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Abstract

The construction industry is an economic sector that is characterized by seasonality. Seasonal factors affect the volume of
production, which in turn affects the accident rate. The aim of the research presented in the article was to develop a model
for predicting the number of people injured in occupational accidents in the construction industry. Based on the analysis of
statistical data and previous studies, the occurrence of certain regularities of the accidentality phenomenon was found, namely
the long-term trend over many years, as well as seasonality and cyclicality over the course of a year. The found regularities
were the basis for the assumptions that were made for the construction of the model. A mathematical model was built in the
non-linear regression dimension. The model was validated by comparing the results of prediction errors generated by the
developed model with the results of prediction errors generated by other known models, such as ARIMA, SARIMA, linear
and polynomial models, which take into account the seasonality of the phenomenon. The constructed model enables the
number of people injured in accidents in the construction industry in selected months of future years to be predicted with
high accuracy. The obtained results can be the basis for making appropriate decisions regarding preventive and prophylactic
measures in the construction industry. Commonly known mathematical tools available in the STATISTICA package were
used to solve the given task.

Keywords Construction industry - Seasonality in the construction industry - Nonlinear regression - Occupational safety -
Accidentality prediction - Long-term trend

1 Introduction

The construction industry is one of the most important sec-
tors of the economy of every country. Due to the high degree
of diversity and complexity of construction works, it is char-
acterized by a high level of hazard to the life and health of
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employees. The consequence of this is a high accident rate
for this sector of the economy, which is measured by the
number of people injured in accidents each year. This state-
ment applies to most countries in the world [1-3].

The accidentality phenomenon has a negative impact on
the economy and causes a serious global public health prob-
lem. In many countries of the world, to improve the existing
accident situation at workplaces, actions that aim to achieve
a zero number of accidents have been initiated [4]. This goal
can be achieved by legislative changes in labor law, system-
atic employee education, shaping the appropriate safety cli-
mate and safety culture in enterprises, and with appropriate
management. To properly shape the policy of changes that
are introduced, and the directions of accident prophylaxis

@ Springer


http://orcid.org/0000-0001-6630-8065
http://orcid.org/0000-0002-5213-6845
http://orcid.org/0000-0001-8200-3827
http://crossmark.crossref.org/dialog/?doi=10.1007/s43452-021-00348-7&domain=pdf

30 Page2of13

Archives of Civil and Mechanical Engineering (2022) 22:30

and prevention, it is necessary to observe trends in occupa-
tional accidents and to analyze forecasts in this area.

The accident rate in the construction industry depends on
many factors of a technical, human, managerial, legislative,
environmental and economic nature. The accidentality phe-
nomenon in the construction industry is also influenced by
unknown factors that have not yet been investigated [5-8].
Research conducted by scientists in many countries around
the world has shown that the number of accidents in the
construction industry varies from year to year, as well as
from month to month.

The aim of the research was to develop an accident pre-
diction model in the construction industry. Statistical data
published by the Central Statistical Office in Poland was
analyzed. The occurrence of certain regularities in the acci-
dentality phenomenon was found, namely, a decreasing
long-term trend, as well as seasonality and cyclicality of
this phenomenon. The found regularities were the basis for
the assumptions that were made to build the model. These
assumptions included: non-linear regression, as well as the
seasonality and cyclicality of the phenomenon. The STATIS-
TICA package was used for the calculations.

Building the model will allow the number of people
injured in accidents in selected months of the coming years
to be predicted. The obtained results can be the basis for
making appropriate decisions regarding preventive and pro-
phylactic actions. Knowledge about hazards in a workplace,
and also the adopted methods of preventing accidents, which
were provided systematically to employees, may change
their attitudes in terms of the perception of dangerous situa-
tions at work and the use of safe methods of work. It can also
be the basis for forecasting the future costs of occupational
accidents, which in turn may have an impact on prices in the
construction industry, as well as on financial and insurance
policies.

2 Literature survey

The construction industry is considered to be one of the
most dangerous sectors of the economy. Statistical data pub-
lished in various countries of the world concerning occu-
pational accidents indicate that the problem of accidents
in the construction industry is global. The risk of a fatal
accident in the construction industry is three times higher
than in other industries [9, 10]. Each year, the construction
industry around the world suffers more than 60,000 deaths.
The phenomenon of accidentality in the construction indus-
try should, therefore, be given special attention, as it has a
negative impact on the economy, employers, employees, and
their families.

