 | 65.0 | 81.4 | 40.7 | 18.0 | 44.3 | 37 87.6
15b | Janiszpol 48.8 | 14.4 | 29.6 | 50.0 | 20.0 | 40.0 | 60.0 | 75.0 | 42.1 | 13.6 | 32.2 | 33 86.1
16a | Gotgbiow Il/Sempotowskiej | 48.4 | 9.9 | 20.5 | 48.4 | 30.0 | 41.8 | 56.4 | 68.2 | 48.4 | 9.9 | 20.5 | 18 |100.0
16b | Wosniki 46.4| 89192 | 425|348 | 401|544 627|464 | 89192 | 14 [100.0
17a | Potkanow/Salowa 433|152 351 | 432|109 | 345|514 | 71.2 | 63.7 | 26.0 | 40.7 | 41 [145.5
17b | Gotgbiow/Zubrzyckiego 458 | 16.7 | 365 | 45.2 | 75352 |51.4| 843 | 686 | 28.7 | 418 | 37 |148.9
18 | Dworzec PKP** 52.0 | 12.0 | 23.1 | 54.2 | 20.3 | 44.6 | 61.4 | 70.6 | 50.8 | 11.0 | 21.6 | 28 99.6
19a | Obozisko 216 | 9.8 453 |26.0 | 23 |13.2|29.6 | 35.5 | 22.9 | 10.4 | 45.3 | 22 [106.0
19b | Malenice 19.8 | 9.4 | 475|188 | 4.7 |14.8 | 26.7 | 44.9 | 21.0 | 10.0 | 47.5 | 19 |106.0
21a | Predocinek 347 | 6.0]173|352|19.7 319|381 |471|375| 72192 |21 (1079
21b | Wolka Klwatecka 36.8| 721195 |39.0|223|33.0| 413|467 |41.0| 91 |221]|19 [1113
23a | Jozefow Szpital 30.1|16.2 | 53.6 | 246 | 54 |17.0| 41.4 | 65.6 | 33.4 | 16.6 | 49.7 | 37 |117.0
23b | Predocinek 342|168 |49.1 308 | 11.8 | 21.8 | 447|728 | 41.0 | 20.5 | 499 | 24 |1241
24a | Michatow 56.0 | 22.1 | 39.5 | 50.0 | 19.5 | 44.7 | 71.0 |100.0 | 62.0 | 22.8 | 36.7 | 11 [115.0
24b | Matgczyn Nowy 385|104 | 272|365 | 237|298 | 45.1 | 60.7 | 40.7 [ 11.3 | 27.7 | 12 |107.9
25a | Predocinek 349 | 83|238|333|202|290| 426|486 | 425 (106|249 | 23 |1215
25b | Potkandw/Zelazna 338 | 84|248|332|165| 291|374 476|320 (179|559 | 21 |1224
26a | Mysliszewice 395|178 | 451|411 | 81| 248|530 719 38.0 | 17.1| 45.1 | 23 96.0
26b | Janiszew 4411131 | 296 | 43.4 | 25.6 | 33.4 | 52.9 | 67.8 | 42.4 | 125 | 29.6 | 23 96.0
Mean 410) 115|293 | 40.3 | 19.7 | 33.0 | 485 | 656 | 44.7 | 13.6 | 31.8 | 31.8 [109.1

Min 198 | 38| 76| 188 | 23| 132|267 355|210 71| 13.8| 9.0 86.1

Max 58.9 | 22.1 | 53.6 | 59.8 | 40.3 | 50.6 | 71.0 (100.0| 81.6 [ 28.7 | 55.9 | 75.0 |151.0

NL - line number; P - the final bus stop (identifies the direction of bus traffic on the line); MBC - average daily vehicle occupancy
indicator [%]; SD - standard deviation [percentage point]; CV - coeflicient of variation [%]; Me — median [%]; Q1 - first quartile
[%]; Q3 - third quartile [%]; MC - average daily number of passengers on the bus on each line [number of people]; NC - Number
of courses (for which the measurement data was available, for some of the courses there was no full data e.g. due to a bus failure or
refusal to complete the questionnaire by the bus driver); MBN - average nominal vehicle capacity [number of people].

* the set examined was a set of average bus occupancy (in percent) on the routesof individual lines.

** the 18 line is a line that goes in a circular manner.

Source: the authors’ own material.



52 Marzenna Debowska-Mréz, Ewa Ferensztajn-Galardos, Renata Krajewska, Andrzej Rogowski

The lines number 7 and 9 are priority lines. For lines 9a and 9b, the average occupancy
is slightly higher than 47% with a range from 20% to 80%, the average number of passengers
is 53.4 and 54.9, respectively, and the capacities 113 and 116.4, respectively. The differences
between lines 9a and 9b are small, in contrast to lines 7a and 7b.

Figure 2. Average occupancy of buses on individual line routes: a - No. 7a, b - No. 7b
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Source: the authors’ own material.

Some of the smallest differences between the “there” and “back” courses are observed for
lines 19a and 19b and 2a and 2b, for which we observe the lowest average occupancy. For
line 19a 21.6% (+ 9.8 pp) and for line 19b 19.8% (+ 9.4 pp) with the coefficient of volatility
exceeding 45%. The average daily number of passengers on the bus was 22.9 persons for lines
19a and 21 for the 19b line with the average bus capacity 106. Also for line 2 there was a low
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level of average occupancy of 2a line - 28.7% (£ 12.4pp, CV =43.3%), for line 2b - 26.1%
(+ 10.4pp, CV =39.8%) with the average number of passengers 29.1 (CV =43.2%) and 26.4,
respectively. (CV =41.3%) and the average bus capacities of 101.6 and 100.7.

