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Purpose: The objective of the study is to use selected data mining techniques to discover 9 

patterns of certain recurring mechanisms related to the occurrence of occupational accidents in 10 

relation to production processes. 11 

Design/methodology/approach: The latent class analysis (LCA) method was employed in the 12 

investigation. This statistical modeling technique enables discovering mutually exclusive 13 

homogenous classes of objects in a multivariate data set on the basis of observable qualitative 14 

variables, defining the class homogeneity in terms of probabilities. Due to a bilateral agreement, 15 

Statistics Poland provided individual record-level real data for the research. Then the data were 16 

preprocessed to enable the LCA model identification. Pilot studies were conducted in relation 17 

to occupational accidents registered in production plants in 2008-2017 in the Wielkopolskie 18 

voivodeship. 19 

Findings: Three severe accident patterns and two light accident patterns represented by latent 20 

classes were obtained. The classes were subjected to descriptive characteristics and labeling, 21 

using interpretable results presented in the form of probabilities classifying categories of 22 

observable variables, symptomatic for a given latent class. 23 

Research limitations/implications: The results from the pilot studies indicate the necessity to 24 

continue the research based on a larger data set along with the analysis development, 25 

particularly as regards selecting indicators for the latent class model characterization. 26 

Practical implications: The identification of occupational accident patterns related to the 27 

production process can play a vital role in the elaboration of efficient safety countermeasures 28 

that can help to improve the prevention and outcome mitigation of such accidents among 29 

workers. 30 

Social implications: Creating a safe work environment comprises the quality of life of workers, 31 

their families, thus affirming the enterprises' principles and values in the area of corporate social 32 

responsibility. 33 

Originality/value: The investigation showed that latent class analysis is a promising tool 34 

supporting the scientific research in discovering the patterns of occupational accidents. The 35 

proposed investigation approach indicates the importance for the research both in terms of the 36 

availability of non-aggregated occupational accident data as well as the type of value 37 

aggregation of the variables taken for the analysis. 38 
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1. Introduction 41 

Accidents at work play an important role in the functioning of human communities, 42 

contributing, among others, to high social security costs, financial costs of organizational units 43 

and, most importantly, moral losses of casualties and their families. They also affect 44 

productivity, competitiveness and image of enterprises, regardless of their size (Macedo,  45 

and Silva, 2005). Therefore, it is necessary to limit all the losses by various activities,  46 

in particular by undertaking research leading to a safe working environment, including,  47 

in particular, the development of a strategy to reduce accidents and their consequences (Ejdys, 48 

2010). Some researchers even present the concept of Zero Accident Vision (Zwetsloot, Leka, 49 

and Kines, 2017), which is a complete elimination of accidents. 50 

In the worldwide scientific literature, the subject has been discussed for many years and it 51 

includes a range of occupational accidents (Cheng et al., 2010; Huang, and Hinze, 2003; Kakhki 52 

et al., 2019): (1) concerning specific cases (investigations of single accidents), (2) with  53 

a specific profile, for example accidents of the same type, (3) in connection with a specific 54 

sector of the economy, for example construction or mining, (4) in a global aspect like a region, 55 

country or group of countries. Actual data on accidents at work of varying degrees of granularity 56 

are considered, and the following methods belong to the most frequently used: statistical 57 

measure analysis, frequency analysis, ANOVA, and, from the group of data mining techniques, 58 

cluster analysis. 59 

In Polish literature, the issue is undertaken relatively rarely, especially in the context of 60 

advanced analyses. In particular, the modeling of selected phenomena related to accidents at 61 

work in production plants is much more complex than it may result from the analysis of a single 62 

factory (Bogdan, and Boczkowska, 2009; Gajdzik, 2013; Wirkus, and Bajorski, 2017; Zjawin, 63 

and Kołodziej, 2018) or from the investigation of aggregated data made available by various 64 

data disposers, Statistics Poland (GUS) for example (Roszko-Wójtowicz, 2016; Węgrzyn, 65 

2017).  66 

In order to obtain reliable models concerning a specific aspect of occupational accidents,  67 

an advanced data mining analysis should be carried out on a set of detailed data, in which a data 68 

unit refers to a single object of observation – an accident or an injured person (like in the work 69 

of Szóstak (2018)). One of the methods that can be used for this purpose is the latent class 70 

analysis (LCA) presented in this article, owing to which it is possible to identify certain accident 71 

patterns. 72 
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2. Latent class model – theoretical fundamentals  73 

Latent class analysis is used to model the relationship between categorical variables in 74 

multivariate data. The method provides easily interpretable results in the form of probabilities, 75 

which means that the above-mentioned relationships are assessed using quantitative measures. 76 

A latent variable is an abstract qualitative feature (variable, construct) that cannot be directly 77 

observed. It may take one of several values (latent classes) and reveals (manifests) its presence 78 

and intensity through other qualitative variables whose values can be observed. These 79 

observable variables are symptoms or indicators of an implicit trait. Using the concept of  80 

a diagram from path analysis, the model of latent classes can be presented graphically,  81 

as in Figure 1, where arrows indicate the direction of the influence of one variable on another 82 

variable (Ostasiewicz, 2012). The model assumes no error for the latent variable and the 83 

presence of errors for the indicators – in the figure they are denoted by j, j = 1, ..., J. 84 

