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Abstract. Cluster analysis is a tool used to analyze data and to group similar data into
homogeneous groups called clusters. The aim of cluster analysis is to detect "natural" clusters -
groups that can be interpreted in a sensible way - in a set of analyzed data. The objective of the
research is to present the occupational characteristics of people injured in occupational
accidents in the Polish construction industry using cluster analysis. The article presents the
results obtained from the analysis of occupational accidents, which occurred in the
years 2008-2014 in five Polish voivodeships: Dolnoslaskie, Kujawsko-Pomorskie, Lubelskie,
Lubuskie and Slaskie. The impact of the following features was identified and examined in the
paper: the status of the victim's employment, his occupation, age, work experience, and also
the preparation of the employee to perform duties at a workplace. 361 occupational accidents
were analyzed. On the basis of the conducted cluster analysis, a professional profile of people
who are most often injured in occupational accidents in the Polish construction industry was
developed.

1. Introduction

The construction industry in Poland, as well as in the world, is characterized by a high level of threat
to the life and health of employees. Dangerous events lead to occupational accidents, which may result
in material damage, injuries of severity varying degrees, and even the death of an employee. The
phenomenon of employees being injured in accidents during work is defined as the accident rate. The
accident rate can be considered and analyzed in both a detailed and general sense. In the general sense,
the accident rate is defined as the sum of accidents that occurred at some time, usually during a year,
and is presented by means of various indicators, e.g. the accident frequency ratio, the accident severity
index. On the other hand, investigation of the accident rate within a detailed approach means that
individual accidents are assessed.

Based on a thorough analysis of the subject literature, six main research areas related to the issue of
the accident rate in the construction industry were identified, namely: analysis of the mechanisms of
the occupational accidents occurrence and the formation of accident models [1-3], analysis of the
causes of occupational accidents [4-8], identification of direct factors that affect the accident rate and
occur on a construction site or in its close vicinity [9, 10], identification of indirect factors that affect
the accident rate and which are related to construction companies and their surroundings [11, 12],
analysis of legal regulations [13, 14], analysis of the accident rate with regards to factors that generate
costs and material losses [15-18].
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However, it should be remained, that the most important, according to occupational safety, is the
man who in the accident process has a triple role, namely: the decision maker, the perpetrator of the
accident and, above all, the victim. The man is a participant in the investment process and performs
one of the following roles: investor, contractor, subcontractor, supplier of equipment and materials,
construction supervision inspector, designer, etc. In addition, the construction industry is characterized
by a very high variability of working conditions. As a result, employees in this section of the economy
are exposed to many hazardous factors that cause accidents. Very often the source of these factors is a
human being, and it is therefore important to conduct research and analyzes that will allow the
occupational profile of the employee who is the most often injured in occupational accidents in the
construction industry to be determined. Based on the analysis of the subject literature, it was found
that modern analyzes related to a construction employee have involved, among others:the
determination of personal factors and causes of occupational accidents regarding electric works [19],
the analysis of occupational and individual characteristics of people injured in fatal accidents [20], the
determination of the people occupational profile who are the most often injured in occupational
accidents in the construction industry [21], the establishment of relationships between the selected
factors that characterize people injured on scaffolding and the physiological parameters that change
with age [22], the external factors impact on the productivity of employees [23], the determination of
the relationships between the age of an injured person and which height from a fall occurred and
resulted in the death of the injured person [24].

As it can be concluded from the literature review, up until now no professional profile of people
injured in occupational accidents, which would take into account the existing relationships between
individual characteristics of a construction worker, such as: employment status, occupation, work
experience, age, and also preparation of an employee to work, has been developed.

The scientific research selected in the literature review was carried out using various research tools
and techniques. The author's observation shows that multidimensional statistical analyzes, including
cluster analysis, are now of great interest. Cluster analysis, as a tool for exploratory data analysis,
involves segmenting a set of data into subsets in order to extract homogeneous objects in the analyzed
set [25]. The method of grouping data is used in many scientific disciplines, including:mining and
geology (e.g. in order to search for geothermal resources with high and low potential [26]),medicine,
(e.g. for grouping and comparing medicines [27]),meteorology (e.g. in order to assess the local impact
of predicted climate change [28]),civil engineering (e.g. for forecasting the work productivity of
brickwork contractors [29], the analysis of risk factors for the occurrence of occupational accidents
and potential accidental events at workplaces that use construction cranes [30], as well as for the
analysis of Polish regions with regards to occupational safety [31]).

