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Abstract:

The Covid-19 pandemic impact all public spheres of city inhabitants' lives, also changed the conditions of traveling by
public transport, especially in the field of personal passenger safety. The introduced limits on people in public transport
vehicles and the need to maintain social distancing or cover the mouth and nose in a public transport vehicle - for various
reasons - have been met with different understanding by users. The question then arose: are passengers actually complying
with the rules of the pandemic when traveling by tram or bus? The paper attempts to assess the behavior of passengers,
based on the opinions of people who observe these behaviors in their daily work, driving public transport vehicles. For this
purpose, a survey was carried out among bus and tram drivers of the main public transport operator in Krakow. On the
basis of 334 fulfilled questionnaires, it was found that - according to the drivers - passengers often quite freely approach
the limits of people in vehicles, and often do not respect the social distancing, especially when alighting and boarding.
However, what is optimistic, the drivers highly assessed their own safety when performing their official duties - which is
extremely important in the context of ensuring the continuity of public transport during a pandemic. Only 10% of drivers
considered that the current solutions to protect passengers (and drivers themselves) are sufficient, therefore they called for
an increase in the scope of protective measures: an increase in the number of public transport courses (to keep existing
passengers), the obligatory use of protective masks (instead of ineffective loosely obligation to cover the face and nose), or
the introduction of closed driver cabins in buses (as in trams). The obtained research results are of a cognitive nature, they
can be a supplement to the travel studies at this specific time. They can also provide support in taking action in the case of
a return of the Covid-19 pandemic or similar incidents in the future.
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1. Introduction

The impact of a Covid-19 pandemic faced by coun-
tries, regions, and cities varies widely, as well as the
interventions taken to protect the citizens, as is being
shown by World Health Organization reports
(WHO, 2020-2021). The greatest problems have
been observed in urbanized areas because of the
highest population density, and it is in these areas
that there is the greatest risk of virus transmission.
Already the first phase of the Covid-19 pandemic
has transformed cities around the world in many as-
pects. First of all, it hit the social sphere of human
life (Van Bavel et al., 2020). It quickly turned out,
that one of the fastest and most effective methods of
stopping spreading the new virus is limiting direct,
interpersonal contacts (Morita, Kato & Hayashi,
2020). All solutions increasing the use of the scarce
space in cities (e.g. multi-family housing, public
transport), as well as solutions supporting the
maintenance of social and cultural bonds (e.g. recre-
ation places, shopping centers, restaurants,
churches) were impugned. The Covid-19 pandemic
has raised many questions about the further devel-
opment of cities around the world (Budd & Ison,
2020), (Dong et al., 2021). Suddenly, it turned out
that most offices, schools, universities and various
offices changed their working mode to fully or at
least partially remote. Everyday citizens' habits have
changed: the daily activity of the inhabitants has de-
creased, and the delivery of goods directly to their
homes has gained in popularity. Many aspects of life
have moved to the virtual world, which must have
resulted in a reduction in the number of daily jour-
neys (Tirachini, 2020).

The reduction in the number of journeys resulted in
an at least temporary change in the priorities of the
users of the transport system. Travel time, generally
regarded as one of the most important criteria for as-
sessing travel (Kolawole Ojo, 2017), as well as the
comfort, cost of travel or level of passenger infor-
mation (Wiecek at al., 2019) - have given way to
travel safety, in the category of personal safety, that
has often been somewhat neglected regarding to the
comparison to road safety. Securing daily transport
system users against infection turned out to be the
most crucial transportation problem.

This applies in particular to public transport (Zhang,
Hayashi, Lawrence & Frank, 2021), which in ordi-
nary, undisturbed pandemic operating conditions is
characterized by the highest efficiency among all

types of transport used in cities, among others due to
high person capacity. This capacity results from the
possibility of carrying a large number of people us-
ing a relatively small number of vehicles, which,
however, is associated with the presence of passen-
ger crowd at stops and especially in public transport
vehicles. Under ordinary operating conditions, the
acceptable level of comfort in a vehicle usually does
not exceed 4 people on 1 m? of standing area (lbarra-
Rojas, 2015) — so each passenger has 0.25 m? at their
disposal. This value can vary depending on passen-
ger load factor and in-vehicle time (Shen, Feng, Li
at al., 2016).

Meanwhile, one of the fastest and most common re-
strictions during a Covid-19 pandemic was the intro-
duction of passenger limits in public transport vehi-
cles. In Poland, in the initial phase of the pandemic,
it was limited to only half of the number of seats in
the vehicle (Regulation of the Minister of Health No.
522, 2020). At that time - depending on the type of
vehicle - the passenger had at his disposal from 1.3
(midi-bus) to even 5.5 m? of vehicle surface (large-
capacity tram). While maintaining such strict limits
turned out to be a big challenge for the organizers of
public transport in Polish cities. Further increasing
the limit of people in vehicles to 30% of total capac-
ity (seats + standing places) of the vehicle improved
the situation only slightly.

