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Abstract
Progressive changes in the demographic structure of developed countries observed for many years have caused increasing dispro-
portions in the workforce age distribution. Every year, the number of older employees is reported to be increasing as opposed to
the number of younger employees, which is decreasing. This affects the sphere of occupational health and safety. A work accident
comprises a number of interrelated adverse technical, organizational, environmental, and human events [1,2]. However, it has
been claimed that the main contributing factor responsible for work accidents is a human error (disruption). The causes of human
errors may include: incapacity, nature of tasks being performed as well as physical and social environment. It is important to note
that the first element is strongly related to both age and seniority. Based on available literature, the impact of age on work accidents
is not clearly defined. Advanced age of employees favors the acquisition and consolidation of professional knowledge, but it can
also be associated with greater automation of behaviors in work environment. This can lead to an error resulting in a dangerous
situation or accident. The analysis of the age structure of individuals employed in mining enterprises indicates the dominance of
employees aged 36-45 between 2003-2017. Bearing in mind the above, this study examined the relationship between age and
the number of work accidents among individuals employed in mining enterprises. The study was carried out using the Pearson’s
correlation coefficient. The source of analysis included statistical data on the size of employment in individual age groups and the
number of work accidents in mining enterprises. The period adopted for the analysis was between 2003-2017. The research showed

a correlation between age and the number of work accidents in hard coal mines.
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Introduction

Progressive changes in the demographic structure
of developed countries observed for many years have
caused increasing disproportions in the workforce age
distribution. Every year, the number of older employ-
ees is reported to be increasing as opposed to the num-
ber of younger employees, which is decreasing. In the
case of analyzed data characterizing the employment
structure of mining enterprises, this situation is also in-
fluenced by the restructuring processes that have been
taking place for many years and, connected with them,
temporary suspension of recruitment, among other con-
sequences. Eventually, the employee age structure was
extremely unfavorable between 2003-2017, when the
group aged 36—45 predominated (Figure 1). Also, when
considering the mean age at which workers employed
underground currently reach the retirement age (43
years), the age of studied groups can be assessed as ad-
vanced, clearly approaching the retirement age thresh-
old. This is an immensely unfavorable situation, as not
only does it impact the efficiency of production, but
also health and safety at work. Sociological research
shows that employee age is related to their attitude,
willingness to change work, retraining, training, and fi-
nally work productivity and quality [3]. As employees
become older, the willingness and ability to retrain or
train decreases. In addition, many specialists empha-

size the relationship between age and the number of
work accidents [4].

It is only recently that a change in the age structure
of individuals employed in mining enterprises has been
reported, which could have been influenced by the re-
cruitment of new employees since 2008. This resulted
in subsequent equalization of contribution of given age
groups in the total employment structure.

With regard to the foregoing, this study presents a
correlation analysis of age and the number of work ac-
cidents among employees of mining enterprises based
on the statistical data from the years 2003-2017.

Employee age and accident rates.

Although specialists point to the relationship be-
tween employee age and work accidents, this impact is
not explicit. Advanced age of employees means more
experience and thus a lower risk of accidents through
better knowledge of procedures, regulations, and occu-
pational safety policy. On the other hand, it also means
routine and lower perception of threats [5]. Numerous
publications indicate that with age, physical and sen-
sory fitness of these employees decline and suscep-
tibility to specific types of work accidents increases,
for example, falls from height, slips and trips [4,6,7].
Although young employees lack the experience, they
show high physical fitness. Nevertheless, they are more

Submission date: 01-09-2018 | Review date: 13-10-2018

Inzynieria Mineralna — LIPIEC - GRUDZIEN <2018> JULY - DECEMBER — Journal of the Polish Mineral Engineering Society 81



35000

25000

20000

15000

10000

5000

2004 2005 2006 2007 2008 2009

Wl

il

2010 2011 2012 2013

upto 20 yearsm21-25 years m26-30 years m31-35years  m 36-40 years

m41-45years m46-50years m51-55years m56-60years mover 60years

Fig. 1. Age structure of employees of mining enterprises between 2003-2017
Rys. 1. Struktura wieku pracownikow przedsigbiorstw gorniczych w latach 2003-2017
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Fig. 2. Total number of work accidents in hard coal mines between 2003-2017 [9]
Rys. 2. Liczba wypadkéw ogdtem w kopalniach wegla kamiennego w latach 2003-2017 [9]

often involved in work accidents due to insufficient
knowledge of hazards, which results in poor decisions
in crisis situations [8] It is worth noting that although
statistical analyses show higher probability of work ac-
cidents among young employees, accidents involving
older employees were found to have more serious and
long-lasting consequences.

