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Abstract. The objective of this study is to investigate causality patterns of safety-related
incidents in the construction industry. Although there are many studies on �nding cause-
and-e�ect relationships in the accident database, retrieving useful knowledge from the last
database and taking additional variables into account are needed. Therefore, the present
study utilized the association rule method to investigate a signi�cant scope of historical
accident data in Iran's construction industry in the years 2014-2017. Based on results
of association rules, the combination of worker's individual and behavioral factors and
supervisory conditions are related to serious accidents. These results can provide practical
insights for construction managers who need to be more concerned about the negative
impact of the combination of some factors on serious construction accidents.
© 2022 Sharif University of Technology. All rights reserved.

1. Introduction

The construction industry is one of the most important
causes of injury and fatality throughout the world
because it is of dynamic and unpredictable nature
[1,2]. Approximately 20-40% of all occupational fatal
accidents occur in the construction industry, while con-
struction employees comprise only 10% of the workforce
[3]. Despite recent e�orts and improvements in safety
in this industry, injury and fatality accidents have
not been signi�cantly reduced [4]. Then, safety in
construction management remains an open issue.

To reduce fatal and injury accidents and im-
prove safety performance, researchers must be more
concerned with identifying and analyzing factors in-

uencing accident [5,6]. Heinrich (1959) stated that
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if contributory factors in accidents were recognized,
most of the accidents would be controllable [7]. Many
researchers investigated factors in
uencing accidents
[8] in order to �nd causality patterns of construc-
tion accidents [9]. These factors include safety man-
agement [10], environmental conditions [11], worker
demographic characteristics [12], workers' behavioral
characteristics [13], and type of accident, time of day,
and month of the year [14]. However, it is crucial to
recognize what kinds of combination of these variables
can result in accidents. Investigating and analyzing
historical accident data have always been important in
recognizing the combination of contributory factors to
accidents [7]. Therefore, gathering historical accident
data may ensure an opportunity to not only �nd the
combination of factors that result in construction acci-
dents but also predict similar accidents in the future.
The data mining methods are used to identify cause-
e�ect relationships in the database [14{16]. These
methods are suitable and applicable to analyze data
related to safety occupational accidents to discover
useful knowledge [17] and then, predict future events
[18].
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There are several data mining algorithms to apply
to construction accident data, namely Decision Trees
(DT) [19], Classi�cation and Regression Tree (CART)
[20], association rules [21], and Bayesian network [22{
24]. The association rules method is widely applied
to analyze occupational accidents to obtain cause-and-
e�ect patterns from the accident database [25]. This
method does not need the assumption that variables
must be independent [14]. In the construction safety
research done in the past decade, Cheng et al. (2010)
used the association rules to identify cause-and-e�ect
relationships in the accident database in Taiwan's
construction industry [7]. Verma et al. (2014) applied
the association rules mining approach to identify pat-
terns of safety-related incidents at a steel plant [25].
Similarly, Amiri et al. (2016) used the association rules
method for extracting patterns of `falls' and `falling
objects' accidents in the Iranian construction industry
[26]. Li et al. (2017) employed association rules to
investigate the causality patterns of the non-helmet-
use behavior of construction workers [9]. Shin et al.
(2017) determined the incident patterns among serious
injury and fatal accident data on Korean construction
sites based on association rules [14]. However, because
construction accident data are collected and recorded
every year in databases, retrieving useful knowledge
from the last database and taking additional variables
into account are needed. Therefore, the present study
utilizes the method of association rules to investigate
a large scope of accident data of Iran's construction
sites. This study can contribute to safety studies
by identifying the combination of various contributory
factors, which are related to construction accidents.

Another considerable contribution in this paper
is that rules are ranked based on the risk assessment
matrix. Previous studies have mostly employed risk
assessment to assess hazard and rank activities [21];
however, in this study, a risk assessment method
is applied to rank the rules. Valuable results are
extracted from ranked rules. These results provide
practical insights for the management to determine
important rules and then, predict the reoccurrence of
similar accidents.

