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STATISTICAL ASSESSMENT OF THE QUESTIONNAIRE SURVEY QUALITY
FOR TRANSPORT FATIGUE IN URBAN PASSENGER TRANSPORTATION

The article deals with the problem of determining the transport fatigue of mass transit passengers as one of the
human body states. The transport fatigue is proposed to be evaluated using the questionnaire method with
subsequent quality assessment by the mathematical statistics methods.
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Problem statement

Urban passenger transportation is the main element
of a present city to determine the urban development
rate and acceptable living standard of the urban
population. Along with the obvious advantages of urban
transportation, there are also social losses, among which
environmental and noise pollution, road traffic
accidents, and transport fatigue should be considered. In
contrast to the first three negative consequences, for
which the damage assessment methods have been
developed, under existing conditions the transport
fatigue remains a poorly studied result of mass transit
operation.

Meanwhile, in material production, the negative
social and economic results of transport fatigue have
been already identified in the 60-70th of the XX
century. These include: decrease in labor productivity
and quality (spoilage percentage growth); increase in
industrial injuries and working staff sickness rate [1-3].
In everyday life, the clear transport fatigue symptoms
can be apathy, attention distraction, bad mood,
irritability, deterioration of memory, and human body
resistance [4, 5].

Abroad, attention is also paid to the study of
transport fatigue, which is usually expressed through the
external signs — mood, well-being, activity, motivation,
etc. [6-8].

However, despite a number of studies in Ukraine
and abroad, transport fatigue and total travel time still
remain the indicators of transportation operation, a
generally accepted economic assessment of which has
not yet been developed on a state scale.

Thus, there is a scientific problem to quickly and
qualitatively assess the transport fatigue impact on the
urban population and to develop efforts to reduce it.

Analysis of recent research and publications

We believe the transport fatigue to be a part of
psychical fatigue along with mental emotional, visual,
and auditory ones. In turn, fatigue is one of the
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functional states of a human body [9] and should be
estimated using special methods, the analysis of which
is given below.

A functional human state can be determined using
objective and subjective research methods [10-13]. The
objective methods for studying fatigue include
instrumental methods for the main mental processes and
the dynamics of various physiological systems. As
objective signs of fatigue or stress, the indicators of a
human working capacity can be used, such as the labor
productivity (or reject value, number of operational
errors) and physiological indicators (brain current value,
pulse rate, respiratory rate, signal-to-irritant response
time, etc.). The most common instrumental techniques
are the electroencephalogram (EEG) to reflect the brain
activation level, electrocardiogram (ECG) to express the
heart activity, and the electromyogram (EMG) to
demonstrate the muscle activity.

The advantage of the objective methods lies in the
fact that, firstly, they make it possible to objectively
diagnose a human condition, and secondly, they allow
quantitatively assessing the disturbances in the
functioning of a particular system. The disadvantage of
these methods is in using valuable medical equipment,
the researcher's special medical education to correctly
interpret the results obtained, low technique promptness.

The subjective methods are based on self-
observation to obtain information about the current state
or response to this state from the person under research.
These methods come from the fact that a human is able
to independently, "from the inside", describe the nature
and intensity of changes in his own state, which can be
indirectly expressed using a questionnaire survey [14].

The advantages of questionnaires include well-
developed signs of a state (fatigue, stress, etc.), ease of
answer and subsequent answers' processing, high
method quickness, and verification of the obtained
results by the mathematical statistics methods. The
disadvantages are a poorly substantiated quantitative
assessment of a state and a human's subjective
perception of a state to lead to the resulting inaccuracy.
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However, the application of the statistical
techniques allows evaluating the reliability and validity
of this approach and eliminating the inconsistent results.

Aim of the study

The purpose of the study is to develop and to
estimate the transport fatigue technique via the
questionnaire survey.

To achieve the aim of the study, the following
tasks should be solved:

- selection of the survey technique to obtain human
state statistical data;

- experimental studies to disclose the fatigue
change in urban mass transit;

- estimation of the reliability and validity
questionnaire survey technique.