Figure 3. Average occupancy of buses on individual line routes: a - No. 11a, b - No. 11b
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Source: the authors’ own material.

Figures 2 and 3 present examples of the average bus occupancy schedules for individual
courses of lines 7 and 11. These charts show the variation of average occupancy rates at indi-
vidual line courses, which together with the average occupancy of a given line at the stops give
a fuller picture of the variability of occupancy (Fig. 4 and 5).’ Line 7b has the largest average

3 Although further, due to the medium operation and the lack of information and bus capacity on the course,
they do not give a full picture of the variability of capacity during the bus’s course. They also do not provide infor-
mation on the exchange of passengers, and therefore the number of passengers transported.
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occupancy of all the lines, however, compared to line 7a it has much greater variability of indi-

vidual courses (the difference in stretch marks is almost 31% with the standard deviation over

7 pp (Table 1)). Particularly large variations can be observed in the morning courses. Bus line

7b is the main transport line to the railway and bus stations and the city centre for people living

in the South. Line 11 belongs to the line with a lower vehicle occupancy (below the average,

at the level of 35.5%) despite the relatively small capacity of buses serving it (about 97). It is

also a line for which there are no significant differences between the “there” and “back” rates.

2.2. Vehicle occupancy indicator at the bus stops of individual lines (Table 2)

Table 2. Bus occupancy at the bus stops of individual lines*

NL P MBP| SD | CV | Me | Min | Q1 | Q3 | Max | MP | SD | GV | NS | MBN
1a | Potudnie 438 | 13.3 | 30.2 | 46.0 | 22.4 | 30.1 | 56.3 | 60.4 | 43.8 | 13.3 |30.2 | 22 |100.0
1b | Gotgbiow 473 | 9.6 | 202 | 459 | 328 [39.4 | 56.9 | 611 473 | 95 201 |23 [100.0
2a | Zamiynie 28.7 | 59 (207 | 30.7 | 20.3 | 21.8 | 34.1 | 36.6 |29.1 | 6.0 | 205 [ 20 |101.6
2b | Idalin 261 | 5.6 |213 284 |13.1 222|303 |339 264 | 57 |21.4 |21 [100.7
3a | Michatow 430 | 9.8 | 229 | 435|253 [39.8 | 514 |56.1 |37.2 | 8.4 | 227 | 26 86.6
3b | Idalin 495 | 15.6 | 31.6 | 52.6 | 18.2 | 48.5 | 63.3 | 65.5 | 46.7 | 14.7 | 31.6 | 24 94.6
4a | Pregdocinek 372 |17.6 | 47.4 | 38.9 | 10.7 | 25.2 | 56.0 | 61.9 |48.2 | 228 | 473 |24 [128.9
4b | Firlej Cmentarz 344|173 |50.5 | 33.8 | 9.6 [17.2 |49.0 | 59.3 |44.6 | 22.4 | 50.3 | 24 [129.3
5a | Sadkow/Lotnisko 338 | 9.2 271 355|154 |27.2 (382 [489 |321 | 8.7 |271 |28 95.0
5b | Pruszakow/Mtodocin 273 | 751|274 | 254 |16.2 [20.8 |33.7 [39.3 |25.9 | 7.1 |27.4 |27 95.0
6a | Predocinek 408 (191 | 47.0 [44.4 |10.0 | 23.5 | 58.8 | 63.6 |38.7 | 18.2 | 47.0 | 28 95.0
6b | Milejowice 440 (201 | 458 [43.8 | 14.0 | 22.8 | 58.5 | 69.3 |41.8 | 19.1 [ 456.8 | 30 95.0
7a | Potudnie 450 (11.7 | 26.1 |48.4 |27.2 | 335 |57.1 | 60.1 [66.5 |17.3 [26.1 |21 |147.3
7b | Michatow 59.0 | 85 |14.4 | 60.8 | 39.2 | 56.9 | 62.5 | 68.5 |81.6 |11.9 | 146 |22 |139.1
8a | Wosniki 431 (140 | 326 [41.3 |27.1 | 28.5 | 60.0 | 64.1 | 43.0 | 14.1 [32.8 |25 |100.0
