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ABSTRACT

Introduction: Despite efforts exerted in various areas of the industry to reduce occupational accidents, the frequency of these
accidents is reported to be catastrophically high. Therefore, this study was designed and conducted to analyze occupational
accidents during a 3-year period. Methods: The current study was a retrospective and descriptive-analytical study carried out
in four regions of Tehran between 2019-2020. The data collection instrument consisted of 818 reports of the occupational
accident recorded in the Department of Labor in Tehran. Feature selection (IBM SPSS Modeler software) and binominal
multiple logistic regression analysis (IBM SPSS software) were utilized in this study. Results: The means of age and
experience of injured workers were found to be 34.55+11.55 and 14.12+9.87, respectively. The highest rate of occupational
accidents belonged to construction workshops (52.4%), production (24.4 %) and other public and social services activities
(11.1 %). Data mining and modeling of factors affecting these occupational accidents showed that the consequence of the
accidents was affected by seven factors (p<0.05). The results showed that the work experience, type of activity, number of
workers, accident time on the day, type of incidence and the causes of the accident remained in the final model and were
significant with the consequence of the occupational accidents (p<0.05). Conclusion: The results indicated that different
parameters can affect the occurrence of occupational accidents. Additionally, the consequences of these occupational

accidents can be influenced by different parameters and factors.
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Introduction

he incidents caused by work are among the
bad consequences that have been threatened
by the development of modern industries
and technologies, human life and especially workers.
Recognition of the risk creating factors in jobs and
working environments and improving the working
environment will lead to the prevention of accidents
and diseases from major functions of the industry

authorities as well as health personnel. In order for

governments to invest in their limited resources, they
need to be aware of the imposed charges in this
regard. In today's advanced world, where all matters
depend on advanced and high - risk technologies, it
is always feared that accidents caused by the work
will cause irreparable damages. The rapid
industrialization and lack of serious attention to the

principles of industrial safety have led to a rise in the
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rate of accidents arising from work in developing
countries. 12

Various studies have identified different issues.
They include poor organization of safety and labor,
the size and greatness of industry, lack of
coordination, pressure and time constraints, financial
and budgetary constraints, lack of standardized data
and information, poor internal and external
communication, poor involvement of workers on
safety issues, workers' expertise, poor training and
failure, fatigue and wear, improper selection of
equipment, wrong use or improper inspection of
them, unconsciousness or poor safety awareness of
senior management and project managers, The lack
of preventive or protective equipment and some
other factors have been identified as causes and
factors affecting safety performance that can be used
to conduct a comprehensive study. *°

It should be noted that the difficulty of
identifying, measuring and analyzing causes of events
can be due to the difficulty in recording events data
as well as the understanding of causal relation
between the factors of incident makers and accident.
However, the relationship between these causes as an
important issue has to be determined because overall
budget industries have limited safety and better
results are achieved when an industry can identify
and adopt the best safety strategy for the allocation
of available resources. ¢7 Therefore, in regard to
retrospective methods of accident analysis, it is
possible to identify some causes of incidents and
inefficiency of these methods and techniques in
prediction and prevention of accidents, as well as the
complexity of industrial environments and
happening lots of events that it can cause losses and
adverse effects even at the national and international
level, preventing re-happening accidents and also
new accidents will require to present a way to analyze
and predict events. There is a need to prevent
accidents due to their extreme consequences that

require knowledge of the causal factors of the
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accident, how the factors contribute to occurrence of
the accident, the extent to which these factors
contribute to happening the event, and the risk
caused by these factors. The demands to get this
knowledge led to the studies of the causality of
events that Heinrich founded it in 1936. Beyond the
contributions that have been achieved by various
studies in the field of causality for the concept and
understanding of events, these studies also depict the
complex nature and the reasons why any accident
occurs. Some studies have also shown that damage
caused by accidents and occupational diseases affect
not only safety and health but also the economy
because of high costs associated with different types
of damages and occupational injuries. On this basis,
identifying the influential, participatory and related
factors of work-caused injuries is an important and
critical issue in the analysis of accidents and a way to
prevent severe and catastrophic events. ®

Studies have done a little on the influence of
parameters associated with the work and determining
the portion and extent of the effect of each of these
parameters, as well as the interaction effects of these
parameters on the country level. * No study has ever
been done on certain geographical area where
industrial and productive sectors operate under an
administrative and governing conditions. Identifying
causes and factors affecting the creation of events is
an important and fundamental issue in preventing
accidents. One of the most important tools related to
the prevention of industrial accidents is descriptive -
analytical analysis in the field of events that have
been explained to understand the effective,
influential and contributing factors in the incidence
of occupational accidents. Extensive efforts have
been made by researchers in different fields to
explain different types of accidents and factors
affecting them. These studies can explain and analyze
while revealing the causes of accidents, job events,
and eventually result in an understanding and

prediction of events. ' !!
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According to what has been stated, this study aims
to comprehensively analyze work-related accidents,
identify parameters and variables related to these
accidents and determine the effectiveness of each of
these variables. It is designed in order to provide
model and pattern for analysis of accidents caused by
traumatic work and improving the safety and health
situation in industries and studied sections. This
study will analyze and determine the reasons for the
causes of incidents resulting from work and related

factors affecting the accidents during a 3 - year study.

