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s, a worker dies due to a work-related accident or disease 
[1]. These incidents carry a significant cost for families, 
employers, and society as a whole [2, 3].

Research on work accidents is important to determine 
the causes of occupational accidents to effectively prevent 
them in the future and improve workplace safety [4]. This 
kind of research must include the analysis of factors such as 
the technical and organizational conditions of companies, 
the adaptation of jobs to employees, and workers’ attitudes 
toward occupational safety and health [5]. It is an essential 
first step in designing and implementing appropriate pre-
ventive measures to avoid similar accidents [6, 7].

The metal sector includes economic activities such as 
metallurgy and the production of metallic components. It 
covers a wide range of processes, including the manufactur-
ing of basic ferrous and nonferrous metal products, metal 
casting, material coating, and the production of tools and 
machinery. The metal sector is one of the productive sectors 
with the highest accident rate, both at the world, European 
and national level, and in which workers are exposed to the 
worst and most dangerous working conditions [8, 9].

1  Introduction

An occupational accident is defined as an event occurring 
during the working time, resulting in a non-fatal injury with 
loss of working time or a fatal injury. According to reports 
from the International Labour Organization (ILO), every 15 
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As shown in the latest studies and research carried out in 
Spain [10, 11], among the subsectors that make up the metal 
sector, the manufacturing of fabricated metal products for 
construction accounts for 30% of total and light accidents, 
35% of serious and very serious accidents and 23% of fatal 
accidents. These important values require a more detailed 
analysis, which is the objective of this article. The aim is to 
explore the evolution and the severity of occupational acci-
dents in the subsector of manufacturing fabricated metal 
products for construction (subsector 251 of the National 
Classification of all Economic Activities CNAE [12]) and 
analyse the relationship between the main key factors. The 
results will make it possible to understand the characteristics 
of these accidents and to draw up preventive guidelines to 
improve safety conditions at manufacturing plants of fabri-
cated metal products for construction. Based on the descrip-
tive analysis of the data and through the development of a 
classification model, the objective of the present study is to 
categorise accidents into distinct operational profiles. The 
classification system is intended to facilitate the proposal of 
specific preventive measures under the severity and charac-
teristics of each accident.

2  Materials and methods

The data for this analysis are based on accidents in the sub-
sector of manufacturing metal products for construction in 
Spain during the 2009–2022 period. This data comes from 
occupational accident reports, which are required to be sent 
to the relevant administrative body via the Delt@ (Electronic 
declaration of injured workers) IT system. The information 
provided in occupational accident reports is structured fol-
lowing Act TAS/2926, 21 November 2002  [13]. The data 
used in this research refer to the number of accidents that 

occurred, not to the incidence rates, as data on the number 
of workers according to each of the variables studied are not 
available. In the data used, the accidents” in itinere” (acci-
dents to and from home to the workplace) were not con-
sidered. The study variables were selected from the official 
occupational accident forms according to similar studies 
[14–16]. The variables were grouped into five groups: tem-
poral, personal, business, circumstances, and consequences.

The methodology applied is shown in Fig. 1. The initial 
phase was the establishment of a foundation of data. The 
study commenced with a cleaned statistical dataset, which 
was obtained by removing incomplete records and ensur-
ing variable consistency. A descriptive statistical analysis 
was then conducted for the purpose of characterising the 
dataset and identifying preliminary patterns (phase 1 – 
Data Groundwork). The selection of relevant variables was 
conducted based on statistical and domain criteria. Subse-
quently, an unsupervised fuzzy clustering model (Fuzzy 
C-Means) was trained using 70% of the randomly selected 
samples. After the identification of a pivotal variable during 
this phase, a semi-supervised model was developed to refine 
pattern recognition (phase 2 – Knowledge Modelling). The 
remaining 30% of the samples were used to validate the 
semi-supervised model, assessing its performance against 
the initial unsupervised model and established reference 
metrics (phase 3 – Insight Validation). All statistical calcu-
lations were performed using IBM SPSS Statistics software 
(Version 30) [17]. KNIME software (Version 5.4.3)  [18] 
was used to develop the models.