When analyzing the accident rate in the construction
industry on a monthly basis, it can be seen that the number
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of accidents in individual months of the year is different
[11]. This may indicate the seasonality of this phenomenon.
This thesis is confirmed by research conducted by scientists
in many countries. In Singapore, for example, the highest
number of deaths in accidents in the construction industry
occurs in October before the rainy season [1]. In Taiwan, in
the period from 2000 to 2009, most accidents occurred in
the summer [12]. In turn, in South Australia, the number of
accidents in the period from 2002 to 2011 was the highest in
Autumn [2]. Based on a study of occupational injuries and
diseases in the United States in the years 2003-2010, it was
found that most of the injuries occurred during the summer
months [13]. Accidents in Korea occurred less frequently in
winter than in other seasons [14].

The above-mentioned examples show that there are sea-
sonal factors that influence the occurrence of accidents in the
construction industry. Research conducted by Traczyk and
Trzebski [15], which concerned work-related physical effort,
showed that a too high or low temperature, high humidity,
high and low atmospheric pressure, and also changes in wind
speed may cause changes in the body of an employee—even
in acclimatized people. Such changes could become a cause
of an accident. It was also noted that the number of accidents
depends on the climatic zone. In Spain, for example, in the
period 2003-2008, the majority of accidents occurred in the
Mediterranean and continental zones and accounted for 48%
and 35% of all accidents, respectively [3]. The influence of
climatic zones and the period of the year was also analyzed
in China [16]. It was observed that in the years 2010-2016,
August was the month with the highest average number of
accidents, and the incidence rate was the highest in regions
with a mild climate. Therefore, a constant pattern of the
accidentality phenomenon in the construction industry can
be observed. The fact that it repeats each year confirms the
seasonality of the phenomenon.

The seasonal nature of the accidentality phenomenon in
the construction industry is influenced by many factors. W. J.
Granger defined a seasonal factor as any pattern that repeats
itself every year in the same month, regardless of the cause.
He classified the factors influencing seasonality in the con-
struction industry into four categories, namely [17]:

e climate-related factors, including weather changes, which
have a direct impact on the efficiency of

e construction production;

e calendar-related factors, including the number of actual
working days in a month, which affect monthly produc-
tion;

e date-related factors such as the number of public holidays
during which production is stopped;

e expected factors that influence seasonal behavior related
to, e.g., the date of VAT settlements, the payment of
other taxes, the end of the year, and also the need to
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comply with both the production result and the annual
budget.

Seasonal factors affect the amount of construction pro-
duction, which in turn affects the accidentality rate. Mach
et al. [18] identified cyclical fluctuations in relation to the
construction industry in 16 European countries. Moreover,
the authors of article [19] showed the dependence between
the number of accident and production cycles in the con-
struction industry in South Korea. The authors of paper [20]
analyzed the influence of seasonal factors on the costs and
duration of the implementation of a project. The relationship
between the accident rate and the value of production was
proved by, among others, Fabiano et al. Research concerning
the Italian industry showed that there is a cyclical trend in
the number of fatal accidents and that the number of acci-
dents depends to a large extent on the value of production
[21]. Similar conclusions were formulated by Dong et al.
[22]. Their research, concerning falls from roofs, confirmed
the relationship between the number of fatalities and the eco-
nomic cycle. Research conducted by Hota and Szostak [23],
which referred to the construction industry in the European
Union countries, also indicated the existence of a long-term
cyclical trend in the accidentality phenomenon.

Analysis of the accidentality phenomenon in the con-
struction industry can also be found in [24-27]. The research
conducted by Hota [28] regarding the Polish construction
industry indicated that the accident rate in the construction
industry changes every year, and that there is a clear down-
ward trend. Studies of trends in the accidentality phenom-
enon and the prognostic models that are built on their basis
can be used to predict future events. Moreover, based on
this knowledge, decisions in the area of labor law, education
and prophylactic and preventive actions can be undertaken.