Study material presentation

In psychophysiology and labor psychology [15,
16], questionnaire techniques are widely known to
measure attention, concentration, and fatigue during
working or studying. Comparing the answers to the pre-
established values allows concluding the level of human
performance, fatigue, attention concentration, etc.

However, in the case study, their application in a
"pure” form can be rather limited, since they
demonstrate only the final result and do not disclose the
duration of the travel parameters' impact on the
passenger, and the perception of these parameters by the
passenger depending on gender, age, etc.

Having analyzed the available questionnaire
methods for assessing well-being, psychical and
emotional state, mood, and fatigue [17-20], to fully
embrace the "functional state-to-travel parameters"
interrelation a combined approach was presented. It is a
2-part questionnaire to reveal the "home-to-work™ travel
conditions and the subsequent passenger's functional
state expressed as a ranked form.

Part 1 of the questionnaire displays the passenger's
age, the travel parameters, and the passenger's
subjective assessment of the adaptation time if the
adaptation took place. The workplace adaptation
description is based on the signs of fatigue (regardless
of the cause) given in the questionnaire [21] that can be
observed or felt by a human for a time after a mass
transit travel.

It should be noted that in the questionnaire, special
attention is taken to the adaptation time, which in the
paper [11] is substantiated as a universal transport
fatigue indicator for all workers in the production and
non-production spheres. The adaptation time is the time
to accommodate a human body to a production
environment. In [11] it is assumed that the longer the
adaptation time, the greater the passenger fatigue after
the trip.

Part 2 of the questionnaire is a table that contains
30 pairs of opposite characteristics to reflect the studied
features of the state (well-being, activity, and mood)
[17, 19]. In the survey form, a rating scale is located
between the polar characteristics. The respondent is
asked to correlate his state with a scaled rank. When
processing the survey results, the ranks are recalculated
into points from 7 to 1 in descending order (from
positive to negative signs). For example, in the positive
sign (left questionnaire part), the rank "3" corresponds
to the score of "7" points, in the negative sign (right
questionnaire part) the rank "3" takes the value of "1"
points.

The quantitative technique result is presented as an
arithmetic mean value. The average score is equal to 4
points (a respondent selected all the "0" ranks). Scores
exceeding 4 points indicate a good state of the
passenger; scores up to 4 inclusively indicate the
unsatisfactory state.

The technique (part 2) should be used for
psychical, mental, and emotional diagnostic
examination of workable adults without any restrictions
on gender, social, professional, and educational
grounds. The developers declared its verification from
the sample of 300 respondents [17, 19].

In this way, there are two fatigue indicators in the
questionnaire — the average score and the adaptation
time. This is necessary to assess the relationship
between the functional state of a person (expressed in
points) and the adaptation time, to estimate the quality
of the questionnaire survey and the accuracy of the
questionnaire completion.
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Fig.1. Completed questionnaire to survey the
passenger functional state
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An example of a completed questionnaire reduced
to the passenger transportation field is shown in Fig. 1.

Thus, 16 respondents were belonging to different
layers of the population aged between 18 and 60 years,
who daily use public transportation for study or
workplace trips in the city of Kharkiv. Within 5 working
days, the test sample of 80 questionnaires was received
to demonstrate a human functional state after a mass
transportation travel. Unfortunately, the 2019-nCoV
restrictions did not allow reaching the required number
of 300-400 respondents.

Despite the above-mentioned universality and
consistent results stated by the authors [19], the
technique cannot be unambiguously accepted as a
conclusive and reliable one. The questionnaire requires
to be checked for reliability and validity by methods of
mathematical statistics [22, 23].

Reliability is a test quality criterion to ensure the
measurement accuracy to be stable to extraneous
random factors.

To evaluate the reliability of the tests, the
following methods are used [22, 23]: 1) retest method;
2) parallel forms method; 3) test splitting method.