2. Obijectives of the paper

Since the beginning of the Covid-19 pandemic, the
world of science became keenly interested in new
problems. In the Google Scholar database, on Au-
gust 2, 2020, more than 51,000 scientific publica-
tions, to a greater or lesser extent devoted to Covid-
19, were already available. Much of them deals with
medical aspects (Kanggi et al., 2020)(Fotios and
Makridakis, 2020), but a lot of work has been done
on economic and social aspects of Covid-19 (Bald-
win & Weder di Mauro, 2020), ( Nicola et al., 2020).
Some publications are devoted to transport, but more
in relation to the transport of patients (e.g.: Coccolini
et al., 2020), than in terms of travel during pan-
demic.

Relatively small research has been devoted to the
topic of daily travelling during Covid-19 pandemic
- although significant decrease in mobility is one of
the most visible pandemic effects (Kraemer et al.,
2020)(De Vos, 2020)( Oum & Wang, 2020),
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(Giancarlos, Taniguchi & Takami, 2020). The ma-
jority of the research results conducted during
Covid-19 - which is fully understandable — concerns
the behaviors of users of the transport system, de-
clared by themselves. The results of these studies in-
dicate lower number of travels in comparison to the
before Covid-19 level and above-standard growth
the share of car and bicycle travels, with a simulta-
neous decrease in the share of public transport.

The aim of this paper is to evaluate the behavior of
public transport passengers from the point of view
of the drivers of these vehicles. This assessment ex-
presses the drivers' view on the behavior of passen-
gers in vehicles and includes the degree of compli-
ance with the introduced restrictions - during both
stop-to-stop sections running, as well as during the
passengers exchange at stops. It also takes into ac-
count the assessment of the effectiveness of the in-
troduced restrictions and the drivers' own sugges-
tions on other possible solutions. Research among
public transport vehicle drivers on the behavior of
people during the Covid-19 pandemic is the only re-
search of this type carried out in Poland, so far.
According to the authors' intention, the results of the
research - apart from their cognitive value - may be
useful in introducing and modifying solutions ena-
bling safe daily travelling both during the still pre-
sent Covid-19 pandemic, as well as in the case of the
possible emergence of similar circumstances in the
future.

3. The scope of restrictions introduced on pub-
lic transport in Poland regarding to the
Covid-19 pandemic

The first Polish legal act regulating the rules of the

functioning of the society during the Covid-19 pan-

demic was issued on March 2, 2020 in the form of
an act on special solutions related to the prevention,
counteraction and combating Covid-19, other infec-
tious diseases and the crisis situations caused by
them. The next breakthrough general documents
were the regulations on the announcement of an ep-
idemic threat in the territory of the Republic of Po-
land (Regulation of the Minister of Health of March

13, 2020) and regulations on the announcement of

an epidemic in the territory of the Republic of Po-

land (Regulation of the Minister Of Health of March

20, 2020).

As the epidemiological situation have being devel-

oped, the Polish government introduced further reg-

ulations, that directly or indirectly influenced onto

public transport operations in Polish cities. The
group of regulations indirectly affecting public
transport includes, - inter alia - those, related to the
temporary limitation of the functioning of educa-
tional system units and certain entities of the higher
education and science system (reduction in the num-
ber of journeys related to education and science) and
those, related to the temporary suspensions or re-
strictions on border traffic on certain border cross-
ings and air traffic bans (reducing the number of
tourist and business trips). Regulations directly af-
fecting the operation of public transport in Polish cit-
ies were summarized in Table 1.

In addition, subsequent regulations specified the
minimum spacing between pedestrians (initially
1.5m, in later regulations: 2.0m, with certain excep-
tions: when the journey takes place with a child up
to the age of 13 or with a person with a certificate of
disability or a person with a certificate of need for
special education or a person who, due to his health
condition, cannot move independently). These were
not regulations strictly applicable to public transport
vehicles, but the concept of social distancing became
so deeply entrenched in society, that these recom-
mendations somehow influenced the spatial arrange-
ment of people in all public places, therefore also in
public transport vehicles.

4. Method of assessing the passengers' behav-
ior by public transport drivers

As it was not possible to organize a nationwide sur-

vey in such a short period of time, it was decided to

conduct a survey among public transport drivers in

Krakow.