In the descriptive analysis, a classification has been made 
according to severity, distinguishing between total, light, 
serious, very serious, and fatal accidents. The different acci-
dent rates are determined and expressed in percentages. 
The total accident rate (TAR) was obtained by dividing the 
number of total accidents of item i by the number of total 

Fig. 1  Methodological 
Framework
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accidents in the subsector. The light accident rate (LAR) was 
obtained by dividing the number of light accidents of item i 
by the number of total light accidents in the subsector. The 
serious accident rate (SAR) was obtained by dividing the 
number of serious accidents of item i by the number of total 
serious accidents of the subsector. The very serious accident 
rate (VSAR) was obtained by dividing the number of very 
serious accidents of item i by the total number of very seri-
ous accidents of the subsector. Lastly, the fatal accident rate 
(FAR) was obtained by dividing the number of fatal acci-
dents of item i by the total number of fatal accidents of the 
subsector. In this phase, accidents that have occurred in the 
study sector in countries with different income levels have 
been contextualised.

3  Results

3.1  Data groundwork

To contextualise the situation of the metal sector in Spain, 
it is useful to compare it with recent international data from 
countries with different levels of economic income. As 

illustrated in Table 1, the data set encompasses a range of 
income levels, including low, medium- and high-income 
countries. It provides a comprehensive overview of accident 
incidence rates, annual prevalence, and the primary causative 
factors for accidents in specific subsectors such as steelmak-
ing, primary metals, and the manufacture of metal products.

In the period of study, a total de 100,805 accidents 
occurred in Spain, 99,856 lights, 852 serious, 28 very seri-
ous, and 69 fatal. Figure  2 shows the evolution of total 
accidents in the subsector 251 between 2009 and 2022. 
The initial reduction due to the improvement of prevention 
policies from the beginning of the series until the abrupt 
reduction of accidents because of the economic crisis in the 
Spanish economy (2012–2014) and the gradual increase of 
accidents with the later recovery. The decrease in 2020 is 
explained by the confinement and reduction of activity due 
to COVID-19.

Table 2 shows the importance from the point of view of 
the accidents of the subsector of manufacturing of fabricated 
products for construction within the metal sector. Approxi-
mately 30% of the total accidents occur in this subsector, 
33% of the serious and very serious accidents, and near of 
21% of the fatal accidents.

Economic
level (Income)

Country Metal subsector Indicators//Period//
Relative vs. other sectors

Ref.

Lower-middle Vietnam Large-scale metal 
manufacturing

6,2% of all occupational accidents and 6% of 
all workplace deaths (749 fatal accidents and 
1,485 serious injuries)//2021 (pub. 2023)//
High

[19]

National OSH 
policy – metal 
sector

Target: reduce fatal accidents in metallurgy 
by 5% annually. Policy target; fatal accident 
reduction in metal sector//Policy to 2020//
High

[20]

Tanzania Iron & steel 
(factories)

12-month injury prevalence = 65.1% workers 
with ≥ 1 injury causing ≥ 1 day off. High injury 
prevalence (iron & steel)//2022 (pub. 2025)//
High

[21]

Upper-middle China Metallurgical 
industry

152 fatal accidents (2001–2018), 731 deaths; 
~40% poisoning/asphyxiation//2001–2018 
(pub. 2020)//High

[22]

Heavy industry 
(metals included)

> 10,000 new occupational disease cases; 
metals among highest-risk sectors. poisoning/
asphyxiation dominance//1997–2007 (pub. 
2010)//High

[23]

High United 
States

Primary metal 
manufacturing

TRC = 3.4 per 100 FTE; DART = 1.9; 
DAFW = 1.0; DJTR = 1.0//2023 (Released 
2024)//Medium-high

[24]

Fabricated 
metal product 
manufacturing

TRC = 3.2 per 100 FTE; DART = 1.8; 
DAFW = 1.1; DJTR = 0.8//2023 (Released 
2024)//Medium-high

[24]

EU-27 Manufacturing 
(incl. basic met-
als & fabricated 
metals, NACE 
C24–C25)

Main causes: losing control of machines/tools/
handling equip. = 20.3% (non-fatal) & 27.4% 
(fatal) of all accidents. Machine/handling-
related accidents dominant//2022 (page 
updated 2024)//Medium-high

[25]

Table 1  Accidents in the metal 
sector according to income level 
in different countries

TRC (Total recordable cases); 
FTE (Full-Time Equivalent); 
DART (Days away from work, 
job restriction or transfer); 
DAFW (Days away from work); 
DJTR (Days of job transfer of 
restriction)
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(15,167; 15.0%) of the working day respectively, although 
there are a considerable number of accidents at the begin-
ning of the working day (11,543; 11.5%). Also, it can be 
concluded that this is not a sector with a lot of overtime 
because the accident rate is drastically reduced from the 
eighth hour of the working day.