 85 

Figure 1. Scheme of dependencies between variables in the latent class model. Source: authors' own 86 
elaboration based on (Ostasiewicz, 2012). 87 

In the latent class model, there are no restrictions related to the requirements of linearity, 88 

normality of data distribution or homogeneity of variance. It is assumed that each observation 89 

belongs to only one latent class c and the indicators within each class are independent (there is 90 

a local independence between the observable variables). It means that the conditional 91 

membership in a latent class is unambiguous, with observable variables being mutually 92 

independent, exhaustive and exclusive. It is also assumed that belonging to different latent 93 

classes is the only reason for the possible correlation between the indicators (Lavery, 2011). 94 

Thus, there are the following objectives of applying latent class analysis in the research: 95 

 finding (identifying) an appropriate number of C classes representing some hidden 96 

structures, the indicators of which are observable variables, 97 

 defining relationships between observable variables and a latent variable (represented 98 

by latent classes) that can be represented by mathematical models. 99 
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2.1. Latent class model description 100 

Latent class analysis concerns population units (objects) studied in the context of a specific 101 

issue. In this work, the objects are persons employed in production plants who have suffered 102 

from accidents at work, and the analysis refers to the characteristics of these individuals.  103 

The model is estimated from a sample of the population. The sample comes from a set of data 104 

on occupational accidents in Poland provided by the Statistics Poland (due to bilateral 105 

agreement). Observable variables are defined by selected qualitative variables characterizing 106 

the accident casualties, represented by the J-dimensional random vector X = (X1, ..., XJ).  107 

Each of the variables Xj has values in the set of the Rj categories. They constitute the 108 

contingency table, which is the basis for defining the model of latent classes (Frątczak, 2016). 109 

The number of cells in such a table is equal to 𝐼 = ∏ 𝑅𝑗
𝐽
𝑗=1 . 110 

By using latent class analysis it is possible to: 111 

 identify homogeneous groups enabling the identification of profiles among the 112 

casualties of accidents at work, 113 

 make group membership forecasts based on information about the values of X1, ..., XJ 114 

variables characterizing the individual. 115 

The basis for building a model of latent classes is the assumption of local independence of 116 

indicators. It means that the probability of the product of the corresponding events is the product 117 

of the probabilities of the events. Therefore, the probability of the occurrence of the values 118 

(realizations) x = (x1, ..., xJ) of the vector of observable variables X = (X1, ..., XJ), provided that 119 

the object characterized by x belongs to class c is determined by the following relationship:  120 

𝑃(𝑋 = 𝑥 |𝑐) = ∏ 𝑃(𝑋𝑗 = 𝑥𝑗 |𝑐)𝐽
𝑗=1   (1) 

where:  121 

xj – the value of j-th component of the X random vector (the value of the Xj variable).  122 

Taking into account the law of total probability and the relationship (1), it is possible to 123 

determine the probability of the x value of the X vector of observable variables: 124 

𝑃(𝑋 = 𝑥) = ∑ 𝑃(𝑐) ∙ 𝑃(𝑋 = 𝑥 |𝑐) = ∑ 𝑃(𝑐) ∙ ∏ 𝑃(𝑋𝑗 = 𝑥𝑗  |𝑐)𝐽
𝑗=1

𝐶
𝑐=1

𝐶
𝑐=1   (2) 

where: 125 

P(c) – the probability of an object belonging to latent class c.  126 

Estimated model parameters are: 127 

 the probabilities of latent classes: P(c), c = 1, ... C – their number is therefore equal to the 128 

number C of latent classes, 129 

 the conditional probabilities of observing specific values of the indicator: P(Xj = xj |c).  130 

The number of these probabilities depends on the number of cells in the contingency table 131 

determined by all indicators j = 1, ... J. If the number of indicator categories j is equal to Rj, 132 
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then the number of the above-mentioned indicator conditional probabilities for this indicator 133 

is equal to: 𝐶 ∙ ∑ 𝑅𝑗
𝐽
𝑗=1 .  134 

Considering the issue above as well as the fact that in every latent class c each object must 135 

have some value for the variable Xj, the number L of independent parameters to be determined 136 

is equal to: 137 

𝐿 = 𝐶 − 1 + 𝐶 ∙ ∑ (𝑅𝑗 − 1)𝐽
𝑗=1   (3) 

Using the Bayes theorem, it is possible to re-estimate the probability of an object belonging 138 

to class c provided that the information about the values x of the X random vector characterizing 139 

this object is given, which means that it is possible to determine the a'posteriori probability:  140 

𝑃(𝑐| 𝑋 = 𝑥) =
𝑃(𝑐)∙𝑃(𝑋=𝑥 |𝑐)

