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ON THE ACCIDENT RATE PEDESTRIAN ACCIDENTS AT PEDESTRIAN
CROSSINGS THROUGH THE USE OF STATISTICA TOOLS
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Road traffic accidents (RTAs) with victims account for only about 5% (!) of the total number of accidents, but,
especially at pedestrian crossings, are characterised by high severity and correspondingly high values of accident loss-
es! [1; 2]. Thus, it is necessary to constantly assess the influence of the most significant factors and characteristics,
such as traffic and pedestrian load, geometric parameters of the pedestrian crossing itself and others, most significantly
affecting the accident rate, based on which to develop and implement the most effective measures. It is for this purpose
that the article describes the mechanism for identifying such factors and characteristics, determined through a set
of features provided by the modern version of the Statistica package.

Keywords: accident rate with pedestrians, pedestrian crossing, share of reduction in the number of accidents,
cluster analysis.

Introduction. The main purpose of the publication is to establish a list of independent variables significantly
affecting the values of accident rates and to develop proposals on the basis of this to reduce the number and severity
of accidents involving pedestrians, as well as to establish specific values of the shares of reduction in the number
of accidents using the tools of the Statistica package.

Main part. According to the analysis of the accident rate, the largest number of accidents occur due to violations
of traffic rules by drivers of vehicles. But it should be noted that there are other very significant causes of accidents:
violations of traffic rules by pedestrians, poor road conditions, technical malfunction of vehicles, etc.

The most common causes of road accidents committed by drivers according to the analysis of accident rate for
2021 and 2022 in Gomel are still: mismatch of speed with actual traffic conditions; lack of the right to drive a vehicle;
driving on the oncoming traffic lane; driving under the influence of intoxicants; wrong choice of distance; violation
of rules of passing a pedestrian crossing; operation of technically defective vehicles; driving at a prohibited traffic signal.

The most common causes of road accidents committed by pedestrians according to the analysis of accident rate
for 2021 and 2022 in Gomel are: crossing at an undetermined place, walking along the carriageway, crossing in front
of a closely following vehicle, drunkenness.

The research conducted allowed us to identify a number of factors affecting the total number of road accidents
and the number and severity of casualties. Both temporal (month, hour) and systematic (weather conditions, etc.) factors
were analysed. Of these, the ones that really affect the outcome were highlighted.

Quantitative analysis of accident statistics for the period under study allowed us to draw the following general
conclusions:

— there is a certain dependence of the accident rate in the distribution of accidents by seasons (months):
the number of accidents is higher in spring and summer than in winter, namely in April-May (in 2021 — 1,773 accidents,
in 2022 — 1,976 accidents);

— the highest daily accident peaks are in the morning and evening hours, which is associated with travelling
to work and school. The morning rush hour has the highest number of crashes, with 1,569 crashes in 2021 and 1,882 crashes
in 2022. In the morning hours, traffic participants are characterised by motivation (rush to work, study), low level
of attention and, of course, high intensity of traffic;

— the largest number of accidents is due to: collisions in the traffic flow when approaching the intersection and
collisions of vehicles directly at the intersection;

— the accident rate is significantly influenced by such factors as weather conditions, the presence of structures
(obstructing visibility), the condition of the road surface, the degree of illumination of the pedestrian crossing at night.

— 1in 2021 and 2022, about 40 and 55 per cent of accidents respectively are road traffic accidents with material
damage.

Table 1 shows data on accidents with victims at the studied pedestrian crossings (more than 100) in Gomel for
2021. For 2021 in Gomel, out of the whole range of pedestrian crossings studied, accidents involving pedestrians oc-
curred at only 7 crossings (all with injuries).

! Xomockun JI.IT. CHmkeHnE aBapUMHOCTH Ha MOAXOMAX K PETYIMPYEMBIM MEPEKPECTKAM ITYTEM YIIPABIEHHS JABIKEHUEM
MOMYTHBIX TPAHCIIOPTHBIX CPEACTB: AUC. ... KaH[. TexH. HayK: 05.22.10. — MuHck, 2023. — 163 1.
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Table 1. — Information on accidents with victims at pedestrian crossings for 2021

Date & Time Street House . N umber
of injured persons
22.09.2021 in 20:55 b. Tsarikova 57a 1
31.12.2021 in 07:50 Vladimirova 16b 1
11.07.2021 in 13:42 Lenina — Krasnoarmeyskaya 8 1
04.02.2021 in 17:53 Irininskaya 25 1
15.03.2021 in 16:00 Katunina 20 1
23.06.2021 in 21:30 Belogo — Kalennikov 46a 1
21.06.2021 in 22:05 Sovetskaya — Fedyuninskogo 248 1
Note: There were no road accidents with fatalities.
Directly, the data in Table 1 is presented on the city map (Figure 1).
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Figure 1. — Map of topographic analysis of accident rate in Gomel for 2021
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Table 2 shows data on accidents with victims at the studied pedestrian crossings (more than 100) in Gomel

for 2022.