In the case of fatal accidents, the highest number of acci-
dents occurred on Thursdays (18; 26.1%), and Wednesdays 
(17; 24.6%), while Mondays, in contrast to the total number of 
accidents, had the lowest accident rate of the week with only 
7 fatal accidents. On weekends there was only one fatal acci-
dent. About the daytime, the highest number of fatal accidents 

3.1.1  Temporal variables

Table 3 shows a distribution of fatal accidents according to 
the time variables: day of the week, daytime, and time of 
the working day. There are a higher number of accidents on 
Mondays (22.5%), with a slight decrease during the week. 
At weekends there are almost no accidents because the 
activity of this industry is practically reduced. The time slots 
with the highest number of accidents are between 10:00 and 
12:59 (40.9% of the total accidents), coinciding with the 
time after meal break. Many accidents occur during the sec-
ond (17,513; 17.4%), third (16,001; 15.9%), and fourth hour 

Table 2  Comparison of the number of accidents between the subsector of manufacturing fabricated metal products for construction and the metal 
sector in the period 2009–2022
Year Total Serious + Very Serious Fatal

Subsector 251 Metal Sector % Subsector 251 Metal Sector % Subsector 251 Metal Sector %
2009 10,198 32,319 31.6 79 238 33.2 4 18 22.2
2010 9,149 29,534 31.0 79 229 34.5 8 29 27.6
2011 7,790 19,651 39.6 78 213 36.6 6 33 18.2
2102 5,523 19,585 28.2 46 140 32.9 2 10 20.0
2013 4,672 17,716 26.4 45 156 28.9 1 18 5.6
2014 4,848 18,204 26.6 51 149 34.2 4 22 18.2
2015 5,453 19,950 27.3 61 173 35.3 3 18 16.7
2016 6,135 21,461 28.6 55 150 36.7 6 15 40.0
2017 6,953 22,741 30.6 54 163 33.1 1 12 8.3
2018 7,528 27,854 27.0 58 218 26.6 8 26 30.8
2019 8,333 29,929 27.8 80 222 36.0 5 25 20.0
2020 7,192 23,958 30.0 71 201 35.3 10 38 26.3
2021 8,396 27,327 30.7 62 190 32.6 6 32 18.8
2022 8,635 26,872 32.1 51 199 25.6 5 33 15.2
Mean 29.8 33.0 20.6

Fig. 2  Evolution of the total 
accidents of the subsector of 
manufacturing of fabricated 
metal products for construction 
between 2009 and 2022
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3.1.3  Business variables

Table 5 shows the distribution of fatal accidents according 
to the company staff. Micro enterprises (up to 5 workers) 
have the highest accident rates in all fields (TAR 25.4%; 
LAR 25.3%; SAR 38.1% and FAR 31.9%). Approximately 
79.4% of total accidents and 84% of fatal accidents occurred 
in companies with less than 50 workers. These results reflect 
the profile of companies in the sector.

The distribution of accidents by severity and length of 
service can be observed in Table  6. The high number of 
accidents that occurred when workers are in the first two 
steps (when they have been with the company for less than 
3 months) is remarkable. They account for 20.6% of total 
accidents, 22.4% of the serious, 25% of the very serious, 
and 20.3% of fatal accidents.

occurred in the 12:00–12:59 time slot (8; 11.6%) followed by 
the first hour of the day (9; 13.0%). Regarding the time of the 
working day, the values are similar between the first six hours 
of day, with the highest value in the fourth hour (15; 21.7%).

3.1.2  Personal variables

According to the variable gender, 99.1% of light accidents 
occurred in men (97,913), and only 1,043 accidents in women 
(0.9%). It is noteworthy that there were no very serious acci-
dents or fatalities among women in the entire study period.

Table 4 shows the distribution of accidents by age and 
severity. The age ranges with the highest accident rates are 
between 30 and 39 (32.6%) and between 40 and 49 (27.8%). 
On the other hand, for fatal accidents, the age groups are 
reversed, with 22 accidents in the 40–49 age group followed 
by 18 accidents in the 30–39 age group.