2. Materials and methods

2.1. Data collection
According to Iran's Labor Ministry, each accident on
construction sites should be reported. The accident
report form involves worker information (age, work
experiences, marital status, job, and education), type
of accident, and other contributory variables associated
with the accident. In this study, historical accident
data in Iran's construction industry from 2014 to 2017
were obtained from Iran's Labor Ministry. Unfortu-
nately, data have missing values for some variables.

Each raw dataset that had more than 30% missing
values was removed. In this respect, the statistical
method solved the problem of having less than 30%
missing values. Although 18615 data sets of con-
struction accidents were obtained from Iran's Labor
Ministry between 2014 and 2017, 17846 of them were
accepted in terms of missing values. They contained
95% of all accidents.

2.2. Variables
A total of 14 variables were recorded for each con-
struction accident by an inspector. These variables are
used in this research. After the pre-processing stage,
the transformation step is required to prepare data for
data mining. Therefore, variables are converted into
categorical variables, as shown in the following:

- Type of Accident (TA): This variable indicates the
mechanism of the accident. It has been considered
into �ve categories. These categories are \fall from
height (TA1)", \fall of objects (TA2)", \struck by
objects (TA3)", \caught in-between (TA4)", and
\the other (TA5)".

- Experience (EXP): This variable suggests the in-
jured workers' previous experiences in this type of
work. Experiences are categorized into �ve divisions
namely EXP1�1, EXP2:1- 4, EXP3:5-10, EXP4:11-
20, and EXP5>20 years of experience.

- Time of Day (TIM): It indicates the time of day for
each fault sample. Time of day is classi�ed as 9{12
(TIM1), 12{15 (TIM 2), 15{18 (TIM 3), and 18{9
(TIM 4).

- Age (AGE): It indicates the age of the workers when
injured. Four classes are considered: 15-24 (AGE1),
25-34 (AGE2), 35-34 (AGE3), and 45-80 (AGE4).

- Marital Status (MAR): Two classes are classi�ed:
single (MAR1) and married (MAR2).

- Education (EDU): The following three groups are
classi�ed as elementary (EDU1), diploma (EDU1),
and bachelor (EDU1).

- Month of the Incident (MI): It indicates the month
in which the accident occurs.

- Supervision (SUP): This attribute indicates whether
there is any supervisor (SUP1)' or `no supervisor
present at the site (SUP2)' when the accident occurs
on the construction site.

- Accident Cause (CAU): The causes of the accident
are classi�ed into four groups based on the accident's
reports: workers' errors (carelessness or negligence)
(CAU1), non-use of PPE (CAU2), unsafe conditions
and environment (CAU3), and combination of causes
(CAU4).

- Type of Injury (INJ): This variable points to the
type of injury. The consequences of the accidents
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are classi�ed into three classes: \death or disability
(INJ1)", \serious injury (INJ2)", and \minor injury
(INJ3)".

2.3. Data mining
Association rules method is a popular method for
discovering the relation between variables in large
data sets. In comparison with another data mining
approach, the method is more suitable due to no need
for introducing the dependent variable [27]. Also,
the obtained rules can demonstrate casualty patterns
for accident data. The apriori algorithm is the most
popular algorithm for mining the association rules, as
introduced by Agrawal et al. 1993 [28]. The apriori
algorithm �nds frequent item sets and generates the
association rule from frequent items [25]. Therefore,
this study applies this algorithm to explore the associ-
ation rules among the construction accident data.

The apriori algorithm comprises two steps. First,
an iterative search is carried out by scanning the
database for frequent item sets. Second, strong associ-
ation rules are produced from frequent item sets [28].

Let I = I1; I2; I3; � � � ; Im denote item sets and
m be the total number of item sets. Then, in the
association rules, a rule is de�ned as an implication
of the form X ) Y , with two conditions of X � I and
Y � I where X and Y are two distinct subsets of I
and X \ Y = �. The variables X and Y are de�ned as
the antecedent and consequent of the rule, respectively
[29].