Table 2. — Information on accidents with victims at pedestrian crossings for 2022

Date & Time Street House . N umber
of injured persons
24.12.2022 in 17:49 Sovetskaya — Hataevicha 63/4 1
24.08.2022 in 21:40 Sovetskaya 108 1
10.06.2022 in 23:00 Barykin 206 1
16.12.2022 in 21:20 Mazurova — Golovatsky 592 1
12.09.2022 in 07:50 Pine 10 1
22.10.2022in 11:10 Zhukova 20 1
26.01.2022 in 07:10 Ilyicha — Leningradskaya - 1

Note: There were no road accidents with fatalities.

Directly, the data in Table 2 is presented on the city map (Figure 2).
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Figure 2. — Map of topographic analysis of accident rate in Gomel for 2022

In 2022, also in Gomel, accidents occurred at 7 pedestrian crossings (from the surveyed range). Also, all the road

accidents are with injuries.
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Topographical analysis of road accidents for the study period shows that for any settlement traditional areas
of concentration of accidents on the street and road network are, first of all, intersections. Therefore, further improve-
ment of traffic safety at intersections, especially in relation to unprotected road users, significantly reduces the overall
level of road accidents, including their severity.

At the next stage, a universal integrated system for statistical analysis, data visualisation and development of us-
er applications — Statistica — was used to identify specific parameters and characteristics that have a greater impact on
the accident rate. Statistica is a modern package, in which all the latest computer and mathematical methods of statisti-
cal data analysis are implemented, that is the most dynamically developing statistical package and the world leader
in the market of statistical software.

This system has the following generally recognised advantages: contains a full set of classical and advanced
methods of data analysis; easy to master by a trained user; fully compatible with applications of the Windows operating
system; is a tool for building applications in specific areas; Statistica data can be easily converted to various databases
and spreadsheets; the package includes specially selected examples that allow you to systematically master the methods
of analysis; supports most Internet formats; supports high quality graphics, allowing you to effectively visualise data
and perform graphical analysis; contains a programming language that allows you to extend the system and run it from
other Windows applications, etc.

In terms of its capabilities, the Statistica package allows you to: build various graphs: histograms, scatter plots,
pie charts, build 3D and other graphs; calculate probability, mean and other basic parameters, plot various distributions
using a probability calculator; build a Pareto chart; build a cause and effect diagram; build control charts; conduct clus-
ter analysis; conduct non-linear estimation — regression analysis; conduct correlation analysis; calculate statistical
charts; conduct time series analysis; organise the analysis using other statistical methods used in industry (and other
areas) for data processing [3].

Application of various methods of working with statistical data in Statistica package.

The study identified 4 groups of initial data (totalling over 75 characteristics) describing each pedestrian crossing:

1) geometric parameters;

2) traffic and pedestrian load;

3) traffic conditions;

4) traffic light control parameters.

In general, the data included a wide range of parameters such as: crossing width, number and width of lanes, an-
gle of the crossing to the edge of the carriageway, type of crossing, presence of an artificial bump, presence and width
of a safety island, speed limit (on the approach to the crossing), traffic volume (by lane and by direction), pedestrian
volume (by direction), presence of pedestrian signage, dimensions of side visibility triangles (from each side of the
roadway), transparency of side visibility triangles (on each side of the crossing), height of the pedestrian crossing kerb,
presence and length of pedestrian barriers installed on both sides, radius of carriageway edge roundings (on each side),
distance from the end of the carriageway edge rounding to the edge of the crossing (on both sides), distance from
the edge of the crossing to the edge of the nearest lighting support (on both sides), number of working traffic light con-
trol programmes, duration of the control cycle (of each of the envisaged programmes), duration of the pedestrian cycle
in the traffic light control programme (pedestrian tact), duration of the green pedestrian signal, etc.

In this case, the dependent variable, directly showing the level of accidents at the pedestrian crossing, is
the number of recorded accidents involving pedestrians, as well as the number of dead and injured pedestrians in acci-
dents. The total sample size for the study period was more than 270 pedestrian crossings.

Given the heterogeneity and large amount of raw data, the following data mining techniques were applied
to achieve the objective: neural network, support vector method, tree bousting, etc.

The factors shown in Table 3 were found to have a relevant impact on the number of road accidents.