8b | Kierzkow 441 |15.6 | 354 | 443 | 243 | 289 |60.8 | 66.3 |44.1 | 15.6 [ 354 |26 |100.0
9a | Gotgbiow 473 | 8.7 | 185 [443 | 341 | 424 | 56.8 |58.8 |53.4 | 9.7 [181 |15 [113.0
9b | Predocinek 471 (111 | 235 [ 454 | 321 | 381 |57.1 |61.9 |54.9 | 128 [233 |16 |116.4
10a | Wacyn 396 | 85 (215 (409 |229 | 348 |46.8 |50.8 [38.5 | 83 [21.7 |22 97.5
10b | Gofgbiow/Rodziny Zigtalow | 44.5 | 7.2 | 16.1 | 42.2 | 33.3 | 40.0 | 53.3 | 54.4 |418 | 6.8 | 16.4 | 24 94.6
11a | Idalin 36.4 [10.7 | 29.3 [40.4 |23.3 | 239 |45.7 |51.0 [35.0 |10.2 [29.1 | 24 97.2
11b | Golgbiow/Paderewskiego | 35.5 | 9.9 |28.0 |39.2 | 21.2 | 25.7 | 43.9 | 47.0 |34.0 | 9.6 | 28.3 | 22 96.5
12a | Potudnie 52.8 [10.0 | 18.9 [ 53.5 |36.7 |43.1 |62.3 |65.9 [80.0 |15.0 [18.8 |32 [151.0
12b | Wincentow 50.3 [11.3 | 22.4 | 541 |29.1 | 394 |60.9 |64.0 |74.8 |16.5 [ 221 |32 |148.8
13a | Jozefow Szpital 46.4 | 8.2 |17.7 |46.5 | 345 |39.0 |55.6 |57.4 | 504 | 89 [17.6 |27 |107.6
13b | Wosniki Szkota 478 | 99 |20.8 | 456 |32.7 |37.4 |56.1 |61.1 |533 (111|209 |25 |110.2
14a | Sadkow/Lotnisko 35.5 | 10.1 | 28.3 | 30.0 | 13.1 | 29.5 | 43.5 | 53.2 | 33.6 | 9.6 | 28.6 | 32 93.8
14b | Potudnie 373 | 7.3 1196 |36.8 |24.0 [33.7 |43.0 488 |35.8 | 7.0 | 19.5 | 32 95.3
15a | Kaptur 461 | 42| 91 491|387 [ 409 |50.1 [50.1 [40.7 | 3.6 | 89 | 21 87.6
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NL P MBP| SD | CV | Me | Min | Q1 | Q3 | Max | MP | SD | CV | NS | MBN
15b | Janiszpol 488 | 11| 24 |48.0 |47.7 | 477|502 |50.2 421 | 1.0 | 24 |20 86.1
16a | Gotebiow Il/Sempotowskiej | 48.4 | 9.6 | 19.8 | 50.0 | 32.2 | 41.1 | 57.2 | 61.7 |48.4 | 9.6 | 19.8 | 22 |100.0
16b | Wosniki 464 | 7.3 |15.7 |46.4 | 36.1 | 41.1 | 53.1 | 571 |46.4 | 7.3 [15.7 | 22 |100.0
17a | Potkanow/Salowa 433 | 103 | 23.7 [46.3 | 5.0 [ 352 |51.2 |53.3 |63.7 | 15.1 | 23.7 |30 [145.5
17b | Gotgbiow/Zubrzyckiego 458 | 6.6 | 145 [ 469 | 344 |37.8 |51.8 |52.4 |68.6 | 9.7 | 141 |28 [148.9
18 | Dworzec PKP** 49.4 | 15.2 | 30.7 | 56.4 | 18.6 | 39.1 | 60.4 | 70.7 | 48.2 | 15.1 | 31.2 | 35 99.6
19a | Obozisko 216 | 5.0 |232 (219 | 105 [ 20.5 | 25.4 | 29.1 | 229 | 5.3 |23.2 |15 |106.0
19b | Malenice 19.8 | 45 (229 (216 | 9.1 [18.2 |23.2 | 245 |21.0 | 4.9 | 233 |16 |106.0
21a | Predocinek 347 | 17.6 | 50.9 [ 405 |11.9 [ 18.2 | 51.4 |59.0 | 37.5 | 19.1 | 50.8 | 31 [107.9
21b | Wolka Klwatecka 36.8 | 18.2 | 495 [36.3 | 89 | 241 |54.2 | 642 |41.0 | 20.3 | 496 |30 [111.3
23a | Jozefow Szpital 301 | 85 (282 (31.0|17.8 225|378 |41.4 |334 | 9.0 |268 |25 |[117.0
23b | Predocinek 342 | 711|208 |371 [17.6 | 30.0 | 40.2 |41.5 |41.0 | 82 [19.9 |25 |124.1
24a | Michatow 549 | 6.1 | 111 [57.0 |39.0 529 |59.1 |63.2 |621 | 7.6 |[122 |30 |[115.0
24b | Mateczyn Nowy 370 | 81 |218 (383|243 333|450 |46.7 393 | 9.0 |228 |29 [107.9
25a | Predocingk 316 |16.5 | 521 [29.6 | 5.0 [19.3 | 49.8 |53.7 | 38.4 | 20.0 |52.2 |25 (1215
25b | Potkandw/Zelazna 31.0 |17.3 | 558 [26.2 | 129 | 15.7 | 45.2 | 58.6 |30.2 | 15.6 | 51.7 |23 [1224
26a | Mysliszewice 395 | 11,5 | 29.2 [ 43.7 | 25.0 | 28.6 | 49.2 | 56.7 | 38.0 | 11.1 | 29.2 | 27 96.0
26b | Janiszew 43.1 | 10.7 | 24.8 | 51.7 | 26.4 | 35.2 | 52.3 | 53.3 |41.4 | 10.3 | 24.8 | 27 96.0