For the modeling of the accidentality phenomenon in
the construction industry, among others, linear mathemati-
cal models, descriptive and graphical models, and IT mod-
els (e.g., neural networks) can be used. For example, the
research included in [28] involved qualitative and quantita-
tive analyses that resulted in the creation of mathematical
models for the development of the trend of the acciden-
tality phenomenon in the Polish construction industry. In
turn, Indian scientists proposed the use of artificial neural
networks (ANNs) to predict the behavior of construction
workers in a risk situation [29]. In American studies [30],
an approach based on the Bayesian network (BN) was pro-
posed to diagnose the risk of falls from a height. The tests
performed on the model enabled the probability of an occur-
rence of an accident related to various safety hazards to be
determined.

Thanks to IT technologies, it is possible to virtually
model the construction environment and its hazards. Paper
[31] proposes the use of a construction site model developed

in a virtual environment for training and educational pur-
poses. In turn, studies [32] propose the use of a virtual real-
ity environment to identify hazards, to determine the rules
of movement of employees on a construction site, and to
specify the impact of the building environment on its sur-
roundings. In research [33], the authors proposed a model
that enables the tracking of construction workers in real time
using Real-time locating systems (RTLS). The developed
tool can be used to control the exposure of construction
workers to hazards that change over time.

The authors of study [34] proposed an approach based
on machine learning (ML) to assess occupational safety.
According to the authors, all accidents follow certain pat-
terns, which in turn allows them to be predicted. The ML
technique was used to predict slip-trip-fall (STF) accidents.

Based on the literature review, it can be concluded that
the accidentality phenomenon in the construction industry
is seasonal, and that the number of occupational accidents
changes cyclically over a period of time covering one cal-
endar year. When conducting studies concerning the acci-
dentality phenomenon during a multi-year period, it is also
possible to identify a general trend in the accident rate in
the construction industry. The constructed prediction model
should, therefore, take into account both of these phenomena
simultaneously.

To predict data, various methods are used, such as linear,
logistic and Bayesian regression [35]. To analyze the time
series in the situations of many explanatory variables, vari-
ous selection and extraction methods can be used, which will
allow a set of features that best discriminate the explained
variable to be obtained. Such methods include Principal
Component Analysis [35, 36].

The review of the methods used to build prediction mod-
els shows a certain research gap, namely that all regression
methods encounter difficulties in a situation when, on the
basis of numerical data, the simultaneous occurrence of a
trend and seasonality is found. Although there are meth-
ods that take into account the seasonality and cyclicality
of phenomena, such as: ARIMA and SARIMA [37, 38],
their application is limited in many cases. This is due to
the fact that these methods can be used to model stationary
series, i.e., series in which there are only random fluctua-
tions around the mean value, or non-stationary series that are
reducible to the stationary form [39]. In addition, the ability
to predict events that may only occur in the near future can
be seen to be a limitation.

Taking into account the above observations, the authors
attempted to build a model for predicting the number of peo-
ple injured in accidents in the construction industry, which
takes into account both the long-term trend and the seasonal
nature of the phenomenon with regards to non-linear regres-
sion. The information obtained on the basis of the model on
the expected number of accidents in particular months of

@ Springer



30 Page4of13

Archives of Civil and Mechanical Engineering (2022) 22:30

subsequent years may be the basis for making decisions in
the field of legislative, educational, prophylactic and preven-
tive actions, as well as for estimating the costs incurred due
to accidents. This in turn may affect prices in the construc-

tion industry, as well as the financial and insurance policy
of enterprises.

3 Materials and methods
3.1 Statistical data

To develop the prediction model, statistical data published
by the Central Statistical Office in Poland were used. The
data concerned the number of people injured in occupa-
tional accidents in the construction industry in particular
months of the year during the period covering the years from
2007 to 2019 [40]. Figure 1 shows, in the form of a three-
dimensional graph, how the total number of people injured
in occupational accidents in the construction industry (x; ;)
changed in the individual months of the analyzed years.
This figure shows that the number of people injured in
accidents in the construction industry was high at the begin-
ning of the analyzed period, while from 2012 onwards it
shows a clear downward trend. When analyzing the distri-
bution of the number of people injured in accidents in the
following months of the studied years, a certain regular-
ity can also be noticed: the accident rate in January is low,
then increases, reaches its maximum in July and August,
and decreases again in the following months. The above
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Fig. 1 Graph of the variability of the total number of people injured
in the construction industry in individual months of the analyzed
years
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observations suggested examining the correlation between
the following years of the analyzed period of time and the
number of people injured in the construction industry, and
also the correlation between individual months of the year
and the number of people injured in those months. The
obtained values of the correlation coefficients will indicate
whether there is correlative dependency, and what the actual
strength of the relationship between these variables is.