Table 3. — The most relevant factors identified during the analysis

Best predictors for continuous dependent variable:
total road traffic accidents (initial data).
Factors Method for selecting relevant variables: feature screening
F-value p-value
13) width of the 4th lane, m 4,773918 0,029784
24) traffic intensity — N,, auto/hour 2,707303 0,014461
28) traffic intensity (present value) — N, , items/hour 2,353892 0,041104
69) duration of the transition interval with the previous phase, sec 2,344816 0,055183
22) traffic intensity — N, , auto/hour 2281882 0,047039
30) traffic intensity (present value) — N, , items/hour 2,251799 0,038965

Note: in the column “Factors” the indicated number denotes the number of the parameter in order, which was adopted during
the research.
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Variables 22 and 28 are highly correlated with each other (correlation coefficient is 0,98), so to exclude the ef-

fect of multicollinearity we should leave variable 28 — traffic intensity — N, , as it takes into account the traffic flow

structure. Similarly with variables 24 and 30. Variable 30 — traffic intensity — N, , should be left.

Variable 13 is the width of the 4th lane. According to observations, this variable takes 2 values: “0” — when there
is no fourth lane and “3,5 m” — when there is a lane. Therefore, this variable was recoded into a categorical variable: it
actually shows the presence/absence of the fourth lane.

Variable 69 is the duration of the transition interval with the previous traffic light cycle phase (for traffic light
cycle phase No. 3), sec. For traffic light objects where there is no traffic light cycle phase No. 3 is set to “0”. Therefore,
the use of this variable for analysis is incorrect. It was excluded (others were similarly excluded). Thus, the remaining
relevant variables are summarised in Table 4.

Table 4. — Final list of relevant factors

Best predictors for continuous dependent variable:
total road traffic accidents (initial data).
Factors Method for selecting relevant variables: feature screening
F-value p-value
13) width of the 4th lane, m 4,773918 0,029784
28) traffic intensity (present value) — N, , items/hour 2.353892 0,041104
30) traffic intensity (present value) — N, , items/hour 2,251799 0,038965

Variables 30 and 28 characterise traffic intensities along different directions. They are difficult to manage be-
cause they depend on many factors. Therefore, the whole set of pedestrian crossings under study was divided into clus-
ters according to variables 13, 28 and 30. The characteristics of the clusters are summarised in Table 5 and Figure 3.

Table 5. — Selected clusters

Final classification — 13) width of the 4th lane, | 28) traffic intensity (present value) — | 30) traffic intensity (present value) —
Clusters m N,igh, , items/hour N, , items/hour
1 0 0-558 0-500
2 3,5 90-121,6 599,6-1600
3 0 624-1240 1045,2-1644
4 0 0-415,8 507,2-1468

* Cluster 1 * Cluster 2 * Cluster 3 Cluster 4

Figure 3. — Distribution of clusters

Based on the subject of the study and the obtained results of cluster distribution, cluster 4 is further adopted for
consideration. This cluster includes 68 objects under study. Then the variable “Cluster” was added to the table with oth-
er data for analysis.

Figure 4 shows a diagram of the distribution of pedestrian crossing accidents for cluster 4.

Thus it is revealed that the most dangerous are 2 pedestrian crossings, which are presented in Table 6.

Further analyses similar to those described above were carried out separately for the cluster 4 under considera-
tion and the relevant factors at this stage were considered, which are presented in Table 7.
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Figure 4. — Diagram of the distribution of accidents at pedestrian crossings:
0’ — no accidents, “1” — there are accidents

Table 6. — Most dangerous pedestrian crossings

Street, house Name of intersection / street section
206, Barykina str. intersection
Vladimirova str. street section, 16b, Vladimirova str.

Table 7. — Relevant factors for cluster 4

Best predictors for continuous dependent variable:
total road traffic accidents (cluster 4).

Factors Method for selecting relevant variables: feature screening
F-value p-value
6) the presence of an artificial bump 11,58677 0,001134

23) traffic intensity — Nt auto/hour 3,91904 0,003759

67) the duration of the transition interval with the previous traffic light 3.40840 0003935
cycle phase for work programme 1, sec

The influence of factor 67 — the duration of the transition interval with the previous phase for work programme 1 —
is presented in Figure 5.
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Figure 5. — A diagram of the impact on the accident rate
for the factor “duration of the transition interval
with the previous traffic light cycle phase for work programme 1”:
x-axis - duration of the interval, sec
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The diagram shows that there should be at least 3 seconds of transition interval between switching off the green
signal for vehicles in the previous traffic light cycle phase and switching on the green signal for pedestrians in the next
traffic light cycle phase.

Further, for example, the influence on pedestrian crossings of cluster 4 of such factors as: the presence of traffic
light regulation at the pedestrian crossing, limitation of speed limits to 50 and 40 km/h at the approach to them,
the presence of a safety island at the pedestrian crossing and pedestrian barriers on the left, right or on the dividing strip
is considered.

