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Abstract

A very large number of people are killed on the roads. Although the value is decreasing from year to year and the pandemic has
reduced the number of traffic accidents even further, the number is still very high. For this reason, it is necessary to find out on which
days of the week the highest number of traffic accidents occur, and to know the accident forecast for the coming years, so that we can
do everything possible to minimize the analyzed value.

The aim of the article is to develop a forecast of the number of road accidents in Poland depending on the days of the week. For this
purpose, monthly data on the number of road accidents in Poland by days of the week were analyzed on the basis of Police data.
Based on this data, a forecast of the number of road accidents for 2022-2024 was made in Statistica software. Selected neural network
models were used to forecast the number of road accidents. The results show that we can still expect a reduction in the number

of road accidents on Polish roads, but the prevailing pandemic disturbs the results obtained. The choice of the number of random

samples (learning, testing and validation) affects the obtained results.
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1 Introduction

Every year a very large number of people die in road acci-
dents. Based on WHO data, about 1.3 million people die on
the roads each year as a result of road accidents. Road acci-
dents are the leading cause of death for young people between
the ages of 5 and 29. The UN plans to halve the number of
deaths and injuries on the roads by 2030 (WHO, 2018).

We obtain data on the number of traffic accidents
from various sources. We can include data collected by
government bodies through relevant government agen-
cies. In Poland, the most commonly used ones are data
from police statistics and insurance company data-
bases. Partial information on traffic accidents is then
processed for the transportation sector on a larger scale
(Gorzelanczyk et al., 2020).

Methods for forecasting the number of accidents are
developed using various numerical methods. The most
commonly used are time series methods (Helgason, 2016;
Lavrenz, 2018), which have the disadvantages of not being
able to assess the quality of the forecast on the basis of out-
dated forecasts and frequent autocorrelation of the residual

component (Kowalsi, 2005). Prochazka et al. (Prochazka
and Camaj, 2017, Prochazka et al., 2017) used a multi-
ple seasonality model for forecasting, while Sunny et al.
(2018) used the Holt-Winters exponential smoothing
method, the drawback of which is the inability to intro-
duce exogenous variables into the model (Dudek, 2013;
Szmuksta-Zawadzka and Zawadzka, 2009).

We can also use vector autoregression models to fore-
cast the number of traffic accidents. Their disadvantage is
the need for a large number of observations of variables in
order to correctly estimate their parameters (Wojcik, 2014),
which is not always achievable. Duarte Monedero et al.
(2021) used autoregressive models, Al-Madani (2018)
used regression models with curve fitting. These, in turn,
require only simple linear relationships (Mamczur, 2020)
and autoregressive order (assuming the series is already
stationary) (Pitatowska, 2012).

The ANOVA method (Chudy-Laskowska and
Pisula, 2015) can also be used in forecasting the issue
at hand. A disadvantage of this method is that it makes
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additional assumptions, the violation of which can lead
to erronecous conclusions (Gregorczyk and Swarcewicz,
2012). Another disadvantage of this method is the knowl-
edge of the domain (Chudy-Laskowska and Pisula, 2014),
and the forecasting results depend on the assumption of
the initial conditions of the network, as well as the inabil-
ity to interpret in the traditional way, since neural net-
works are referred to as a black box, in which we provide
input data and the model provides results without knowl-
edge of the analysis (StatSoft, Inc., 2011). The latter is the
subject of this article.

2 Materials and methods
A very high number of people die on Polish roads.
Although the value is decreasing from year to year and the
pandemic has reduced the number of road accidents even
further, the number is still very high. Compared to the
European Union, the number of accidents in Poland is still
very high. The lowest number of road accidents occurs on
Sundays and the highest on Fridays. For this reason, every
effort should be made to reduce this value and identify
the days of the week on which the highest number of road
accidents will occur (Fig. 1).

Selected neural network models were used to predict
the number of traffic accidents in Poland depending on
the day of the week. The advantage of the method used
is that it mimics the behavior of the human brain. A neu-
ral network consists of nodes that have inputs, weights,
variances and outputs. During the study, the optimal
weights were adjusted using Statistica and the artificial
neural networks module available in it. Multilayer MLP
(Multilayer Peceptron) neural networks with one layer
of hidden neurons were used for forecasting. In the net-
works analyzed, the input layer consisted of 12 neurons
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Fig. 1 Number of road accidents in Poland by the day of week
in 2018-2021 (Statystyka Policja, 2022)

processing information representing 12 input time series,
i.e. the number of traffic accidents (12-month period). The
number of neurons in the hidden layer in the analyzed case
varied from 2 to 8 neutrons, and the output layer was a
single neutron, representing the output values of the time
series of the number of traffic accidents. The result of the
forecast by the method discussed depends on the choice of
the model and its parameters.

