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The study aims to build a model for workday losses due to scaffolding accidents at 
construction sites to know information about the worker and the accident, and 
subsequently use the model for prediction, process optimization, or process control. The 
accident investigations from the archive of the Labour Office were searched and ongoing 
construction sites in North Cyprus were visited. Descriptive statistics were used to classify 
the full archival and inferential statistics were carried out to construct a statistical model 
using multiple linear regression (MLR) analysis to predict future workday losses 
furthermore binary logistic regression (BLR) model was carried out to identify whether 
the workday loss is considered to be a major workday loss or not. MLR model revealed 
that a 4.5-fold increase in workdays lost for each additional 1 meter of fall height and 
one year increase in workers’ age will increase the workday losses by 1.3 days. 
Additionally, the BLR model concluded that when the age of the victim increased by one 
unit, victims are 1.068 times more likely to have a major workday loss, and similarly, 
when the height of falling increases by one unit, victims are 1.735 more likely to have a 
major workday loss. 
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1. Introduction 
Construction operations carry a high risk of 
accidents by their nature, and the majority of the 
construction activities are classified as dangerous 
by experts [1-3].  Furthermore, the construction 
workforce is specified as a labor group that has the 
highest risk of workplace accidents [4].  
 In previous studies on accident types in the 
construction industry, it has been reported that falls 
from heights are the most frequent type of accident 
in both fatal and non-fatal cases [5-9]. A study 
carried out in North Cyprus [10] examined fatal 
accidents and established that 53% of those 

fatalities resulted from injuries due to falls from 
heights.  Another study in North Cyprus by Tözer 
et al. [11] established that 40% of accidents 
involving falls from heights resulted from wrongly 
assembled or misused scaffoldings. Furthermore, it 
has been observed that the injuries due to falls from 
height on construction sites are more likely to be 
fatal, or if they were not fatal, require a longer 
recovery period compared to those sustained in 
different types of the accident [12, 13].  
 This study aimed to assess falls from height-
related accident data from archival reports from the 
North Cyprus Labour Office and evaluate these 
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accidents to identify factors contributing to the 
number of workdays lost as a result of an accident.  
This archival data was then used to develop a 
multiple linear regression (MLR) and binary 
logistic regression (BLR) model that aimed to 
predict the number of workdays lost due to an 
accident and to identify which factors are affecting 
the outcome of major workday losses respectively. 
Finally, ongoing construction sites in North Cyprus 
were visited to assess safety conditions on 
scaffolding at each site. 
 In contrast to the majority of existing studies, 
this study focused on falls from scaffolding at 
construction sites, and in doing so, focused on more 
frequent accidents resulting in minor and medium 
level injuries, rather than more rare fatal accidents, 
or those resulting in serious injuries [13, 14]. 
Although individually of a smaller impact, these 
minor or medium-level accidents cumulatively 
result in marked workday losses due to their greater 
frequency, and may therefore result in a substantial 
financial burden on employers. In developing 
countries, employers are informed of workday 
losses for workers injured in accidents from 
hospital reports, which may take a significant 
period. This delay may create difficulties in 
planning substitution for the injured worker, and in 
estimating the amount to be paid to the victim 
during the period of incapacity. 
 
2. Literature review 
Many studies mentioned in the previous paragraphs 
highlight that one of the most common accident 
types is falling from height accidents whether 
results in minor or major injuries or even fatalities 
in the construction industry. The main cause of 
accidents of falls from heights occurring at multi-
story building constructions in undeveloped and 
developing countries is un-safe set up construction 
scaffolding [12]. Similar situations are also 
observable in developed countries.  According to 
2013-2014 data from the Bureau of Labour 
Statistics [15], it is estimated that 2.3 million 
construction workers in the US (65% of the total 
construction workforce) work on scaffoldings, 
which may contribute to the 4500 injuries and 60 