4.1. Case study: main public transport operator
in Krakow

The survey was possible thanks to the courtesy of
Miejskie Przedsiebiorstwo Komunikacyjne S.A. of
Krakow (in short: MPK). It is the larger of the two
public transport operators in Krakow, which in 2019
realized 86% of the service-km in bus transport
(from over 43 million service-km) and 100% of the
service-km in tram transport (14.8 million train-km)
- ordered by the Public Transport Authority in Kra-
kow. In 2019, the company employed 705 bus driv-
ers and 481 tram drivers, who are assigned to three
bus depots (Bienczyce, Plaszow and Wola
Duchacka) and two tram depots (Nowa Huta and
Podgorze). However, this is not the full number of
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Table 1. Polish legal acts directly related to the public transport operations during the Covid-19 pandemic

(own study, based on: [22-27])

Obligation to cover the mouth and

Regulation of

Date of Name of the Limiting the number of people in the PT vehicle nose in the vehicle
announce- - - - -
legal act period of maximum number of period of | scope of protection (to
ment S P - .
validity passengers validity whom it applies)
Regulation of
03/24/2020 lthe Minister of from 03/25/2020 |no more tha_n half the number of } )
to 04/11/2020 |seats in vehicle
Health [22]
Regulation of | from 03/31/2020
03/31/2020 |the Council of | until further no- 0. MO tha_n half the number of - -
C - seats in vehicle
Ministers [23] tice
from  |by piece of clothing, a

least 50% of the seats unoccupied)

ther notice

04/10/2020 |the Council of until further no- |no more than half the number of |04/16/2020|mask or a protective face
Ministers [24] tice seats in vehicle until fur- |mask (PT drivers and
ther notice |passengers*)
; from . .
Regulatlor} of until further no- [no more than half the number of (04/16/2020 by piece of cIothlpg, a
04/15/2020 |the Council of tice seats in vehicle until fur- mask or a protective face
ini £
Ministers [25] ther notice mask (only passengers®)
no more than half of the number from  |by piece of clothing, a
Regulation of | from 05/16/2020 |of seats in vehicle or 30% of the -~
05/16/2020 [the Council of | until further no- |total number of places in vehicle Oiﬁﬁ/?&zo m:::: ?(:nal pro;se;:et:]\{e face
Ministers [26] tice (and at least 50% of the seats un- ther notice |gers**) yP
occupied) Y
. 100% of the number of seats in from  |by piece of clothing or
05/29/2020 Ezg(g?ljln(z:r;logf fl:%n“ (f)l.?l{t?;'loe/l’zgi? vehicle or 50% of the total num- {05/30/2020|parts thereof, masks,
Ministers [27] tice ber of places in vehicle (and at until fur- |protective face masks

or a protective helmet

bus drivers, because the company also outsources
the duties to drivers not employed in the company,
as economic entities (on a self-employed basis).

During the entire research period, some seats were
disabled in all public transport vehicles in Krakow
(by marking the places excluded from use), and all
vehicle doors have information on the maximum
number of persons permitted in the vehicle. There
are also separate special excluded safety zones for
drivers, consisting in the physical protection of the
part of the vehicle adjacent to the driver's cabin, in-
accessible to passengers. This meant a significant
change, especially for bus drivers, used to working
in a semi-open cabin, in close contact with passen-
gers — the introduction of a safety zones was neces-
sary to ensure safe work during the Covid-19 pan-
demic at all. The introduction of a safety zones in
trams was not that revolutionary - in these vehicles,
the cabins are closed while driving. It should be
noted, however, that the introduction of the safety
zone took place at the expense of a further reduction
in the number of seats in the vehicle. The possibility
of purchasing tickets from vehicle drivers has also

been completely eliminated - leaving the possibility
of purchasing tickets in ticket machines in vehicles
and via internet applications.

Due to the very high share of transportation work re-
alized by MPK (in total work), it was concluded that
the results of the survey among the drivers of MPK
vehicles will be reliable for those operating public
transport vehicles in Krakow.

4.2. Questionnaire form

The questionnaire form was prepared in cooperation
with the students of study spatial management, at the
Cracow University of Technology, as a part of di-
dactic classes. It consisted of 15 questions and cov-
ered the subject of the assessment of passenger be-
haviors from the point of view of public transport
vehicle drivers and the subject of changes in the
transportation behavior of the drivers themselves -
during their journeys, not related to driving public
transport vehicles. Table 2 presents a list of substan-
tive questions concerning the assessment of passen-
ger behavior.
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Table 2. Questions about the passengers' behavior in public transport vehicles (own study)