Methods
This study is a retrospective study of the descriptive -

analytical kind aimed at analyzing and modeling
industrial accidents in a three - year period (2017-
2019) to provide a model for determining factors and
factors affecting the accidents caused by work in
Tehran province. The study population consisted of all
incidents that occurred during the three - year period in
part of the industries and working environments of
Tehran province (4 districts of Tehran).

According to the community with debilitating
and traumatic accidents, all accidents caused by
traumatic work were considered and used in the
sample case study. The initdal sample volume in this
method included 842 job accidents that had to be
investigated and evaluated for all study criteria. The
main variable was the study of debilitating and
traumatic accidents that occurred from 2017 to 2019
in the studied industries. It is to be noted the only
events remaining in the study were those in which
all the investigated factors and variables were
reported or the research team managed to obtain
data from the collection process. The events were
selected for the final study of mortality and all the
debilitating incidents that have all the investigated
variables.  For  example, incidents involving
incomplete information in terms of demographic
personal factors, or lack of an accident reporting
sheet containing information about unsafe situations

and activities as well as the type of accident were

excluded. It should be mentioned that, in the end,
according to 842 cases of the collected work, 818

incidents of were eligible for study as a final sample.

The implementation stage of the study

The implementation stages of this study included
"five steps".

In the first stage, data related to the accidents
caused by the work of the last three years in
industries were studied and collected by referring to
the number of accident data banks that were
recorded in the job administration.

In this stage, data collection was carried out using
a checklist of incidents, different reports of incidents
and records of all incidents resulting from work over
the past three years.

In the second step , screening and classification of
all sorts of accidents caused by the work of the last
three years in industries were studied and the
required information were from them. At this stage,
initially based on entry and exit criteria of study, the
most important screened and identified accidents
and then selected accidents were classified based on
criteria and factors such as type of accident, site
occurrence, severity of the accident, etc. ... and then
the information were extracted.

The third step of this study includes the study and
classification of different dimensions of factors and
factors affecting the accidents resulting from work
case study including the set of causes. At this stage,
different aspects of the events were investigated and
then the data obtained from IBM SPSS version 0.22
was released.

The fourth step: in this step, based on the
objectives of the study, the regression analysis

approach of these accidents was data mined.

Data Analysis
In the collected data analysis from IBM SPSS was
used for the nominal multd - system logistic

regression analysis using the forward wald method,
and IBM SPSS Modeler version 14.2 was used to

select the important and superior features affecting
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the work - related events. The statistical tests used in
this study were two - way and were considered
significantly lower than 0.05, which is worth

mentioning,.

Results

descriptive findings

The descriptive results of the injured people
showed that the mean age and experience of injured
workers  were 11.55+34.55 and 9.87+12.14,
respectively. The descriptive results of the personality
characteristics of being married people or education
level of injured people indicated that approximately
1/3 of the injured ones were single and 2/3 of them
married (single 31.3% and married 68.7 %).
Moreover, almost 2/3 of injure people had
undergraduate education (62.7%) and less than 10%
of the injured people had university and academic
education (3.7% associate's degree and 4.1%
bachelor's degree and above). The descriptive
findings of the factors related to the job in this study
included the type of main activity of the workshop,
the number of workers in each workshops and the
type of job in injured people. Most accidents
occurred  which  belonged to ,respectively,
construction workshops (52.4 %), industry -
production (24.4%) and other public and social
services activities (11.1%).

The results of the frequency study of the number of
workers in the event - related workshops based on the
non-parameter Kolmogorov - Smirnov test shows that
the distribution of frequency in the population groups
was approximately uniform (p=0.07). Moreover, the
findings indicated that the highest percentage of
accidents occurred for the small workshops of one to
ten (40.5 %) and the lowest percentage of accidents
occurred for the large workshops having more than
200 workers (5.5%) (Fig. 1).

Results related to the study of the type of job in
incidents indicated that the maximum percentage of

accidents occurred in the sequence of the
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operators/construction workers  (45.3 %), the
operator / production worker (22.9 %) and different
service professions (13.1 %) respectively. The lowest
percentage of incidents occurred for cooking jobs
and restaurant (5.1 %), drivers (5.3%) and
installation and maintenance jobs (8.3%) (Table 1).