The aim of the article is to develop people professional profiles, who are the most often injured in
occupational accidents in the Polish construction industry using cluster analysis.

2. Research methodology

The National Labor Inspectorate is the basic institution for the supervision and control of complying
with the labor law in Poland. Institutions of the National Labor Inspectorate are obliged to investigate
the circumstances and causes of fatal, heavy and collective accidents. After a post-accident
investigation, a labor inspector draws up the post-accident protocol, which includes any conclusions
from the investigation. The post-accident protocol contains information on the circumstances and
causes of the examined event, in particular: information on the time and place of the incident,
performed activities, used materials and equipment, data on the injured people, and also a description
of the event course that takes into account its circumstances and causes. The protocols contain the
following data that characterize an injured person: sex, year of birth, citizenship, employment status in
a legal sense, the performed occupation, experience at the occupied workplace in the enterprise in
which the accident took place, and also preparation to work. In addition, based on the analysis of data
contained in documentation, it is possible to determine the number of hours worked by an injured
person, which is counted from the time of starting work to the moment of the accident.
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On the basis of collected documents regarding occupational accidents in the construction industry
that occurred in five voivodeships in the years 2008-2014, which were made available by District
Labor Inspectorates in Poland, a database of occupational accidents was created. The study covered
361 occupational accidents that took place in the Dolnoslaskie, Kujawsko-Pomorskie, Lubelskie,
Lubuskie and Slaskievoivodeships.

In order to determine the professional profile of a person who is most likely to be injured in an
accident in the construction industry, the following individual characteristics were assigned to each
person 0;(l =1, ...,L) who is injured in an occupational accident:employment status in a legal sense
(v;),the profession performed by the injured person (z;),work experience (s;),the age of the injured
person (y;).the preparation of an employee to perform duties at a workplace, which includes: initial
training, i.e. general (p;;) and on-the-job training (p,;), periodic training (ps3;), and medical
examinations (py,;).

The vector of general characteristics of each employee can be represented by the following
formula:

o1= [V 2, 8, Y1, Pri» P2is P31, Paa)s [= 1, . L, (D

These features, in the process of a large number of injured people analysed, will allow a
professional profile of an employee who is the most often injured in occupational accidents while
working in the construction industry to be created. Collected information on all people injured in
occupational accidents can be presented in the form of a data matrix O.

V1 Z1 S1 Y1 P11 P21 P31 DPaa
Va Z Sz Y2 P12 D22 P32 Daz

0= Uizt St Vi Pt D21 D31 D4 )
l17L Z, S, YL PiL P2L DP3L P4,LJ

Each row of matrix O includes data concerning one injured person, whereas each column of the
matrix contains a set of data concerning one particular feature, which is common to all employees
injured in accidents. Each of the mentioned features (v;, z;, $;,Y;, P1,1,P2,1,03,1,P4,) Which describe a
construction employee, takes a certain numerical value from an appropriate interval, or it is described
in words. Therefore, the qualitative variables concern: the employment form of an injured person (v;),
occupation (z;), and employee preparation to work (p; ; — ps4 ), while the quantitative variables are the
work experience (s;) and the age of the injured person (y;).

Cluster analysis was used to define the occupational profile of an employee who is the most
frequently injured in occupational accidents in the construction industry. The use of this method
allows a group of objects to be found in a large set of objects, each of which is described by a set of
attributes that are similar to each other [32]. The idea behind the method is to divide the set of objects
into several groups, which objects have similar features.

There are many algorithms for dividing objects into clusters. Hierarchical and non-hierarchical
methods are usually used in analyses [33]. The article presents the objects grouping with the use of the
k-means method, which is one of the non-hierarchical methods. In this method, clusters are obtained
as a result of division, and none of them is a sub-cluster of another cluster. In the k-averages method,
the number of clusters is assumed, or calculated using the v-cross-check algorithm. This algorithm
transfers objects to different clusters while both minimize the variability aiming inside the clusters and
also maximize the cluster variation between clusters.

In the conducted analysis, every person who is injured in an occupational accident is an object
o; (I =1,...,L), which is described by 8 variables (v}, z;, 5;, ¥, D11, 2,1, P3,1, Pa,1). In the analysed
phenomenon, there is an 8-dimensional space (R®), which objects o, are located. It should be noted
that the quantitative variables in the conducted research are determined by means of different
quantities. For example, variable s; is work experience of the /-th person injured in an occupational
accident is determined by the number of days, while y; is the age of the /-th person injured in an
occupational accident is determined by the number of years. In order to be able to compare the
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quantitative variables, the data should be transformed into comparable values. For this purpose, the
variables must be standardized.