Number of re-
No. Question Possible answers spondent’s
choices
1 Has the frequency of your official duties |Value given by the respondent, from the range only one
changed during the pandemic? [-100%, +100%] Y
2 Do passengers comply with the limit of  |{yes, rather yes, diversely (50/50), rather not, no, | do
) : only one
passengers in the vehicle? not know}
3 Do passengers keep the recommended {very often, often, diversely (50/50), rarely, very
distances from passengers in the vehicle? |rarely, | don't know only one
p 9 Y, ks
{they keep a safe distance, they board at appropriate
How do passengers behave when alight- distances, they move away from the_door, they stand a few
4 ing and boarding? close next to each other, they board in large group to- (max 7)
‘ gether, they stand close to the door, other one - given
by the respondent, | do not know}
5 |Do passengers use ticket machines in the |{very often, often, diversely (50/50), rarely, very |
vehicle? rarely, | don't know} only one
6 Do passengers try to buy a ticket from the |{very often, often, diversely (50/50), rarely, very |
driver? rarely, | don't know} only one
7 Do passengers respect the driver's safety |{yes, rather yes, diversely (50/50), rather not, no, | do only one
zone (introduced during a pandemic)? not know} y
8 Do you feel safe while driving public {yes, rather yes, diversely (50/50), rather not, no, | do |
transport vehicle (due to the pandemic)? |not know} only one
{introducing larger limits on the number of passengers
in a PT vehicle, introducing lower limits on the number
. of passengers in a PT vehicle, obligatory use of protec-
9 What other options of passenger protec- tive face masks in PT vehicle, introducing more PT a few
tion should be used? . . (max 7)
courses, extending on demand services (Tele-Bus), the
current possibilities are sufficient, another one - given
by the respondent, | have no opinion}
10 :/i\é:a;r?ngé ggtl';g;,_? fPT driver protec- respondent's declaration many

The next two questions concerned the share of pri-
vate travel by bus and tram drivers themselves - be-
fore and during the Covid-19 pandemic, but this part
of the study does not fall within the scope of this ar-
ticle. The last three questions were aimed at identi-
fying the gender and age of public transport vehicle
drivers and determining which type of vehicles (bus,
tram) they drive while performing their official du-
ties.

4.3. Realization of survey research

The surveys were carried out on May 15, 2020 until
June 16, 2020, when the last completed question-
naire forms were submitted. The questionnaire
forms were handed out to drivers at the depots,
where they started their daily work on public
transport lines in Krakow, with the principle, that
each driver could fill in only one questionnaire form.

The relatively long period of availability of the ques-
tionnaires made it possible for the majority of public
transport vehicle drivers in Krakow to participate in
the study. Unfortunately, due to the restrictions re-
lated to the Covid-19 pandemic, it was not possible
to conduct a direct interview with the interviewer,
although this form of research - according to the au-
thors - would be the best.

The completed questionnaires were successively
forwarded to the authors of the paper by the employ-
ees of MPK (here again, MPK should be thanked for
such kind and professional help in conducting the re-
search). Partial results of the research were pro-
cessed and pre-analyzed as part of didactic classes.
Then, the scope of statistical analyzes was extended
by the authors of the article, and another part of the
completed questionnaire forms provided by MPK
was included in the analysis.
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5. Research results

A total of 334 completed questionnaire forms were
obtained, of which 259 (77.5%) from bus drivers and
75 (22.5%) from tram drivers. Such a strong dispro-
portion in the return of the questionnaires is closely
related to the already mentioned dominance of bus
drivers in the total number of drivers employed and
contracted by MPK.

Unfortunately, the goal of making at least 100 sur-
veys in the group of tram drivers was not achieved.
Nevertheless, it was not possible to extend this part
of the sample (with voluntary participation in the
study) - all tram drivers in Krakow had a chance to
fill the questionnaire. In this situation, the represen-
tation of this group (16% of all tram drivers) should
be considered satisfactory.

5.1. Assessment of passenger behaviors in public
transport vehicles

The general opinion of drivers about the behavior of
passengers in public transport vehicles is rather neg-
ative. In case of passenger compliance on limits, as
many as 57% of drivers assessed that passengers do
not comply with the limits (27% "rather do not" and
30% "not") — as shown in Figure 1. Only 16% as-
sessments were positive, including only 3% defi-
nitely positive (the answer "yes" was indicated by
only 10 drivers).

As the bus and tram rolling stock differ in terms of,
among others, the capacity, number and arrange-
ment of seats, door arrangement and width, but also
the degree of separation of the driver's cab from the
passenger compartment, it was decided to check

B they RESPECT the limits
DIVERSELY
® they DO NOT RESPECT the limits

BUS and TRAM drivers 13% 28%
TRAM drivers 12% 32%
BUS drivers 13% 27%

whether there were differences in the ratings of bus
and tram drivers (Table 3).

The differences in proportions in absolute values
greater than 1 percent point occur only at the splice
of the assessments "they rather do not respect" and
"diversely" - and it is a maximum of 5 pp. Neverthe-
less, a series of significance tests were carried out
for two proportions (the case, when the size of one
of the compared research samples is less than 100),
for single responses and for aggregated responses:
positive ("they respect" and "rather they respect")
and negative ("rather they do not respect” and “they
do not respect”), treating the only neutral answer
separately (“diversely”). In all analyzed cases, it can
be concluded (at the significance level of 0.01), that
there are no statistically significant differences be-
tween the compared proportions in the group of bus
and tram drivers.

A much smaller number of assessments of tram driv-
ers results in the size of errors in estimating the pro-
portions of individual indications (also Table 3).
They are much lower in the case of responses from
bus drivers (max 6.0% for aggregated answers "they
do not respect” and "rather they do not respect"),
while in the case of tram drivers in three cases they
exceed 10% (max 11.3% for the same aggregated
answers). The estimation errors for the total indica-
tions of bus and tram drivers are obviously smaller -
the maximum is 5.3%.