In the association rules, support, con�dence, and
lift are used as the three main parameters to discover
association rules. Support de�nes the frequency of
applying a certain rule to a given data set. Con�dence,
on the other hand, is characterized as the conditional
probability of the occurrence of the consequent, given
that the antecedent is true. Meanwhile, lift is an
indicator of the strength of a rule over the proba-
bility of the co-occurrence of the antecedent and the
consequent [16]. Support, con�dence, and lift can be
mathematically expressed as Eqs. (1), (2), and (3),
respectively [16]:

Support (A! B) =
#(A \B)

N
; (1)

Con�dence (A! B) =
Support(A! B)

Support(A)
; (2)

Lift (A! B) =
Support (A! B)

Support (A) � Support (B)
; (3)

where N is the number of transactions in the samples.
If the lift value is larger than 1.0, the interdepen-
dence and correlation between the antecedent and the
consequent are more signi�cant. The higher the lift
ratio, the more signi�cant the rule [16]. The threshold

values for three indicators in this research were set as
S � 15%; C � 65%, and L � 1.

2.4. Risk assessment
Risk assessment is traditionally de�ned by two vari-
ables:

1. The probability or frequency of risk occurrence;

2. The consequence or severity of risk occurrence [30].

Multiplier of the two parameters de�nes the level of
risk, which is shown by risk matrix [31]. In the past
research, risk assessment was often focused on the risk
of activities [21][9], while this study targeted the rules.
The aim of using the risk assessment matrix in this
study is to rank the rules of predicting occupational
accidents.

In this study, the probability of occurrence was
calculated based on the combination of con�dence
and support indicators for each rule. In this work,
according to the suggestion made by Munier (2013), the
probability of occurrence was divided into four classes:
frequent, likely, occasional, and unlikely [32]. Also,
the severity of a risk occurring based on the reported
accident data was categorized into 3 categories: death
or disability, major injury, and minor injury. Then, by
using the risk assessment matrix proposed by Li et al.
(2017) [9], the rules were classi�ed into four categories:
extreme, high, medium, and low risk levels.

3. Results and �ndings

3.1. Overview of occupational accidents
distribution

The results of the statistical analysis of data are shown
in Table 1. The key results are shown as follows.

3.1.1. Cause of accident
The results of the statistical analysis demonstrated
that most injuries were caused by unsafe behavior (71%
of accidents), out of which 52.1% and 19.1% accounted
for carelessness or negligence and non-use of PPE,
respectively. The second most frequent cause of acci-
dents resulted from the combination of causes (unsafe
condition and unsafe behavior) that was calculated as
20.7%. Eventually, 8.2% of accidents were caused by
unsafe conditions on sites including unprotected edge
or openings.

3.1.2. Work experience
The work experience range of the injured group was
from 0 to 30 years. The highest percentage (34%)
belonged to the group under one year experience. It
was found that work experience ranging from 1 to
5 years included 20% of accidents. These results
demonstrated that new workers and less experienced
workers were more risk-takers than others.
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Table 1. Frequency distribution of variables.

Factors Level of factor Description Freq. %

Age

Under 24 AGE1 3913 21.92
25{34 AGE2 6820 38.21
35{44 AGE3 3819 21.40
Over 45 AGE4 3294 18.45

Marital status Single MAR1 5259 29.47
Married MAR2 12587 70.53

Experience

Under 1 year EX1 6152 34.47
1{5 EX2 4474 25.07
5{10 EX3 3267 18.30
10{20 EX4 2690 15.07
Over 20 years EX5 1263 7.08

Education Elementary EDU1 14060 78.78
Diploma EDU2 3377 18.92
Bachelor EDU3 409 2.29

Time of day

Time1 TIM1 8087 45.31
Time 2 TIM2 3801 21.29
Time 3 TIM3 3349 18.76
Time 4 TIM4 2609 14.61

Type of accident

Fall from height TA1 9581 53.7
Falling objects TA2 2760 15.5
Struck by objects TA3 2325 13.0
Caught in-between TA4 1908 10.7
Other TA5 1272 7.1

Type of injury
Dead or disability INJ1 3068 17.19
Major injury INJ2 9439 52.89
Minor injury INJ3 5339 29.91

Cause of accident

Human errors CAU1 9302 52.12
Non-use PPE CAU2 3400 19.05
Unsafe conditions CAU3 1480 8.29
Combine Causes CAU4 3664 20.53

Supervisor Yes SUP1 3812 21.36
No SUP2 14034 78.64

Total { { 17846 100

3.1.3. Time of accident
A large proportion of accidents occurred between 9 and
12 (45.3%), followed by 12 to 15 (21.29%). According
to the results, the frequency of accidents around meal
break time is high.