The aim of the analysis is to divide the set of all objects (people injured in accidents) into clusters
(groups). Individual clusters will include objects that are close together in 8-dimensional space (R®).
Individual clusters (Sy, S5, ..., Si) are disjointed sets, which common part is an empty set
of (S NS, N..NS, =0).

In order to determine the similarity between pairs of objects, the measure of dissimilarity (or
similarity) was used. The analyses assume that the smaller the value of dissimilarity, the more similar
objects is compared to each other. In the analysed case, each object has a feature vector assigned to it,
which components for quantitative variables make numbers, whereas for qualitative variables, they are
interpreted as labels. For example, if an interesting variable is information about an injured person
being subjected to general training (qualitative variable), then it may take the following values:
0 - lack of information, 1 - if the victim has not been subjected to compulsory training, 2 - when the
victim was trained.

In the case of mixed data, i.e. when part of the variables is qualitative, and part is quantitative, and
such a case occurs in the conducted analysis, the most popular and used measure of difference and
similarity are Gower coefficients fig34]. The similarity measure proposed by Gower for objects with
quantitative and qualitative variables is a weighted sum of difference partial coefficients 6(I,1 + 1),
which are determined for each variable in the o; and 0,4, objects.

3. Analysis of results

Cluster analysis was carried out on a set of 361 people injured in occupational accidents in the Polish
construction industry. As a result of the conducted calculations, 3 clusters were obtained. Figures 1-3
present the obtained diagrams of the qualitative cardinality variables in the individual clusters. The
density of the probability for the variable - the age of an injured person - in individual clusters is
shown in Figure 4, while Figure 5 shows the density of the probability for the quantitative variable -
work experience.

Figure 1 presents a diagram of the qualitative variable cardinality is employment status, taking into
account the division of the analysed data set into 3 clusters.

Analysis of employment status showed that:

e in cluster 1, the largest group of employees injured in occupational accidents are full-time
employees hired for a definite period. This number amounts to 27 people,

e in cluster 2, the largest group of employees injured in occupational accidents in the
construction industry are full-time employees hired for a definite period. This number
amounts to 109 people,

e in cluster 3, the largest group of people injured in occupational accidents are full-time
employees hired for an indefinite period. This number amounts to 89 people.

Moreover figure 1 presents a diagram of the qualitative variable cardinality is the profession
performed by the injured person, taking into account the division of the analysed data set into
3 clusters. A profession analysis performed by injured people showed the most common occupation in
all the clusters were construction workers performing shell and core works.

Figure 2 presents diagrams of the qualitative variables cardinality with regards to initial training
(general and on-the-job training), which takes into account the division of the analysed data set into
3 clusters.

Completion analysis of the compulsory initial training by injured people showed that:

e in cluster 1, the largest group are people who have not been subjected to compulsory initial
training in the form of general and on-the-job training. This number amounts to 70 and 69 people,
respectively.

e in clusters 2 and 3, the most numerous group are people who have undergone compulsory initial
training, both in the field of general and on-the-job training. This number in cluster 2 is equal to
167 and 160 people, respectively, while in cluster 3, to 106 and 99 people, respectively.
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Figure 1. Diagram of the cardinality of the qualitative variable
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Figure 2. Diagram of the cardinality of the
qualitative variable: general training p; ; and on-
the-job training p, ; (own work).

Figure 3. Diagram of the cardinality of the
qualitative variable: periodic training p3; and
medical examination p, ; (own work).

Figure 3 presents the diagrams of the qualitative variables cardinality with regards to periodic
training and medical examinations, which takes into account the division of the analyzed data set into
3 clusters.

The analysis of the periodic training completion by injured people showed that:

e in clusters 1 and 2, the most numerous group are injured people who did not have to undergo
periodic training, i.e. their work experience was shorter than one year. This number in cluster
1 amounts to 46, and in cluster 2 to 135 people.
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e in cluster 3, the largest group are people who have undergone periodic training, which means
that the length of service of people injured in this group was longer than 1 year. This number
amounts to 99 people.