3.2 Investigation of the correlative dependencies
between variables

Due to the fact that one of the variables assumes ordinal
values, and that the other one assumes quantitative values,
the Spearman’s rank correlation was used to determine the
strength of the relationship between the studied variables
[41, 42]. The study of the correlative dependence was car-
ried out for two sets of numerical data, namely:

e ordinal variable r;;i = 1, ..., 13 represents the subsequent
year in the period from 2007 to 2019, and quantitative
variable x;;i = 1, ..., 13 is the number of people injured
in occupational accidents in the construction industry in
year r;.

e ordinal variable mjj =1,...,12 is the subsequent
i-th month of the year, and quantitative variable
x;y =1,...,12 is the sum of the number of people
injured in occupational accidents in the construction
industry in all months mj;j =1,...,12 within the time
interval from 2007 to 2019

The following scale of evaluating the strength of the
relationship between variables r;andx; and m;andx; which

was expressed by the Spearman Rho coefficient [43], was
adopted:

Rho =0—the variables are not correlated,
0 <Rho <0.1—very weak correlation,

0.1 <Rho < 0.3—weak correlation,

0.3 <Rho < 0.5—average correlation,

0.5 <Rho < 0.7—high correlation,

0.7 <Rho < 0.9—very high correlation,
0.9 <Rho < 1—nearly full correlation.

The calculations were conducted using the STATISTICA
package. Table 1 presents descriptive statistics of variable
x—the total number of people injured in occupational acci-
dents in the construction industry in the i-th calendar year.

The calculated values of the Rho and p statistics
(tho=- 0.847; p<0.01) indicate a very high negative cor-
relation. It can be concluded that the total number of acci-
dents decreases over the period from 2007 to 2019. In turn,
Table 2 contains descriptive statistics for variable x—which
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Table 1 Descriptive statistics of

. i Year Number of Monthly Standard Minimal value Maximal value
varlablt.: )fi_tht? total nuIr.lber of r; injured people average M, deviation min[x;] max|[x;]
people injured in occupational . SD.
accidents in the construction ! !
industry in the years from 2007 1 2007 8895 741.25 96.97 540 880
02019 2 2008 9934 827.83 111.15 601 989

3 2009 8684 723.67 106.72 470 872

4 2010 9098 758.17 115.58 555 892

5 2011 9222 768.50 99.56 598 934

6 2012 8125 677.08 86.76 533 805

7 2013 6712 559.33 92.85 423 708

8 2014 6264 522.00 52.12 426 609

9 2015 5776 481.33 55.68 387 567

10 2016 5468 455.67 57.56 364 568

11 2017 5390 449.17 49.08 371 520

12 2018 5247 437.25 46.83 348 500

13 2019 4743 395.25 3943 320 448
Table2 Descriptive statistics j  Month The sum of people injured Long- Standard Minimal value Maximal value
9f,the ‘(?tal numbe'r of people m; in the years 2007-2019 in term deviation min[x;] max[x;]
injured in occupational J month j average  SD, / I
accidents in the construction N M /
industry in month J /
myij =1,...,12 during the 1 January 6828 52523 135.10 364 774
period from 2007 to 2019 2 February 6920 53231 13959 345 806

3 March 7625 586.54 158.74 401 803

4 April 7287 560.54 138.43 384 828

5 May 7794 599.54 160.42 387 808

6 June 8580 660.00 181.74 380 987

7 July 8883 683.31 176.28 448 907

8  August 8461 650.85 159.27 418 849

9 September 8363 643.31 175.48 425 897

10 October 8862 681.69 181.53 442 989

11 November 7843 603.31 179.48 375 934

12 December 6112 470.15 113.69 320 689

is the sum of people injured in occupational accidents in the
construction industry in months m;;j = 1, ..., 12 during the
time interval from 2007 to 2019.