Occupational accidents in the construction indus-
try had the highest frequency from May to September

(51.4%) (Figure 1). These months take the whole
summer in Iran and most construction activities are
performed in these months.

The most common type of accidents was `falling
from height' (54%, 9581/17846), followed by `falling
objects' (15.0%, 2760/ 17846). `Struck by objects'
occurred (13%, 2325/17846) among all accident
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Figure 1. The month of occurrence of accidents.

types, closely followed by `caught in-between' (11%,
1908/17846) (see Figure 2). The sources of injury in
falling accidents involve the structure and construction
facilities including roofs, openings, and sca�olding.
Similarly, Ardeshir and coauthors (2016) found that
the risk of falling from height was the most probable
risk incident and the most harmful accident in con-
struction in Iran [33]. Also, falls, struck by objects, and
caught in-between were the leading causes of workers'
fatalities on construction sites [34].

3.2. Association rules
Tables 2, 3, and 4 show association rules for death
or disability as well as major and minor accident

Figure 2. Type of accident in Iran in the period of
2014-2017.

categories, respectively, in which rules are sorted based
on their con�dence level. The best 15 rules for each
class of the event are shown. These rules were chosen
according to support, con�dence, and lift. The lift
values of all rules are larger than 1. In this study,
\type of accident" was considered as the target variable
because of its importance. Eight rules related to
the type of accident were also obtained and shown.
Based on the results, cause of accident, education,
supervision, work experience, and marital status are
the most frequent variables in rules.

Two of the best association rules for \death and
disability" from \type of injury" show that workers aged

Table 2. The best association rules for death or disability (instances: 3068).

Rule Predictor 1 Predictor 2 Predictor 3 Target
Variable

Con�dence Support

1 EDU1 AGE4 MAR2 0.973 0.208
2 EDU1 SUP2 AGE4 MAR2 0.973 0.153
3 AGE4 { { MAR2 0.972 0.221
4 TA1 CAU1 { SUP2 0.943 0.207
5 AGE4 { { EDU1 0.941 0.214
6 AGE4 { { MAR2 & EDU1 0.916 0.208
7 EDU1 CAU1 { SUP2 0.906 0.302
8 CAU1 { { SUP2 0.904 0.363
9 EDU1 MAR2 CAU1 SUP2 0.893 0.209
10 TA1 EXP1 { EDU1 0.889 0.219
11 CAU4 { { SUP2 0.267 0.874
12 MAR2 TIM1 { EDU1 0.253 0.866
13 SUP2 MAR2 CAU1 EDU1 0.862 0.209
14 EXP1 SUP2 { EDU1 0.860 0.270
15 EXP1 { { EDU1 0.859 0.342

1� SUP2 { { TA1 0.818 0.473
2� SUP2 PPE { TA1 0.800 0.150
3� SUP2 EDU1 MAR1 TA1 0.690 0.150
4� EDU1 MAR1 { TA1 0.680 0.170
5� SUP2 AGE1 { TA1 0.664 0.150
6� SUP2 EXP1 EDU1 TA1 0.663 0.180
7� SUP2 EXP1 { TA1 0.643 0.202
8� SUP2 TIM1 { TA1 0.608 0.209
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Table 3. The best association rules for major accidents (instances: 9439).