As shown in Figure 2, when analyzing the accidents
reported in mining enterprises between 2003-2017, it is
difficult to clearly determine a dominant trend. Only in
2009 could a downward trend be noticed, which turned
into an upward trend again in 2017. Also, in 2009, there
was an increase in the total number of accidents in min-
ing enterprises, which coincides with a very large staff
turnover in the previous year. According to the statisti-
cal data on mining industry, in 2008, almost 14,000 em-
ployees were dismissed, and more than 17,200 people
were employed [10].

Study of the relationship between age and the num-
ber of work accidents in hard coal mines

The study of the relationship between age and the
number of work accidents in hard coal mines was con-
ducted using the Pearson’s correlation coefficient. This
coefficient is used to study linear relations of studied
variables, in which an increase in the value of one char-
acteristic causes proportional changes in the mean val-
ues of the other characteristic (increase or decrease).
Poor or lack of relationship occurs at values below 0.2.

Correlation (interdependence of features) defines
interrelations between selected variables. Here, values
are accepted when in the range between -1 and 1. Posi-
tive correlation (correlation coefficient from 0 to 1) in-
forms that an increase in the value of one characteristic
is accompanied by an increase in the mean values of
the other characteristic. Negative correlation (correla-
tion coefficient from -1 to 0) informs that an increase
in the value of one characteristic is accompanied by a
decrease in the mean values of the other characteristic.

The calculated Pearson’s correlation coefficient be-
tween the mean age and work accidents in mining en-
terprises between 2003—2017 shows (Figure 3, Tab. 1)
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Tab. 1. The number of employees of mining enterprises in different age groups and the calculated correlation coefficient for given age groups [7,9]
Tab. 1. Liczebnosci pracownikow przedsigbiorstw gorniczych w poszczegdlnych przedziatach wiekowych oraz obliczony wspotczynnik korelacji dla
danych przedziatow wieku [7,9]

Total
number of
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(endof |upto20 |21-25 28-30 31-35 38-40 41-45 48-50 51-55 5860 [over 80
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2014 1373 25 8192 14858 14426 13840 21597 13043 8228 5583 7868
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Fig. 3. Pearson’s correlation coefficient between the mean age and work accident rates in mining enterprises between 2003-2017
Rys. 3. Wspotczynnik korelacji liniowej Pearsona migdzy $rednim wiekiem i wypadkowoscia pracownikow w przedsiebiorstwach gorniczych w latach
2003-2017

a strong positive correlation for employees aged 36-50.
This means that the higher the number of employees
in this age group, the higher the number of work ac-
cidents. At the same time, a strong negative correla-
tion can be observed for the group of employees aged
26-30 as well as 56 and over 60. In this case, there is
a decrease in the number of work accidents despite an
increase in the number of employees in this age group.
Changes in the number of employees in age groups
presented in Figure 4 show a reverse upward trend in
relation to the number of work accidents especially af-
ter 2009. It can therefore be concluded that the grow-
ing number of employees in these age groups does not
cause an increase in the number of work accidents.
Special attention should be paid to employees aged
26-30. In theory, it is a group of relatively young em-
ployees who may have not yet acquired a lot of pro-
fessional experience [11,12,13], knowledge or skills
that, according to many authors, allow for a correct and
quick response when in danger. However, this study in-
dicates an increase in the number of employees aged

26-30 and a simultaneous decrease in the number of
work accidents in hard coal mines.

The groups of employees aged 3650 (Figure 5)
compared to the number of work accidents show the
most positive correlation with the accident rate. A de-
cline in the number of employees in the studied age
groups is accompanied by a simultaneous decrease in
the number of work accidents. Therefore, this group has
a decisive influence on the overall accident rate in min-
ing enterprises. In addition, these are very experienced
employees familiar with safe work procedures. That is
why, the least number of accidents should occur. How-
ever, this is only theory, as in practice, a reverse situa-
tion was reported. Many factors can be responsible for
this situation, namely professional routine, age-related
decline in functional capacity, and a low level of safety
culture in mining enterprises.

