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EVALUATION OF URBAN PASSENGER TRANSPORTATION OPERATIONAL
EFFICIENCY IN TERMS OF SOCIO-TECHNICAL APPROACH

Kopytkov D.M., Vdovichenko V.O.
Kharkiv National Automobile and Highway University

Passenger transportation plays a key role in ensuring the vital activity of the present cities. The development
of this mode of transportation determines the development of urban areas, the accessibility of institutions
of production, educational and cultural and everyday life for the population. Urban transport has a systemic
effect both on passengers being a staff of organizations in the material and non-material production, and on
the overall efficiency of these enterprises. It is suggested to consider the urban passenger transportation as a
socio-technical system, where the social results are the efficiency indices.
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roblem statement. Urban passenger

transportation (UPT) is the most important
branch of the urban economy. In the providing
the vital processes and production, its importance
is determined by the scale of the passenger
transportation and significant impact on the efficiency
of the urban economic system and social service.
UPT is the part of social infrastructure related to
the reproduction of labor and population activities
along with health, education, retail trade, housing and
communal services. UPT has a significant impact on
the economic and social development of administrative
and territorial units, and is able to act as a means of
accelerating or slowing the development of cities, to
provide or, conversely, to prevent the production of
services, recreation and leisure of the population.

In the current issues [1, 2] the sociotechnical
approach has been widely developed, in which any
enterprise is considered as a socio-technical sys-
tem, i.e. a set of staff, various mechanisms and the
production environment. According to this concept
[3], the main goal of the socio-technical system op-
eration is to find the best balance between the

technologies used, the human resources and the
organization needs, create an employee manage-
ment system, and increase the productivity, prod-
uct quality and profit. In this case, a human is
considered as the main element of this system.

Taking into account the definition of socio-tech-
nical systems and the main goal of the socio-tech-
nical approach we believe that the UPT can also
be represented as a socio-technical system shown
in Figure 1. The result of the functioning of this
system is social and economic consequences both
for the population, enterprises and organizations,
and the country as a whole.

Accordingly, the existing methods of manage-
ment and evaluation of the functioning of such
systems use an «income», «expenditure», «labor
productivity, «motivation for work» etc. as criteria.
Meanwhile, it is known that the urban transporta-
tion has systemic or «non-transport» effect on the
personnel and the general efficiency of enterprises,
where this personnel is the main productive force.

Thus, this assessment considers only partial ef-
fects of the functioning of urban transportation

UPT technical system

Vehicles, transport highways,
linear and auxiliary facilities, track
facilities, contact network

UPT socio-technical system

Urban transportation industry,
material and technical resources

UPT social system

Population using urban transportation
services

Urban transportation industry
staff

Social results of the urban passenger transportation
system operation: release of the population time;
support of human health and development due to

access to medical facilities, household, industrial and
cultural spheres

Economic results of the urban passenger
transportation system operation: system incomes
(expenses); labor productivity increase (decrease),
GNP production increase (decrease);
development of urban areas.

Fig. 1. Urban passenger transportation socio-technical system

Source: developed by the authors

© Kopytkov D.M., Vdovichenko V.O., 2017

729

TEXHIYHI HAYKU



TEXHIYHI HAYKH

730

leaving out the social results. Consequently, the
criteria for evaluating the transportation perfor-
mance should include not only the above-stated
ones, but more complex indicators that bring its
systemic, and often hidden, impact on passengers
as workers of various sectors.

Analysis of recent research and publications.
Currently, the study of the of urban transport
effect on a human as the main element of this
socio-technical system is conducted in two ways.
The first way is described by an assessment of the
impact on persons directly involved in providing
the transportation process (for instance, passen-
ger transport drivers and dispatch operators). The
second way explores the impact of the transport
functioning on society as a whole and, in particu-
lar, the transportation parameters — on the pas-
sengers. We believe this direction more important
due to socio-economic significance and insufficient
knowledge of the consequences mentioned earlier.