Table 3  Distribution of total accidents of the subsector of manufacturing fabricated metal products for construction in the period 2009–2022
Day of the week Total Accidents Day time Total Accidents Time of the working day Total Accidents

N % N % N %
100,805 100.0 100,805 100.0 100,805 100.0

Monday 22,650 22.5 8:00 to 8:59 5,934 5.9 1 11,543 11.5
Tuesday 21,027 20.9 9:00 to 9:59 9,088 9.0 2 17,513 17.4
Wednesday 20,199 20.0 10:00 to 10:59 14,231 14.1 3 16,001 15.9
Thursday 18,068 17.9 11:00 to 11:59 12,815 12.7 4 15,167 15.0
Friday 15,823 15.7 12:00 to 12:59 14,209 14.1 5 10,393 10.3
Saturday 2,586 2.6 13:00 to 13:59 7,206 7.1 6 10,860 10.8
Sunday 452 0.4 14:00 to 14:59 3,606 3.6 7 10,122 10.0

15:00 to 15:59 3,759 2.7 8 5,698 0.9
16:00 to 16:59 6,878 6.8 9 883 0.8
17:00 to 17:59 7,673 7.6 10 757 0.6
18:00 to 18:59 4,452 4.4 > 10 1,868 6.8
19:00 to 19:59 1,602 1.6
20:00 to 20:59 785 0.8
Rest of hours 8,567 8.5

N number of accidents; % percentage of accidents

Table 4  Accidents in the subsector of manufacturing fabricated metal products for construction by age between 2009 and 2022
Age (years) Total Light Serious Very Serious Fatal

N TAR(%) N LAR(%) N SAR(%) N VSAR(%) N FAR(%)
100,805 100 99,856 100 852 100 28 100 69 100

16–19 1,517 1.5 1,501 1.5 16 1.9 0 0.0 0 0.0
20–29 19,259 19.1 19,136 19.2 114 13.4 2 7.1 7 10.1
30–39 32,902 32.6 32,662 32.7 215 25.2 7 25.0 18 26.1
40–49 27,976 27.8 27,698 27.7 245 28.8 11 39.3 22 31.9
50–59 15,956 15.8 15,733 15.8 202 23.7 6 21.4 15 21.7
60–69 3,174 3.1 3,106 3.1 59 6.9 2 7.1 7 10.1
> 70 21 0.0 20 0.0 1 0.1 0 0.0 0 0.0
N number of accidents; % percentage of accidents
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of the serious, 28.6% of the very serious, and 21.7% of fatal 
accidents.

Table 7 shows the distribution of the accidents by devia-
tion and severity. Deviation describes the abnormal occur-
rence that has adversely interfered with the normal process 
of work performance and has led to the occurrence or origin 
of the accident. The “Loss of machine control” deviation 
followed by “Involuntary body movement” presents the 
highest number of light accidents (26.2% and 25.9% respec-
tively). Regarding the serious, very serious and fatal acci-
dents the main deviation is “Falls involving people” (30.6% 

3.1.4  Circumstances variables

Regarding the accident location, 90.3% of light accidents 
occurred at the usual workplace, while 4.3% were moving 
between workplaces and 5.3% were working at other work-
places. On the other hand, for serious, very serious, and 
fatal accidents, this proportion changes considerably. In the 
usual workplace, 73.2% were serious, 42.9% very serious, 
and 52.2% fatal accidents, while 8.6% of serious, 28.6% 
of very serious, and 26.1% of fatal occurred when workers 
moved between areas. In other workplaces occurred 18.2% 

Table 5  Accidents in the subsector of manufacturing fabricated metal products for construction by company staff between 2009 and 2022
Company staff (number of workers) Total Light Serious Very Serious Fatal

N TAR(%) N LAR(%) N SAR(%) N VSAR(%) N FAR(%)
100,805 100 99,856 100 852 100 28 100 69 100

≤ 5 25,616 25.4 25,255 25.3 325 38.1 14 50.0 22 31.9
6–10 15,804 15.7 15,635 15.7 153 18.0 3 10.7 13 18.8
11–25 23,536 23.3 23,345 23.4 172 20.2 6 21.4 12 17.4
26–50 15,153 15.0 15,038 15.1 102 12.0 2 7.1 11 15.9
51–100 9,838 9.8 9,787 9.8 47 5.5 0 0.0 4 5.8
100–250 7,105 7.0 7,057 7.1 42 4.9 1 3.6 5 7.2
> 250 3,753 3.7 3,738 3.7 11 1.3 2 7.1 2 2.9
N number of accidents; % percentage of accidents

Table 6  Accidents in the subsector of manufacturing fabricated metal products for construction by length of service and severity between 2009 
and 2022
Length service Total Light Serious Very Serious Fatal

