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AELELIES Characteristic n (%) or

mean (SD)
18-20 6(2.76%)
21-30 38(17.51%)
31-40 58 (26.72%)
Age (classes)
41-50 56 (25.80%)
51-60 52(23.96%)
>61 7(3.22%)
Male 109 (92.37%)
Sex
Female 9(7.63%)
Married 133 (59.11%)
Unmarried 55 (24.44%)
Marital status Widow 1(0.44%)
Divorced 10 (4.44%)
Cohabitant 26(11.56%)
Elementary school 17(833%)
Junior high school 74 (36.27%)
Educational attainment
High school 97 (47.55)
University 16/(7.84%)
Italian 165 (78.20%)
Nationality Extra EU 10 (4.74%)
EU 36 (17.06%)
Specialized laborer 95 (45.89%)
Laborer 48 (23.19%)
Job task * Driver 22(10.63%)
Manager 19.(9.18%)
Unemployed 23(11.11%)
Seniority (years) (free filling) 2061 (11.51)
Have you ever worked in dusty yes 217 (88.21%)
environments? . 29 (11.79%)
yes 3(429%)
Do you have heart conditions?
no 67(9571%)
yes 0(0%)
Do you have seizures?
no 70 (100%)
yes 2(282%)
Do you have lung conditions?
no 69 (97.18%)
yes 6(8.57%)
Do you have allergic rhinitis?
no 64(91.43%)
Do you have bronchial yes 2(2:86%)
asthma? no 68 (97.14%)
Do you have bronchitis for yes 4(5.71%)
more than 2months a year? no 66(94.29%)
Do you usually cough when yes 20 (8.16%)
You get up in the morning? no 225 (91.84%)
Do you need to catch your yes 9(3.67%)
breath while walking? 10 236 (96.33%)
Do you have shortness of yes 10 (4.10%)
breath while you are resting? 5o 234 (95.90%)
Have you had tetanus yes 71(94.67%)
vaccination? no 4(5.33%)
How many coffees do
(free filling) 3
you drink a day?
yes 58 (60.42%)
Do you usually drink beer?
no 38 (39.58%)
yes 47 (47.96%)
Do you usually drink wine?
no 51(52.04%)
yes 20 (22.22%)
Do you usually drink liqueurs?
no 70 (77.78%)
yes 145 (57.09%)
Do you smoke?
no 109 (42.91%)
Are you an ex-smoker? yes 48 (28.24%)

#1 =Specialzed laborer (Bricklayer, scafflder, carpenter); 2= Laborer (manual aborer,laborer, apprentice); 3= Driver (driver, crane user); 4= Management worker (surveyor, operations
manager, employer, accountant, site manager,safety worker, architect, employee); 5= Unemployed.
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AELELIES

Worker
assessment

n (%) or
mean (SD)

How harmful do you consider
your posture in your current
job?

How harmful do you consider
‘manual handling in your

current job?

How harmful do you consider
the climatic factors in your

current job?

How harmful do you consider

strain in your current job?

How harmful do you consider
work organization in your

current job?

How exposed are you to

physical risks?

How exposed are you to

chemical risks?

How exposed are you to

biological risks?

How exposed are you to

ergonomic risks?

How exposed are you to work-

related stress?

Atall
Moderately
Highly

Atall
Moderately
Highly

Auall
Moderately
Highly

Auall
Moderately
Highly

Auall
Moderately
Highly

‘mean (SD)
median (range)
mean (SD)
median (range)
mean (SD)
median (range)
mean (SD)
median (range)
mean (SD)

median (range)

55 (28.49%)
93 (48.18%)
45(23.31%)
54(27.83%)
88 (45.36%)
52 (26.80%)
61 (30.96%)
83 (42.13%)
53 (26.90%)
57 (29.84%)
85 (44.50%)
49 (25.65%)
70 (37.03%)
74 (39.15%)
45 (23.80%)
6.1(28)
6(0-10)
44(34)
4(0-10)
39(3.3)
4(0-10)
54(.1)
6(0-10)
50(3.1)

5(0-10)
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\ELELIES

Worker
assessment

n (%) or

mean (SD)

Do you think your job is dangerous?

Do you consider injuries a relevant

danger in your job?

How do you evaluate the training and
the information received in relation to
the risks you are exposed to?

Do you think your behavior is
appropriate to control occupational

risks?

Do you think you can rely on your

employer’ protection?

Do you think you can manage your

job-related occupational risks?

“To what extent do you think a lack of
knowledge and awareness of danger may
lead to an injury?

“To what extent do you think a lack of
prevention measures may lead to an
injury?