General approaches to the assessment of eco-
nomic and social effects due to the functioning of
passenger transport and its elements, and their im-
pact on humans in current conditions are given in
papers [7, 8], assessment of passenger fatigue due to
the UPT use and its impact on the human produc-
tivity in the industrial sector — in the works [9-11],
the effect of transport fatigue on the passenger's
route choice — in the works [12, 13], the influence
of the vehicle waiting time on the passenger's psy-
chological state — in the studies [14, 15], the time
cost estimation taking into account the passengers'
opinion on the time value — in the studies [16-18],
as well as the national income — in the paper [19].

Unsolved aspects of the problem. Taking into
account a certain investigation of the above-men-
tioned problematic issues that, in our opinion, can
be taken to the socio-technical aspect of the UPT
functioning, special attention should also be paid
to the influence of the transportation process on
the passenger's psycho-emotional state as a trip
result. From the above analysis of scientific sourc-
es we believe this issue did not find some suffi-
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cient reflection. Meanwhile, the study of functional
states of a human as an employee in the material
or non-material production is one of the central
problems for labor sciences [20].

In [21] it is also presented that the psy-
cho-emotional state is a special form of mental
states with the predominance of an emotional
response that affects the human future activity.
Emotional manifestations in responding to the
reality are necessary for the individual, since
they regulate his health and functional state.
Deficiency as well as an excess of emotions re-
duces the activity of the central nervous system
and can cause, first of all, a decrease in working
capacity at the labor application.

Thus, the optimal emotional state of a human
due to trip using the UPT is a condition for fur-
ther work activity and its favorable implementation.
If the fatigue can be objectively determined only
with the help of special equipment, then the psy-
cho-emotional state, which in the above studies was
not distinguished at all, appears immediately after
the individual or their group stayed in uncomforta-
ble conditions (for example, in time of a trip) and can
be a reason for reducing its efficiency, conflicts and
general business climate deterioration in the team.

It is established [22] that violations of the human
psycho-emotional state as an employee can increase
the so-called «work adaptation period», ie. gradual
growth in working capacity depending on the func-
tional status, age, work activity and other factors
from 30 to 60 minutes. So, this result confirms the
importance of studying the consequences from the
UPT socio-technical system operation.

Purpose of the article. The purpose of the article
is to determine the transportation process impact on
the psycho-emotional state of passengers as one of
the social results within the implementation of the
socio-technical approach to the UPT operation.

Main study statement. The practical part of the
study consisted of the forming, ascertaining and
analytical stages. At the forming stage, an analysis
of the methods to obtain the information necessary

for the research tasks was made.
The ascertaining stage consisted of
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the initial processing of the survey
results. The analytical stage in-
cluded obtaining the dependencies
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to describe the psycho-emotional

state of the passenger after the

trip, drawing conclusions on the

applicability of the approach pro-
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mental and standardized test meth-
ods are used [23]. Advantage of the
instrumental methods consists in
the fact that they completely ex-
clude the influence of the subjec-

tive opinion of the person being in-

vestigated and ensure the reliable
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po3cifHmi 3 |2 1 10 1 |2 |3 | ypaxuHui

data. The disadvantage is the need

Fig. 2. Questionnaire part to determine

the passenger's psycho-emotional state
Source: developed by the authors and [24]

to use expensive equipment and to
have a researcher's special educa-
tion when obtaining and then cor-
rectly interpreting the data.
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Standardized test methods in the form of spe-
cial tables allow a quickly determining a human's
psycho-emotional state, are easy to use, however,
they also generate a significant degree of subjec-
tivity of the data obtained due to incorrect partial
state differentiation that create a common psy-
cho-emotional background.

Resulting from the review of standardized
test methods, a technique on the basis of factor
analysis using a modified stimulus material [24]
was chosen. The person is presented with a list
of 20 opposite states that must be assessed by a
rating scale. The technique is designed to make de-
cisions on a person's readiness to make an activity
(first of all, working one) and the level of its effec-
tiveness for people over 18 years without restric-
tions on educational, social, professional and other
criteria. Thus, students, teachers at the KhNADU
faculty of transportation systems, public officials
and workers of manufacturing enterprises using
the UPT for daily trips to the workplaces or study
took part in the survey. The procedure was supple-
mented by entering into the questionnaire the trip
parameters, which are relatively easy to measure
and express to the passenger himself. Thus, for 5
working days each passenger had to register the
parameters of the trip and assess the partial states
after the trip, listed below.