The situation is only slightly different in the case of
assessing passenger compliance with the social dis-
tances between passengers, not strictly applicable to
public transport vehicles, but deeply entrenched in

RATHER they RESPECT the limits
RATHER they DO NOT RESPECT the limits

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

Fig. 1. Distribution of answers to the question about passengers’ compliance with the limits of the number of
people in buses and trams, in the opinion of public transport drivers in Krakow (own study)
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Table 3. Errors of estimating the proportions of individual assessments of compliance with passenger limits
in public transport vehicles and a statistical comparison of the proportions in groups of bus and tram

drivers in Krakow (own study)

Shares of answers Errors of estimation Tet?:/for
0
Answer BUS TRAM | BUS & TRAM BUS TRAM |BUS & TRAM | means
drivers | drivers drivers drivers | drivers drivers statistic
passengers RESPECT | 557 | 0,027 0.027 0020 | 0036 0.017 0.027
the limits
passengers RATHER
RESPECT the limits 0.128 0.120 0.127 0.041 0.074 0.036 0.194
DIVERSELY 0.272 0.320 0.283 0.054 0.106 0.048 0.795
passengers RATHER DO
NOT RESPECT the limits 0.276 0.240 0.268 0.055 0.097 0.048 0.632
passengers DO NOT
RESPECT the limits 0.296 0.293 0.295 0.056 0.103 0.049 0.040
AGGREGATED SHARES
they RESPECT
and RATHER RESPECT 0.156 0.147 0.154 0.044 0.080 0.039 0.191
they DO NOT RESPECT
and RATHER DO NOT 0.572 0.533 0.563 0.060 0.113 0.053 0.592
RESPECT

According to nearly half of the drivers (49%), pas-
sengers very rarely (21%) or rarely (28%) respect
the social distance in public transport vehicles, and
another 34% of respondents admit, that this is di-
versely (Fig. 2).

These results are to some extent consistent with the
results obtained for the assessment of compliance
with the limits in vehicles, but also in this case it was
checked whether the type of vehicle driven influ-
ences the perception of passenger behavior (Table
4).In this case, the differences between the indica-
tions of bus and tram drivers are greater - it is even

W VERY OFTEN  ®OFTEN
BUS and TRAM drivers 15% 34%
TRAM drivers 20%
BUS drivers 14% 34%

0% 10% 20% 30%

8.6 pp. (for answer: "rarely"), but from a statistical
point of view, these differences are still not signifi-
cant. For all responses, including the aggregate pos-
itive ("very often” and "often™) and negative
("rarely”, "very rarely™) answers, there is no reason
to conclude that the proportions of individual re-
sponses indicated by bus and tram drivers differ sig-
nificantly - at the significance level of 0.01. Also,
the size of errors in estimating the proportions of in-
dividual indications are very similar to those ob-
tained in the case of assessing compliance with the
limits of people in public transport vehicles.

DIVERSELY RARELY ®mVERY RARELY

40% 50% 60% 70% 80% 90%  100%

Fig. 2. Assessment of the abidance frequency of social distances between passengers in buses and trams, in
the opinion of public transport vehicles drivers in Krakow
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Table 4. Errors in estimating the proportions of individual assessments of compliance with social distances
between passengers in public transport vehicles and a statistical comparison of proportions in groups
of bus and tram drivers in Krakow (own study)

Shares of answers Errors Test for two

Answer BUS TRAM | BUS & TRAM BUS TRAM | BUS & TRAM means

drivers | drivers drivers drivers | drivers drivers statistic
“VERY OFTEN” 0.019 0.027 0.021 0.017 0.036 0.015 0.367
“OFTEN” 0.136 0.200 0.151 0.042 0.091 0.038 1.306
“DIVERSELY” 0.342 0.320 0.337 0.058 0.106 0.051 0.363
“RARELY” 0.300 0.213 0.280 0.056 0.093 0.048 1.510
“VERY RARELY” 0.202 0.240 0.211 0.049 0.097 0.044 0.692

AGGREGATED SHARES
“VERY OFTEN” and
“OFTEN” 0.156 0.227 0.172 0.044 0.095 0.041 1.382
“RARELY” and

“VERY RARELY” 0.502 0.453 0.491 0.061 0.113 0.054 0.742

It was also decided to check whether the respond-
ents' assessments regarding compliance with vehicle
limits and maintaining the social distance between
passengers in public transport vehicles may be af-
fected by a change in the frequency of performing
official duties (as public transport drivers). In both
cases, the analysis was made by comparing the ag-
gregated proportions of positive and negative re-
sponses and neutral opinions (“diversely") - for the
changing number of respondents, who declared a
change in the frequency of performing their official
duties.