Mean 406 (106 | 27.1 |41.7 | 23.1 |32.2 | 50.2 | 54.8 | 44.4 | 11.5 | 27.0 | 25.0 |109.1

Min 198 | 11| 24 (216 | 50 |15.7 | 232 [245 210 | 1.0 | 24 | 150 | 86.1

Max 59.0 | 20.1 | 55.8 [ 60.8 | 47.7 | 56.9 | 63.3 | 70.7 | 81.6 | 22.8 | 52.2 | 35.0 [151.0

NL - line number; P - the final bus stop (identifies the direction of the bus traffic on the line); MBP - the average daily vehicle
occupancy indicator at the bus stop of each bus line [%]; SD - standard deviation [percentage point]; CV - coeflicient of variation
[%]; Me — median [%]; Q1 - first quartile [%]; Q3 - third quartile [%]; MP - the average daily number of passengers at bus stops
on each bus line [number of people]; NS - Number of stops (it is the maximum number of line stops, for some courses it may
be smaller - shortened/extended course, exit to the base, departure from the base); MBN - the average nominal vehicle capacity
[number of people].

* the set checked was a set of the average bus occupancy (in percent) of the lines at individual bus stops.

** the 18 line is a line that goes in a circular manner.

Source: the authors’ own material.

Reference should be made to the average vehicle occupancy per line course, when we
analyse the average bus occupancy at individual bus stops of each line (Table 1). It is obvious
that the average capacity of buses in Tab. 1 and 2 are identical, also the average bus occupancy
for individual lines in these tables (MBP and MBC columns, respectively) show the differences
that can be considered insignificant (in 6 cases it exceeds 1pp, including 4 cases 2 pp, the
biggest difference for the line 25a is 3.3 pp). This is due to the differences in the number of
stops (route length) on individual line routes. Also the differences in the average number of
passengers are not significant (columns MC and MP, the largest for lines 25a, 25b, 18, 14b-4.1,
1.8, 1.6 and 2.3, respectively). However, the differences are important in the case of position
statistics and measures of dispersion.

Among the four lines in which the occupancy exceeds 50%, three are the same lines as
in the case of the occupancy on the routes — No. 7b, 12a and 24a, additionally on line 12b
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the level of 50% has also been exceeded (in Table 1 this value is 49, 6%). For line No. 18, the
occupancy is 49.4% (in Table 2-52%). In the case of line No. 12, the differences between lines
12a and 12b are small, only the larger differences are: the minimum occupancy - 36.7% and
29.1%, respectively; Q1-43.9% and 39.4% and the number of passengers — 80 and 74.8). Sim-
ilarly, as before, the differences between lines 7a and 7b and 24a and 24b are very clear and
these are basically the only lines for which significant differences are observed (only for lines
No.3 and 5 a difference of 6.5 pp of the average occupancy and 9.6 pp maximum occupancy
on the buses can be considered as significant).

The largest average occupancy of the buses at individual stops of a given line was the
highest on the route of line No. 7b and amounted to 59%. The minimum average occupancy
at stops during the day on this line was 39.2%, the median 60.8% and the maximum 68.5%
(in Table 1 it was 23.2% and 86.8%, respectively) and the coefficient of variation 14.4%. The
occupancy of the buses at stops of this line within a day differed on average by 8.5 percentage
points from the average bus occupancy at individual stops within 24 hours and 75% of buses
operated with the average occupancy of at least 56.9%. Buses transported on average 82 people
(in table 2 this value is 81.6).

A much lower level of the average occupancy at stops was on line No. 7a. The average
daily occupancy at bus stops was 45%, and the average number of people traveling on the
bus at individual stops was 67. The maximum average occupancy per day was 60.1%, and the
minimum 27.2%.

The second largest level of the average bus occupancy at individual stops was recorded
on line No. 24a equal to 54.9%, with the minimum average bus occupancy equal to 39% and
the maximum of 63.2%, and the coefficient of variation 11.1%. At least half of the buses at
individual stops of line 24a were filled in 57% and 75% at least in 52.9%. The average daily
number of passengers on the bus at the stop of this line was 62 people with the average nom-
inal vehicle capacity of 115 people. It is significant that for line 24b (the opposite direction
to 24a) the average daily occupancy at stops was lower by as much as 17.9 pp (34.2%) and the
number of passengers by nearly 23 people (39.3).

The smallest average level of bus occupancy at individual stops was recorded on the routes
of lines 19b — 19.8% and 19a - 21.6%. Comparing the data from Tab. 2 and Tab. 1 it is noted
that a significant difference in the value of the parameters occurs for the coefficient of varia-
tion for both the occupancy and the number of passengers — for bus occupancy at stops it is
twice less than for bus occupancy for courses. The same situation occurs for lines No. 2a and
2b (only the average bus occupancy for these lines is less than 30%).

Figure 4 presents the data on the average bus occupancy at individual stops of the No. 7
line. The chart clearly shows a smaller variation in the case of line No. 7b, which is practically
on a constant level and amounts to 60%, which increases slightly for stops in the city centre
(including the railway station) and visibly falls for the three final stops at the Michatéw estate
(one of the largest residential areas of Radom and having a significant number of alterna-
tive connections, including those running along the same route - from the Chrobrego/
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Mierzejewskiego stop). In the case of line 7a, the variation is very clear and the occupancy
increases significantly in the middle part of the line running through the broad centre of
Radom. It is probably important to note that the Chrobrego/Czysta stop is located at the largest
shopping centre in Radom, and the Wierzbicka/Czarnoleska stop is a “node” stop located by
the branching of the access roads to two parts of the South estate (significantly apart from
each other, more than a dozen thousand residents live in each of them).

Figure 4. Average occupancy of buses at individual bus stops: a - No. 7a, b - No. 7b

70%
60%
50%
40%
30%
20%
10%

Source: the authors’ own material.

The average occupancy of public transport buses at individual stops of lines No. 11a and
11b is shown in Figure 5. As in the case of Fig. 3, it can be assumed that the distribution of
occupancy is identical.
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Figure 5. Average occupancy of buses at individual bus stops: a—No. 11a, b - No. 11b
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Source: the authors’ own material.

3.The use of means of public transport by the inhabitants of
Radom based on the surveys in households

A survey was conducted among households in Radom as part of the project [Ciszewski T.,
et al., 2014], which was aimed at obtaining information on the mobility of the inhabitants
of Radom and the surrounding area. The respondents indicated all journeys made on the
working day preceding the day of the survey, in the so-called “travel diary”. The study involved
people over 12 years of age. The surveys were conducted in 1747 households in Radom (out
of 70 615 existing), receiving answers from 2913 respondents (1635 women and 1278 men).
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Drawing of proportional layered households (the layer was made up of households with 1, 2,
3, 4, 5+ household members). There were 186 987 people over the age of 13 (99,822 women,
87,005 men) in Radom (according to the database of the Universal Electronic System of Pop-
ulation Register (PESEL)). The surveyed households were inhabited by a total of 5,187 people,
of whom 46.53% were men, and 53.47% were women.