The calculated values of the Rho and p statistics
(tho=0.094; p=0.245) indicate a very weak correlation
between the variables, which proves their non-linear depend-
ence and the seasonality of the phenomenon.

To illustrate the seasonality of the accidentality phenom-
enon in the construction industry, graphs of the variability
of the total number of people injured in accidents in the
construction industry in particular months mj;j =1,...,12
of consecutive years were developed. Figure 2 shows the
correlation curves and the distribution charts of the monthly
number of people injured in occupational accidents in the
construction industry in individual years of the analyzed
time period.

Figure 2 provides very important information. Each year,
there is a very repeatable scenario in which the total number
of accidents over a period of 1-12 months can be approxi-
mated by a quadratic function. The maximum value of this
function falls on the 7-8th month of the year. The distribu-
tion of the parabola arms is also comparable in individual
years, and it can, therefore, be concluded that we are dealing
with the phenomenon of an increase in accidents in the sum-
mer, and a decrease in the winter.

As a measure of adjustment of the correlation curve (in
the form of a quadratic function) to the empirical values, the
coefficient of determination Ri2 was adopted. The value of
this coefficient is presented in Table 3.

When analyzing the results, it can be noticed that
the value of the determination coefficients varies from
R%z = 0.305 (which means an average correlation) to
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Table 3 The coefficients of determination R*> of the adjustment of
data for individual years between 2007 and 2019

i Year Coefficients of determi-  Relevance
r; nation Rf Di
1 2007 0.413 0.020
2 2008 0.375 0.021
3 2009 0.679 0.011
4 2010 0.751 0.008
5 2011 0.692 0.010
6 2012 0.510 0.016
7 2013 0.446 0.018
8 2014 0.577 0.014
9 2015 0.706 0.010
10 2016 0.782 0.007
11 2017 0.510 0.016
12 2018 0.305 0.023
13 2019 0.519 0.016

R%O = 0.782 (which means a very high correlation). The
best adjustment of the correlation curve to empirical val-
ues occurs for 2016. For further considerations, the correla-
tion curve for this year was adopted as a model of seasonal
changes in the accident rate in the construction industry.
The charts presented in Fig. 2, when combined with
each other (Fig. 3), show how the total number of people
injured in occupational accidents in the construction indus-
try changed in individual months in the period from 2007 to
2019. Figure 3 also shows the decreasing trend of the above-
mentioned feature, which was confirmed by a very high
negative correlation (rho = — 0.835, rho?=0.697, p<0.01).

Fig. 3 Scatterplots of the total 1200
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3.3 Mathematical model of the accidentality
phenomenon in the construction industry

When building the model, the following assumption was
made: if the changes in the total number of accidents in
the same months of subsequent years are comparable, then
it is possible to estimate such a constant numerical value
that will allow a trend for subsequent annual cycles to
determined.

For this purpose, the following were calculated: the
average annual increase/decrease in the total number of
accidents, and the average monthly increase/decrease in
the total number of accidents.

The average annual increase/decrease in the total num-
ber of people injured in accidents Ar can be written as
follows:
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where n determines the number of years on the basis of
which the model is being built. For the analyzed data, n=13
was assumed. k determines the number of months on the
basis of which the model is being built. For the analyzed
data, k=12 was assumed. x; j is the total number of acci-
dents in the i-th month of year j. i is the subsequent year,
i=1,2,...,13. j is the subsequent month, j=1,2,...,12.
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Similarly, the average monthly increase/decrease in the P
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Table 5 Average monthly increases/decreases Am; . [%] of the total number of accidents in the years 2007-2019