Rule Predictor 1 Predictor 2 Predictor 3 Target
variable

Con�dence Support

1 EDU1 AGE4 { MAR2 0.974 0.180
2 AGE3 EDU1 { MAR2 0.941 0.181
3 SUP2 AGE3 { MAR2 0.940 0.170
4 EDU1 CAU1 TA1 SUP2 0.923 0.251
5 TA1 CAU1 SUP2 0.923 0.311
6 MAR2 CAU1 TA1 SUP2 0.919 0.230
7 TIM1 CAU1 { SUP2 0.914 0.226
8 EDU1 CAU1 { SUP2 0.914 0.386
9 CAU1 { { SUP2 0.912 0.480
10 EDU1 CAU1 MAR2 SUP2 0.911 0.300
11 EDU1 CAU1 TIM1 SUP2 0.918 0.181
12 CAU1 EXP1 SUP2 0.915 0.160
13 SUP2 CAU1 MAR2 EDU1 0.852 0.300
14 MAR2 CAU1 EDU1 0.852 0.329
15 MAR2 CAU1 TA1 EDU1 0.852 0.213

1� CAU2 { { TA1 0.73 0.147
2� EDU1 { { TA1 0.676 0.537
3� EDU1 AGE2 MAR2 TA1 0.678 0.147
4� EXP1 SUP2 { TA1 0.673 0.173
5� EXP1 EDU1 { TA1 0.673 0.175
6� SUP2 MAR2 AGE2 TA1 0.668 0.150
7� EDU1 MAR2 Tim1 TA1 0.660 0.185
8� EDU1 SUP2 MAR2 TA1 0.700 0.325

Table 4. The best association rules for minor (instances: 5339).

Rule Predictor 1 Predictor 2 Predictor 3 Target
variable

Con�dence Support

1 AGE3 { { MAR2 0.957 0.205

2 AGE3 EDU1 SUP2 MAR2 0.955 0.153

3 CAU1 EXP1 { SUP2 0.876 0.163

4 CAU1 TA1 { SUP2 0.875 0.200

5 CAU1 AGE2 { SUP2 0.870 0.200

6 CAU1 { SUP2 0.873 0.479

7 MAR2 CAU1 { SUP2 0.866 0.331

8 EDU1 CAU1 { SUP2 0.866 0.355

9 TIM1 CAU1 { SUP2 0.863 0.218

10 EDU1 MAR2 CAU1 SUP2 0.855 0.266

11 CAU1 EDU1 TIM1 SUP2 0.850 0.160

12 MAR2 EXP1 { EDU1 0.822 0.171

13 Time1 MAR2 { EDU1 0.819 0.262

14 MAR2 CAU1 { EDU1 0.813 0.311

15 MAR2 TIM1 { EDU1 0.819 0.262



M. Mohajeri et al./Scientia Iranica, Transactions E: Industrial Engineering 29 (2022) 929{939 935

above 45 years AGE4 are more likely to be exposed
to death and disability in accidents. Also, education,
workers' behavior, and work experience are important
factors contributing to deadly events (see Table 2).
Rule 6 in Table 2 shows that according to the death
or disability accident to which workers aged more than
45 years AGE4 are exposed, the probability that an
individual who has an elementary level of education
ELEM and is married MAR2 is 91.6%.

Rules 1� to 8� explain why death and disability
accidents of falling from height occur on construction
sites (see Table 2). These rules show that the site
with no supervisor present SUP2 is the most frequent
predictor variable for the target variable. Death or
disability accidents due to falling from height TA1
occur on sites with no supervisor present in the location
SUP2 and these events target workers with less than
one year of previous work experience EXP1 or those
with an elementary level of education ELEM.

According to Table 3, two main variables of rules
involved in a major accident include a site with no
supervisor SUP2 and workers' error CAU1, because
these are observed 9 out of 15 times in rules.

The �rst best rule of falling from height shows
that the non-use of PPE CAU2 is one of the most
signi�cant variables related to falling from height (Rule
1* in Table 3).

As shown in Table 4, the best association rules
for \minor accident" from \type of injury" show that
a site with no supervisor SUP2 and workers' error
CAU1 are quite frequent in a minor accident. Rules
1, 2, and 12 indicate that a combination of individual
workers including those aged 35-44 years AGE3 and
those with less than one year of work experience,
low level of education, and married status is more
related to minor accidents. Also, Rules 9, 11, 13,
and 15 indicate that the above combination has most

probably led to minor accidents from 9 to 12 TIM1.
Given the minimum support, con�dence, and lift
thresholds, there is no rule related to the type of
accident as a consequent or target variable.