𝑃(𝑋=𝑥)
  (4) 

Latent class analysis is therefore applied in order to: 141 

 determine the differences between classes by comparing the conditional probabilities 142 

P(X=x |c), which can be used to profile and label groups,  143 

 classify an entity with features defined by the manifested set of values (indicator values) 144 

to one of the latent classes based on the a'posteriori probability P(c| X = x).  145 

An ideal classification is obtained when the posterior probability P(c| X = x) is equal to  146 

1 for one particular class. However, this is usually not the case. Then, the classification is made 147 

according to the highest value among the probabilities calculated from the formula (4) for the 148 

successive classes c, c = 1, ..., C, where the probabilities in the numerator and denominator are 149 

replaced by the corresponding estimators. 150 

The maximum likelihood method is used to estimate the parameters of the latent class model 151 

(Lavery, 2011; Frątczak, 2016).  152 

2.2. Model assessment 153 

The quality of the estimated model of latent classes is assessed on the basis of measures 154 

derived from statistics G2 (Frątczak, 2016): 155 

𝐺2 = 2 ∙ ∑ 𝑛𝑟 ∙ ln (
𝑛𝑟

n̂r
)𝐼

𝑟=1 = 2 ∙ ∑ 𝑛𝑟 ∙ ln (
𝑛𝑟

𝑁∙𝑃(𝑋=𝑥)𝑟
)𝐼

𝑟=1   (5) 

where:  156 

N – the sample size,  157 

nr – the empirical frequency in cell r of the contingency table, which is in the cell defined by 158 

assigned to it vector of values 𝑥 = (𝑥1, , 𝑥𝐽) of the 𝑋 = (𝑋1, 𝑋2, … , 𝑋𝐽) random vector,  159 

𝑛̂𝑟 – the theoretical frequency in cell r of the contingency table; 𝑛̂𝑟 = 𝑁 ∙ 𝑃(𝑋 = 𝑥)𝑟, with 160 

𝑃(𝑋 = 𝑥)𝑟 calculated according to formula (2) for table cell r. 161 

  162 
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The statistics is chi-square distributed with DF degrees of freedom:  163 

𝐷𝐹 = ∏ 𝑅𝑗
𝐽
𝑗=1 − 1 − {𝐶 − 1 + 𝐶 ∙ ∑ (𝑅𝑗 − 1)𝐽

𝑗=1 }  (6) 

If in each cell of the contingency table the empirical and theoretical counts are equal,  164 

then G2 = 0 and the model is a perfect fit. A value greater than zero measures the lack of fit, 165 

reporting the strength of the relationship (lack of independence) that remains unexplained. 166 

The G2 statistic is regarded as the absolute fit measure, which is used to verify the quality 167 

of fit of the model with latent C classes to the base model (with one latent class) using the 168 

likelihood ratio IW (Frątczak, 2016): 169 

𝐼𝑊(𝐶) =
(𝐺2(1)−𝐺2(𝐶))

𝐺2(1)
  (7) 

The likelihood ratio (7) shows the quality of fitting empirical data to the model after taking 170 

into account unobserved relationships (latent classes). This proportional reduction of G2 can be 171 

roughly regarded as R2. 172 

In order to compare different models of latent classes, information criteria are also used 173 

(Frątczak, 2016; Dziak et al., 2020): AIC (Akaike Information Criterion), BIC (Bayesian 174 

Information Criterion), CAIC (Consistent Akaike Information Criterion), and ABIC (Adjusted 175 

Bayesian Information Criterion).  176 

The smaller the values of the diagnostics statistics are, the better the assessment of the model 177 

is. The most restrictive are the Bayesian criteria, which, with a small sample size, reduce the 178 

importance of extended models (with a large number of latent classes and a large contingency 179 

table). 180 

3. Characteristics of data for research 181 

In Poland, data on accidents at work are collected by the Statistics Poland. They are taken 182 

from statistical accident cards (Ordinance of the Minister of Economy, Labour and Social 183 

Policy of 7 January 2009) and concern accident casualties for all sections of PKD – Polish 184 

Classification of Activities (economic activities). These resources are used for the needs of 185 

official statistics; on their basis, annual collective (aggregated) reports are elaborated, made 186 

then available in paper and electronic form (Act of June 29, 1995). The collection of such actual 187 

data on accidents at work was used for the pilot studies, which are the subject of the subsequent 188 

considerations. It was provided by the administrator (GUS) under a bilateral agreement,  189 

in the form of unit (non-aggregated) registers – resources containing records from statistical 190 

accident cards from 2008-2017. The collection refers to section C according to the classification 191 

of PKD codes, which is manufacturing, and has 14,696 observations. 192 
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The statistical accident card contains 29 characteristics of the casualty. In the study,  193 

they are identified by the pxx symbol, where xx stands for the item number from the card  194 