N TAR(%) N LAR(%) N SAR(%) N VSAR(%) N FAR(%)
100,805 100 99,856 100 852 100 28 100 69 100

< 1 month 7,668 7.6 7,569 7.6 85 10.0 6 21.4 8 11.6
1–3 months 13,100 13.0 12,987 13.0 106 12.4 1 3.6 6 8.7
4–12 months 17,975 17.8 17,819 17.8 142 16.7 6 10.7 8 11.6
1–2 years 11,133 11.0 11,046 11.1 74 8.7 3 10.7 10 14.5
3–4 years 13,495 13.4 13,379 13.4 103 12.1 4 14.3 9 13.0
5–10 years 19,392 19.2 1,230 19.3 149 17.5 3 10.7 10 14.5
11–30 years 16,494 16.4 16,302 16.3 173 20.3 5 17.9 14 20.3
> 30 years 1,548 1.5 1,524 1.5 20 2.3 0 0.0 4 5.8
N number of accidents; % percentage of accidents

Table 7  Accidents in the subsector of manufacturing fabricated metal products for construction by deviation and severity between 2009 and 2022
Deviation Total Light Serious Very Serious Fatal

N TAR(%) N LAR(%) N SAR(%) N VSAR(%) N FAR(%)
100,805 100 99,856 100 852 100 28 100 69 100

Electricity, explosion, fire 934 0.9 917 0.9 13 1.5 1 3.6 3 4.3
Falling object 5,135 5.1 5,116 5.1 19 2.2 0 0.0 0 0.0
Fall, slide 9,919 9.8 9,751 9.8 153 18.0 5 17.9 10 14.5
Loss of machine control 26,373 26.2 26,131 26.2 222 26.1 5 17.0 14 20.3
Falls involving people 10,149 10.1 9,859 9.9 261 30.6 11 39.3 18 26.1
Voluntary body movement 17,687 17.5 17,598 17.6 86 10.1 0 0.0 3 4.3
Involuntary body movement 25,925 25.7 25,879 25.9 44 5.2 2 7.1 0 0.0
Shock or jolting action 409 0.4 401 0.4 7 0.8 1 3.6 0 0.0
No information 4,275 4.2 4,204 4.2 47 5.5 3 10.7 21 30.4
N number of accidents; % percentage of accidents
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ensure compatibility with the algorithm, the discriminatory 
capacity between observations, and the interpretability of 
the results. The Fuzzy C-Means algorithm is grounded in 
the principle of minimising the Euclidean distance between 
points and cluster centres, with the weighting determined by 
fuzzy membership degrees [26]. Consequently, it necessi-
tates continuous numerical variables or variables converted 
to that format as input, and its performance is adversely 
impacted by the presence of poorly coded or highly cor-
related categorical variables [27]. For the development of 
the models, accident records with missing data in any of 
the variables were eliminated, working with a sample of 
100,206 records.

The variables were then analysed to see if there was a 
correlation between them (Fig. 3). Following the variable 
selection criteria described above, the following variables 
were selected: Gender, Company Staff, Day of Week, Time 
of the Day and Accident Location.

Length of service could estimate work experience level. 
Despite its moderate correlation with Age, it was retained 
as the two variables capture different effects (accumulated 
experience versus stage of life). Accident Location acts as 
a proxy for the organisational context in which the accident 
occurred, which could introduce redundancy. The Day of 
the Week has been converted to a circular format using 
trigonometric functions. This transformation preserves the 
cyclical nature of the variable and allows for adequate rep-
resentation in metric spaces [28]. Time of the Day captures 
intra-daily temporal patterns. Although age (AGE) is not 
highly correlated with the others (ρ ≈ 0.32 with Length of 
service) and has discriminatory capacity within the popula-
tion, it has been discarded due to severe imbalance in the 
data, with very little data for women. Time of the work-
ing day was excluded due to its high correlation with Time 

LAR, 39.3% VSAR and 26.1% FAR) followed by “Loss of 
machine control” and “Fall, slide”. Between the three devia-
tions, they account for 74.7% of serious accidents, 74.2% of 
very serious, and 60.9% of fatal accidents. Also noteworthy 
is the 30.4% of fatal accidents within the ‘Others’ deviation, 
usually due to a lack of information.