deaths among construction workers annually.  It has 
been proposed that providing worker safety for 
those working on scaffoldings could prevent $90 
million annually in workday losses in the US.  
According to the literature, the safety level of the 
scaffolding structure is very important for 
preventing scaffolding accidents [13]. However, in 
addition, it is known that workers’ level of 
awareness of workplace health and safety (WHS) is 
a contributor to the occurrence of industrial 
accidents [3]. 
 WHS has gained importance in Turkey during 
the last decade, with studies frequently focusing on 
the frequency and severity of accidents in the 
construction and mining industries [13].  Among 
studies focusing on construction, falls from heights 
were shown to be the most frequent and most fatal 
accident type.  Further research in Turkey, where 
multi-story building constructions and the use of 
construction scaffoldings have increased, has 
shown that this type of accident has become more 
common [12, 13, 16-21].   
 Statistical analyses on labor accidents are 
common in the literature.   A comparison of these 
studies reveals some interesting findings.  A study 
conducted in Turkey analyzed accidents of falls 
from heights using univariate frequency analysis 
and cross-tabulation analysis and reported that 
accidents of falls from heights were the highest-
ranked for severity, frequency, and fatality rate 
[13].     
 A study comparing construction accidents in 
Scotland with the rest of the United Kingdom 
combined data obtained from Reporting of Injuries, 
Disease, and Dangerous Occurrences Regulations 
and the Labor Force Survey, and used the Standard 
Occupational Classification method, which forms a 
national standard, to classify the data.  This study 
established that construction scaffolding and brick 
plaster workers had a significant role in the increase 
of accidents, particularly in Scotland [22].   
 In addition, a study carried out in Korea using 
Byar’s Approximation to form a Poisson 
distribution established that 42.2% of fatal 
workplace accidents occurred in the construction 
industry, and 52.7% of the fatalities in the 
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construction industry were a result of falls from 
heights [14]. Other studies carried out in various 
countries in East Asia yielded similar conclusions 
[23].   
 Overall, falls from heights among construction 
workers have been the subject of many studies, with 
several studies highlighting that construction 
scaffolding created an environment with a high risk 
of falls from heights. However, there were no prior 
studies in developing countries focusing on 
construction scaffolding accidents and analyzing 
minor and medium level accidents with multiple 
linear regression analysis. 
 
3. Methodology 

3.1. Data collection 

3.1.1. Literature review 
The purpose of the literature review was to ensure 
the existence and the impact of falls from height 
accidents and the existence of the relationship 
between working at height and fall from height 
accidents in constructions. Besides, the literature 
review highlights the reasons of falls from height 
type of accidents. Previous studies mentioned 
above paragraphs also identify that falls from height 
accidents are a worldwide problem. It is also seen 
that there are studies from different countries 
focusing on the falls from height accidents effect on 
workday losses but it's not common in the middle 
east, Turkey, and other Mediterranean countries. 

3.1.2. Archival data 
The industrial accident investigations from the 
archive of the Labour Office of North Cyprus were 
searched for accidents that took place between 
1994-2014 and the identified investigation reports 
prepared after each accident were examined.  Data 
were organized in Microsoft Excel to reach the 
goals of the study.  Construction scaffolding 
accidents were then isolated from all construction 
industry accidents and inputted into SPSS version 
22.  Accident records that have missing information 
on the period of recovery, age of the victim, or 
height of fall were removed from the dataset. 
Information obtained from records was the age of 

the victim at the time of the accident, experience of 
the victim in mounts, the height of fall, the nominal 
code of the injured part of the body, and the nominal 
code of the type of accident. The outcome selected 
for this study was workday losses, or period of 
recovery, attributable to an accident. 

3.1.3. Field study 
Ongoing constructions of various sizes in North 
Cyprus were visited randomly and construction 
techniques, tools, and equipment were examined.  
Based on the findings from the archival analysis, 
the following parameters relating to scaffolding 
present at each site were assessed: limitations to the 
area of movement, openings around the work area 
through which a fall could occur; stability and 
slipperiness of the work surface, difficulties in 
reaching the work area from the scaffolding; and 
the presence of environments not compatible with 
the use of safety belts and other personal protective 
equipment’s (PPE’s) provided to workers. 