The analysis of numerical data regarding medical examinations that employees should be subjected
to at each workplace showed that:

e in cluster 1, the largest group are people who did not undergo mandatory medical
examinations before they were allowed to work. This number amounts to 56 people.

e in clusters 2 and 3, the most numerous group are people who were correctly admitted to work,
i.e. they obtained a medical certificate regarding the absence of contraindications to perform
work. This number in cluster 2 amounts to 127 people, while in cluster 3, to 101 people.

Figure 4 presents the probability density function of the quantitative variable, which is the age of
an injured person. Figure 5 presents the probability density function of the quantitative variable, which
is work experience of an injured person.

Prabability density Work experience of injured person

0.0014

Probatilty donsiy Age of injured person ootz HA

0010 \
nos //\ 0,010
.0
(=

\ 0,006
920
wars / \
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—— Clushir 1 —— Cluster2 —— Cluster 2 —— Cluster 1 —— Gluster2 —— Cluster3

Figure 4. Probability density function of the Figure 5. Probability density function of the
quantitative variable: age of an injured person quantitative variable: work experience of an
y; (own work). injured person s; (own work).

Analysis of the age of an injured person showed that average age and median value is equal to:
e incluster I: 7 = 41 years (40-49); median M;, = 42 years,
e incluster 2: y? = 37 years (30-39); median M32'1 = 34 years,
e incluster 3: y7 = 46 years (40-49); median M;;l = 50 years.
Analysis of an employee's work experience showed that the average length of experience and the
median is equal to:
e incluster 1: 5} = 283 days (1 year and less); median Msll = 8 days,
e incluster 2: 57 = 217 days (1 year and less); median Mszl = 90 days,
e in cluster 3: 5§} = 2318 days (over 6 years); median MS3[ = 1460 days (approximately
4 years).

4. Conclusion
The analysis of people injured in occupational accidents in the Polish construction industry, which was
carried out with the use of cluster analysis, allowed the following conclusions to be formulated:
e as the analysis result of a set of 361 people injured in occupational accidents in the
construction industry, three clusters were obtained,
e cluster 1 includes employees hired as a construction worker of shelland core works for a
definite period of time and who have not been properly prepared to perform work, i.e. they
have not been properly trained in the area of general and on-the-job training, and have also not
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obtained a certificate of no contraindications to work. The average age of injured people varies
between 40 and 49 years. Employees included in this cluster had work experience of less than
one year. 71 injured people were found in this cluster, which is 20% of all the analyzed
injured people,

e cluster 2 includes employees hired as a construction worker of unfinished works for a definite
period of time and who have completed initial training in the field of occupational safety and
received a certificate of no contraindications to work. The average age of injured people varies
between 30 and 39 years. Employees included in this cluster had work experience of less than
one year. 174 injured people were found in this cluster, which is 48% of all injured people,

e cluster 3 consists of employees hired for an indefinite period as a construction worker of
unfinished works, who have undergone initial training in the field of occupational safety and
periodic training and also received a certificate of no contraindications to perform work. The
average age of injured people varies between 40 and 49 years. Employees included in this
cluster had work experience of more than 4 years. 114 victims were found in this cluster,
which constitutes 32% of the total number of injured people.

e in all three clusters, the profession performed by the injured person is a construction worker
performing shell and core works,

e individual clusters differ with regards to the preparation of an employee to perform work. The
opposite to cluster 2 (the largest of the distinguished) is cluster 1. In this cluster, injured
people were not prepared to work in any way. A lack of proper training, a lack of sufficient
knowledge about safe work at the workplace, as well as short work experience were the main
causes of an occupational accident,

e injured people assigned to cluster 1 and 2 have much less work experience than employees
from cluster 3.

The occupational profile of people who are most frequently injured in occupational accidents in the
Polish construction industry indicates the main personal characteristics, which significantly contribute
to an employee being injured in an occupational accident. It should be noted, however, that the
occupational profile obtained in the conducted analyzes is characteristic for people employed as a
construction worker of shell and core works. In order to learn about the occupational profile of people
who are injured in accidents at other workplaces, e.g. those related to finishing works (construction
workers) or electrical works (electricians, electro-mechanics), a similar analysis should be carried out
using the proposed research methodology in the data set of interest.

The obtained professional profile will allow appropriate preventive actions, which aim to improve
work safety, to be formulated. It should be emphasized that all construction workers should be the
recipients of these activities, and not only those who have been characterized by particular clusters.
Other participants of the investment process who are also exposed to hazards and may suffer from
accidents while their activities performing at a construction site should not be forgotten.

Where the author wishes to divide the paper into sections the formatting shown in table 2 should be
used.
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