The following forecast errors determined from
Egs. (1)—(5) were used to calculate the excellence mea-
sures of the analytical forecast:

e ME — mean error
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where:

n — the length of the forecast horizon,

Y — observed value of road traffic accidents,
Yp — forecasted value of road traffic accidents.

Neural network models for which the mean percentage
error and mean absolute percentage error were the small-
est were used to predict the number of traffic accidents.

3 Results

The analysis of the change in the number of traffic acci-
dents by day of the week was examined using the Kruskal-
Wallis test. The value of the test statistic is 165.7 with a test
probability of p = 0.000. The value obtained indicates the
rejection of equality of the average level of traffic acci-
dents. On this basis, it can be concluded that the number of



traffic accidents analyzed, over the years, shows a system-
atic decrease in the average level of accidents. In addition,
depending on the day of the week, there is a clear variation
among accidents, as shown in Fig. 1. On the other hand,
it is clear from Fig. 2 that the most traffic accidents occur
on Fridays and the fewest on Sundays.

3.1 Forecasting the number of traffic accidents
Forecasting the number of traffic accidents in Poland by
the day of the week was conducted using data from the
Polish Police from 2007-2021 (Statystyka Policja, 2022).
The study was conducted using Statistica software, assum-
ing two random sample sizes:
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Fig. 2 Average number of traffic accidents by the day of week
from 2007 to 2021
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 teaching 70%, testing 15% and validation 15%,
 teaching 80%, testing 10% and validation 10%,

with the following number of teaching networks: 20, 40,
60, 80, 100, 200. Meanwhile, the following functions were
considered as neuron activation functions in the hidden
and output layers: logistic, linear, exponential and hyper-
bolic tangent. The minimization of the sum of squares of
the errors in the output of the neural network was taken
as the learning error functions. The BFGS (Broyden-
Fletcher-Goldfarb-Shanno) iterative algorithm was used
as the learning algorithm. The calculations in Statistica
software used the automatic search module for the best
networks. Of the 60 different combinations tested, those
for which the MPE error value was the smallest were
selected. Tables 1 and 2 show the best-trained neural net-
works that were used to predict the number of traffic acci-
dents in Poland by the day of the week.

Taking into account the data in Tables 1 and 2, it can be
concluded that the number of traffic accidents in Poland,
regardless of the day of the week, will decrease from year
to year and then stabilize. The results obtained depend on
the selection of the random sample size. In the case of the
teaching group of 70%, the test group of 15% and the vali-
dation group of 15% in proportions (70-15-15), the average
percentage error was 0.25%, while for the second sample
(80-10-10) the error was 0.44%. It should be added that the
results obtained were affected by the pandemic (Figs. 3, 4).

Table 1 Summary of neural network learning for the case of random sample sizes teaching 70%, testing 15% and validation 15%
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Table 2 Summary of neural network learning for the case of random sample sizes teaching 80%, testing 10% and validation 10%
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Fig. 3 Projected number of traffic accidents for 2021-2024 for the
70-15-15 test group
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Fig. 4 Projected number of traffic accidents for 2021-2024 for the
80-10-10 test group

A neural network method was used to predict the num-
ber of accidents in Poland by the day of the week using
Statistica software. The weights used were estimated by
the program in such a way as to minimize the average
absolute error and the average absolute percentage error.

Based on the data obtained, it can be concluded that
the pandemic caused a reduction in the number of traffic
accidents, and in the coming years it can be expected that
the number of traffic accidents will continue to decrease
and then stabilize. In addition, the pandemic further may
change the value of the results obtained. The calculated
forecast errors prove the accuracy of the models used.

Taking into account the obtained forecasts, measures
should be taken to further minimize the number of traffic
accidents. Such measures have already been implemented
in Poland, as of January 1, 2022, by increasing penalties for
traffic offenses on Polish roads. The pandemic, which dras-
tically altered the number of road accidents, certainly had
an impact on disturbing the obtained results of the study.

In further studies, the authors plan to take into account
more factors affecting accident levels and use various sta-
tistical methods to determine the number of traffic acci-
dents. These may include traffic volume, weather condi-
tions or the age of the accident perpetrator.
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