Month 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

2-1 -0.17 0.04 0.09 0.10 0.10 -0.12 0.12 0.03 0.12 010 -0.11 -0.06 —0.08
3-2 0.21 -0.14 0.10 0.24 0.09 026 -0.13 0.05 0.05 0.00 0.19 0.06 0.14
4-3 -0.09 016 -015 -0.15 -0.07 -0.16 010 -0.04 -—0.05 0.17 -0.15 0.01 - 0.04
5-4 0.13 -0.02 0.12 0.11 0.12 009 -0.04 0.08 0.06 -0.06 016 -0.10 0.09
6-5 -0.08 0.18 0.09 0.11 0.08 0.10 0.12 0.02 0.07 0.20 0.11 0.21 - 0.10
7-6 012 -0.08 0.06 002 -0.04 0.08 0.19 0.11 009 -013 -0.07 -0.04 0.15
87 -001 -010 -009 -0.08 005 -010 -005 =010 -0.07 0.01 0.01 0.04 -0.07
9-8 - 0.05 009 -0.01 0.02 002 -0.02 -0.08 002 -002 -004 -0.04 -0.14 0.03
10-9 0.11 0.09 0.00 0.07 -0.07 0.06 0.10 0.07 0.06 0.02 0.07 0.15 0.02

11-10 -0.17 -0.16 -0.14 -0.13 013 -006 -029 -016 -016 -008 -008 —-009 -0.15
12-11 -026 -027 -030 -022 -026 -025 -014 -015 -016 -0.13 -0.17 -024 -0.15
Am; | —0.023 -0.020 -0.022 0.008 0.014 -0.011 -0.009 -0.007 -0.002 0.004 —0.008 -0.017 -0.013

Table 6 Correlation statistics of annual Ar and monthly Am increases n,, = [1 + (2016 — r)A, ér]
Rho Spearman  p Min (%) Max (%) Average (%) X (—3.72347712 +52.969m + 306.58), 5)
Ar 0.258 0394 3.93 5.33 475 r=1....13m=1,...,12
Am  —0.112 0.729 140 2.30 0.82
4 Results

where for empirical data, Ar,, = 0.0473% (as shown in
Table 6) is the average value of Ar;. This coefficient shows
how many percent the value of the prediction changes
for each month of any year in relation to 2016. Finally, a
prediction model of the total number of people injured in
occupational accidents in the construction industry n,,, was
obtained for year » and month m, and is expressed by the
following formula:

Using the proposed prediction model expressed by
Eq. (5), the prediction error was determined as the differ-
ence between the real value of the total number of people
injured in accidents in the construction industry and the
predicted value obtained from the model. The prediction
error values for individual years and months are summa-
rized in Tables 7 and 8, and also in Fig. 4. In Table 7, the
average value of the prediction error for each year, as well
as other statistics, are calculated for 12 months. In turn,

Table 7 Statistics showing the

o Year n Average Median (%)  Minimum (%) Maximum (%)  Standard Standard
values of prediction errors for

e r value (%) deviation (%) error (%)

individual years
2007 12 13.84 14.28 4.37 29.75 7.90 2.28
2008 12 2433 25.29 6.77 36.56 9.02 2.61
2009 12 1847 19.07 6.36 25.45 5.99 1.73
2010 12 23.09 23.96 13.76 33.17 6.61 1.91
2011 12 27.20 26.82 15.75 41.87 6.02 1.74
2012 12 2046 20.30 9.35 30.81 7.64 2.20
2013 12 10.72 9.95 0.33 22.73 7.58 2.19
2014 12 6.72 4.66 0.75 17.28 5.56 1.61
2015 12 5.29 5.46 0.07 11.32 3.56 1.03
2016 12 3.95 3.34 0.39 13.67 3.66 1.06
2017 12 6.92 6.56 1.23 18.33 5.62 1.62
2018 12 9.70 9.54 2.51 23.87 5.93 1.71
2019 12 5.96 4.83 0.32 18.42 5.18 1.50
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Table 8 Statistics showing