3.2. Statistical analyses 
Descriptive statistics were used to classify the full 
archival dataset.   Accidents were divided into two 
groups: accidents causing short-term workday 
losses (<30 workdays lost), and accidents causing 
medium-term workday losses (30–100 workdays 
lost, inclusive). The age and number of months of 
experience of the worker were recorded, along with 
the fall height and whether the victim had received 
any technical or WHS training. The distribution of 
factors (type of task on the scaffolding at the time 
of accident, immediate cause of accident, situation 
of incident causing the accident, type(s) of injury 
sustained from fall, and the position of injury(s) on 
the body) by short term and medium term workday 
losses were examined using cross-tabulation. 
Factors responsible for the occurrence of accidents 
were classified into unsafe acts, unsafe conditions, 
or a combination of both unsafe acts and unsafe 
conditions. Inferential statistics were carried out to 
construct a statistical model using MLR to predict 
future workday losses (dependent variable), with 
numerical and nominal variables extracted from the 
dataset being used as independent variables, 
including the age of the victim, number of months 
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of experience of the victim, the height of fall, the 
nominal code of the injured part of the body of 
accident and the nominal code of the type of 
accident.  Assumptions in the MLR model include: 
the dependent variable (workday losses) is 
normally distributed, the random error term 
included in the model is normally distributed, with 
a mean of zero and constant unknown variance σ2, 
and are independent of each other. 
 A backward stepwise procedure was used in the 
development of the model, with all independent 
variables identified initially being included in the 
model, with non-significant variables being 
removed at each subsequent step of model building.  
Analysis of variance (ANOVA) tables obtained 
from the MLR model was used for F-testing to 
determine significance, where hypotheses are as 
follows: H0: no differences in means of workday 
losses between victims; or H1: differences in means 
of workday losses between victims.  
Autocorrelation in the residuals, which is the serial 
correlation in prediction error from the regression 
model, was assessed using the Durbin-Watson test.  
Multi-collinearity was assessed by examining 
tolerance and the variance of inflation (VIF) of each 
independent variable, and by assessing eigenvalues 
and condition index values 
 The outcome of the MLR model which was the 
number of workday losses a victim experienced due 
to falling from scaffolding accidents was a scale 
measurement. When the distribution of this 
dependent variable is explored, it is found that the 
median number of workday losses is 45 days. 
Therefore, two groups are formed using this cut off 
value where if a victim experienced workday losses 
to be more than 45 days, it is classified as a major 
loss and if the victim experienced workday losses 
to be less than or equal to 45 days, it is classified as 
not being a major loss.  
 Afterward, the Binary Logistic Regression 
model was performed to identify which covariates 
and factors are affecting the outcome of having a 
major workday loss. The same independent 
parameters that are used in MLR (age of the victim, 
experience of the victim, height of fall, region of 
casualty, and type of casualty) are also used in the 

analysis of major workday loss in the binary logistic 
regression model. Backward-stepwise procedure 
using the Likelihood Ratio estimation technique 
was used in binary logistic regression where all of 
the covariates and factors were entered in the model 
in step 1 (first model) while leaving only the 
statistically significant parameters at the last step 
(final model). 
 
4. Results 

4.1. Archival data analysis 

4.1.1. Classification of accident data 
A total of 793 construction site accidents were 
identified in the industrial accident investigations 
archives of the Labour Office of North Cyprus.  Of 
these, 101 accidents related to falls from 
scaffolding. A total of 22 records were excluded 
due to missing data, yielding a total of 79 evaluable 
records on falls from scaffolding at construction 
sites.  Examination of the records revealed that none 
of the identified accident victims had participated in 
any vocational training or training in the field of 
WHS. 
 Classification of the data revealed that 63 of 79 
injuries (79.7%) resulted in medium-level injuries 
(30-100 workdays lost), while the remaining 16 
(20.3%) were labeled as minor injuries (<30 
workdays lost) [Table 1].  A Chi-squared test 
revealed a significant difference between the 
percentage of minor and medium level injuries 
(p<0.05) at  95% confidence interval.  Examination 
of the type of work being carried out at the time of 
the accident established that 36 of 79 injuries 
(45.6%) took place while doing wall work on 
scaffolding. 
 Factors directly contributing to accidents were 
examined, with 74.7% of accidents occurring due to 
unsafe conditions, and 24% occurring when both 
unsafe acts and unsafe conditions were present at 
the same time.  
 Only 1.3% of all accidents were attributable 
solely to unsafe acts (Table 1).  When situations or 
events causing accidents are examined, the 
contribution of unstable work surfaces becomes 
clear, as 30.4% of all scaffolding accidents arose 
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from the loss of balance due to concussion caused 
by working on scaffolding (Table 1). Slippery 
surfaces on scaffoldings were responsible for 13% 
of all accidents.   
 The most common injury types seen in 
scaffolding accidents resulting in minor and 
medium level injuries were fractures (65.8%), 
closed (internal) injuries (17.7%), open injuries 
(7.6%), and situations where more than one type of 
injury was seen (7.6%). Injuries from scaffolding 
accidents mostly occurred on the hands and arms 
(37.9%) and legs and feet (35.4%). Only 3.8% of 
the analyzed accidents involved head injuries, and 
all of these were medium-level injuries. 