So, a test reliability assessment is originated from
calculating the correlation between two sets of results of
the same test or its two parallel forms by the formula
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where Xj, Yjare the individual scores from

various parts of the test or questionnaire;

n is the number of observations.

Regardless of the assessment method used, the test
reliability is acceptable if the correlation value is within
0,8-1[23, 24].

The retest method of assessing the reliability
assumes that the same test is used twice in one group of
respondents. As mentioned above, it is based on
calculating the correlation between the individual scores
of the respondents according to the results of the first
and second tests. In this method, the time factor plays a
significant role — the period cannot be large. During this
time, concerning transport fatigue, the living and travel
conditions as well as the workplace that are of the key
impact may change.

The method of parallel forms involves testing the
same group of respondents twice with tests that are
identical in content, structure, and include tasks equal in
difficulty, differentiating ability, i.e., parallel forms of
the test. The main difficulty in applying this method is
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that the developer needs to create a new test, identical to
the first one, and prove the identity, and this is a very
laborious procedure.

The splitting method is convenient in practical
application, since it is reduced to single testing. It is
from the assumption that the two halves of the test are
parallel, and involves dividing the test into two parts:
even and odd test tasks.

After analyzing all the reliability approaches, the
retest method was chosen for its simplicity and clarity.
From the above-stated, we believe that a one-week
break between the questionnaire surveys (No.1 and
No.2) is sufficient, as the questionnaire is not a test of
knowledge and does not contain information that can be
memorized to deliberately falsify the final result
(memorizing the test tasks and answers).

Sample fragment of human body state data is
presented in Table 1.

Table 1
Sample fragment of human body state data
Survey No. 1 Survey No. 2
Adaptation Adaptation
No. time, min. Score | No. time, min. Score
1 12 4 1 15 4,1
2 15 3,9 2 12 4
3 20 3,6 3 14 39
4 10 4,6 4 8 47
80 25 35 80 20 38
Time-to-score -0.87 Time-to-score 0,81
correlation value correlation value
Adaptation time correlation value 0,83

To assess the relationship strength between the
human states expressed in points from survey No. 1 and
survey No. 2, a pair correlation analysis was performed
using Microsoft Office Excel 2010 [25]. Correlation
value of 0,851 indicates a close relation between the
scores [23, 24, 26].

However, this value is influenced by random
factors, therefore, when it is necessary to check its
statistical significance by calculating the Student's t-test
[27]

r-</n-2
tcalc.:—21
1-r (2

where r is the calculated correlation coefficient for
the pair of scores.

Then
teale. = 0.851-v80—2 =126,18"
\1-0,8512
If the t_ >t condition is satisfied, then the

coefficient value can be considered as a non-random
and statistically significant one. In accordance with
[23], at t (0,05;78) the tabulated t-criterion value is

149



Komynanvue zocnooapcmeo micm, 2020, mom 6, éunyck 159

1,991 for the 0,95 confidence level. Since the
correlation coefficient is nonrandom and is of proper
significance.

In practice, it can be found that a good correlation
between the average score of a human state in
questionnaires No.1 and No.2 does not bring the same
good ratio to the workplace adaptation time. In other
words, a low correlation between the "time-to-score"
values will indicate that the adaptation time does not
correspond to the actual state of the passenger expressed
in points, and refuses the survey purpose and quality.
The reason for this may be a respondent's disinterest and
negligence when completing the questionnaire, changes
in living and workplace trip conditions, social status,
etc. Due to this, the "adaptation time-to-average score"
correlation must also be checked. The correlation
analysis results are also shown in Table 1. In both
surveys, the correlation is sufficiently close and
negative, i.e. a worse human "after-trip" state meets to a
longer adaptation time.

According the Student's t-test these correlation
coefficients are also significant and non-random, as

teale. > tta.. 136,62>1,991 and  104,73>1,991,

respectively, at the 0,95 confidence level.

As can be seen in Table 1, adaptation time
demonstrates a good correlation of 0,83 too. The t-test
procedure also revealed the high adaptation time
significance and low random influence (105,09>1,991).

