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ABSTRACT

Introduction: Contemporary automotive manufacturing enterprises, like other industrial sectors, routinely
collect large volumes of data pertaining to productivity, occupational safety, and health. The transformation
of these raw data into actionable knowledge has become increasingly critical for organizational decision-
making. This study applies data mining techniques to analyze occupational accidents resulting in lost
workdays at an Iranian automotive manufacturing company from June 2014 to March 2025, aiming to
identify the patterns and determinants of workplace incidents.

Material and Methods: Accident records from the specified period were systematically collated and
preprocessed, then subjected to classification and association rule mining using established data mining
algorithms. Classifier implementations and experiments were conducted within the Weka software
environment. In addition to supervised classification, association rule mining algorithms (Apriori and
Predictive Apriori) were employed to discover co-occurring attribute patterns and identify combinations
of factors associated with elevated accident risks.

Results: Through comparative evaluation, the support vector machine (SVM) classifier demonstrated the
best performance in predicting accident type, severity & causes, achieving an accuracy of 66.08% under
cross-validation. However, the decline from a 100% training accuracy indicates the presence of overfitting
in the models. Furthermore, Apriori and Predictive Apriori algorithms successfully extracted rules with
high performance metrics, demonstrating confidence levels above 83% and predictive accuracies between
97.9% and 98%. Quantitative analysis revealed that the highest correlation with incidents was found in a
combination of specific factors: low work experience (0 to 5 years), late shift hours (4 to 8 hours after the
shift start), and employment as a body production operator. Secondary contributing variables included
shift scheduling, proximate causes of the event, annual production rate, and employee remuneration.

Conclusion: The findings demonstrate that data mining techniques are effective tools for uncovering
hidden patterns in occupational accidents within the automotive industry; nevertheless, the observed
overfitting in classification models remains a serious limitation, highlighting the need for more balanced
datasets. From a practical perspective, the identified association rules enable the design of specialized
training programs, optimized rest schedules, and targeted safety interventions specifically for high-risk
groups, such as low-experienced workers (0-5 years) operating in body production during the late hours
of their shifts (4-8 hours).
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1. INTRODUCTION

Occupational accidents remain one of the
most critical challenges confronting industrial
organizations, particularly within large-scale
manufacturing sectors such as the automotive
industry, where complex production systems,
intensive human-machine interaction, and
stringent  productivity =~ demands  coexist.
Throughout history, the human aspiration for a safe
and risk-free working life has been recognized as
an integral component of social and organizational
development. In contemporary industrial contexts,
this aspiration has gained renewed importance due
to accelerating globalization, intensified market
competition, rapid technological advancement, and
increasing pressure on organizations to optimize
productivity while minimizing costs.

The automotive industry, as a cornerstone of
industrial development, is especially vulnerable
to occupational accidents that disrupt production
continuity, reduce labor efficiency, and impose
substantial direct and indirect costs. Occupational
accidents not only result in physical injuries to
workers but also lead to work stoppages, regulatory
investigations, equipment damage, and prolonged
recovery periods, all of which negatively affect
overall organizational performance. Moreover,
injured employees may experience pain, functional
limitations, or temporary or permanent incapacity,
further exacerbating productivity losses and
increasing organizational burdens.

In such conditions, the systematic analysis
of accumulated occupational accident data and
the extraction of actionable knowledge from
these datasets become essential prerequisites
for improving workplace safety and protecting
workers’ health. Traditional statistical approaches,
while valuable, often encounter limitations when
applied to complex, high-dimensional, and
heterogeneous datasets such as occupational
accident records. These datasets typically
involve nonlinear relationships and interactions
among human, organizational, temporal, and
environmental factors that are difficult to capture
using conventional methods.

Data mining, as a scientific and analytical
discipline, offers powerful tools for discovering
hidden patterns, meaningful relationships, and
predictive structures within large and complex
datasets. By enabling the extraction of implicit
and previously unknown knowledge, data
mining techniques can significantly enhance
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the understanding of occupational accident
mechanisms and support evidence-based decision-
making in safety management systems. Despite the
growing recognition of data mining applications in
occupational health and safety research, relatively
few studies have focused on root cause analysis of
industrial accidents using integrated data mining
approaches, particularly within the automotive
manufacturing context.

Furthermore, existing studies have often relied
solely on classical accident variables, neglecting the
potential influence of production-related indicators
such as production volume and productivity
rates. Addressing this research gap, the present
study aims to analyze occupational accidents
leading to injury in an automotive manufacturing
organization by integrating classical accident
data with Annual production and productivity
information. The core innovation of this research
lies in the combined application of classification
techniques and association rule mining to uncover
meaningful relationships between production rates
and occupational accidents, thereby contributing
to the development of predictive and preventive
safety strategies.

2. MATERIAL AND METHODS

This study analyzed occupational accidents
leading to injury over a twelve-year period from
2014 to 2025. The dataset comprised officially
recorded occupational accident cases extracted
with the necessary authorizations from the
organization’s Health, Safety, and Environment
(HSE) management system. During the study
period, a total of 2,169 occupational accidents were
registered, of which 2,167 cases resulted in injury
and constituted the primary dataset for analysis.