The results of the incident time parameter survey
in day showed that the highest percentage of
accidents occurred in shifts as in the morning (6-14),
evening (14-20), and night (20-6) shifts, including
49.7 %, 40.6 % and 9.7 % respectively.

The results of the parameter investigation of the
accident factors in the case study indicated that the
accident factors in the events in the case study
included 8 factors of the fall of objects, trapped
inside or between objects or cars, contact with
objects and hot surfaces, falling and slipping,
collapsing and staying under debris, dealing with
objects and equipment, electricity flow and other
factors (fire, suffocation, contact with chemicals,
poisoning). The highest percentage of accidents
occurred respectively as falling factors and trips (49.1
%), dealing with objects and equipment (19.4%),
trapped inside or between objects or cars (13.03
9%)and the fall of objects (10.8%) (Table 2).

The causes of the accident were classified based on
regulations as the lack of supervision on the
workshop by the employer, lack of training the
workers, lack of personal protective equipment, non
- protection or lack of technical defect device, an
unsafe procedure and negligence or carelessness of
worker, non - use of personal protective equipment
and not observance of safety issues. The highest
percentage of accidents in the event were due to the
causes of non - compliance of safety items in
regulations (84.1%), no monitoring of the workshop
by the employer (15.9 %)and acting in an unsafe
procedure or negligent or careless employee (15.4
%), respectively. According to the table's findings,
the lowest percentage of accidents occurred,

respectively, was due to the causes of non - use of
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personal protective equipment (1.1 %), non-training
of workers (3.5 %) and machine without protection
or having a technical defect (Table 3).

The highest percentage of accidents occurred in
the result of the incident, including fracture
(44.4%), injury (16.1 %) and death (13.3%),
respectively. According to these findings, the lowest
percentage of accidents occurred in the result of the
accident, including the disability (4.3 %), burn (4.6
%) and amputation (3.5 %).

The analytical findings based on the "selection
of attributes” algorithm.

The results of the most important variables
affecting the outcome of the accident parameters as a
job accident index using analytic analysis of Pearson
%2 showed that the mean age, work experience, the
number of workers, the accident time on day, factors
of the accident with importance degree equaled 0.1
and two factors of education and marriage with a
importance degree respectively equaled 0.988 and
0.955 ,qualified for entering into analysis and
modeling the effects of these variables on the result

of occupational accidents.

The analytical findings based on "nominal
multiple logistic regression analysis”.

The findings of the analysis and regression
modeling factors affecting job accidents in terms of
the accident result in Table 4 showed that in the
final model of the seven working history variables,
education level, type of workshop activity, the
number of workers, the accident time of the day, the
accident factors and the causes of the accident
remained in the final model and were significant
with the result of the incident (p<0.05).

The good evaluation of fitting the model using
cox and cnell test showed that the R? coefficient of
the model was estimated at 0.72.

The B values (correlation coefficient) indicated
that the highest correlation value with the outcome
of the incident related to the variables of education
value (B=3.03) and work experience (B=1.56) and

the minimum correlation with the outcome of the
event related to the type of workshop activity
variable (B=1.09) and the number of workers
(B=1.13), (p<0.05).

more than 200 people 85
100-200 people 87
51-100 people 102
11-30 people
258
1-10 people 33
0 50 100 150 200 250 300 350

Figure 1: The results of the study of the frequency of workers in the
workshops with accidents (n=818)

Table 1: Results of the study incidents based on job type (n=818)

Type of Job Frequency (%)
Operator/Production Worker 187 (22.9%)
Operator/Building Worker 371 (45.3%)
Cooking & Restaurant 42 (5.1%)

Service 107 13.1%)

Driver 43 (5.3%)
Installation and repairs 68 (8.3%)

Table 2. Findings of the parameter of incident factors in the studied
incidents (n=818)

Causes of incident

Falling objects
Getting stuck in or between objects or cars

Frequency (%)
88(10.8%)
109 (13.03%)

Contact with objects and hot surfaces 6 (0.07%)
Falling and slipping 402 (49.1%)
Spilling and staying under the oar 8{1.0%%)
Dealing with objects and equipment 159 (19.4%)
Electricity current 22 (2.7%)
Other 24 (2.8%)

Table 3. Findings of the causes of incident in the studied incidents

(n=818)
Causes of event Frequency (%)
Failure to supervise the workshop by the 130(15.9%)
employer
Non-training of the worker 29(3.5%)
Failure to provide personal protective 121 (14.8%)
equipment
Unprocessed or technically defective device 38 (4.6%)
Acting insecurely or negligently by the worker 126 (15.4%%)
Not using personal protective equipment 9(1.1%)
Non-compliance with safety requirements in 688 (84.1%)
accordance with regulations
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Table 4. Results of regression modeling of factors affecting incident
based on accident outcome (n=818)