A resident of Radom most often traveled by car as a driver, on foot and by public trans-
port. Estimated on the basis of the surveys, the average mobility of Radom’s residents over
13 years old was at the level of 2.782 trips made by one person during the day and the total
number of journeys amounted to 520.2 thousand. These values in the case of public transport
are respectively 0.659 and 123.3 thousand (Table 3).

About 25% of Radom’s residents use public transport (Table 3), with very big differences
due to the gender and age of the inhabitants. A definitely higher percentage of women use
public transport than men (a difference of over 14pp) in each age category. A particularly
large difference occurs in the category of 45-59 years (nearly 25 pp) and 13-17 years (nearly
21pp). While it could have been expected that there would be a high rate of travel made by
public transport among young people, the fact that only 13% of men aged 45-59 use public
transport is a surprise. The consequence of this is that the average daily number of trips by
public transport carried out by a female resident of Radom is 0.812 and by a male inhabitant
is 0.483; women make 81 thousand daily trips and men 42 thousand.*The survey included
complex journeys, i.e. carried out with at least two means of transport.® In the case of public
transport, the percentage of composite trips amounted to 34.9%. Let us note that the highest
was in the group of people aged 45-59, both among men and women. It draws attention to the
fact that it was the lowest among women aged 13-17 years, at the same time in this group is
the highest proportion using public transport.

Table 3. The percentage of the respondents [%] traveling by public transport based
on real journeys

Women Men Women+Men
13-17 | 18-44 | 45-59 | 60+ |Together|13-17 | 18-44 | 45-59 | 60+ |Together|13-17 | 18-44|45-59 | 60+ |Together
59.38 | 29.67 | 37.60 | 37.68 | 34.76 |38.57 | 20.06 | 12.92 | 23.95 | 20.36 |48.51 | 25.17 | 27.49 | 32.35 | 28.44
1.234 | 0.660 | 0.865 | 0.906 | 0.812 | 0.771 | 0.496 | 0.324 | 0.540 | 0.483 | 0.997 | 0.577 | 0.615 | 0.763 | 0.659
5969 | 26867 | 19972 | 28399 | 81207 | 3937 | 20888 | 6387 | 10837 | 42049 | 9907 | 4775526358 | 39235 | 123256
20.25 | 32.48 | 40.41 | 33.60 | 33.92 | 29.63 | 33.83 | 51.14 | 36.62 | 36.79 | 23.98 | 33.07 | 43.01 | 34.43 | 34.90

Sl | | —

1 - percentage of the respondents who travel by public transport based on real travel [%]; 2 - average daily number of journeys made
by public transport of an inhabitant of Radom [number of trips/person]; 3 — estimated daily number of journeys made by public
transport; 4 — percentage of journeys made by public transport as part of a combined journey (at least two means of transport).

Source: the authors’ own material.

4 Ttis almost twice as much, although the ratio of the average daily number of trips made respectively by women
and men is 1.68. - this is due to the fact that thre are nearly 13,000. more women than men.

5 The walk was treated as a ‘transport. The trip is one journey in the statistics, although when determining
the number of journeys, the given means of transport was included in the journey for each of the used means of
transport.
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Travel motivations of the residents of Radom in the questionnaire studies were analysed.
Eight source/destination motivations were distinguished:
House: place of residence;
Work: place of starting work;
Education: schools, colleges, place of courses, training;
Shopping and services: to a kiosk, shop, shopping centre;
Recreation and entertainment: for doing sports, to the cinema and restaurants;
Business matters: all trips made as part of work;
Offices, hospitals, clinics, banks, courts: performed not as part of work;

N

Other purposes: e.g. go to collect someone, drive someone.
The tables present the average daily number of journeys by public transport according
to the source of journey (Table 4) and destination (Table 5).

Table 4. Average daily number of journeys of the inhabitants of Radom and the share of [%]
journey according to the beginning of the journey carried out by public transport
based on real journeys

Share v Share v Share v Share Share Share Share Share
[%] [%] [%] [%] [%] [%] [%] [%]

Women Women Women Women Men Men Men Men
13-17 years | 18-44 years | 45-59 years | 60+ years | 13-17 years | 18-44 years | 45-59 years | 60+ years

0.625 | 50.63 | 0.312 | 47.33 | 0.401 | 46.31 | 0.428 | 47.20 | 0.386 | 50.00 | 0.229 | 46.11 | 0.151 | 46.59 | 0.270 | 50.00
0.000 | 0.00|0.112|17.03 | 0.181|20.94 | 0.017 | 1.87 | 0.000 | 0.00 | 0.053 | 10.78 | 0.077 | 23.86 | 0.030 | 5.63
0.250 (20.25 | 0.061 | 9.31 | 0.003 | 0.29 | 0.000 | 0.00 | 0.229 | 29.63 | 0.067 | 13.47 | 0.000 | 0.00 | 0.000 | 0.00
0.141(11.39 | 0.068 | 10.30 | 0.115|13.27 | 0.152 | 16.80 | 0.043 | 5.56 | 0.030 | 5.99 | 0.015| 4.55 | 0.061|11.27
0.109 | 8.86 |0.038 | 574 |0.026 | 2.95|0.027 | 2.93 |0.100 | 12.96 | 0.046 | 9.28 | 0.011 | 3.41 [ 0.019| 3.52
0.000 | 0.00 {0.014| 2.18 |0.015| 1.77|{0.000 | 0.00 | 0.000 | 0.00 | 0.003 | 0.60 { 0.000| 0.00 | 0.004 | 0.70
0.016| 1.27 {0.021| 3.17 | 0.064 | 7.37 | 0.138 | 15.20 | 0.000 | 0.00 | 0.012 | 2.40 | 0.040 | 12.50 | 0.080 | 14.79
0.094 | 7.59 (0.033| 4.95|0.061| 7.08|{0.145|16.00 | 0.014 | 1.85 | 0.056 | 11.38 | 0.029 | 9.09 | 0.076 | 14.08
1.234| 100 | 0.660 | 100 |0.865| 100 |0.906 | 100 |0.771 | 100 |0.496 | 100 |0.324 | 100 |0.540| 100