The collected data included detailed
information on accident characteristics, worker
attributes, and workplace conditions. In addition
to conventional accident-related  variables,
Annual production and productivity data were
incorporated to enable a more comprehensive
analysis of the relationship between production
pressure and accident occurrence. The integration
of these datasets allowed for a multidimensional
examination of occupational accidents from
human, temporal, organizational, and production-
related perspectives.

Data preprocessing was conducted to ensure
data quality and analytical validity. This process
included data cleaning, handling missing values,
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Table 1: The algorithms applied to the dataset and the results obtained.

Algorithm Test methods for algorithms
Training set Cross-validation
Correct classified Kappa MAE RMSE Correct classified Kappa MAE RMSE
ZeroR 1254 (57.86%) 0 0.113 0.2374 1254 (57.86%) 0 0.113 0.2374
NB 1489 (68.71%) 0.4207 0.0796 0.2048 1394 (64.32%) 0.3368 0.0861 0.2189
J48 1867 (86.16%) 0.7653 0.0313 0.1251 1425 (65.76%) 0.3266 0.093 0.2217
kNN 2167 (100%) 1 0.0008 0.0015 1332 (61.46%) 0.163 0.0927 0.2226
MLP 2074 (95.70%) 0.9299 0.0099 0.0804 1236 (57.03%) 0.2791 0.08 0.2665
SVM 1553 (71.66%) 0.4522 0.1501 0.2658 1432 (66.08%) 0.3424 0.1512 0.2677
RF 2167 (100%) 1 0.034 0.0797 1388 (64.05%) 0.2866 0.0931 0.215

J48, J48 Decision Tree; kNN, k Nearest Neighbor; MAE, mean absolute error; MLP, Multilayer Perceptron; NB, Naive Bayes; RF, Random
Forest; RMSE, root mean square error; SVM, Support Vector Machines.

and transforming categorical variables into suitable
formats for data mining algorithms. Relevant
attributes and their subcategories were defined
based on the structure of the accident records and
the analytical objectives of the study.

For data analysis, the open-source data
mining software WEKA version 3.8.6 was
employed. WEKA provides a robust environment
for implementing and comparing multiple
machine learning and data mining algorithms.
The analytical framework of the study followed
a structured methodology, as illustrated in the
study’s methodological flowchart, encompassing
data preparation, model development, evaluation,
and knowledge extraction.

Classification techniques were applied to
identify patterns associated with occupational
accidents and to evaluate the predictive capability
of different models. In parallel, association rule
mining was utilized to discover frequent co-
occurring factors and to extract interpretable rules
that characterize high-risk conditions and groups.
Among the association rule mining methods,
particular attention was given to algorithms capable
of generating rules with high predictive accuracy
(Tablel).

The combination of classification and association
rule mining methods enabled both predictive
analysis and descriptive knowledge discovery.
While classification models provided insights
into the relative importance of different variables
in distinguishing accident cases, association rules
offered transparent and actionable knowledge
regarding the simultaneous presence of multiple
risk factors. This integrated analytical approach
was designed to support practical decision-
making in occupational safety management and
to facilitate the development of targeted preventive
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interventions.

3. RESULTS AND DISCUSSION

The analysis revealed notable temporal
variations in the number of occupational accidents
leading to injury over the study period. While
fluctuations were observed across different years,
the integration of accident data with production
and productivity rates highlighted meaningful
associations  between  production intensity
and accident occurrence. In particular, years
characterized by higher production rates exhibited
increased accident frequencies when normalized
to production output, underscoring the potential
influence of production pressure on occupational
safety performance.

The application of data mining techniques
demonstrated that combining classification
methods with association rule mining yields
valuable and actionable insights for identifying
high-risk groups and critical working conditions
within  manufacturing  environments.  The
extracted association rules consistently highlighted
specific combinations of human, temporal,
and organizational factors that were frequently
associated with injury-causing accidents.

One of the most prominent findings was
the repeated identification of workers with 0-5
years of job experience as a high-risk group. This
result suggests that limited experience, potentially
combined with insufficient hazard recognition and
task familiarity, plays a significant role in accident
occurrence. Additionally, accidents were frequently
associated with particular job positions, notably
production operators in body shop areas, where
intensive manual tasks and close interaction with
machinery are common.