(for example, p01 stands for gender). Most of those features are descriptive, which implies the 195 

use of qualitative data analysis methods. 196 

Activity branch 16 of the C section, named Manufacture of products of wood and cork, 197 

except furniture; manufacture of articles of straw and plaiting materials characterized by a high 198 

degree of accident risk (Pajęcki, 2020), was selected for the pilot studies. A subset of data 199 

covers records on employees injured in occupational accidents in the Wielkopolskie 200 

voivodeship (p15 – Voiv. = Wielkopolskie voivodeship) and were related to the production 201 

process (p18 – Place of the accident = Industrial production sites; p19 – Work process = 202 

Production, processing, storage).  203 

The data were pre-explored by the cleansing process in which observations not conveying 204 

relevant information (for example, p09 – Location of the injury = Unknown or undefined 205 

location of the injury; p21 – Activity performed by the casualty at the time of the accident =  206 

No information available) and outliers were removed. Then, transformation of variables was 207 

proposed; new variables derived from the original indicators were created, by means of the 208 

aggregation of selected values of those indicators. Thus, the problem of rare categories was 209 

solved. As a result, 15 indicators were obtained – qualitative variables considered in developing 210 

the model of latent classes. Table 1 summarizes the indicators obtained after the transformation 211 

along with the modification leading to their definition. The codes for the values (consecutive 212 

positive integers) and distributions for each indicator were presented. The obtained final data 213 

set for the analysis has 2,552 records. 214 

Table 1. 215 
Characteristics of the data set on accidents at work in the Wielkopolskie voivodeship 216 

Indicators and their descriptive values Value code  [%] 

wk – Enterprise size determined on the basis of the number of employees   

Up to 9 employees (without recalculation to full-time employment), including self-

employed persons with no employees.  

Aggregation of original values: (self-employed) + (up to 9 employees) 

1 6.11 

10-49 employees (without recalculation to full-time employment) 2 19.87 

50-249 employees (without recalculation to full-time employment) 3 54.27 

250-499 employees (without recalculation to full-time employment) 4 12.89 

more than 499 employees (without recalculation to full-time employment) 5 6.86 

pkd – PKD subcategory   

Sawmilling and planing of wood  1 30.21 

Manufacture of products made of wood, cork, straw and plaiting materials  2 69.79 

p01 – Gender of the casualty   

Male 1 83.89 

Female 2 16.11 

p02 – Age of the casualty at the time of the accident   

Up to 24 years old 1 17.32 

25 - 34 years old 2 30.53 

35 - 44 years old 3 25.24 

45 - 54 years old 4 18.65 

Over 54 years 

Aggregation of original values: (55 - 59 years) + (over 59 years) 
5 8.27 
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Cont. table 1. 217 
p05 – Occupation of the injured person   

Non-production workers 

Aggregation of original values: (representatives of public authorities) + (specialists, 

technicians and associate professionals) + (office workers) + (farmers, gardeners, 

foresters and fishermen) 

1 2.86 

Industrial workers and craftsmen 2 68.85 

Operators and installers of machines and devices 3 25.78 

Workers doing simple jobs 4 2.51 

p06 – Position job seniority in the enterprise   

Up to 5 years 1 66.03 

6-10 years 2 16.54 

Over 10 years 

Aggregation of original values: (11-15) + (16-20) + (21-30) + (over 30 years) 
3 17.44 

p07 – Hours worked between starting work and the time of the accident   

0-3 1 48.2 

4-7 2 47.1 

8 and more 

Aggregation of original values: (8-11) + (12-15) + (16-19) + (20-23) 
3 4.7 

p08 – Type of injury   

Wounds and superficial injuries 1 62.3 

Bone fractures 2 13.36 

Displacements, dislocations, sprains and strains 3 9.95 

Traumatic amputations (loss of body parts) 4 5.49 

Various other injuries 

Aggregation of original values: (Internal injuries) + (Multiple injuries) + (Other 

injury) 

5 8.89 

p09 – Location of the injury   

Head, neck 

Aggregation of original values: (Head) + (Neck with cervical spine) 
1 7.56 

Body 

Aggregation of original values: (Thoracic and lumbar spine) + (Torso and internal 

organs) + (Whole body and its various parts) + (Other body part) 

2 4.39 

Upper limbs 3 67.12 

Lower limbs 4 20.92 

p16 – Season when the accident happened   

Spring months 

Aggregation of original values: (March) + (April) + (May) 
1 26.21 

Summer months 

Aggregation of original values: (June) + (July) + (August) 
2 23.51 

Autumn months 

Aggregation of original values: (September) + (October) + (November) 
3 25.82 

Winter months 

Aggregation of original values: (December) + (January) + (February) 
4 24.45 

p17 – Time of accident; after aggregation, the time of the day on which the 

accident happened 
  

20:00-3:59 

Aggregation of original values: (20:00-23:59) + (00:00-3:59)  
1 12.03 

4:00-11:59 

Aggregation of original values: (4:00-7:59) + (8:00-11:59) 
2 44.44 

12:00-19:59 

Aggregation of original values: (12:00-15:59) + (16:00-19:59) 
3 43.53 

 218 

  219 
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Cont. table 1. 220 
p21 – Activity performed by the casualty at the time of the accident   