Another important indicator of the test or
questionnaire quality is validity. Validity is the
testability to generate the results to be adequate with its
purpose [22, 23]. There are two approaches in
determining the test validity.

The first approach involves comparing the
functional state scores with the scores of independent
experts (or medical test scores) and subsequent
correlation coefficient calculation as suggested above.

The second approach originates from the statistics
and test theory [28]. It is known that the second
indicator of adequacy or validity can be the
determination coefficient directly or the following value

V=1-r2, (3)

2 2

where r- is the determination coefficient, r= =

0,724.

The acceptable value of the test validity is usually
in the range of 0.2-0.4. This value means a part (or
percentage) of random factors, the influence of which
was not taken into account in the test or questionnaire.

Then the value of the test validity will make

V =1-0,724=0,276.
The value of validity is not verified for

significance, but in order to substantiate the
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determination factor statistical significance it is
convenient to apply the F-statistics calculation [27]

2
re-(n-2
Fcalc.z(iz)’ (4)
1-r
_0,724-(80-2)

Fealc, = —204,61-
cale. =170, 724

In accordance with [27], at F (0,05;1; 78) the
tabulated F-criterion value is 3,96. Since Fqgic. > Rap.

the determination coefficient is nonrandom and
significant too at the 0,95 confidence level.

Thus, it can be concluded that the calculated
indicators of the reliability and validity of the functional
state questionnaire demonstrate an acceptable quality of
the survey results.

Conclusions

The questionnaire approach presented makes it
possible to find the transport fatigue value, expressed
both in points and in a universal indicator — the
passenger's workplace adaptation time.

The statistical analysis demonstrated a sufficiently
high quality of the questionnaire survey, which was
proposed to be assessed by reliability and validity.

It was established that reliability is the testability
to generate a stable result, free from random errors and
independent of the time of use. As an indicator of
reliability, the correlation coefficient was taken, which
showed a high resulting value of 0,851.

At the same time, the test validity is the
consistency of the results with the test purpose. The
validity value of 0,276 is statistically significant and lies
within the recommended limits.

So, the further research areas are to improve the
survey quality by increasing the sample size to the
required values and distributing the questionnaires in
cities of the different population to reveal the persistent
trends in the passengers' transport fatigue formation.
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CTATUCTUYHA OHIHKA AKOCTI AHKETHOI'O OBCTEXXEHHSA 3 BUSBHAUYEHHSA
TPAHCHOPTHOI BTOMU HA MICBKOMY NMACAKHPCBKOMY TPAHCIIOPTI
J.M. Komutkos, I'.O. Camuyx
XapKiBChKHIA HAIlIOHATBHUN YHIBEPCUTET MicbKOro rocnogapctsa imeni O.M. BekeroBa, Ykpaina