4.1.2. Development and validation of the MLR 
model 

Normality of the dependent variable (workday 
losses) was assessed using a Normal Q-Q Plot (Fig. 
1), demonstrating that these data fit a normal 
distribution. The assumptions on the random error 
term included in the model were checked, with the 
histogram of residuals (Fig. 2) and the normal 
probability plot of residuals (Fig. 3) demonstrating 
that the assumptions are satisfied.  Additionally, the 
constant variance of errors was analyzed with a 
scatter plot of residuals against the predicted values 
of workday losses (Fig. 4), demonstrating that this 
assumption is also satisfied. Since the assumptions 
hold, then the tests associated with regression (F-
tests, t-tests, hypothesis tests, and confidence 
intervals) also hold for this model. 
 The backward stepwise procedure resulted in a 
final model (model 3) with the best fit comprising 
the age of the victim, experience of the victim, and 
the height of fall as statistically significant 
independent variables. The age of the victim, the 
experience level of the victim, and the height of the 
fall were found to be statistically significant by t-
test with a rate of 95%, with p<0.01. 
 F-testing of the null hypothesis with ANOVA 
tables resulted in a p-value of <0.001, meaning the 
null hypothesis could be rejected and indicating a 
statistically significant difference in workday losses 
between victims. The adjusted R square of the final 
model (model 3) is 0.245, meaning that 24.5% of 
the total variation in the workday losses is 

explained by the regression equation (Table 2). The 
Durbin-Watson statistic was 2.080, demonstrating 
that there is no first-order autocorrelation in the 
residuals. 
 A multi-collinearity analysis was carried out on 
the final model to determine if there is any 
correlation between any two independent variables 
presented in the model. All independent variables 
had a tolerance >0.1 (around 0.9) and VIF values 
<10 (around 1.1), suggesting that there is no multi-
collinearity requiring further investigation (Table 
3). All eigenvalues were >0.01 and all condition 
index values <30, indicating that there is no 
significant multi-collinearity in the regression 
model. 
 The final equation of the MLR model developed 
in this study is as follows: 

y = β0 + β1 (X1–x1) + β2 (X2– x2) + β3 (X3 – x3) + ε (1) 

where; 
y = Workday losses to be lived (period of recovery)  
β0 = Constant Factor (48.3) 
β1 = Age Factor Exponent (1.3) 
X1= Age Factor of Victim  
x1= Average Age of Victim (35.2) 
β 2 = Exponent of the Falling Height Factor (4.5) 
X2= Falling Height Factor  
x2= Average Height (3.16) 
β3 = Experience Exponent (-0.07) 
X3= Experience Factor of Victim 
x3= Average Years of Experience of Victim (48.6) 
ε = random error 
 This yields the following: 

y=48.6+1.3(X1–35.2)+4.5(X2–3.16)-0.07(X3–48.6) 
+ ε   (2) 

 All other factors being constant, the constant 
number in this MLR model is a loss of 48.3 
workdays for a worker of average age, falling from 
an average height, and with an average period of 
experience. The most significant factor affecting 
the change in workday losses was found to be the 
height of falls. The expected change in workday 
losses per meter change in height of fall was 4.5 
days/meter for a victim of average age and an 
average number of months of experience.  



Journal of Construction Engineering, Management & Innovation 20 

 

Table 1. Cross-tabulation of archival accident record data from the North Cyprus Labor Office 

Category  Detailed Definition 
Minor Injury Medium Injury Total 

Number (%) Number (%) Number (%) 

Work 
carried out 
at time of 
accident 

Other  3 3.8 13 16.5 16 20.3 
Setting up/dismantling scaffolding 3 3.8 1 1.3 4 5.1 
Moulding  2 2.5 12 15.2 14 17.7 
Carrying material  1 1.3 8 10.1 9 11.4 
Bricklaying/plastering/painting 7 8.9 29 36.7 36 45.6 
Total 16 20.3 63 79.7 79 100.0 

Immediate 
Cause of 
Accident 

Unsafe Act and Unsafe Condition 6 7.6 13 16.5 19 24.1 
Unsafe Acts 0 0.0 1 1.3 1 1.3 
Unsafe Condition 10 12.7 49 62.0 59 74.7 
Total 16 20.3 63 79.7 79 100.0 

Situation 
and/or 
incident 
causing 
the 
accident 

Missing a step  1 1.3 6 7.6 7 8.9 
Scaffolding overturned due to an object hitting it  0 0.0 4 5.1 4 5.1 
Health problems 0 0.0 3 3.8 3 3.8 
Ascending/descending scaffolding 0 0.0 3 3.8 3 3.8 
Scaffolding stands collapsing  0 0.0 1 1.3 1 1.3 
Due to concussion made by workers  9 11.4 15 19.0 24 30.4 
Plank breaking due to heavy load  4 5.1 7 8.9 11 13.9 
Due to  effect of the wind  0 0.0 1 1.3 1 1.3 
Slipping of unfixed boards  0 0.0 4 5.1 4 5.1 
Slip or trip 1 1.3 10 12.7 11 13.9 
 Due to the weight of the load being carried 1 1.3 6 7.6 7 8.9 
Stretching to reach work area 0 0.0 2 2.5 2 2.5 
Other 0 0.0 1 1.3 1 1.3 
Total 16 20.3 63 79.7 79 100.0 