Operating machines 1 46.63 

Working with tools and objects 

Aggregation of original values: (Working with hand tools) + (Handling objects) 
2 31.23 

Workplace transporting 

Aggregation of original values: (Driving / driving by means of transport / operation of 

moving machines and other devices) + (Manual transporting) 

3 14.34 

Being at the scene of the accident 

Aggregation of original values: (Motion) + (Presence) 
4 7.80 

p26 – Material factor that was the source of the injury   

Buildings, surfaces 

Aggregation of original values: Buildings, structures and their elements, surfaces 

(indoor or outdoor, permanent or movable, temporary): (at ground level) + (below 

ground level) + (above ground level) 

1 7.05 

Another factor 

Aggregation of original values: (Chemical, radioactive, explosive, biological 

substances) + (Safety related devices and equipment) + (Office equipment, personal or 

sports items, weapons) + (People and other living organisms) + (Waste) 

2 8.66 

Hand or mechanized tools 

Aggregation of original values: (Non-powered hand tools) + (Hand-held or hand 

guided mechanized tools)  

3 8.93 

Machines and devices 

Aggregation of original values: (Portable or mobile machines and equipment) + 

(Stationary machines, devices and equipment) + (Machines, devices and equipment for 

lifting, carrying and storage) 

4 46.59 

Materials, objects, products, machine parts 5 28.76 

p27 – Main cause of the accident   

The defect of the material factor 

Aggregation of original values: (Design defects or inappropriate technical and 

ergonomic solutions of the material factor) + (Improper use of the material factor) + 

(Material defects of the material factor) 

1 17.59 

Misuse of the material factor 

Aggregation of original values: (Inappropriate exploitation of the material factor) + 

(Non-use or inappropriate handling of the material factor by the employee) 

2 11.29 

Inappropriate work organization 

Aggregation of original values: (Inadequate overall organization of work) + 

(Inappropriate organization of the workplace) 

3 11.52 

Safety neglect (heterogeneous category) 

Aggregation of original values: (Failure to use protective equipment by the employee) 

+ (Psychophysical state of the employee, not ensuring safe work performance) + (Other 

reason) 

4 3.92 

Inappropriate arbitrary behavior of the employee 5 8.70 

Inappropriate behavior of the employee (heterogeneous category) 

The behavior resulting from the aggregation of the original reasons: (Ignorance or 

disregarding of the threat) + (Ignorance of the occupational health and safety rules) + 

(Disregarding the orders of superiors) + (Insufficient concentration) + (Surprise by an 

unexpected event) + (Incorrect pace of work) + (Inexperience) + (Other reasons) 

6 46.98 

p289 - Accident severity (new variable), defined on the basis of variables: p28 

(Effect of the accident) and p29 (Time of incapacity for work) 
  

Minor accident resulting in inability to work for 0-13 days 1 23.71 

Minor accident resulting in inability to work for 14-29 days 2 28.72 

Minor accident resulting in inability to work for 30-89 days 3 35.93 

Serious accident 

Value aggregation: (Severe accident - regardless of the number of days of inability to 

work) + (Fatal accident) + (Minor accident causing inability to work for more than  

90 days) 

4 11.64 

Source: authors' own elaboration. 221 
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4. Latent class model for occupational accidents 222 

For the selected subset of data (accidents at work in branch 16 of the C section related to 223 

the production process, which occurred in enterprises in the Wielkopolskie voivodeship),  224 

a series of experiments with a different number of latent classes was performed in order to 225 

determine a stable model. The tested number of latent classes varied from 1 to 6. For each 226 

variant with a given number of classes, 20 models were estimated (with a different initial value 227 

for the iterative process calculating the model). The models estimated for each variant of the 228 

number of latent classes were then assessed using diagnostic statistics. The results for the best 229 

model within each variant are presented in Table 2. The last column shows the repeatability of 230 

the best model in the remaining nineteen models. 231 

The worst repeatability of the best model was obtained for 4-calss and 6-class models –  232 

the repeatability rate is equal to 20%, which proves the instability of the results. The most often 233 

used when comparing models, Bayesian Information Criterion has the lowest value (41148.98) 234 

for the model with five latent classes. Similarly, a good assessment of this model can be derived 235 

from the values of the other diagnostic statistics. Therefore, as the best one, the 5-class model 236 

was selected for the discussion of accident patterns hereafter. It is marked in bold in the table.  237 

Table 2. 238 

Values of statistics for diagnosing latent class models by number of classes 239 

Number of 

latent classes* 
G2 AIC BIC CAIC ABIC 

Entropy 

statistic 

Repeatability rate 

of the best model 

1 42608.06 42696.06 42953.23 42997.23 42813.43 1.00 100% 

2 41049.48 41227.48 41747.65 41836.65 41464.87 0.69 95% 

3 40276.48 40544.48 41327.66 41461.66 40901.90 0.67 100% 

4 39818.87 40176.87 41223.06 41402.06 40654.32 0.74 20% 

5 39391.78 39839.78 41148.98 41372.98 40437.27 0.76 85% 

6 39103.08 39641.08 41213.28 41482.28 40358.60 0.76 20% 
* Degrees of freedom (DF) in the scientific notation with the order of magnitude (exponent) value of 8 is the same 240 
for all models, regardless of the number of latent classes, and is equal to 4.15E + 08.  241 