W+M W+M W+M W+M W13+ M 13+ W+M 13+
13-17 years | 18-44 years | 45-59 years | 60+ years years years years

0.502 | 50.38 | 0.270 | 46.79 | 0.285 | 46.38 | 0.366 | 47.97 | 0.384 |47.28 | 0.230 | 46.11 | 0.312 | 47.37
0.000 | 0.00 |0.082|14.30 [ 0.133|21.65 | 0.022 | 2.91 | 0.093 | 11.44 | 0.050 | 10.78 | 0.073 | 11.09
0.239 {23.98 | 0.064 | 11.13 [ 0.001 | 0.22 | 0.000 | 0.00 | 0.038 | 4.64 | 0.046 | 13.47 | 0.041| 6.29
0.090 | 9.07 [0.049| 8.41]0.069|11.16 |0.117 |15.27 | 0.109 [ 13.38 | 0.034 | 5.99 | 0.074 | 11.24
0.10510.49 [ 0.042 | 7.29 | 0.019| 3.06 | 0.024 | 3.10 | 0.035| 4.30 | 0.035| 9.28 [ 0.035| 5.31
0.000 | 0.00 {0.009 | 1.49 {0.008| 1.34 |0.001 | 0.19{0.009 | 1.16 |0.002 | 0.60 | 0.006 | 0.92
0.008 | 0.76 | 0.016 | 2.83 | 0.053 | 8.62 |0.115|15.09 | 0.067 | 8.27 |0.033 | 2.40 | 0.051 | 7.80
0.053 | 5.31(0.045| 7.76 | 0.047 | 7.57 | 0.118 | 15.47 | 0.077 | 9.53 | 0.052 | 11.38 | 0.066 | 9.98
0.997 | 100 [0.577| 100 |0.615| 100 |0.763 | 100 |0.794 | 100 |0.483 | 100 |0.659 | 100

B| A

O INoojlo|D|lwW|IN|—

O | N[l |wW( N —

B - the beginning of the journey, A - average number of journeys

Source: the authors’ own material.
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A vast majority of journeys made by the residents of Radom began at their place of res-
idence (1) - 47.37%, and over 11% from the workplace (insignificant differences between
the sexes and age groups). The significant differences between the sexes occur in the case of
returning from shopping (4) and offices and hospitals (7) - the prevalence of women, while
the large preponderance of men - from school (3) and recreation and entertainment (5).
Taking into account the age groups and gender, we notice significant differences — some of them
are natural for example: school-age people travel to school and do not go to work and do not travel
for business purposes, on the contrary to the people of working age. It is also natural to observe
a large share of people over 60 in returning from hospitals and outpatient clinics (7) and negli-
gible business matters (6), but it is striking to have a large share in position (8) - other purposes.
On the basis of the research, it is also possible to analyse the destinations of Radom’s inhab-
itants in various age groups (Table 5).

Table 5. Average daily number of journeys of the inhabitants of Radom and the share of [%]
journeys according to the destination of the journey carried out by public transport
based on real journeys

Dl A S[ho/a;l]re v S[h(;:]re v S[h(ya;l]re v S[h(ya;l]re A S[h(ya;l]re v S[h(ya;l]re v S[h(ya:]re v S[h(ya:]re
Women Women Women Women Men Men Men Men
13-17 years | 18-44 years | 45-59 years | 60+ years | 13-17 years | 18-44 years | 45-59 years | 60+ years
110.594 |48.10 | 0.288 | 43.56 | 0.395 | 45.72 | 0.418 | 46.13 | 0.386 | 50.00 | 0.229 | 46.11 | 0.154 | 47.73 | 0.236 | 43.66
2 (0.000 | 0.00 |0.135|20.40 | 0.189 | 21.83 | 0.022 | 2.40 | 0.000 | 0.00 |0.056 |11.38 | 0.063 [19.32 | 0.038 | 7.04
3 10.297 | 24.05 | 0.061 | 9.31 | 0.005 | 0.59 | 0.000 | 0.00 | 0.243 |31.48 | 0.070 | 14.07 | 0.000 | 0.00 | 0.000 | 0.00
4 10.156 |12.66 | 0.067 | 10.10 | 0.105 | 12.09 | 0.157 | 17.33 | 0.029 | 3.70 | 0.028 | 5.69 | 0.011 | 3.41 | 0.068 | 12.68
5 (0.094 | 759 [ 0.039 | 594 |0.036 | 413 |0.029 | 3.20 | 0.100 | 12.96 | 0.052 | 10.48 | 0.015 | 4.55 | 0.019 | 3.52
6 | 0.000 | 0.00 | 0.008| 1.19 |0.013 | 1.47 | 0.000 | 0.00 | 0.000| 0.00 | 0.000 | 0.00 |0.011 | 3.41 | 0.004 | 0.70
710016 | 1.27 | 0.026 | 3.96 | 0.066 | 7.67 | 0.135|14.93 | 0.000 | 0.00 | 0.012 | 2.40 | 0.037 | 11.36 | 0.091 | 16.90
8 [ 0.078 | 6.33 | 0.037 | 5.54 | 0.056 | 6.49 | 0.145|16.00 | 0.014 | 1.85 | 0.049 | 9.88 | 0.033 | 10.23 | 0.084 | 15.49
1.234 | 100 |[0.660 | 100 |0.865| 100 |[0.906 | 100 |0.771| 100 |0.496 | 100 |0.324| 100 | 0.540 | 100