3.3. Risk level assessment
This study provides a risk assessment matrix. First,
con�dence and support indices are classi�ed into four
intervals. Then, a matrix is created for them, as shown
in Table 5. All rules are classi�ed based on the oc-
currence probability of accidents, as shown in Table 5.
The occurrence probability of the accident is divided
into four categories: frequent, likely, occasional, and
unlikely levels.

Two indices namely the probability and the sever-
ity of the accident are combined to obtain the risk level
of each rule. The severity index is obtained from Type
of injury, namely death or disability, major accident,
and minor accident. Then, the risk matrix is drawn, as
shown in Table 6. It represents the impact of cognitive
factors on construction accidents. The risk is classi�ed
into four levels: extreme, high, moderate, and low.

According to Table 6, the rules are classi�ed by
risk level and represented in Figures 3 and 4. The

Figure 3. Association rules for construction accidents.

Table 5. Probability of accident.

Support
[20,22] [22,26] [26,30] [30,100]

Con�dence

[75,100] Occasional Likely Frequent Frequent
[70,75] Occasional Occasional Likely Frequent
[65,70] Unlikely Occasional Occasional Likely
[60,65] Unlikely Unlikely Occasional Occasional

Table 6. Risk assessment matrix.

Probability
Frequent Likely Occasional Unlikely

Severity
Death Extreme Extreme High Moderate
Major Extreme High Moderate Low
Minor High Moderate Low Low
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Figure 4. Association rules based on the type of accident.

�rst most useful rule for the extreme risk level in
construction accidents includes the married workers,
elementary level of education, the site with no super-
visor, and workers' errors (Rule r1). It is implied that
accidents are most likely to occur due to a combination
of several factors, namely carelessness or negligence
of workers, lack of supervision, and individual char-
acteristics. Rules r2 and r3 state that an extreme risk
level occurs on the site with no supervisor SUP2 and
workers' error CAU1, or combinations of causes CAU4.
Rule r5 implies that serious incidents are related to
workers with less than one year of work experience
EXP1. Rule r7 shows that the time of day from 9 to
12 TIM1, elementary level of education, and married
workers are more likely to lead to accidents.

The �rst most useful rule for the high-risk level
in the case of construction accident shows that the
time of day from 9 to 12 TIM1, the site with no
supervisor SUP2, and workers' errors CAU1 are more
likely related to accidents.

It is also observed that association rules based on
the type of accident are classi�ed into risk levels (see
Figure 4).

Figure 4 shows the following patterns: one of the
most useful rules for an extreme risk level implies that
on a site with workers' error CAU1 and no supervisor
SUP2, it is more likely that falling from height happens
(Rule t1). Rule t2 implies that falling from height
is more likely related to the workers with less than
one year of work experience and elementary level of
education. Rule t3 shows that falling from height is
the consequence of a site with no supervisor SUP2.

There is only one rule for high risk. This rule
suggests that falling from height is also likely to occur
on a site with no supervisor SUP2 and non-use of
PPE.

Rules t6 and t8 for the medium-risk level imply
that the workers less than 30 years old AGE1 or those
with less than one year of work experience on sites
with no supervisors most probably su�er the fall from
height.

4. Discussion

In this investigation, contributory factors were iden
ti�ed and association rules were generated for ac-
cident databases in the construction industry. For
this purpose, four groups of contributory factors were
investigated, namely primary cause, supervision and
inspection system, individual characteristics, and the
time of day. The individual characteristics of workers
refer to age, work experiences, marital status, job, and
education. The results illustrate that the combination
of factors results in the occurrence of incidents.

Visualization and classi�cation of rules based on
risk level bring about more interpretable and accurate
results of association rules. The most important rules
with extreme- and high-risk levels that led to the
accident are shown in Figure 3. It can be seen that
the combination of individual factors and supervision
condition is more related to accidents. For instance,
the combination of factors such as workers' errors who
are married and have a low level of education as well
as `a site with no supervisor' could lead to accidents
with the extreme risk level. There is no clear evidence
to con�rm exactly this pattern; however, Khosravi et
al. (2015) stated that a combination of factors (e.g.,
individual characteristics and supervision) resulted in
the occurrence of accidents on construction sites [35].
In addition, it was proved that supervisors had a direct
in
uence on accident prevention [36]. Another most
important rule demonstrated that new workers with no
work experience had an extreme risk level that might
cause accidents. This rule was supported by previous
�ndings that demonstrated the positive link between
inexperienced workers and unsafe behavior [37].