3.1.5  Consequences variables

Table  8 shows the distribution of the accidents by injury 
and severity. “Wounds, superficial injuries” together with 
“Dislocations, sprains and strains” were the main injuries 
caused by light accidents (46.8% and 36.1% respectively). 
Regarding serious accidents, “Crushed bones” was the high-
est injury with 48.2% of the total. Very serious accidents 
caused injuries mainly in “Concussions and internal inju-
ries” (32.1%), “Multiple lesions” (28.6%), and “Crushed 
bones” (25.0%), Finally, the death of workers were caused 
mainly by “Multiple lesions” (39.1%), “Hearth attacks, 
strokes and other nontraumatic diseases” (30.4%), and 
“Concussions and internal injuries” (23.2%). “Multiple 
lesions” refer to cases where the victim suffers two or more 
types of injuries of similar severity, which may explain how 
multiple injuries sustained after an accident can led to death. 
The group “Heart attacks, strokes, and other nontraumatic 
diseases” includes strictly natural causes resulting from a 
specific health condition, such as infarction, stroke, ictus, 
fainting, sudden low blood pressure, retinal detachment, etc.

3.2  Knowledge modelling

For the fuzzy cluster analysis (Fuzzy C-Means), a subset of 
variables was selected based on theoretical, technical and 
statistical criteria. The selection process was designed to 

Table 8  Accidents in the subsector of manufacturing fabricated metal products for construction by injury and severity between 2009 and 2022
Injury Total Light Serious Very Serious Fatal

N TAR(%) N LAR(%) N SAR(%) N VSAR(%) N FAR(%)
100,805 100 99,856 100 852 100 28 100 69 100

No information 470 0.5 465 0.5 5 0.6 0 0.0 0 0.0
Wounds, superficial injuries 46,864 46.5 46,748 46.8 116 13.6 0 0.0 0 0.0
Crushed bones 7,910 7.8 7,491 7.5 411 48.2 7 25.0 1 1.4
Dislocations, sprains, and strains 36,043 35.8 36,007 36.1 36 4.2 0 0.0 0 0.0
Amputations 395 0.4 320 0.3 73 8.6 1 3.6 1 1.4
Concussions and internal injuries 5,055 5.0 4,971 5.0 59 6.9 9 32.1 16 23.2
Burns 1,224 1.2 1,208 1.2 16 1.9 0 0.0 0 0.0
Poisonings and infections 119 0.1 117 0.1 2 0.2 0 0.0 0 0.0
Drowning and asphyxiation 88 0.1 86 0.1 1 0.1 0 0.0 1 1.4
Effects of noise. Vibration and pressure 153 0.2 153 0.2 0 0.0 0 0.0 0 0.0
Extreme temperature Effects 378 0.4 372 0.4 3 0.4 1 3.6 2 2.9
Multiple lesions 784 0.8 652 0.7 97 11.4 8 28.6 27 39.1
Heart attacks, strokes, and other nontraumatic diseases 94 0.1 48 0.0 23 2.7 2 7.1 21 30.4
Other injuries 1,228 1.2 1,218 1.2 10 1.2 0 0.0 0 0.0
N number of accidents; % percentage of accidents
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three levels (usual workplace, moving between workplaces, 
and other workplace) using the one-hot coding method. The 
Day of the week variable can be considered as an ordinal 
categorical. To simplify its coding, circular coding was 
used, resulting in two variables: Day1 and Day2. Finally, 
the severity variable was grouped into two levels (Non-
critical and Critical). The Critical level includes fatal, very 
serious, and serious accidents. On the other hand, the No-
Critical level includes light accidents.

The unsupervised model was created using the Fuzzy 
C-Means (FCM) algorithm. A partition of 70% of the data 
was made, considering the distribution of the data accord-
ing to the severity variable. Given that the dataset is highly 
unbalanced, the SMOTE algorithm was applied to increase 

of Day (ρ ≈ 0.61). However, categorical variables such as 
Severity, Deviation, Injury and Body Part Injured were 
excluded due to their nominal, non-ordinal nature and the 
complexity that their one-hot encoding would introduce into 
a distance-based algorithm [29]. These variables could be 
incorporated in a subsequent phase, as elements of interpre-
tation or external validation of the clusters obtained. This 
baseline set provides a balanced representation of individual 
characteristics (age, gender), work characteristics (seniority, 
size of the centre), and temporal characteristics (time, day), 
which is particularly relevant for generating diffuse risk or 
behaviour profiles.