Type of 
Injury 

Open Injuries 0 0.0 6 7.6 6 7.6 
Open Injuries and fractures  0 0.0 5 6.3 5 6.3 
Closed Injuries and fractures  1 1.3 0 0.0 1 1.3 
Closed Injuries   6 7.6 8 10.1 14 17.7 
Fractures  9 11.4 43 54.4 52 65.8 
Traumas 0 0.0 1 1.3 1 1.3 
Total 16 20.3 63 79.7 79 100.0 

Location 
of Injury 
on the 
Body 

Feet and Legs  7 8.9 21 26.6 28 35.4 
Waist and Neck  1 1.3 4 5.1 5 6.3 
Multiple Injuries  0 0.0 8 10.1 8 10.1 
Hands and Arms  7 8.9 23 29.1 30 38.0 
Torso and Internal Organs  1 1.3 4 5.1 5 6.3 
Head  0 0.0 3 3.8 3 3.8 
Total 16 20.3 63 79.7 79 100.0 
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Fig. 1. Normal Q-Q plot of workday losses 

 
 
 

 
Fig. 2. Histogram of workday losses (dependent variable) 
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Fig. 3. Scatter plot of residuals against the predicted values 

 

 
Fig. 4. Normal P-P Plot of Regression Standardized Residual (Dependent Variable: workday losses)  

 
Table 2. Model Summary 

Model Adjusted R Square 
Change Statistics 

Durbin-Watson 
R Square Change F Change df1 df2 Sig. F Change 

1 0.226 0.276 5.553 5 73 0.000  

2 0.236 0.000 0.040 1 73 0.842  

3 0.245 -0.001 0.101 1 74 0.751 2.080 
Durbin-Watson testing is conducted only for the best model (Model 3) 
df1: Degree of Freedom for Model 1  
df2: Degree of Freedom for Model 2. 
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Table 3. Coefficients 

Model 
Collinearity Statistics   

Tolerance VIF Eigenvalue Condition index 
1 Age of victim 0.862 1.161 0.695 2.661 

Experience of victim 0.891 1.122 0.212 4.812 
Height of fall 0.980 1.021 0.078 7.937 
İnjured part of the body  0.912 1.097 0.072 8.289 
The type of casualty 0.866 1.155 0.024 14.418 

2 Age of victim 0.865 1.157 0.679 2.434 
Experience of victim 0.893 1.120 0.192 4.574 
Height of fall 0.988 1.013 0.073 7.426 
Type of casualty 0.940 1.064 0.030 11.651 

3 Age of victim 0.902 1.108 0.669 2.168 
Experience of victim 0.896 1.116 0.156 4.493 
Height of fall 0.990 1.010 0.031 10.080 

VIF: Variance of inflation 
 
The expected change in workday losses per year 
change in age was 1.3 for a victim falling from an 
average height with an average amount of 
experience. Finally, the expected change in 
workday losses per month change in experience 
was –0.07 for a victim falling from an average 
height with an average age. 

4.1.3. Development of the binary logistic 
regression model 

When the outcome of interest which is workday 
losses is divided into groups, a victim will either 
experience a major workday loss which is a 
workday loss of more than 45 days or not.  
 Considering the outcome of experiencing a 
major workday loss or not, a further model such as 
the Binary Logistic Regression model was 
developed to identify which covariates and factors 
are affecting the outcome of having a major 
workday loss. Results of binary logistic regression 
were reported in Table 4. 
 The model explained 25.5% (Nagelkerke R2) of 
the variance in major workday losses and correctly 
classified 68.4% of cases (Table 5). 
 The results of the binary logistic regression 
model concluded that when the age of the victim 
increased by one unit, victims are 1.068 times more 
likely to have a major workday loss, and similarly, 
when the height of falling increases by one unit, 

victims are 1.735 more likely to have a major 
workday loss. 

4.2. Findings obtained from industrial 
research 

In total, 120 ongoing constructions of various sizes 
in North Cyprus were randomly identified and 
visited. Based on the factors identified in the 
archival record analysis, at least 3 unsafe situations, 
including the limited area of movement, open 
working area through which a fall could occur, and 
environments unsuitable for the use of PPE were 
observed for the construction scaffolding at all 120 
construction sites. For 87 construction scaffoldings, 
at least 5 unsafe situations were observed, including 
the limited area of movement, openings around the 
work area through which a fall could occur, 
environments unsuitable for the use of PPE, 
unstable work surface, and difficulty in reaching the 
work area from the scaffolding. 
 