As shown in Figure 3, time of day and age of
workers appeared in some important rules. The pre-
dominant time of day during which accidents happen
is between 9 and 12. This result is in line with those
of the previous research [38]. Also, most of the injured
workers are above 45 years old because the possibility
of serious injury increases with age [15].

The results obtained by Type of accident suggest
that many fatal accidents related to fall from height
can be prevented by simply the presence of safety
supervisors and training the workers. The results also
demonstrate that workers with less than one year of
work experience and elementary level of education are
more likely to fall from height. These results are similar
to those obtained by Wang et al. who concluded
that the construction workers with high knowledge and
experience were more rational and less likely to take
the risk [39]. The �ndings also show that workers'
carelessness or negligence and non-use of PPE are
considerable reasons for the occurrence of fall accidents
on a site with no supervisor. Therefore, it can be
inferred that a safety supervisor has a direct in
uence
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on workers' safe behavior. This result coincides with
past �ndings [40].

The main contribution of this research is the
identi�cation and ranking of causality patterns of
safety-related incidents in the construction industry.
To our knowledge, this research is the �rst study that
used the risk assessment matrix to extract valuable
patterns leading to accidents based on four groups of
contributory factors of the accident, namely primary
cause, supervision and inspection system, individual
characteristics, and the time of day. This study found
that negative e�ects of the combination of some factors
result in the occurrence of serious accidents in the
construction industry.

In addition, there are two main practical im-
plications of the �ndings in this study. First, it is
shown that inexperienced and uneducated workers as
well as young workers are more likely to the cause of
and exposed to fall accidents. Therefore, construction
managers need to consider these individual variables
and their combinations based on obtained rules to
prevent such accidents. For this purpose, project
managers need to assign workers with a lower risk
level in dangerous areas. For instance, managers
need to keep an eye on new young workers, allowing
them to work only in low-risk areas. Second, among
the discovered rules, the supervisory condition (the
site with no supervisor present SUP2) was the most
frequent predictor variable for construction accidents.
Occupational fatal accidents are reduced by assigning
a permanent supervisor to construction sites.

In summary, the results of this research advise
project managers to:

1. Assign workers with a lower risk level to dangerous
areas;

2. Assign a safety supervisor to construction sites,
especially in high-risk areas;

3. Train new employees and those who are inexperi-
enced and uneducated;

4. Pay more attention to workers' behavior between 9
am and 12 pm.

5. Conclusions

The objectives of this study were to identify the
factors contributing to the occurrence of occupational
accidents by using the association rules method. For
this reason, 17846 instances of historical accident data
in Iran's construction industry between the years 2014
and 2017 were analyzed. Descriptive statistics were
applied to the dataset to analyze occupational accident
distribution. The results demonstrated that most
injuries were caused by unsafe behavior (71% of all
accidents) and the most common accident type was
falling from height (54%, 9581/17846).

Association rules analysis was employed to iden-
tify cause-and-e�ect patterns in accident data. Then,
15 rules were identi�ed by applying the limitation on
the minimum support 15%, con�dence 60%, and lift 1.
Finally, by using a risk assessment matrix, the rules
were classi�ed into four risk levels. Based on results,
the most useful rule showed that the combination of
unsafe behavior of workers who are married and have a
low level of education and a site with no supervisor
could lead to accidents with the extreme risk level.
In addition, the results of association rules related to
Type of accident suggest that it can prevent many
fatal accidents related to `fall from height' through the
presence of safety supervisor and training for workers.
This paper provides practical insights for construction
safety supervisors. They need to be more concerned
about the negative e�ects of the combination of some
factors in the occurrence of serious accidents. For
future work, other data mining methods can be used for
construction accident database to validate the results
of cause-and-e�ect patterns among accident data.
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