W+M W+M W+M W+M W13+ M 13+ W+M 13+
13-17 years | 18-44 years | 45-59 years | 60+ years years years years
1 |0.487 | 48.86 | 0.258 | 44.68 | 0.284 | 46.21 | 0.347 | 45.45 | 0.368 | 45.33 | 0.223 | 46.09 | 0.300 | 45.59
2 | 0.000 | 0.00 | 0.095|16.45|0.131 |21.22 | 0.028 | 3.68 | 0.105 | 12.96 | 0.050 | 10.40 | 0.080 | 12.08
3 /0.269 |27.00 | 0.066 |11.39 | 0.003 | 0.45 | 0.000 | 0.00 | 0.041| 4.99 | 0.048 | 9.94 | 0.044 | 6.68
4 10.091| 9.10 | 0.047 | 8.17 | 0.061 | 9.99 | 0.122 | 16.05 | 0.108 | 13.31 | 0.034 | 6.96 | 0.073 [11.14
510.097 | 9.73 | 0.046 | 7.93 | 0.026 | 4.23 | 0.025| 3.29 | 0.038 | 4.66 | 0.039 | 8.02 | 0.038 | 5.80
6 | 0.000 | 0.00 | 0.004 | 0.67 |0.012| 1.94 | 0.001 | 0.19 | 0.006 | 0.76 | 0.003 | 0.70 | 0.005 | 0.74
7 10.008 | 0.76 | 0.019 | 3.28 | 0.053 | 8.56 | 0.118 | 15.48 | 0.069 | 8.51 | 0.035 | 7.27 | 0.053 | 8.09
8 10045 | 455 |0.043| 7.44 |1 0.046 | 7.40 | 0.121|15.86 | 0.077 | 9.49 | 0.051 |10.63 | 0.065 | 9.88
0.997 | 100 |0.577 | 100 |0.615| 100 |0.763 | 100 |0.812| 100 |0.483| 100 |0.659| 100

D - destination, A - average number of journeys

Source: the authors’ own material.
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The day before the survey, the main destination of the journey by public transport of the
inhabitants of Radom was their house — 45.59%, then it was work 12.80%. Note that these values
differ by about 2 pp from the values in Table 4 — an important destination of travel from work
is a different goal than home, also part of the journey to work does not take place from home.

Another motivation for the inhabitants of Radom to travel by bus was shopping and various
services, accounting for 11.14% of all the trips. Another destination: go to collect somebody or
drive someone (8) accounted for 9.88% of all the trips, while journeys to offices and hospitals
accounted for 8.09% of all the journeys recorded.

Table 6 contains selected destinations and their share in the number of trips by public
transport carried out by women. In the group of women aged 18-44, only for the home-
work trips, the average daily number of trips exceeds 0.1 and the same situation occurs if we
do not include the age. In the 13-17 age group, we have five such destinations (in total over
76% of the journeys), for 45-59 years of age — 3 destinations (50.1%) and for over 60 years
of age - six destinations (83.5%). Theoretically there were 64 relations. In the case of men,
only in the 13-17 age group there was a situation where the average daily number of trips
by public transport was not less than 0.1 trips. These were home-education, education-home
and entertainment-home destinations, accounting for 74.1% of all the journeys. Taking into
account the age groups but not distinguishing between sexes in the group of 13-18 years of
age, three destinations (house-education, education-house, shopping-house, 61.5%) meet the
condition “the average daily number of trips by public transport was not less than 0.1 trip’,
in the 45-59 age group - two destinations (house-work, work-home, 38.4%), in the age group
over 60 years of age — four destinations (56.2%).

Table 6. Average daily number of journeys by public transport and the share [%] in direct trips
carried out by women in individual age groups based on real journeys*

. 13-17 years 18-44 years 45-59 years 60+ years 13+ years
Relations

X y X y X y X y X y
1-3 | Home — Education 0.297 | 24.1% | 0.059 | 8.9% | 0.005 | 0.6% | 0.000 | 0.0% | 0.040 | 5.1%
1-4 | Home — Shopping 0.141 | 11.4% | 0.039 | 59% | 0.071 | 83% | 0.126 | 13.9% | 0.073 | 9.2%
3-1 | Education— Home 0.250 | 20.3% | 0.047 | 7.1% | 0.003 | 0.3% | 0.000 | 0.0% | 0.032 | 4.1%
4-1 | Shopping — Home 0.141 | 11.4% | 0.060 | 9.1% | 0.105 | 12.1% | 0.138 | 15.2% | 0.094 | 11.8%
5-1 | Recreation — Home 0.109 | 8.9% | 0.037 | 55% | 0.020 | 2.4% | 0.027 | 2.9% | 0.033 | 4.2%
1-2 | Home — Work 0.000 0.0% | 0.124 | 18.8% | 0.179 | 20.6% | 0.022 2.4% | 0.106 | 13.4%
2-1 | Work — Home 0.000 | 0.0% | 0.094 | 14.3% | 0.151 | 17.4% | 0.017 | 1.9% | 0.084 | 10.6%
1-7 | Home - Offices/ hospitals | 0.016 | 1.3% | 0.021 | 3.2% | 0.056 | 6.5% | 0.118 | 13.1% | 0.054 | 6.8%
1-8 | Home — Otherpurposes 0.078 | 6.3% | 0.031 | 4.8% | 0.048 | 5.6% | 0.138 | 15.2% | 0.064 | 8.1%
7-1 | Offices/hospitals —Home | 0.016 | 1.3% | 0.016 | 2.4% | 0.056 | 6.5% | 0.109 | 12.0% | 0.049 | 6.2%
8-1 | Otherpurposes — Home 0.078 | 6.3% | 0.026 | 4.0% | 0.048 | 5.6% | 0.128 | 14.1% | 0.059 | 7.5%

x — average daily number of journeys, y - travel share in the journeys in a given age group
* Consider only these trips in which even in one group the average daily number of trips is not less than 0.1.