The first column of the lower questionnaire ta-
ble contains the number of the state, then — the
rating scale and the number of points given for
each answer. When moving «from right to left,»
each state is put a score from 1 to 7. Taking into
account the «in-between states», the test subject
can score from 20 to 140 points. As a pilot survey
result in the form of a random non-representa-
tive sample, 115 questionnaires were received, 112
of which were filled in accordance with the re-
quirements. The questionnaire fragment is shown
in Figure 2.

From the analysis of the special issues [25, 26],
the results of the questionnaire survey and the an-
swers of respondents as employees of material and
non-material production, we adopted the follow-
ing differentiation of the levels of the passenger's
psycho-emotional state due to the UPT use: low
(20-60 points), average (61-100 points) and high
(101-140 points) levels, which, in our opinion, pro-
vides an easy interpretation and visibility of the
results. The content characteristic of the psy-
cho-emotional state levels is given below.

Low psycho-emotional level is characterized by
passivity, involuntary participation in professional
activities, often accompanied by an appearance of
an external negative reaction to the actions that
need to be performed; indifference to the activity
quality; absence and unwillingness to gain experi-
ence in effectively solving practical problems.

The average psycho-emotional level is de-
scribed by the following states: incomplete
awareness of the relationship between theoreti-
cal knowledge and practical application; separate
fragments of knowledge are allocated for solving
the problems of professional activity; situational
demonstration of initiative in the implementation
of activities; partial indifference to the quality of
activity or the labor result; situational effective-
ness in practical activities.
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At the high psycho-emotional level the active
and conscious participation in labor activity is ob-
served; intention for an effective tasks solution
based on internal positive motivation; desire to
finish the job at the best; effective solution of pro-
fessional tasks in real-life conditions; accumulation
of the real labor activity experience owing to pro-
fessional functions.

Analysis of the data obtained during the ascer-
taining stage of the study is shown in Figures 3
and 4.

Figure 3 shows the distribution of passenger’
states according to the survey results.
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Fig. 3. Influence of trip conditions in the UPT various
modes on the passenger's psycho-emotional state
Source: developed by the authors

Thus, under the results of the initial statistical
material, it can be concluded that as a result of
trips using Kharkiv mass transit, the majority of
passengers have an average level of psycho-emo-
tional state, the characteristics of which were giv-
en above. Mainly, these are passengers who spend
from 20 to 30 minutes traveling in conditions of
full passenger capacity rate.

Passengers of the low psycho-emotional level
spend about 40 minutes traveling in an overcrowd-
ed vehicle, while the high level of psycho-emotion-
al state is observed among passengers traveling up
to 20 minutes with a low passenger capacity rate.

The impact degree of travel conditions in var-
ious types of Kharkiv mass transit on the passen-
ger's psycho-emotional state is shown in Figure 4.
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Fig. 4. Travel conditions impact
on the passenger's psycho-emotional state
Source: developed by the authors
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The most negative effect on the passenger's
psycho-emotional state produces the use of bus
and tram transportation, which is explained by
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Table 1

Correlation ratio of the psycho-emotional state and the trip parameters

Resultant parameter

Trip parameter

Vehicle waiting time,

Passenger's psycho- minutes, X;

Time of stay in the i-th
transportation mode, minutes, X,

Capacity rate within the
trip, point, X;

emotional state, point, Y

-0,58

-0,66 -0,61

Source: developed by the authors

high rolling stock deterioration, traffic interval vi-
olation and, as a consequence, unbalanced capacity
rate and low ergonomic trip.

The least negative impact on the passengers
is rendered by the subway that is due to precise
traffic schedule, the trip guarantee and the most
favorable environment in which this trip is done
(no exposure to temperatures, precipitation, etc. ).