Regarding the treatment of categorical variables included 
in the model, the Accident Location variable was coded into 

Fig. 3  Correlation matrix of variables (Coefficient of Spearman for categorical variables)
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3.3  Insight validation

Thirty per cent of the samples were used to validate the 
semi-supervised model. In this case, no balancing technique 
was employed, and a severely imbalanced sample (few criti-
cal cases) was used. Table 10 shows the obtained results. 
Although the model can correctly detect 65% of the critical 
cases in the sample (182 out of 285), it also detects many 
false positives, reducing its accuracy. On the other hand, if 
the model characterises a sample as No-Critical, the prob-
ability that it is No-Critical is high.

Considering the critical case detection capability of the 
developed model and the characteristics of the samples asso-
ciated with each cluster, the preventive measures described 
in Table 11 can be recommended.

the number of minority cases (corresponding to the Critical 
level of the severity variable) and obtain a balanced sample. 
The fuzzy cluster grouping was performed with an average 
fuzzification coefficient (m = 2) and a delta parameter of 0.5 
as the convergence criterion. The clustering was considered 
for the formation of two clusters, allowing samples with a 
lower degree of membership in either of the two clusters to 
be included in a noise cluster. Table 9 shows the composi-
tion of the centroids for the three clusters, and the descrip-
tion of each of the clusters, as well as their relationship with 
the severity variable.

The semi-supervised model was created using the rela-
tionship between the samples in each cluster and the sever-
ity variable. The samples from the Noise cluster were 
included in Cluster 1 or Cluster 0 according to their degree 
of belonging to one cluster or the other (approximately 30% 
of observations have this cluster as dominant, which allows 
this percentage of data to be recovered according to its prox-
imity to cluster 1 or cluster 0), then Cluster 1 and Cluster 
2 were assigned a Critical level. The assigned levels were 
critical if they classified most samples at this level and a No-
Critical level if they did not. Using this criterion, clusters 
1 and 0 were classified as Critical and No-Critical, respec-
tively. This enabled each sample to be classified according 
to its cluster membership and severity level. Table 10 shows 
the number of samples that were correctly classified as Crit-
ical or No Critical. Examining the values reveals that, while 
the model does allow samples with critical severity to be 
detected (RECALL close to 61%), it is not very accurate in 
its classification.

Table 9  Cluster centroid values and cluster descriptions
Cluster Length of 

service
Company 
Staff

Time of 
the Day (h)

Age Other 
Workplace

Usual 
Workplace

Between
Workplaces

Day Predicted
Severity

Noise
Cluster

91.96 144.15 9:44 42 39.20% 37.50% 23.30% Tuesday (Day1 = 0.377
Day2 = 0.635)

Critical
or
No- Critical

Cluster 0 55.58 39.29 12:07 40 0% 100% 0% Tuesday (Day1 = 0.954
Day2 = 0.203)

No Critical

Cluster 1 55,21 35.12 12:00 39 0% 100% 0% Monday
(Day1 = 0.196
Day2 = 0.903)

Critical

Table 10  Confusion matrix for the semi-supervised model. Recall, precision, and F1-score for the training and the validation samples
Sample Observed Predicted RECALL PRECISION F1-SCORE

Critical No Critical
Training Critical 42,423 27,476 60.69% 51.75% 0.559

No Critical 39,549 30,350 43.42% 52.49% 0.475
Overall 50.00% 50.00% 52.06% 52.12% 0.517

Validation Critical 182 103 63.86% 1.06% 0.021
No Critical 16,994 12,963 43.27% 99.21% 0.603
Overall 0.94% 99.06% 23.44% 50.22% 0.196

Table 11  Preventive measures for each cluster
Cluster Practical Recommendations
Noise Cluster Logistics and move planning

Training in uncontrolled environments
Contractor management
Early schedule control

Cluster 0 Reinforcement of breaks and rotation
Routine safety checks
Safe working protocols at fixed workstations
Preventive leadership

Cluster 1 Weekly kick-off meetings
Progressive task planning
Motivational reinforcement
Initial equipment checks
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fatal accidents, 40 and 49 years present more cases than the 
50 and 59 age range, highest at the whole metal sector.

Small companies, the most common due to the charac-
teristics of the Spanish economy, have the highest num-
ber of accidents, both light as serious and fatal. Accidents 
involving workers with less than three months’ experience 
in the company account for approximately 20% of the total, 
serious, very serious, and fatal accidents. When workers 
move between workplaces or carry out their work in other 
workplaces, the number of serious, very serious, and fatal 
accidents increases considerably in comparison with the 
proportion of accidents in the usual workplace. These three 
aspects are significant for the design of training and informa-
tion actions both by the prevention services of the compa-
nies as well as by the prevention services of the companies.