Source: the authors’ own material.
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Men not only used public transport less frequently, but also the number of motivations
for traveling (source-destination) is much smaller than for women (Table 8). Please note that
among 64 motivations,® the respondents indicated only 45 motivations - women 43, men
34; so men pointed out two motivations that did not occur among women: recreation-work,

shopping-recreation.

Table 7. Average daily number of journeys by public transport and the share [%] in the direct
trips carried out by a) men, b) men and women in individual age groups based on real

journeys*
M W+M W+M W+M

Relations 13-17 years Relations 13-17 years 45-59 years 60+ years

X y X y X y X y
Home - Education 0.243 | 31.5% | Home - Education 0.269 | 27.0% | 0.003 | 0.4% | 0.000 | 0.0%
Education— Home 0.229 | 29.6% | Education- Home 0.239 | 24.0% | 0.001 0.2% | 0.000 | 0.0%
Receation — Home 0.100 | 13.0% | Shopping — Home 0.105 | 10.5% | 0.061 | 10.5% | 0.105 | 13.7%
Home — Work 0.000 | 0.0% | 0.125 | 20.3% | 0.025 | 3.3%
Work — Home 0.000 0.0% | 0.112 | 18.1% | 0.021 2.7%
Home - Otherpurposes 0.008 | 0.8% | 0.038 | 6.2% | 0.106 | 13.9%
Offices/Hospital — Home 0.008 0.8% | 0.049 79% | 0114 | 14.9%
Otherpurposes — Home 0.045 45% | 0.038 6.2% | 0105 | 13.7%

x — average daily number of journeys, y - travel share in the journeys in a given age group
* Consider only these trips in which, in one group (separately for men and separately for men and women), the average daily
number of trips is not less than 0.1. In the non-existent groups there were no trips that met this condition.

Source: the authors’ own material.

Table 8. Number of source-destinations in journeys by means of public transport in particular
age groups, including gender

Women Men Women + Men
13-17| 18-44 | 45-59 | 60+ | Together | 13-17 | 18-44 | 45-59 | 60+ | Together | 13-17 | 18-44 | 45-59 | 60+ | Together
11 36 31 19 43 8 29 16 17 34 11 42 31 23 45

Source: the authors’ own material.

4. Summary

An efficient transport system that requires rational separation of transport tasks is impor-
tant from the point of view of efficient functioning of urban agglomerations. The most difficult
task for carriers is to change transport preferences of residents and increase the share of public
transport journeys in cities. The share of trips with the use of public transport accounts for
only 23.7% of all the journeys in Radom (even less, because only 18.2% — 94.6 thousand if we

6 In this type (x) - (x); there was no home-house or work-work trip among this type of trips.
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do not include combined journeys, when the bus was not the primary means of transport).
This percentage is very low compared to Warsaw. Only 28.4% of the travelers (real journeys)
used public transport in any form. At the same time, as much as 29% of Radom’s residents
(36.8% men and 22.2% women) declare not using public transport at all (even sporadically).
Considering these aspects, a relatively high general assessment of public transport is puzzling
(in the same studies), which on a scale of 1 to 10 is 6.24 points. However, in terms of comfort,
security, adjustment to the needs of disabled people and the functionality of transfer nodes’
is at the level of 5.5 points. One justification is the fact that more than 84% of the travelers,
when choosing a means of transport, are guided primarily by the duration of their journey.
Public transport in Radom is based exclusively on bus transport organized by MZDiK. There
is no city rail transport or private transport with minibuses in Radom. The concepts of tram-
way transport (promoted by Professor Michat Kelles-Krauza or now by the Radom “Bicycle
Brotherhood”) have no chance of being realized, not only for financial reasons. Based on the
same surveys, it was estimated that only 47.4% of the residents believe that tram lines would
improve the quality of public transport, but at the same time more than 70% believe that
high-priority routes for buses would improve such quality. However, it is problematic to assess
what the respondents understood through high priority routes in the latter case.

The assessment of the effectiveness of the method used to measure the occupancy of public
transport vehicles is difficult due to the lack of other (parallel) tests enabling the comparison
of the results. An unquestionable advantage is the low cost of testing and the possibility of
continuous measurement — completion of the questionnaire could be included in the scope
of the responsibilities of drivers and the process of entering data should be automated. The
disadvantage, as in many other methods, is the human factor - the subjectivity of the assess-
ment, the significance of which will be lower and lower with the acquisition of experience by
drivers. Difficult to assess is the fact that the fear of drivers that too low occupancy will result
in the liquidation of lines and the loss of jobs (and such fears were put forward by the drivers
in the interviews with the interviewers) affect the falsification of the assessment.This method
is not effective for the assessment of the exchange of the number of passengers at bus stops.
Although it is important to know that at certain stops and routes there is a total exchange of
passengers and information on situations in which passengers who have not found a place
on the bus remain at bus stops.

Bus lines are relatively long — a vast majority have more than 20 stops in Radom (Table 2).
The vehicles’ occupation and the number of passengers at the first stops are low and significantly
increase in the middle parts of the routes — within the city centre. At the same time there are
so-called transport bundles (doubling of the lines) and almost no interchanges. Perhaps the
solution that would increase the efficiency and attractiveness of public transport would be the
creation of interchange nodes on the outskirts of the very centre and the service of peripheral
stops with buses of small capacity, and in the centre — with high capacity buses. However,

7 Accessibility assessment at the level of 6.4 points it is in some contradiction with this.
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this would have to do with the provision of time tickets with the time not less than the travel

time of the longest (in terms of travel time) lines and the price not higher than a single-ticket.
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