From the results of the ascertaining stage of the
practical research, at the analytical stage the hy-
pothesis about some dependence of the passenger's
psycho-emotional state on the parameters of the
trip was put forward, which resulted in a step-by-
step correlation analysis of the psycho-emotional
state scores and these parameters. This procedure
allows substantiating the correlation ratio between
the status and characteristics of the trip. The re-
sults of the analysis are shown in Table 1.

As can be seen from Table 1, the results of the
analysis confirm the hypothesis on the influence of
the parameters and demonstrate their sufficient
correlation [27] with the passenger's functional
state, i.e. an increase in the duration of a trip pa-
rameter effect leads to a deterioration in the pas-
senger's state.

The next task of the analytical stage was to
describe the relationship between the passenger
functional state and the trip parameters. Taking
into account the impact of many factors on the re-
sulting value and the absence of known analytical
dependences, regression analysis was chosen for
this purpose [28].

From the practice of regression analysis it is
known that the selection of the model most ade-
quately presenting the process under investigation
is made using a variety of linear and nonlinear de-
pendences [29]. However, it should be noted that in
current studies on psychophysiology, experimental
psychology, labor physiology to describe such hu-
man conditions as a fatigue, irritation, etc. the log-
arithmic Weber-Fechner and the Stevens power
law [25, 26] can be used.

Thus, in order to choose the most appropriate
model that would describe the influence of the
trip parameters on the psycho-emotional state us-
ing statistical material we investigated both de-
pendencies.

After reducing the recommended dependencies
to the linear form for regression analysis in the
Microsoft Office Excel [29, 30] and performing in-
verse transformations, logarithmic and power-law
models were obtained as follows

Y =229,143-14378 - In X, —
~41,607-In X, -16,133-1n O,’
Y = 878,310, X 00, (2)

3
where Y — psycho-emotional state parameter,
points;
X; — vehicle waiting time, minutes;

(1)

X2 — time of stay in the ¢-th transportation
mode, minutes;

X3 — average capacity rate within the trip,
points.

The regression model statistics is given in Table 2.

Table 2
Regression model statistics

Regression dependence
Parameter - -
Logarithmic | Power-law
Multiple regression
coefficient, R 0,77 0,878
Determination coefficient, R? 0,59 0,771
Factor importance:
- Xo; 0,461 0,024
- Xy 0,771 0,036
- X 0,671 0,006
- X;. 0,659 0,006
F-test value:
- calculated; 0,271 6,25
- tabulated. 215,7 2,28
Average approximation
error, A, % 30,12 8,75

Source: developed by the authors

As can be seen from Table 2, the logarithmic
model is unsuitable for describing a passenger's
state, while the power-law dependence demon-
strates the acceptable basic statistical character-
istics — multiple regression coefficient, determina-
tion coefficient, importance of factors, information
capacity and adequacy. The adopted power-law
model is valid under the following constraints (ac-
tual parameters of the transportation process)

1< X, <17,
11< X, <40; (3)
1< X, <5.

Thus, resulting from the model statistics we
believe that the above dependence can be used
to forecast a psycho-emotional state after the trip
with the UPT usage.

Conclusions and recommendations. In the con-
text of the socio-technical approach, the UPT eval-
uation should be made using indicators that take
into account its systemic impact on passengers as
workers. One of such «social» indicators along with
transport fatigue, waiting time, etc. can be the val-
ue of the psycho-emotional state of the passenger
that plays a significant role in the successful labor
activity at the main workplace and is of the close
correlation with the transportation process quality
through the trip parameters.

The research results can be used as a compo-
nent of the social effect when planning or improv-
ing the quality of public transport services and de-
veloping the passenger transportation systems in
the modern cities.