The risk assessments of workstations in subsector 251 
should be reviewed to try to avoid deviations associated 
with “Loss of machine control”, “Falls involving people” 
and “Fall, slide”, which are the most frequent causes of fatal 
accidents.

Analysis of the centroids reveals significant differences 
in the operational and risk profiles of the three clusters. 
The Noise Cluster comprises larger companies with longer-
serving employees and a higher frequency of accidents 
in the morning and on days close to the start of the week. 
The distribution of accidents by location is heterogeneous. 
This cluster has the highest ratio of critical to non-critical 
accidents of the three clusters (64.4% of accidents are criti-
cal). Cluster 0 comprises medium-sized companies whose 
employees have less experience. It comprises accidents that 
mainly occur at midday between Tuesday and Wednesday. 
All accidents occur in the usual workplace. This cluster 
contains a lower proportion of critical accidents than non-
critical accidents (42.8% of cases are critical). Cluster 1 has 
a similar profile to Cluster 0 in terms of size and senior-
ity. However, accidents in this cluster are concentrated on 
Mondays at midday in the usual workplace. This cluster also 
has a slightly higher percentage of critical cases (44.3%). 
Cluster analysis groups accidents into different categories to 
propose appropriate preventive measures. It also reveals the 
latent structure presented by the descriptive analysis.

The validation sample is very unfavourable, as most 
of the cases are in the noise cluster and the data is highly 
imbalanced if we compared with the training sample (data 
of the noise cluster in validation sample is approximately 
24% higher than in the training sample). However, the mod-
el’s performance with the validation sample is similar to that 
with the training sample, suggesting that it does not have 
serious overfitting problems.

The main limitation of this study is the lack of worker-
specific data in accident reports, such as education level, 

4  Discussion

The findings reveal that, whilst the absolute figures and 
accident mechanisms fluctuate according to the level of 
development, the metal sector consistently occupies the top 
position in terms of relative risk when benchmarked against 
other productive sectors (Table 1). This phenomenon has 
been observed in both industrialised economies, where sig-
nificant injuries and amputations resulting from machinery 
are prevalent [25], and in low-wage countries, where annual 
prevalence rates occasionally exceed 50% of the workforce 
[21]. A recent global meta-analysis estimates an average 
annual prevalence of 55% in the iron and steel industries, 
with consistent risks across all income levels [21]. Data from 
the World Steel Association shows dozens of fatal accidents 
and significant rates in the steel industry each year, confirm-
ing that risks persist even in environments with advanced 
safety policies [30]. A comparison with Spanish data will 
facilitate an assessment of the extent to which global trends 
are replicated at the national level, and whether current pre-
vention policies are aligned with the challenges identified 
internationally.

In Spain, the subsector of manufacturing of fabricated 
metal products for construction has a great economic and 
employment importance within the metal sector, and this 
importance also has negative consequences, such as the 
occupational accident rate. It represents 30% of total acci-
dents, 33% of serious and very serious accidents and 21% of 
fatal accidents in the metal sector.

Mondays present the highest rate (not by far) of total 
and light accidents, but not of fatal accidents, so it could 
be talked of light “Monday effect”[16]. Another noteworthy 
aspect is that accidents at weekends are drastically reduced, 
which, together with the reduction in the number of acci-
dents after the eighth hour of the working day, indicates that 
overtime is not common in the sub-sector.

During the daytime, 40.9% of the accidents occurred 
after a meal break, results similar as other studies in the 
metal sector and in other sectors [11, 16]. About the time 
of the working day, between the start of the working day 
and the following three hours, up 59.8% of total accidents 
occur. It is somewhat contradictory because workers should 
be fresher because they have been working fewer hours. 
Some authors suggest that this could be due to failures in 
the routine tasks at the start of the working day [31]– [32].

The study reflects that the accidents occurred mainly in 
men, results expected by the characteristics of workers in 
the sector and in line with previous studies [10]– [11]. The 
age ranges with the highest accident rates are between 30 
and 39, and between 40 and 49, results according to previ-
ous studies in metal sector but with difference regarding the 
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To improve the model’s precision and ensure its contin-
ued use, it would be advisable to study the possibility of 
incorporating the semi-supervised model’s information 
alongside another variable (e.g. deviation, injury or body 
part injury) into a supervised model, updating the model’s 
data monthly with company data.
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