Conclusions
This study showed a relationship between age and
the number of work accidents in hard coal mines.
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Fig. 4. Total number of work accidents versus changes 1 the number ot employees 1n given age groups between 2003-2017.
Rys. 4. Liczba wypadkow ogotem w kopalniach wegla kamiennego na tle zmian liczby pracownikéw w poszczegdlnych kategoriach wieku w latach
2003-2017
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Fig. 5. Total number of work accidents in hard coal mines versus changes in the number of employees in given age groups between 2003-2017
Rys. 5. Liczba wypadkow ogotem w kopalniach wegla kamiennego na tle zmian liczby pracownikéw w poszczegdlnych kategoriach wieku w latach
2003-2017

The correlation analysis showed that the strongest
relationship between these values was reported in the
following age groups: 36—50 and 26-30. For the first
age group, it was found that the decrease in the num-
ber of employees coincided with the decrease in the
number of work accidents. For the age group 26-30,
a reverse situation was observed. Here, the increase in
the number of employees failed to coincide with the
increase in the number of work accidents. This reveals
that the number of work accidents in hard coal mines
is influenced by the group of employees aged 36-50,
namely people who are already very experienced and
know how to behave in dangerous situations. The anal-
ysis used statistical data on hard coal mines indicating
that the higher the age of employees, the lower their
physical fitness and ability to perceive threats, which in
turn is one of the factors causing higher work accidents
rates. This is an interesting observation that should be
considered when planning preventive activities in the
area of occupational health and safety as well as further
research.

With regard to the foregoing, as part of the effective
management of occupational safety and health in an
enterprise, including OSH prevention, special atten-
tion should be paid to employees aged between 36 and
50. In order to decrease work accident rates, certain
actions need to be implemented, for example, closer
supervision of employees’ activities and behaviors,
counteracting professional routine, creating a system
motivating employees to comply with health and safe-
ty regulations, and preparing tailor-made trainings. It
will also be important to properly plan and implement
an employment policy in hard coal mines to ensure
equal participation of individual employee age groups
in the total employment structure.
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Badanie korelacji miedzy wiekiem a liczbg wypadkéw pracownikow
przedsigbiorstw gorniczych w latach 2003-2017

Postepujgce od wielu juz lat w krajach rozwinigtych zmiany struktury demograficznej ludnosci powodujg coraz wigksze dys-
proporcje w rozktadzie wiekowym sity roboczej. Z roku na rok wzrasta liczba pracownikéw starszych, a maleje mtodszych. Nie
pozostaje to bez wplywu na sfere bezpieczeristwa i higieny pracy. Na zdarzenie wypadkowe sklada sig szereg powigzanych ze sobg
niekorzystnych zdarzen technicznych, organizacyjnych, srodowiskowych i ludzkich [1,2]. Uznaje si¢ jednak, ze zazwyczaj czyn-
nikiem inicjujgcym wypadek przy pracy jest blgd (zaklocenie) cztowieka. Posréd przyczyn popetniania bledow mozna wyréznic
przede wszystkim: niesprawnos¢ cztowieka, cechy realizowanych zadat, warunki fizycznego srodowiska oraz wplyw srodowiska
spolecznego, przy czym pierwszy z wymienionych elementow jest bardzo powigzany z wiekiem czy stazem pracy pracownika.
W literaturze przedmiotu wplyw wieku pracownikow na wystepowanie wypadkow przy pracy nie jest jednoznacznie zdefinio-
wany. Wyzszy wiek pracownika sprzyja nabywaniu i utrwalaniu wiedzy zawodowej, ale moze rowniez wigzal sie z wigkszg
automatyzacjg zachowa# w Srodowisku pracy, skgd tylko krok do bledu skutkujgcego zaistnieniem sytuacji niebezpiecznej czy
wypadku. Poddana analizie struktura wiekowa pracownikow przedsigbiorstw gérniczych wskazuje na dominacje w analizowa-
nym okresie (lata 2003-2017) grup pracownikéw w wieku 36-45 lat. Majgc na uwadze powyzsze, w publikacji zaprezentowano
analizy zwigzkow wieku i liczby wypadkow przy pracy pracownikéw przedsigbiorstw gérniczych. Badanie zaleznosci miedzy tymi
wielkosciami przeprowadzono wykorzystujgc wspotczynnik korelacji liniowej Pearsona. Jako Zrodto analizy przyjeto dane staty-
styczne dotyczgce wielkosci zatrudnienia w poszczegélnych kategoriach wiekowych pracownikow i liczby zaistnialych wypadkow
w przedsigbiorstwach gérniczych. Przyjety do analizy okres to lata 2003-2017. Przeprowadzone badania wykazaly istnienie
zwigzku korelacyjnego miedzy wiekiem pracownikéw a liczbg wypadkow przy pracy w kopalniach wegla kamiennego.

Stowa kluczowe: wypadki przy pracy, wiek pracownikow, przedsigbiorstwa gornicze
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