Source: authors' own elaboration. 242 

The values of the probability estimators of the latent classes of the selected 5-class model 243 

are illustrated in Figure 2. Table 3 shows the values of conditional probabilities for the analyzed 244 

indicators, provided that they belong to a given latent class – the modal probabilities for rows 245 

are marked in italics and bold type and the modal probabilities for the columns have grey 246 

background. Cells with a value that is modal both by columns and by rows for a given indicator 247 

are marked with bold borders. 248 
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 249 

Figure 2. Probabilities of latent classes for the 5-class model. Source: authors' own elaboration. 250 

Table 3. 251 
Conditional probabilities for indicators of the 5-class model 252 

Indicator Indicator code LC-1 LC-2 LC-3 LC-4 LC-5 

wk 

1 0.0720 0.0003 0.0540 0.1041 0.0326 

2 0.2779 0.1147 0.2120 0.2215 0.1411 

3 0.5364 0.5864 0.5665 0.5444 0.3965 

4 0.0836 0.1726 0.0791 0.0994 0.2986 

5 0.0301 0.1260 0.0883 0.0306 0.1312 

pkd 
1 0.4816 0.3246 0.1893 0.2579 0.1674 

2 0.5184 0.6754 0.8107 0.7421 0.8326 

p01 
1 0.9017 0.7928 0.8400 0.8602 0.7345 

2 0.0983 0.2072 0.1600 0.1398 0.2655 

p02 

1 0.1160 0.1631 0.2208 0.2145 0.0935 

2 0.2576 0.3563 0.4071 0.2761 0.2636 

3 0.2682 0.2593 0.2030 0.2400 0.3130 

4 0.2468 0.1731 0.1200 0.1694 0.2463 

5 0.1114 0.0482 0.0491 0.1000 0.0836 

p05 

1 0.0149 0.0457 0.0235 0.0070 0.1105 

2 0.7126 0.5582 0.7363 0.7834 0.5333 

3 0.2384 0.3583 0.2048 0.1983 0.3418 

4 0.0341 0.0378 0.0354 0.0113 0.0145 

p06 

1 0.6411 0.6485 0.6778 0.7122 0.4923 

2 0.1188 0.2105 0.2180 0.1462 0.1581 

3 0.2401 0.1410 0.1042 0.1416 0.3496 

p07 

1 0.4288 0.5049 0.4588 0.5120 0.4391 

2 0.5220 0.4423 0.4935 0.4466 0.5119 

3 0.0492 0.0528 0.0476 0.0414 0.0490 

p08 

1 0.2588 0.7639 0.8583 0.7509 0.2021 

2 0.3744 0.0192 0.0821 0.0657 0.2678 

3 0.1523 0.1104 0.0002 0.0095 0.4619 

4 0.0331 0.0000 0.0066 0.1281 0.0068 

5 0.1815 0.1065 0.0528 0.0458 0.0614 
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Cont. table 3. 254 

p09 

1 0.0273 0.1860 0.1462 0.0118 0.0574 

2 0.0994 0.0738 0.0045 0.0036 0.0570 

3 0.5576 0.4792 0.7827 0.9456 0.1518 

4 0.3157 0.2610 0.0665 0.0390 0.7339 

p16 

1 0.2752 0.2169 0.2582 0.2759 0.3060 

2 0.2400 0.2315 0.2761 0.2280 0.2124 

3 0.2398 0.3009 0.2218 0.2508 0.2586 

4 0.2450 0.2507 0.2439 0.2454 0.2230 

p17 

1 0.1088 0.1359 0.1165 0.0957 0.2123 

2 0.4525 0.4050 0.3873 0.5049 0.3507 

3 0.4386 0.4590 0.4962 0.3994 0.4370 

p21 

1 0.3475 0.3578 0.0080 0.8172 0.1267 

2 0.3573 0.2819 0.9866 0.1732 0.0273 

3 0.2652 0.2928 0.0004 0.0047 0.2250 

4 0.0300 0.0675 0.0050 0.0050 0.6210 

p26 

1 0.0557 0.0462 0.0354 0.0001 0.5185 

2 0.1112 0.1060 0.0820 0.0370 0.1941 

3 0.0168 0.0081 0.6908 0.0217 0.0001 

4 0.2158 0.3437 0.0074 0.8782 0.1989 

5 0.6004 0.4960 0.1845 0.0630 0.0884 

p27 

1 0.1940 0.1709 0.0789 0.2290 0.0470 

2 0.1227 0.0971 0.1773 0.1202 0.0208 

3 0.1374 0.1683 0.0688 0.0514 0.2483 

4 0.0359 0.0307 0.0427 0.0293 0.1079 

5 0.0746 0.0554 0.0868 0.1170 0.0757 

6 0.4354 0.4776 0.5456 0.4531 0.5003 

p289 

1 0.0004 0.5590 0.4599 0.1129 0.1123 

2 0.1878 0.3950 0.3327 0.2665 0.2394 

3 0.6225 0.0459 0.1712 0.4668 0.4271 

4 0.1892 0.0002 0.0362 0.1538 0.2212 

Source: authors' own elaboration. 255 

5. Occupational accident patterns  256 

The obtained final model consists of latent classes, each of which stands for a certain pattern 257 