Temporal factors also emerged as significant
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Table 2: Association rules generated for ALs using the Predictive Apriori algorithm

Number Number
of of
Attributes of the rule accidents Target attribute accidents  Accuracy
for rule for target
attributes attribute
1 E = 0-5, WH = 0-5, MP = 24,000-25,999, MW = 6,000- AL = body shop
o 23 23 0.9804
6,999, AC=Laceration injury areas
AL = body shop
2 M = July, E = 0-5, MP = 20,000-21,999 22 areas 22 0.9794
3 M = March, WH = 0-5, WP=Body Shop Operator, AL = body shop
. ) 22 22 0.9794
AC=Misuse of tools and equipment areas
4 AO =Toe, S = 8-16, WH = 0-5, WP=B h AL = h,
o oe, S = 8-16, W : 0. 5. W ody Shop o body shop o e
Operator, AC=Laceration injury areas
5 E = 0-5, S = 16-24, WH = 0-5, MP = 24,000-25,999, AL = body shop
P 22 22 0.9794
AC=Laceration injury areas
6 D = Monday, E = 0-5, S = 16-24, WH = 0-5, MW = AL = body shop
22 22 0.9794
5,000-5,999, WP=Body Shop Operator areas
7 AO = toe, D = Wednesday, S = 16-24, WP=Body Shop AL = body shop
21 21 0.9782
Operator areas
8 M = March, A = 26-30, WP=Body Shop Operator, AL = body shop
A At 21 21 0.9782
AC=Laceration injury areas
D=T , S =16-24, LWD = 4-28, WP=B h AL= h,
9 uesday, S = 16 W 4 8, W. ody Shop 0 body shop 0 0.9782
Operator, AC=Laceration injury areas
10 AO=Waist, E = 0-5, WH = 0-5, WP=Body Sh AL = body sh
O=Waist. W W ody Shop . body shop . DS
Operator areas
11 D = Monday, WH = 0-5, WP:Body Shop Operator, 0 AL = body shop 0 0.9768
AC=Struck by object areas
AL = body sh
12 D = Saturday, E = 0-5, S = 0-8, WH = 0-5 20 e P 20 0.9768
13 D = Thursday, A = 26-30, S = 8-16, AC=Laceration AL = body shop
R 20 20 0.9768
injury areas
AL = body sh
14 M = April, A = 31-35, E = 0-5, MW = 5,000-5,999 19 a;a}; shop 19 0.9754
15 M = April, A = 31-35, S = 16-24, WP=Body Shop AL = body shop
19 19 0.9754
Operator areas
AL = body sh
16 AO=finger, A = 31-35, WH = 0-5, MP = 20,000-21,999 18 a:;a)s’ shop 18 0.9736
P AL = body shop
17 AO = toe, E = 6e10, S = 16e24, AC=Laceration injury 18 areas 18 0.9736
18 AO = toe, WH = 0-5, WP=Body Shop Operator, AL = body shop
. 18 18 0.9736
AC=Struck by object areas
1 M = April, S = 0-8, MW = 5, -5, , WP=B h AL= h,
9 pril, S = 0-8, MW = 5,000-5,999, W' ody Shop 18 body shop 18 P
Operator areas
AL = body shop
20 M = July, A = 31-35, E= 0-5, WH = 0-5 18 18 0.9736

areas

A, age; AC, accident cause; AO, affected organ; D, days; E, experience; ES, education status; LWD, lost working days; M, month; MP,

Annually production; MW, Annually wage; S, stage; WH, working hours; WP, worker position.

contributors to accident risk. The extracted rules

indicated a higher frequency of accidents during
the later hours of work shifts, a pattern that
may be attributed to fatigue, reduced attention,
or cumulative physical and cognitive load.
The concurrence of limited work experience,
demanding operational tasks, and specific time
periods within the shift formed recurring patterns
in the association rules.

Among the association rule mining approaches,
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the Predictive Apriori algorithm produced rules
with notably high predictive accuracy. These
rules provided a clear framework for prioritizing
preventive measures by identifying conditions under
which accidents are most likely to occur. However,
the study also acknowledged several limitations,
including the potential for overfitting in training
datasets, reliance on default algorithm parameters,
and the need for external validation to enhance the
generalizability of the findings (Table2).
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Despite these limitations, the results underscore
the practical value of data mining in occupational
safety research. By revealing complex and non-
obvious relationships among accident-related
variables, data mining techniques complement
traditional analytical approaches and enable
a deeper understanding of accident causation
mechanisms. The integration of production data
further enriches this understanding by situating
occupational accidents within their broader
organizational and operational context.

4. CONCLUSIONS

This study demonstrated that the application of
data mining techniques to occupational accident
data, particularly when integrated with production
and productivity indicators, can effectively uncover
meaningful relationships among human, temporal,
organizational, and operational factors influencing
accident occurrence. The combined use of
classification methods and association rule mining
provided a comprehensive analytical framework
capable of generating both predictive insights and
interpretable knowledge.

The identification of high-risk groups—such
as workers with limited job experience, specific

[ Dow!ed from jhsw.tums.ac.ir on 2026-10-19 |

operational roles, and critical time periods within
work shifts—offers a concrete basis for designing
targeted preventive interventions. The extracted
association rules, especially those generated by
the Predictive Apriori algorithm, can inform
the development of focused training programs,
revisions to shift scheduling practices, and the
prioritization of safety inspections in high-risk
production areas.

Overall, the findings confirm that data mining
represents a powerful and practical approach
for learning from occupational accidents and
for supporting proactive safety management
strategies. By leveraging existing organizational
data resources, industrial organizations can move
beyond reactive accident analysis toward predictive
and preventive safety practices. The study provides
a clear methodological pathway for future research
and practical applications aimed at enhancing
occupational health and safety performance in
complex manufacturing environments.
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