5. Discussion 
This study analyzed archival data from the Labour 
Office of North Cyprus relating to falls from 
scaffolding at construction sites to understand the 
contribution of various factors to the number of 
workdays lost due to recovery, revealing that the 
majority of scaffolding accidents in the archival 
records were attributable to unsafe work conditions.
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Table 4. Binary logistic regression model results 

Logistic Regression 

 Coefficient S.E. Wald df p-value Odds Ratio 
(OR) 

95% C.I.for OR 

Lower Upper 

First 
Model 

Age of the victim 0.082 0.033 6.418 1 0.011 1.086 1.019 1.157 

Experience of the 
victim (month) -0.004 0.003 1.485 1 0.223 0.996 0.989 1.003 

Height of falling 0.542 0.210 6.703 1 0.010 1.720 1.141 2.594 

Skull 1.369 1.929 0.503 1 0.478 3.930 0.090 172.204 

Body 1.229 1.165 1.114 1 0.291 3.418 0.349 33.520 

More than one 
injury 0.099 0.989 0.010 1 0.920 1.104 0.159 7.668 

Foot & Leg 0.668 0.654 1.044 1 0.307 1.951 0.541 7.033 

Spine 0.260 1.172 0.049 1 0.825 1.297 0.130 12.905 

Open injury 0.119 1.374 0.007 1 0.931 1.126 0.076 16.653 

Open injury with 
fracture 0.670 1.123 0.356 1 0.551 1.955 0.216 17.672 

Closed injury -0.132 0.755 0.031 1 0.861 0.876 0.199 3.850 

Constant -4.869 1.484 10.771 1 0.001 0.008   

Final 
Model 

Age of the victim 0.066 0.028 5.783 1 0.016 1.068 1.012 1.128 

Height of the 
victim 0.551 0.201 7.545 1 0.006 1.735 1.171 2.572 

Constant -4.110 1.231 11.150 1 0.001 0.016   

Variable(s) entered on step 1: Age of the victim, experience (month), Height of fall, Skull,  body, more than one injury, foot & Leg, 
Spine, open injury, Open injury with fracture, Closed injury. 

 
Table 5. Distribution of workday losses less and more than 45 days 

 Not Major Workday Losses 
(≤ 45 days) 

Major Workday Losses 
(> 45 days) 

Percentage 
Correct 

Not Major Workday Losses (≤ 45 days) 32 9 78.0 

Major Workday Losses (> 45 days) 16 22 57.9 

Overall Percentage   68.4 

Furthermore, this study sought to develop an MLR 
model to predict the number of workdays lost due 
to an accident of a fall from scaffolding based on 
other known properties of the accident and the 
worker, and similarly, this study develop a BLR 
model to identify the covariates and factors 
affecting the outcome of experiencing a major 
workday loss that is described as 45 or more 
workday losses due to the accident the victim 

experienced. The final model utilized fall height, 
worker age, and worker experience level as 
independent variables, with the height of fall being 
identified as the most significant factor contributing 
to the number of workdays lost. Finally, ongoing 
construction sites in North Cyprus were surveyed, 
revealing that all sites assessed presented at least 3 
working conditions classified as unsafe.  
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 Archival data analysis demonstrated that there 
was a significant difference (p<0.05) in the 
frequency of medium versus minor level injuries 
resulting in falls from scaffolding, with nearly 80% 
of accidents resulting in medium level injuries. 
Nearly 75% of all accidents were attributable to 
unsafe working conditions, with one-third of all 
accidents arising due to loss of balance due to 
concussion of scaffoldings.  Only a small 
proportion of records analyzed in this study 
reported head injuries. This finding can be 
explained by the fact that this study focused on 
medium and minor level injuries, whereas previous 
work conducted in North Cyprus by Çelik and 
Tözer has shown that falls from heights resulting in 
head injuries generally lead to severe injury or 
resulted in fatality [10]. Finally, the archival data 
analysis revealed that none of the recorded accident 
victims had received any training on working on 
scaffolding (technical and/or WHS).  This points to 
the fact that victims lack awareness of the risks they 
are faced with, what they should demand from their 
employers to minimize these risks, and what they 
should pay attention to in order not to increase these 
risks while working.  The literature review provided 
in previous sections of this study seems to support 
this view.   
 Fall height was initially anticipated to be a 
factor that would increase the severity of injury 
sustained due to falls from scaffolding. These 
analyses confirmed this hypothesis, demonstrating 
a 4.5-fold increase in workdays lost for each 
additional 1 meter of fall height.  It was also 
established that a one-year increase in age will 
increase the Workday losses by 1.3 days, which 
may be attributable to differences by age in rates of 
recovery post-accident.  Studies in the field of 
medicine show that the recovery period in young 
individuals is faster than in those who are older [24, 
25]. Thought that the perceptivity of young people 
and their reflexive moves to protect themselves 
during a fall are more effective compared to elder 
ones, because of their physical strength. The 
intensity of the physical response during falling, in 
other words, protecting oneself better, can be 
assumed as a reason for the severity of injury being 