the val £ oredicti Month n Average Median (%) Minimum (%) Maximum (%)  Standard Standard
e values of prediction errors lue (% deviation (% %
for individual months without value (%) eviation (%) error (%)
being divided into years 1 13 2071 18.42 225 36.56 9.55 2.65
2 13 12.74 10.78 1.17 31.92 9.79 2.71
3 13 14.82 9.77 3.96 30.87 9.97 2.76
4 13 8.16 6.17 0.33 23.52 6.56 1.82
5 13 10.57 10.60 0.99 23.12 7.42 2.06
6 13 13.82 10.18 0.07 31.44 10.81 3.00
7 13 15.05 15.19 0.39 27.89 10.07 2.79
8 13 11.86 15.07 0.93 28.28 9.16 2.54
9 13 12.28 11.09 0.77 31.24 10.66 2.96
10 13 20.06 20.64 4.54 35.27 9.53 2.64
11 13 13.91 12.74 0.32 41.87 13.15 3.65
12 13 9.08 8.09 1.23 27.07 6.42 1.78
45% Error
o 14
40%
35% 12
30%
10
25%
S
5 20% g 8
15% = .
10%
) 4 o4
- 3 ~ -
. . B <031
% : [1<o021
20 0 20 40 60 80 100 120 140 160 180 <016

Monthly measurement of the error in forecasting
the number of accidents at the turn of 2007-2019

(a) Error scattering plot for subsequent measurements

0 B <o0,11
2006 2008 2010 2012 2014 2016 2018 2020 I <006

Bl < 0,01

Year

(b) Matrix of the size of the year/month prediction errors

Fig.4 The trend of forecast errors in successive measurement points and years

in Table 8, the values are calculated for the same month
in individual years.

The mean prediction error obtained for all the data is
13.59%, with a standard deviation of 9.95%. The lowest
prediction error is 0.07%, and the highest is 41.87%.

Figure 4 shows (a) a scatterplot of the prediction errors
for all the subsequent measuring points, and (b) a plane plot
showing the distribution of prediction errors broken down
into months and years.

From the scatterplot of the prediction error presented
in Fig. 4a, it can be concluded that the prediction error
decreases with each subsequent measurement, and since
2014 has been at the level of 5-10%. The chart showing the
prediction error broken down into years and months, which
is presented in Fig. 4b, shows that the prediction error for
each month is comparable for individual years. However,

@ Springer

this error decreases in subsequent years. Based on the
obtained results, it can be concluded that in the years after
2014 the prediction error is significantly lower than in the
years before 2014. The prediction error after 2016 enables
the total number of people injured in accidents to be fore-
casted with high accuracy.

5 Discussion

The results of the analysis of the number of accidents in
the construction industry in Poland in the years 2007-2019,
which are included in this study, and the results of studies
conducted in other parts of the world, confirmed that it is a
seasonal phenomenon. The published statistical data con-
firm that the number of accidents in the summer season is
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greater than in the winter months [1, 2, 12, 13]. In the graphs
presented in Fig. 2, a similar pattern of variability in the
number of people injured in occupational accidents in the
construction industry is repeated, which proves the seasonal
and cyclical nature of this phenomenon. Similar conclusions
with regards to seasonality in the construction industry were
formulated by Mach et al. in [18]. In long-term studies con-
cerning accident rates in many European and world coun-
tries, the formation of long-term trends in accident rates can
be noticed. Thanks to the “zero accidents” action carried
out in the construction industry around the world, there is
a downward long-term trend in many countries. Both these
phenomena, namely seasonality and cyclicality, as well as
the long-term trend, were included in the developed model
of predicting the number of people injured in occupational
accidents in the construction industry.

A model based on non-linear regression assumptions was
developed. The developed model was verified by compar-
ing the values calculated on the basis of the model with the
empirical results. The average prediction error obtained for
all the data is 13.59%, with a standard deviation of 9.95%.
The lowest prediction error is 0.07%, and the highest is
41.9%. When analyzing graphs 4a and b, it can be noticed
that the prediction error decreases when approaching the end
of the analyzed time interval. It can be assumed that in the
years after 2014 the prediction error is significantly lower
than in the years before 2014.

The developed model was verified by comparing the
prediction calculated on the basis of the model with the
results obtained using the following methods: linear regres-
sion, polynomial regression, as well as the ARIMA and
SARIMA methods. In the calculations carried out with the
above-mentioned methods, the experimental protocol was
adopted as a fivefold cross-validation. Within the same data
set, fourfold was used for learning, and one was used for
testing and validation. Thus, in each method, the learning set
accounted for 80% of the samples, with 20% of the samples
being included in the testing set. The results of prediction
errors obtained using verifying methods, i.e., linear regres-
sion, polynomial regression, and ARIMA and SARIMA, are
presented in Table 9.