The changes were taken into account in increments
of 10%, as indicated by the drivers (of buses and

31% 30%

e
- -
31% 2904

trams - in total). The individual proportions were be-
ing compared, starting with the number of drivers
declaring a reduction in official duties during the
Covid-19 pandemic, less than 80% (group of 94%
drivers). Therefore, this group includes drivers de-
claring an increase in the frequency of performing
duties, drivers declaring maintaining the current fre-
quency of performing duties and drivers declaring
reducing the frequency of their performance by a
maximum of 80%). Then, drivers declaring a reduc-
tion by 70%, 60%, and so on — were successively
subtracted, until only drivers declaring an increase
in official duties by more than 10% remained (Fig. 3
and Fig. 4).

m NOT or RATHERNOT emeee( our

30% 13.,

Fig. 3. Dependence of the proportion of respondents responses on changes in the frequency of performing
official duties (taking into account the changing number of respondents) - for the assessment of pas-
sengers’ compliance with the limits of the number of people in buses and trams, in the opinion of
drivers of public transport vehicles in Krakow (own study)
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Fig. 4. Dependence of the proportion of respondents' responses on changes in the frequency of performing
official duties (taking into account the changing number of respondents) - for the assessment of pas-
sengers’ compliance with the social distance in buses and trams -in the opinion of drivers of public

transport vehicles in Krakow (own study)

Individual proportions changed by a maximum of 3
pp., until the group of respondents who assessed that
the frequency of their professional duties did not
change during the Covid-19 pandemic. However, it
is difficult to talk about the impact of the frequency
of performing duties, because the values of propor-
tions were much more influenced by low numbers of
drivers - in both analyzed cases (limits of persons
and social distance in vehicles) below 70 respond-
ents. Therefore, it can be found that the change in
the frequency of performance of official duties by
bus and tram drivers (jointly) did not affect the as-
sessment of passenger behavior in public transport
vehicles, in terms of compliance with the limits of
persons and social distance.

Finally, it was decided that despite the lack of statis-
tically significant differences in the indications of

bus and tram drivers - in the further analysis, the di-
vision into the indications of the representatives of
these two groups will be maintained. On the other
hand, in the further analysis, consideration of the
changes in the duties of public transport drivers were
abandoned.

5.2. Safety of passengers when alighting and
boarding
Public transport vehicle drivers were also asked
about the behavior of passengers while alighting and
boarding the vehicle - by contrasting positive and
negative behaviors. In the opinion of drivers, the
dominance of the negative behaviors is clearly visi-
ble, regardless of the type of public transport vehicle

(Fig. 5).
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;
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keep asafe board while move away passengers' stand side by board stand near  negative
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Fig. 5. Assessment of positive and negative passengers' behaviors when alighting and boarding, in the opinion
of drivers of public transport vehicles in Krakow (own study)
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Only 31% of drivers of public transport vehicles
rated the behavior of passengers when alighting and
boarding as positive (30% of bus drivers and 36% of
tram drivers). It is difficult to assess this result un-
ambiguously - during the passenger exchange,
closer contact between passengers seems inevitable,
despite the applicable limits and social distance.
Among passengers' negative behaviors, drivers most
often indicated too close contact between alighting
passengers and also persons waiting at the stop plat-
form for possibility boarding (25% of all indica-
tions). Slightly less, because 23% of the answers
concerned too small gaps between following alight-
ing (as well as boarding) passengers. However, at-
tention should also be paid to the behavior that was
not indicated most often, but quite often (by 21% of
bus drivers and 15% of tram drivers), which is stand-
ing in the door or very near the door of the vehicle.
This is a problem generally observed not only during
the Covid-19 pandemic, but especially during this
time - particularly troublesome as it concerns the
bottlenecks of every public transport vehicle, where
the risk of close contact is the highest.

So it turns out, that even if passengers respect the
limits of persons and try to keep social distance in
vehicles, they are particularly exposed to close con-
tact with other people and possible contamination
when alighting and boarding. Therefore, at least ed-
ucational activities in this area should be considered.
A possible change in the organization of alighting
and boarding through a separate door of the vehicle
- due to the expected extension of the dwell time - is
possible only on public transport lines of lesser im-
portance.

B VERY OFTEN

OFTEN

BUS and TRAM drivers
TRAM drivers

BUS drivers

0% 10% 20% 30%

49%

5.3. Purchase of tickets in public transport vehi-
cles
Drivers also assessed the frequency of passengers'
attempts to make purchases in ticket machines in ve-
hicles and directly from vehicle drivers, during
Covid-19 pandemic. The first of the above-men-
tioned options was allowed throughout the entire pe-
riod covered by the research - but the purchase re-
quired additional physical contact with the vehicle's
components. The second way to buy tickets has been
completely forbidden, among others by introducing
driver safety zones.
According to 70% of drivers (Fig. 6), passengers of-
ten or even very often bought tickets in ticket ma-
chines in public transport vehicles, thus resigning
from safer forms of purchase, like using internet ap-
plications. It should be noted that, according to the
drivers, bus passengers used this form of ticket pur-
chase much more often, although in trams the access
to ticket machines is theoretically easier (many
trams have two ticket machines).
However, the answers of the drivers to the question
about the frequency of attempts to purchase tickets
directly from the drivers, despite the introduced se-
curity zones, were completely surprising. Despite
the clear marking of the zones, and even the physical
barriers - according to as many as 9% of drivers,
such attempts took place often or even very often,
and another 8% declared that it happened diversely,
and thus indirectly indicating that these were not rare
cases (Fig. 7).