less among younger workers. In addition, 
experience in working on scaffolding is inversely 
proportional to the Workday losses, although the 
association is the weakest of the three factors.  It is 
thought that as their experience in working on 
scaffolding increases, workers become keener to 
recognize risks and sources of risk.  It is also 
thought that they may have a more effective 
reaction during an accident compared to less-
experienced workers, as they are better adapted 
physically and mentally.  
 In North Cyprus, employers are informed of 
workday losses for workers injured in accidents 
from hospital reports, which may take a significant 
period. This delay may create difficulties in 
planning substitution for the injured worker, and in 
estimating the amount to be paid to the victim 
during the period of incapacity. Thus, the algorithm 
created in this study will significantly help related 
parties to perform estimations on the recovery 
period of victims and hence helping in the 
estimation of additional payments.  
 Data obtained from surveys at ongoing 
construction sites in North Cyprus revealed that 
most of the scaffoldings used by construction 
companies active in the industry were not suitable 
for use, with all sites showing at least three of the 
unsafe conditions assessed and over two-thirds 
showing at least 5 unsafe conditions. In their study, 
Baradan et al. [13] demonstrated that environmental 
factors are effective in encountering accidents of 
falling from heights at a ratio of 44%.  Considering 
this fact, it is thought that the physical conditions of 
scaffolding accidents mentioned above contribute 
to the occurrence of accidents.  Such situations are 
likely to result in unsafe work environments and 
directly contribute to the occurrence of workplace 
accidents. As such, there is an urgent need to 
examine these conditions in further detail. 
 
6. Conclusion   
In a summary, an examination of the records 
highlights a dramatic result, which revealed that 
none of the identified accident victims had 
participated in any vocational training or training in 
the field of WHS. 



Journal of Construction Engineering, Management & Innovation 26 

 

 Although, classification of the data revealed that 
63 of 79 injuries 79.7% resulted in medium-level 
injuries, while the remaining 20.3% were labeled as 
minor injuries. Concerning these, A Chi-squared 
test revealed a significant difference between the 
percentage of minor and medium level injuries 
(p<0.05) at 95% confidence interval. In a summary, 
the MLR and BLR analysis carried out, the 
parameters affecting the incapacity period of 
scaffolding accident victims were established as the 
age of the victim, the height of the fall, and the 
experience level of the victim.  A multi-collinearity 
analysis was also performed between independent 
variables in the final regression model to test for 
any significant correlation between age and 
experience, revealing that the age of the victim and 
experience of the victim can be investigated in the 
same model. Finally, for further studies, the 
development of the study with a more 
comprehensive dataset from different countries and 
different types of constructions increases the 
validity of the findings. It has become easier to 
simulate the relevant work environments in 
Multidimensional Media using advanced software 
technologies to propose solutions beyond achieving 
results. Not only the extension of the dataset but 
also the application of the methodology to other 
accident types such as electrocutions, struck by 
objects, cave-ins, heavy equipment accidents those 
rank first five fatal accident types with falls from a 
height will be a great contribution to the 
construction and insurance sectors. A 
comprehensive and generic model that will include 
five or six accident types responsible for the 
majority of the workday losses may be established 
in the future. 

Declaration of conflicting interests 
The author(s) declared no potential conflicts of 
interest concerning the research, authorship, and/or 
publication of this article. 
 
 
 
 

References 

[1] Kim DK, Park S (2020) Business cycle and 
occupational accidents in Korea. Safety and Health 
at Work 11(3): 314-321. 

[2] ILO (2020) Construction Sector: International 
Labour Organization; [19.01.2021]. Available 
from: https://www.ilo.org/global/industries-and-
sectors/construction/lang--en/index.htm 

[3] Çelik T, Tözer KD, İlter O, Köseoğlu O. Training 
work done within the scope of worker health and 
safety systems, and the effect of this application on 
workers. 2nd Project and Construction Management 
Congress,  13-16 September 2012, İzmir, Turkiye. 