The next stage of the study is to increase the
number of observations for improving the pro-
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posed model characteristics and to find the value tional state of passengers for expressing the social

of society's costs due to the unsatisfactory func- effect in monetary terms.
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Romurkor JI.M., Bnosunuenxo B.O.
XapKiBCbKMII HAIlIOHAJIBHMII aBTOMOOIJIBHO-IOPOsKHI yHIBEpCUTET

OIOIHRA EGERTUBHOCTI @YHRIIIOHYBAHHA
MICBROI'O ITACCASKRUPCBROI'O TPAHCIIOPTY
HA OCHOBI COOHIOTEXHIYHOI'O IIIAXO0AY

Amnorarisa

TTacakMpcbKUil TPAHCIOPT Bifirpae KJIOYUOBY poJib B 3abe3IedeHH] sKUTTENIANBHOCTI cydacHux Mmict. CTymiHb
PO3BUTKY LIbOTO BUAY TPAHCIOPTY BU3HAYAE PO3BUTOK MICBKMX TEPUTOPIi, TOCTYIIHICTH YCTAHOB BUPOOHMYO],
OCBITHBOI Ta KyJbTYpPHO-1I00yTOBOI chepu 1iia HacenaeHHA MicbKnii TPAHCIIOPT 3aBJA€ CUCTEMHOTO eDEKTY fAK
Ha IacasKMpiB, AKi € mepcoHaJIOM OpraHizalliil cpep MaTepiaJbHOTO i HeMaTepiaJbHOTO BUPOOHMIITBA, TAK i HA
3araJibHy epeKTVBHICTb POOOTY IIMX MiAIIPMEMCTB. SaIIPOIIOHOBAHO PO3IJIAATI MiCbKIIL TaCaKMPChKII TPaHC-
TIOPT fAK CUCTEMY, IIOKa3HMKAMI e(DEKTUBHOCTI (DYHKITIOHYBaHHA AKOI MOMKYTD CJIYKUTI COLIAJIbHI Pe3yJIbTaTI.
Karo4doBi ciaoBa: cOIfioTeXHIUHMIT TiAXiz, macakup, e(peKT, ICUXO0EeMOLIIHMII CTaH.

Konsrrkos /.M., Bnosnuenxo B.A.
XapbKOBCKMII HAIlVMOHAJIBHBIN aBTOMOOMJIIBHO-IOPOYKHBI YHUBEPCUTET

OIEHRA 9®PERTUBHOCTN ®YHRIIMTOHNPOBAHUA
IFOPOJCROTO MACCASKRNPCROI'O TPAHCIIOPTA
HA OCHOBE COIMOTEXHUYECROI'O ITIOIX0JA

AHHOTANUA

TTaccaskmMpcKMil TPAHCIIOPT UrpaeT KJIOYEBYIO POJIb B ODeClledeHnn $KU3HeIeATeIbHOCTYI COBPEMEHHbBIX TOpo-
noB. CreneHb PasBUTMA STOTO BIMJIA TPAHCIIOPTa OIpenesdeT PasBUTME TOPOJICKUX TEPPUTOPNIL, TOCTYIIHOCTb
YUpEeKIEeHNI IPOU3BOACTBEHHO, 00pa3oBaTeIbHO 1 KYJIbTYPHO-OBITOBOI cephl i HaceseHuA. ['opoacKoit
TPAHCIOPT OKa3bIBaeT CUCTEMHBIN D(P(PEKT KaK Ha ITACCAKIPOB, ABJIAIIIMXCA IIEPCOHAJIOM OpraHmsaimii cpep
MaTepMaJbHOTO ¥ HEMATePNAaJbHOIO IIPOM3BOCTBA, TaK M Ha 00IIyI0 9(peKTVBHOCTb paboThl OTUX IIPeaIIpy-
aruit. IIpenyoskeHo paccMaTpyBaTh TOPOJICKOM IACCAMKMUPCKMUII TPAHCIIOPT KaK COLMOTEXHUYECKYIO CHCTEMY,
nokaszaresaMy 3PQPEeKTUBHOCTY (PYHKIMOHNPOBAHNA KOTOPOII MOTYT CJIYKUTb COLMAJbHbBIE PEe3yJIbTAThL.
KoarodeBrple cjioBa: COIMOTEXHMYECKMI IIOXO], IIACCAMXKIUP, SPAEKT, ICUXOIMOIMOHAJIBLHOE COCTOSAHIIE.