DIVERSELY WRARELY MVERY RARELY
53% 25% 5%
37% 6%
549 2% 4%
40%  50% 60% 0%  80%  90%  100%

Fig. 6. The frequency of purchasing tickets from ticket machines, in the opinion of drivers of public

transport vehicles in Krakow (own study)
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Fig. 7. The frequency of attempts to purchase tickets directly from, in the opinion of drivers of public

transport vehicles in Krakow (own study)

The answers to the above questions indicate that it is
worth intensifying efforts to popularize the purchase
of tickets via internet applications, which will reduce
the frequency of contacts with frequently touched
vehicle elements. Of course, under normal circum-
stances, the best solution is to increase the popularity
of season (monthly, yearly) tickets, but during a pan-
demic or similar incidents, when the number of daily
trips is much smaller, it is difficult to expect greater
interest in such kind of tickets.

5.4. Sense of personal safety for drivers of public
transport vehicles

The personal safety of drivers of public transport ve-

hicles was mentioned when discussed question

about the frequency of attempts to purchase tickets

directly from the drivers (despite the lack of such a

m safety zone RESPECTED
DIVERSELY
m safety zone RATHER NOT RESPECTED

possibility). However, two other questions were de-
voted to this issue, aimed at determining the sense of
safety of drivers during daily work on the public
transport lines, during the Covid-19 pandemic.

The respondents were asked, whether the passengers
respect the security zone (not only in connection
with the attempt to buy a ticket from the driver). The
answer is quite unambiguous, as many as 98% of re-
spondents considered that the safety zone is re-
spected (Figure 8), of which 72% of drivers had no
doubts about it. At the same time, no significant dif-
ferences were observed between the indications of
bus and tram drivers (max. 2 pp. difference for indi-
vidual answer options).

The obtained results mean that the introduction of a
driver's safety zone has brought the expected effect.
Passengers were permanently separated from driv-
ers, which favors both groups.

safety zone RATHER RESPECTED
safety zone NOT RESPECTED

.
BUS and TRAM drivers 26% 2%

TRAM drivers
BUS drivers

0% 10% 30%

20%

24% | 1%

26% 2%

40% 50%  60% 70% 80% 90%  100%

Fig. 8. Abidance of the driver’s safety zone in the vehicle by passengers, in the opinion of drivers of public

transport vehicles in Krakow (own study)
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Fig. 9. A sense of personal safety while driving, in the opinion of drivers of public transport vehicles in

Krakow (own study)

One of the most important questions in the survey
was one related to the sense of personal safety of bus
and tram drivers while driving public transport vehi-
cles, during the Covid-19 pandemic. In general, after
introducing safety zones and applying mentioned re-
strictions for passengers (limits of people in public
transport vehicles, social distance) - drivers feel gen-
erally safe. 33% of drivers feel safe, or rather safe -
another 46% of the respondents. Thus, 79% of driv-
ers do not encounter major problems with personal
safety while driving, during Covid-19 pandemic.

It is also worth noting the relatively large differences
between the indications of bus and tram drivers (Ta-
ble 5) — bus drivers feel more exposed, a smaller

number clearly define their work as safe, during
Covid-19 pandemic, which will be shown in the next
section. The significance of the differences in this
case was also confirmed by the result of the previ-
ously discussed significance test for two proportions
(at the significance level of 0.01).

These differences are to a large extent due to the way
the driver's cabin is separated from the passenger
compartment in buses and trams - the tram driver's
cabin is tight, and the additional introduction of a
driver's safety zone makes it in practice completely
inaccessible to passengers. Bus drivers dream of the
same protection, not only in time of pandemic.

Table 5. Errors in estimating the proportions of individual assessments of personal safety of drivers and a
statistical comparison of proportions in groups of bus and tram drivers in Krakow (own study).