Micokuil nacax)cupcoKuili mpaHcnopm € 20N08HOI0 CKIAO0B0I0 CYYACHO20 Micma, Ul 6U3HAYAE AK MEMRU U020
Ppo36umKy, max U 6iON0GIOHULl PiGeHb JHCUMms Micbkoeo HacenenHsa. Ilopsao 3 ouesUOHUMU hepedazamu MicbKo2o
MPAHCROPMY ICHYIOMb § COYiaNbHi empamu, ceped sKux Cli0 8paxoeysamu 30umku 6i0 eKONI02IUHO20 MAd UWYMOBO20
3a6pyOHeHHs, OOPOIACHLO-MPAHCROPMHUX NPU200 MA MPAHCROPpMHOT émomu. Ha 6iominy 6i0 nepuiux mpbox He2amueHux
HACNIOKIB, 0151 AKUX PO3POOIEHI MEMoOU OYIHKY, 3d ICHYIOUUX YMO8 MPAHCHOPMHA GMOMA 3ATUUAEMbC HEOOCMAMHbO
BUBYEHUM pe3YTbmamom (QYHKYIOHY8AHHA MiCbKo20 mpancnopmy. Buxodauu 3 auanizy memooié GusHAUeHHs
Mpancnopmuoi emomu, 6ya0 3anpoNnoHOBAHO AHKEMHUN Memoo ii 6usYeHHs AK 0OHO20 3i CMAHIE Opeanizmy JIOOUHU.
Hanuii memoo y nopieHami 3 iHCMPYMEHMANTbHUMU MEeMOoO0aMu MA€ nesHi nepesazu: 0obpe po3pobieHi 03HaAKU CMaHy
emomu, GIOHOCHA npocmoma 6ionogioell ma ix nooarbuwioi 0O6pobKU, ONnepamusHicmv Memoody, NepesipKka SKOCHI
OMPUMAHUX Pe3YTbmamie Memooamu mamemamuynoi cmamucmuxy. Taxum YuHOM y ORUMYBANbHUKY € 080 NOKAZHUKU
emomu — cepeoniil 6an ma uac adanmayii. L{e HeoOXiOHO Ol OYIHKU CUIU 83AEMO38'A3KY MINC (PYHKYIOHATILHUM CIAHOM
JOOUHU, BUPAdCEHUM Yy 6anax, ma dacom adanmayii, a maxoxc Oisi OYIHKU AKOCMI ONUMYBAHH mMA MOYHOCHI
3anosHenHs aukemu pecnonoenmamy. CmamucmuyHull auaniz npPOOeMOHCMPY8A8 OOCMAMHbLO BUCOKY AKICMb
ONUMYBAHHSA, sIKe OYNI0 3anpONOHOBAHO OYIHI6AMU 3a HAJILIHICMIO ma éanioHicmio. Byno écmanosneno, wjo HaditHicmy —
ye 30amHicmb mecmy 2eHepyeamu CMIUKUll pesyibmam, GLIbHUll 6I0 GURAOKOBUX NOMUIOK [ He3anedcHull 6i0 uacy
suxopucmanus. Haoitinicme mecmy 3anpononogano oyinioeamu uepe3 NOPIGHAHHA DPe3YNbmamie ONUTNY8AMHHSA, fAKe
npoBOOUMBCSL 3 YACOBUM NPOMIINCKOM, WO OOPIBHIOE 00UH mudcoeHb. B sxocmi noxasznuxa naodiiinocmi 6y6 npuiinsamuil
Koeghiyicnm Kopenayii, AKUL NOKA3ae Ucoxke pe3yrbmyroue snavents, wo cxaano 0,851, i € cmamucmuyno 3nayyuwum ma
HesUNAaoKosuM. Y mou dce uac, anioHicme mecmy — ye NOKA3HUK, WO OYIHIOE BIONOBIOHICMb pe3yIbmamis Memi mecmy
Ma CmyniHb OXONJEHHA YUHHUKIB, AKI MOJICYMb 3A60A6amu 6NAusy HA MPAHCNOPMHY 6momy. Bemuuuna eanionocmi
ckaaoae 0,276, ska makoc € CmamucmuyHo 3Ha4yujoro i 3Haxooumscs ¢ pexomenodoganux mexcax (0,2 — 0,4). Omorce,
nepCneKmuGHUMU HANPAMKAMU OOCTIONCEHb € NOKPAWEHHS AKOCMI 0OCMENCeHHA 30 PaXyHOK 30iibuents 00cazy auoipKu
00 Heobxionux snauenv (300 — 400 pecnondenmis) ma po3no8ClOONCeHHs aHKem y MICMAx 3 PI3HOI YUCETbHICHIO
HACeNIeH s 3 MeMOI GUAGNIEHHS CIIUKUX MeHOeHYill Y (POPMYBAHHI MPAHCNOPMHOL 8MOMU NACANHCUPIS.

Kniouogi cnosa: mpancnopmua emoma, aukemmue 00Cmedicents, Ha0lHicmy, 8a1I0HICMb, AKICMb, KOpeIayisl.
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