Using the Wilcoxon test, the significance of the differ-
ences of the prediction errors between the different base
models was assessed at the level of statistical significance

(@=0.05). For example, for model (e), the obtained results
were a, b and d. This means that the prediction error of 8.9%
for the authors’ model is statistically significantly (p <0.05)
lower than in the case of using: a—linear regression, for
which the prediction error amounts to 32%; b—polyno-
mial regression, for which the prediction error amounts to
28%; and d—the SARIMA model, for which the prediction
error is equal to 11.7%. This result can be compared with
the result obtained using the ARIMA method, in which the
prediction error is equal to 10%. For the considered task,
the developed model turned out to be better than the models
of linear and polynomial regression, and also the SARIMA
model. The SARIMA and ARIMA models provided similar
results and were better than the methods that are based on
the least squares method.

For the forecast covering the period from 2014 to 2019,
the prediction error for the developed model was equal to
5.45%. The ARIMA model generated an error of 7.89%.
The other methods generated the following prediction error
values: SARIMA—8.6%, RL—26%, and RW—23%. The
model for predicting the number of people injured in occu-
pational accidents in the construction industry, which was
developed and presented in this article, reflects well the
attributes of the accidentality phenomenon in the construc-
tion industry, such as the long-term trend, seasonality and
cyclicality.

When building the model, data concerning the number of
accidents in the construction industry in individual months
of the year were used. An accident situation is more accu-
rately reflected in the indicator that refers to “the number of
accidents in relation to the number of employees”. However,
in Poland, precise data on the number of employees in the
construction industry in particular months of the year are not
available. The lack of these data limit our research to only
the number of accidents.

6 Conclusions

The aim of the research that was undertaken and described
in this article was to develop a model for predicting the num-
ber of people injured in occupational accidents in the con-
struction industry based on statistical data published by the

Table 9 Statistics of prediction
errors for individual methods—
provided with the results of the

Type of model a
RL

b c d e
RW ARIMA SARIMA MODEL

Wilcoxon test .
Prediction error

32% (28-36%)
Wilcoxon test -

28% (26-35%)  10% (9-13%)
a a,b

11.7% (9-14%)
a,b

8.9% (7-11%)
a,b,d

RL—linear regression; RW—o6th-order polynomial regression (for a larger degree of the polynomial, an
excessive adjustment to the data was obtained)
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Central Statistical Office in Poland. The model was built on
the basis of data that covered the period from 2007 to 2019,
and the commonly known mathematical tools available in
the STATISTICA software were used to solve the given task.

Based on the analysis of statistical data and previous stud-
ies, the occurrence of certain regularities of the accidental-
ity phenomenon was found, such as a decreasing long-term
trend over many years, as well as seasonality and cyclicality
of the phenomenon over the course of a year. The found
regularities were the basis for the assumptions that were
made for the purpose of building the model.

Prediction errors were calculated for the data obtained
from the model. The obtained results of the prediction errors
indicate that the model reflects well the accidentality phe-
nomenon in the construction industry, and is better than the
linear and polynomial regression models and the ARIMA
and SARIMA models. The average prediction error for
the developed model was equal to 8.9%. The information
obtained on the basis of the model concerning the expected
number of people injured in accidents in particular months
of subsequent years may be the basis for making decisions
in the field of legislative, educational, prophylactic and pre-
ventive actions, as well as for estimating the costs associated
with accidents. This in turn may have an impact on shaping
prices in the construction industry, as well as on the financial
and insurance policy of enterprises. The gained information
can also be used to estimate the probability of an occurrence
of an accident in the future, and the knowledge obtained
as a result of the prediction can be the basis for managing
occupational safety in the construction industry.

The model presented in the article was built on the basis
of data concerning the number of people injured in occupa-
tional accidents in the entire construction branch. Therefore,
an analysis of the model’s correctness was performed for
data covering the entire construction industry. However, the
model is universal and can be used to forecast accident rates
in individual subsections, e.g., industrial and residential con-
structions, road infrastructure, bridges, and others.
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