[4] Hossain M, Ahmed S (2018) A case study on safety 
assessment of construction project in Bangladesh. 
Journal of Construction Engineering, Management 
& Innovation, 1(4): 147-156. 

[5] Hinze JW, Teizer J (2011) Visibility-related 
fatalities related to construction equipment.  Safety  
Science 49:709-718. 

[6] Çelik GT, Aydınlı S, Bazaati S (2021) Safety net 
applications in developing countries: Turkey and 
Iran case study. Journal of Construction 
Engineering, Management & Innovation 4(1):12-
21. 

[7] Health and Safety Executive. Health and Safety 
Induction for Smaller Construction Companies: 
Site Safety Scotland. UK. 2005. 

[8] Health and Safety Executive. Health and safety 
training-What you need to know. UK. 2008. 

[9] Health and Safety Executive. The Health and safety 
Executive Statistics 2009/2010. UK. 2010. 

[10] Çelik T, Tözer KD. General analysis of 
occupational accidents in the TRNC, and the 
situation in the construction industry:  effects of the 
workers’ level of education and culture on 
occupational accidents. 3rd Project and 
Construction Management Congress,  6-8 
November 2014, Antalya, Turkiye. 

[11] Tözer KD, Çelik T, Gürcanlı GE. Industrial 
distribution of labor accidents in the TRNC, and a 
general analysis of accidents in constructions 
between1994-2014. 5th Worker Health and Work 
Safety Symposium of Chamber of Civil Engineers, 
2015, İzmir, Turkiye. 

[12] Gürcanlı GE, Müngen U (2013). Analysis of 
construction accidents in turkey and responsible 
parties. Industrial Health 51:581-595. 

 
 



27 K.D. Tözer et al.  

 

[13] Baradan S, Akboğa Ö, Çetinkaya U, Usmen MA 
(2016) Univariate and cross-tabulation analysis of 
construction accidents in the Aegean Region. 
Technical Journal 27(1):7345-7370. 

[14] Im HJ, Kwon YJ, Kim SG, Kim YK, Ju YS, Lee 
HP (2009) The characteristics of fatal occupational 
injuries in Korea’s construction industry 1997- 
2004. Safety Science 47:1159-1162. 

[15] Bureau of Labor Statistics [Internet]. Bureau of 
Labor Statistics; [Cited date: August 2015] 
Available from:  
https://www.osha.gov/SLTC/scaffolding/ 
construction.html 

[16] Karadağ ES. Risk analysis of the Turkish 
construction industry in work safety. MSc  Thesis, 
Ege University, 2010. 

[17] Müngen U. Analysis of construction labor 
accidents in Turkey and the question of work 
safety. Ph.D. Dissertation, Istanbul Technical 
University, 1993. 

[18] Müngen U (2011) Main labor accident types in our 
construction industry. Engineering News of Turkey  
56(5):32-39.  

[19] Hinze J, Pedersen C, Fredley J (1998) Identifying 
root causes of construction injuries. Journal of 
Construction Engineering and Management 
124(1):67-71. 

[20] Hafızoğlu E. Accidents in constructing buildings 
and a risk evaluation study. MSc Thesis, Istanbul 
Technical University, 2006. 

[21] Gürcanlı GE (2011) Work safety in constructions 
through design.  Engineering News of Turkey 
56(5): 56-67.  

[22] Cameron I, Hare B, Davies R (2008) Fatal and 
major construction accidents: A comparison 
between Scotland and the rest of Great Britain. 
Safety Science 46:692-708. 

[23] Leung CW, Chow WK (2002) A brief review on 
construction safety in some south-east Asian 
countries. Architectural Science Review 45:39-49. 

[24] Ashcroft GS, Mills SJ, Ashworth JJ (2002) Aging 
and wound healing. Biogerontology 3:337-345. 

[25] Gosain A, DiPiedro LA (2004) Aging and wound 
healing. World Journal of Surgery 28(3):321-326. 

 

 


	1. Introduction
	2. Literature review
	3. Methodology
	3.1. Data collection
	3.1.1. Literature review
	3.1.2. Archival data
	3.1.3. Field study

	3.2. Statistical analyses

	4. Results
	4.1. Archival data analysis
	4.1.1. Classification of accident data
	4.1.2. Development and validation of the MLR model
	4.1.3. Development of the binary logistic regression model

	4.2. Findings obtained from industrial research

	5. Discussion
	6. Conclusion