— - - T
The remaining variable in the B SE p R?

model value

Work Experience 1.56  0.07 0.001

Education Level 3.03 005 0.013

Type of workshop activity 1.09 0.7 0.001

Number of workers 113 03  0.001 0.72
Time of incident per day 1.14 0.8  0.001

Factors of incident 122 0.07 0.001

Causes of incident 1.33 0.12 0.001

Discussion
This study aimed at data mining work-related

accidents in a 3-year study based on retrospective
data in four regions of Tehran. In this research,
which utilized two data mining logics involving
characteristic selection and nominal multiple logistic
regression analysis, it was found that 818 continuous
traumatic events during the three-year period from
2017 to 2019 were influenced by various factors, as
well as the resulting parameter and consequences of
these work-related accidents can be influenced by
various parameters and factors and severity. They are
caused by the role of these aggravated or reduced
factors.

Pearson analysis %2 led to choosing the most
significant  variables influencing the accident
outcome parameter as an indicator of occupational
accidents based on logic and characteristic selection
algorithm. These results indicated that 9 variables
were chosen as the most important variables affecting
this parameter of events. Furthermore, the results of
regression analysis and modeling of factors
influencing occupational accidents based on the
result of the accident also indicated that in the final
model, 9 variables of age, work experience, type of
workshop activity, number of workers, time of
accident per day, causes of accident and causes of
accident, marital and education in the final model
remained and had a significant relationship with the
result of the accident (p<0.05).

The location and time of accident is a very

significant factor to predict and analyze accidents.
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Some research indicated that occupational accidents
and injuries commonly occur during early shift
periods due to lack of mastery of work and being in
the shift phase and late shift work due to fatigue
caused by the final hours of work. '3

A number of studies have indicated that
inadequate, inefficient and inappropriate education
can result in carelessness, dangerous behaviors and
kinds of human error and influence the incidence
and severity of accidents in the industry. Some
research indicated that risk identification and risk
perception can be enhanced by educational
interventions. '+

Factors related to job, kind of activity and work
and factors related to the management structure of
workplaces are one of the basic factors in the process
of analysis and cause of accidents, which can have
various roles in the incidence and severity of
occupational accidents. These factors can cause
problems in the process of safe work and
implementation, or are influenced by interaction
with other underlying factors indirectly in

718 Tn the analysis process

occupational accidents.
based on two approaches of selecting characteristics
and analytical multivariate regression in this research,
the type of job and activity that led to accidents, the
number of workers in the industry and the type of
industrial workshop had a significant relationship
with the accidents and occupational injuries.

One of the most significant factors involved in
occupational accidents in the industry involves the
characteristics of project and industry which can
involve variables such as organizational, physical and
operational characteristics of industry. Despite the
importance of surveying accidents caused by these
variables, the multi-cause characteristic of this
phenomenon remains difficult and therefore more
investigation is required.

The results of this research indicated that the
factor of the kind of accident and the conditions

resulting from the accidents and the resulting
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injuries, in addition to variables such as the type and
manner of accidents such as falling from height,
throwing and falling objects from height and hitting
the worker, slipping and falling or getting stuck
between objects and equipment, collision and
collision, splurge of compounds and chemicals,
contact with Electrical objects or circuits and
accidents caused by the movement of loads and
materials had a direct and significant relationship
with accident indicators including the result of the
accident and also the type of damaged organ caused
by accidents in this research.

Thus, these factors and variables are regarded as a
significant parameter in occupational accidents due
to their direct role in the outcome of accidents and
have an important role in identifying and analyzing
the factors and causal factors of occupational
accidents in the industry. ***' Although in this
research, attempts were done to analyze and assess
the accidents with a comprehensive approach, like
other studies, this study has limitations such as lack
of collecting all the required variables for a
comprehensive analysis and examining all the

variables affecting occupational accidents.

Conclusion

The results provided from using feature selection
algorithm and regression modeling indicated that the
results of continuous accidents in the three-year
period were influenced by muldiple factors. These
results indicated that in this research, data mining of
818 occupational and work-related accidents in
different wards investigated the result of the accident
included death and death of workers, amputation
and amputation of the injured people, fractures in
different parts of their bodies, burns and injuries
caused by accidents and other outcomes except for
the mentioned consequences under the influence of
9 important factors involving the mean age and
workers' work experience, their education, the status
of being married and single, and the type of activity

which was studied in the workshop or industry, the

number of workers in each workshop or industry,
the time of the accident per day, the causes of the

accident and the causes of the accident .
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