Shares of answers Errors Test for
Answer BUS | TRAM [BUS& TRAM| BUS [ TRAM [BUS & TRAM|WO means
drivers | drivers drivers drivers | drivers drivers statistic
drivers FEEL safe 0.294 0.446 0.328 0.056 0.113 0.051 2.398
drivers RATHER FEEL safe 0.480 0.378 0.457 0.062 0.111 0.054 1.558
DIVERSELY 0.143 0.135 0.141 0.043 0.078 0.038 0.169
drivers RATHER DONOT | 071 | 041 0.064 0032 | 0.045 0.027 1.026
FEEL safe
drivers DO NOT FEEL safe 0.012 0.000 0.009 0.013 0.000 0.010 1.654
AGGREGATED SHARES
drivers FEEL safe
and RATHER FEEL safe 0.774 0.824 0.785 0.052 0.087 0.045 0.955
drivers RATHER DO NOT
FEEL and DO NOT FEEL safe 0.083 0.041 0.074 0.034 0.045 0.028 1.363
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Research findings show that much has been done to
prevent drivers from becoming infected with Covid-
19. Sensual safety is very important to drivers. In the
difficult time of the pandemic, they perform an im-
portant service function — among others — they ena-
ble travel of employees needed on the front lines of
fighting the virus: medics and services responsible
for the safety of citizens. That is why it is so im-
portant that the safety of drivers is ensured even be-
fore they start transporting people.

5.5. Drivers' proposals for further measures to
increase the safety of passengers and drivers
themselves in public transport vehicles

The respondents were also asked to indicate what

other measures to improve the safety of passengers

(and drivers themselves) could be implemented.

These were actually two separate questions about

passenger safety and the safety of the drivers them-

selves. However, drivers very often noticed, that
there was no need for such a separation of answers.

And although there was a slightly greater care for

one's own safety, the responses were aimed at uni-

versal solutions.

Only 10% of bus drivers and only 11% of tram driv-

ers (Fig. 10) considered that the measures taken so

far to increase personal safety in public transport ve-
hicles are sufficient. First of all, the drivers proposed
to increase the number of journeys on public
transport lines (35% of indications of bus drivers and

45% of indications of tram drivers). And although it

can be considered that it is also a concern for own

50%

40%

Percentage

’) 0,
30% 8 %
[23%]

20%

employment, it is related to the concern to ensure the
frequency of running, so that - despite the introduced
limits of people in vehicles - it would be possible to
transport all those, who want or need to use public
transport. Of course, drivers did not consider the
economic efficiency of such a solution here.
Drivers also indicated the need for the obligatory use
of protective face masks (28% of indications by bus
drivers and 45% of indications by tram drivers), in-
stead of the rather loosely described obligation to
cover the mouth and nose in any way - which is very
often simply ineffective. It seems that the regula-
tions should be clarified in this respect.

One can also notice the desire of bus drivers to en-
sure a more complete separation of the driver's cabin
from the passenger compartment - which has already
been discussed. On the other hand, one of the pro-
posals to choose from, which is to launch more on
demand services (in Krakow: Tele-Bus service), en-
joyed relatively little interest - only 3% of all drivers
chose this option.

6. Conclusions

Drivers are an extremely important element of the
entire great public transport machinery. And alt-
hough they will not replace the more and more ad-
vanced measurement infrastructure consisting of a
system of internal and external monitoring cameras
and passenger counting systems - thanks to their ex-
perience, they have the ability to diagnose a wide
variety of problems, that they encounter in their
daily work.

‘5“’/0

mBUS drivers mTRAM drivers

0% M
- [57%]
5 % i "/ n n
0% - - -
CURRENT obligation to  intr odncmg intr odncmg introducing  extension of introduction greater other
SOLUTIONS use protective greater limits lower limits ~ more PT  the Tele-Bus  of closed protection for
ARE face masks on the on the courses service (on  cabins for drivers
SUFFICIENT number of  number of demand) drivers

passengers

passengers

Fig. 10. Proposals for further solutions to improve personal safety in vehicles, in the opinion of drivers of
public transport vehicles in Krakow (own study)
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Therefore, it was decided to use the observation of
MPK drivers in Krakow in order to conduct passen-
gers' behavior in public transport vehicles during the
first phase of Covid-19 pandemic. The drivers indi-
cated a relatively low level of passenger compliance
with the introduced restrictions on the use of public
transport, in terms of the number of passengers in
vehicles and keeping distance, especially when
alighting and boarding.

There is an urgent need to develop mechanisms of
responsible behavior of passengers in public
transport vehicles in terms of maintaining social dis-
tance and effective (not sham) covering of the mouth
and nose - from education to control of compliance
with the applicable rules — in the next phases of pan-
demic. Fortunately, some such measures are now be-
ing implemented.

The sense of personal safety in the group of drivers
themselves is high - and is necessary to ensure the
continuity of public transport in all conditions, not
only in pandemic conditions. Possible further ac-
tions in this regard should at least maintain this state.
The issue of a fuller separation of the driver's cabin
in buses is also worth considering.

The obtained research results can be used to supple-
ment the range of solutions applied to increase the
personal safety of passengers and drivers of public
transport vehicles during a pandemic and in case of
different incidents, during which it will be reasona-
ble to regulate the rules of using the public transport
vehicles.
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