of occupational accidents. The patterns are discussed in the following subchapters on the basis 258 

of the values of selected indicators investigated in the analysis. Each class has been given  259 

a label. The labels are short names providing a brief expression of the character of the patterns. 260 

5.1. Latent class model description Latent Class 1 – Severe accidents, especially limb 261 

fractures 262 

Out of all the observations, 19.43% belong to the first latent class. The class is characterized 263 

by accident events resulting in a long or a very long absence from work, including those causing 264 

the death of the injured individuals, P(p289=3|LC-1) = 0.62; P(p289=4|LC-1) = 0.19.  265 

The material factors causing the injuries are especially: Materials, objects, products, machine 266 
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parts, P(p26=5|LC-1) = 0.60. Inappropriate behavior of the employee is primarily the cause of 267 

the accident, P(p27=6|LC-1) = 0.44. Actions performed by the injured person at the time of the 268 

accident are: Operating machines, P (p21 =1|LC-1) = 0.35 or Working with tools and objects, 269 

P (p21=2|LC-1) = 0.36. The injuries are most often located in the limbs, mainly Upper ones, 270 

P(p09=3|LC-1) = 0.56, slightly less often Lower ones, P(p09=4|LC-1) = 0.32. The type of 271 

injury that distinguishes the class from the entire data set are Bone fractures, P(p08=2|LC-1) = 272 

0.37, but also Various other injuries (covering Internal and Multiple injuries), P(p08=5|LC-1) 273 

= 0.19. The accidents are connected with the Production of sawmill products PKD subcategory, 274 

P(pkd=1|LC-1) = 0.48. Men are the casualties, P(p01=1|LC-1) = 0.90. Persons aged 55 and 275 

over are more likely to be affected in this class than in other classes, P(p02=5|LC-1) = 0.11.  276 

5.2. Latent class model description Latent Class 2 – Minor accidents causing superficial 277 

wounds and injuries to the upper body part 278 

The second latent class includes 24.17% of the observations of the analyzed data set. Almost 279 

the entire class relates to minor accidents, with up to 29 days of inability to work, P((p289 = 1 280 

or p289 = 2)|LC-2) = 0.95. Inappropriate behavior of the employee is the main cause of the 281 

accident, P(p27=6|LC-2) = 0.48. The most common material factors causing injury are: 282 

Materials, objects, products, machine parts, P(p26=5|LC-2) = 0.50, and Machines and devices, 283 

P(p26=4|LC-2) = 0.34. Operating machines and Workplace transporting prevail as the activity 284 

of the employee at the time of the accident, P(p21=1|LC-2) = 0.36 and P(p21=3|LC-2) = 0.29 285 

respectively. The injuries mainly affect the upper body of the person – the Upper limbs or Head 286 

and neck, P((p09=3 or p09=1)|LC-2) = 0.48 + 0.19 = 0.67. Wounds and superficial injuries 287 

are the result of the accident, P(p08=1|LC-2) = 0.76. The second latent class represents 288 

Industrial workers and craftsmen as well as Operators and engineers of machines and devices 289 

as the casualties of occupational accidents, P(p05=2 or p05=3|LC-2) = 0.56 + 0.36 = 0.92.  290 

5.3. Latent class model description Latent Class 3 – Minor accidents caused  291 

by the careless use of tools 292 

The third latent class includes 11.02% of all the observations of the analyzed data set.  293 

As in the case of the second latent class, the discussed class is dominated by minor accidents, 294 

resulting in inability to work not more than 29 days, P((p289 = 1 or p289 = 2)|LC-3) = 0.79. 295 

Inappropriate behavior of the employee is the main cause of the accident, P(p27=6|LC-3) = 296 

0.55, but also Misuse of the material factor happens comparatively frequently, P(p27=2|LC-3) 297 

= 0.18. Hand or mechanized tools belong mainly to material factors causing the injury, 298 

P(p26=3|LC-2) = 0.69, while almost always Working with tools and objects is an activity 299 

performed by the injured person at the time of the accident occurrence, P(p21=2|LC-3) = 0.99. 300 

The injuries affect Lower limbs, P(p09=4|LC-3) = 0.78, and these are mainly wounds and 301 

superficial injuries, P(p08=1|KU-3) = 0.86. Young people under the age of 35 are involved in 302 

accidents that are characteristic for the third latent class, P((p02=1 or p02=2)|LC-3) = 0.22 + 303 