The impact on the accident rate of the factor “presence of traffic light regulation at the pedestrian crossing”
is presented in Figure 6.
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Figure 6. — Influence diagram for the factor
“presence of traffic light regulation at the pedestrian crossing”:
«“1” yes, €2 _ no

The diagram shows that the presence of traffic light regulation at pedestrian crossings in cluster 4 reduces pedes-
trian accidents by an order of magnitude (A=0,85, i.e. (0,1111 —0,0169)/0,1111~0,85).

The effect on the accident rate of the parameter “speed limit” for controlled intersections (pedestrian crossings)
is presented in Figure 7.
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Figure 7. — Diagram for the parameter “speed limit”

The diagram shows that speed limitation from 60 km/h to 50 or 40 km/h on the approaches to controlled inter-
sections reduces pedestrian accidents to 0 (A = 1).

The crash magnitude diagram for the parameter “presence of safety island” at regulated intersections (pedestrian
crossings) is presented in Figure 8. The presence of a safety island reduces the number of pedestrian accidents at such
regulated intersections to 0 (A = 1).
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Figure 8. — Diagram of the spread for the parameter “presence of a safety island”:
“0” — none, “1” — structurally allocated, 2" — gap in the dividing strip

The crash magnitude diagram for the parameter “presence of pedestrian barriers (left, right or on the dividing
lane)” at controlled intersections is presented in Figure 9.
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Figure 9. — Diagram of the spread for the parameter
“presence of pedestrian barriers (left, right or on the dividing lane):
“0” — none, “1” — yes

As can be seen, the presence of pedestrian barriers reduces the number of accidents with pedestrians at such reg-
ulated intersections (pedestrian crossings) to 0 (A = 1).

Conclusion. Analysing the capabilities of various statistical methods of the specialised Statistica package as ap-
plied to the processing of road traffic parameters we can draw the following conclusions:

1) the application of the topographic type of accident analysis and the methods of the research package showed
almost identical results;

2) a specific list of independent variables that significantly influence the values of pedestrian accident rates
at pedestrian crossings was established;

3) a specific list of the most accidental pedestrian crossings was established;

4) it seems possible to establish how any intervention affects the number of road traffic accidents (upwards

or downwards);
5) it seems possible to establish a specific proportion of the reduction in road traffic accidents with the introduc-

tion of any intervention (included in the scope of the study);
6) a certain proportion of the reduction in the number of crashes (see point 5) can then be used in accident fore-

casting.
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OLEHKA AHAJIU3A BJIIMAHUA PA3JIMYHBIX ®PAKTOPOB
HA ABAPUMHOCTD C IIEHIEXOJAMH HA NIEHTEXO/JHbBIX IEPEXOJAX
MMOCPEACTBOM HUCITIOJIb30BAHUSI THCTPYMEHTAPHUS HAKETA STATISTICA

kano. mexu. nayk /I.I1. XO/JOCKHH, O.A. /IOBI'YJIEBHY, H.C. APAHACEHKO
(Benopycckuii 2ocyoapcmeennulii ynusepcumem mpancnopma, I'omens)

Jopooicno-mpancnopmuvie npoucwecmsusi (T11) ¢ nocmpadasuwumu cocmaensiom nopsaoka monavko auus 5%
om ux obwje2o yucia, 0OHAKO, OCOOEHHO HA NEeUeXOOHbIX Nepexoodx, Xapaxmepusylomcs 6biCOKOU MANCECMbIO
U COOMBEMCMBEHHO OONLIUUMY 3HAYEHUAMU ABAPUTIHBIX NOMePb. B céa3u ¢ smum neobxo0umo 8 NOCMOSIHHOM pedcume
NpoU3B00UMb OYEHKY 6IUSAHUA HAuboNee 3HAYUMBIX PAKMOPO8 U XApAKMEPUCMUK, MAKUX KaK MpAaHCHOPMHO-
neuexoOHas Hazpy3Kd, 2eoMempuiecKue napamempsl camo20 Neulexo0Ho20 nepexood u Opyeux, Hauboiee 3HAYUMO
GIUSIOWUX HA ABAPUTIHOCMb, OCHOBBIBASICL HA KOMOPOU paspabameieams U eHedpsimv Hauboree dpdexmusHvie Mepo-
npusmus. menno 0nst 5mou yenu 6 cmamve ONUCaH MeXaHu3m GblsiGIeHUs HA36AHHBIX (DAKMOPO8 U XaAPAKMEPUCTNUK,
OnpedeieHHblx NOCPeOCMEOM KOMNIEKCA 803MOICHOCEL, NPEO0CmaBIseMbIX CO8peMenHOl eepcuell nakema Statistica.

Kniouesvte cnosa: asapuiinocmo ¢ neuiexooamu, neuexoonulil nepexoo, 00s cuudicenus wucaa JTII, kracmep-
HbIU AHATU3.
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