0.41 = 0.63.  304 
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5.4. Latent class model description Latent Class 4 – Severe accidents related to careless 305 

handling of machinery by short experience employees 306 

The fourth latent class is the most numerous – it comprises 36.79% of all the observations. 307 

The class covers accidents causing a long or a very long absence from work, including those 308 

leading to the death of the injured person, P(p289=3|LC-4) = 0.47, P(p289=4|LC-4) = 0.15. 309 

Inappropriate behavior of the employee or Inappropriate arbitrary behavior of the employee 310 

are the main causes of the accident, P((p27=6 or p27=5)|LC-4) = 0.45 + 0.12 = 0.57. Machines 311 

and devices are primary material factors causing the injury, P(p26=4|LC-4) = 0.88, while 312 

Operating machines is an activity performed by the injured person at the time of the accident 313 

occurrence, P(p21=1|LC-4) = 0.82. The injuries affect Upper limbs, P(p09=3|LC-4) = 0.95. 314 

The predominant type of injury suffered by the worker are Wounds and superficial injuries, 315 

P(p08=1|LC-4) = 0.75, but there are also Traumatic amputations (loss of body parts), 316 

P(p08=4|KU-4) = 0.13. The accidents concern employees with Up to 5 years of experience in 317 

the position held in the production plant, P(p06=1|LC-4) = 0.71.  318 

5.5. Latent class model description Latent Class 5 – Severe accidents, caused by 319 

inexperience or by routine, not related to employing the device 320 

The fifth latent class is the least numerous – it comprises 8.60% of all the observations.  321 

In the context of incapacity for work, it mostly covers accidents of a significant severity, 322 

P(p289=3|LC-5) = 0.43 and P(p289=4|LC-5) = 0.22 (the highest probability compared to other 323 

latent classes). The main cause of accidents varies and it may relate to the following behaviors: 324 

Inappropriate behavior of the employee, P(p27=6|LC-5) = 0.50, Inappropriate work 325 

organization, P(p27=3| LC-5) = 0.25, and Safety neglect P(p27=4| LC -5) = 0.11. Buildings, 326 

surfaces, P(p26=1| LC-5) = 0.52, and, to a lesser extent, Another factor, P(p26=2| LC-5) = 327 

0.20, are material factors characteristic of the class as regards the source of the injury. Being at 328 

the scene of the accident is the most common casualty activity at the time of the accident 329 

occurrence, P(p21=4|LC-5) = 0.62. Lower limbs is the injury location, P(p09=4|LC-5) = 0.73, 330 

with the basic type of injury being Displacements, dislocations, sprains and strains or Bone 331 

fractures, P((p08=3 or p08=2)|LC-5) = 0.46 + 0.27 = 0.73. The most probable value of the job 332 

seniority in the position held in the enterprise is the period Up to 5 years, P(p06=1|LC-5) = 333 

0.49, secondly, Over 10 years (experienced workers), P(p06=3| LC-5) = 0.35 (the highest 334 

percentage compared to other classes). It is worth noting that the class is characterized by  335 

a high probability of injured women, P(p01=2|LC-5) = 0.27 (a value greater than the frequency 336 

observed in the whole population equal to 0.16). This feature of the fifth latent class may be 337 

connected with the fact that the occupation performed by the injured person is characterized by 338 

a relatively high probability (compared to other classes) of Non-production workers 339 

P(p05=1|LC-5) = 0.11 (also a value greater than the frequency observed in the entire data set, 340 

equal to 0.03). 341 
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6. Summary and conclusions 342 

Accidents at work often cause severe or even fatal injuries to the injured person, and also 343 

contribute to considerable societal burdens and economic losses. The identification of certain 344 

recurring mechanisms related to the occurrence of accidents may help in the development of 345 

effective tools leading to the improvement of work safety. Pilot studies were undertaken in the 346 

work, which showed that latent class analysis is a promising tool supporting the scientific 347 

investigation in that area. 348 

The analysis covers occupational accidents in the economic activity of branch 16 of section 349 

C called manufacturing (according to Polish Classification of Activities), which occurred in 350 

connection with production processes in enterprises in the Wielkopolskie voivodeship in 2008-351 

2017. Three severe accident patterns and two light accident patterns were obtained, which were 352 

subjected to descriptive characterizations, using interpretable results presented in the form of 353 

classification probabilities of the category of observable variables symptomatic for a particular 354 

latent class. 355 

The task, undertaken in the work, of using selected data mining techniques to study the 356 

occupational accident phenomenon on the basis of non-aggregated individual data about 357 

accident casualties, seems to be justified and promising. Subsequently, in perspective,  358 

the research based on a larger data set will be continued along with the analysis extension.  359 

There can also be other issues related to the problem which are worth considering in the future, 360 

such as improving the process of assessing and selecting a final latent class model out of many 361 

possibilities or developing systematic selection of indicators for the characterization of the 362 

latent class. However, the presented examples of directions for further research do not exhaust 363 

the discussed issue. 364 
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