“To what extent o you think an

improper behavior in workplaces may

lead to an injury?
“To what extent o you think
unpredictable fate may lead to an injury?

Do you think you have health and safety

duties as a worker?

Atall
Moderately
Highly
Atall
Moderately
Highly
Lacking
Enough
Good
Never
Sometimes
Always
Never
Sometimes
Always
Never
Sometimes
Always

mean (SD)

(range)

mean (SD)

median (range)

mean (SD)
(range)

mean (SD)
median (range)
Yes
No

59(26.10%)
98 (43.36%)
69(30.53%)

77 (36.84%)
91 (43.54%)
41(19.61%)
4(1.79%)
76 (33.93%)
144 (64.29%)
2(0.88%)
60 (26.43%)
165 (72.69%)

3(1.33%)
44/(19.47%)
179 (79.20%)

4(177%)
83 (36.72%)
139 (61.50%)

68(29)

8(0-10)

60(33)
7(0-10)

7327
8(0-10)

60(29)
6(0-10)
158 (98.75%)
2(1.25%)
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PPR

PU

Ps

SF

ATT

INT

159

330

158

214

334

337

Cluster 1

Standard deviation
051
047
044
070
037

041

220

272

2.04

227

263

262

Cluster 2

Standard deviation
042
041
031
042
044

052

ANOVA according to

F-value

48.410

49.715

46.765

1.682

76.975

66.218

cluster

p-value

0.000

0.000

0.000

0.197

0.000

0.000
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Pooled

Model factors Model 5 Model 6

Dependent variable: INT

Experience ~0.008 0.101 -0.118 -0.034 -0.056 0036
skill 0.200 -0.264 0.148 ~0.200 0238 -0233
ATT - 0.800° - 0.837" - 03816*

Dependent variable: ATT

Experience -0.102 -0.014 ~0.089 0.005 -0.103 -0.011
Skill 0581 0351 0470 0154 0.488° 0248
PU - 0307 1 - | 0191 | - 0266°
PPR - [ -0.248 | - -0642" [ - -0.446"
PS | - -0.402* - 0.026 [ - -0.203¢
SE 0224 -0.160 0037
R ATT 0.050 0532 0.036 0713 0043 0486
R INT 0027 0.624 0018 0711 0010 0672

Note: *p<0.001; *p<0.01; “p<0.05. Standardised coefficients are reported. Sample size T, = 60; T, = 55; Pooled = 115.
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Hypothesis

HI: PU — ATT Accepted Rejected Accepted
H2: PPR — ATT Rejected Accepted Accepted
H3: PS — ATT Accepted Rejected Accepted
H: SE — ATT Rejected Rejected Rejected
H5: ATT — INT Accepted Accepted Accepted
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Latent factor

Loading Loading
PU PUL 0831 0915 0730 0732 0.897 0.686
PU2 0893 0819
PU3 0829 ‘ 0877
PU4 | 0864 | 0877
PPR pemt | 0833 0920 0741 0890 ooy 0.787
PPR2 0866 | 0847
PPR3 0902 | 0879
PPRY 0842 0930
s Sl 0533 0833 0562 0912 oo 0.734
PS3 | 0781 0770
PS4 0822 [ 0870
PS5 0822 0867
SF SF1 0955 | oo 0807 0925 | oms 0743
SE2 [ 0918 0952
SF3 [ 0816 [ 0683
ATT ATTL 0832 0878 06| 0971 0.840 0.640
ATT2 0864 0973 |
ATT3 0825 0944
INT INTL 0.908 oo 0876 0888 oo 0927
2 0958 | 0831 I
INT3 0940 [ 0,663
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Latent factor

ATT 0840
‘ INT 0783 0936
‘ PPR [ -0446 ~0.463 0.861
‘ PS -0401 -0.330 0.049 0749
‘ PU 0511 0350 -0.394 -0.108 0855
‘ SE 0306 0246 -0.182 [ 0213 0327

Note: Values below the diagonal are correlation estimates between constructs, and values in the are the square root of AVE’
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Latent factor

ATT 0.800
‘ INT 0822 0963
‘ PPR [ -0819 ~0.683 0.887
‘ PS -0227 -0.335 0.194 0857
‘ PU 0513 0494 -0.487 -0253 0828
‘ SE -0428 -0.410 0.445 [ 0.600 0012

Note: Values below the diagonal are correlation estimates between constructs, and values in the are the square root of AVE’
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Dimensions

Gender

Age

Training

Seniority in the sector

Type of contract

T W<, v —

Characteristics
Male

Female

Non-binary

18-25 years old
26-35 years old
36-45 years old
46-55 years old

Over 55 years old
Bachelor

Professional
Postgraduate
Technological
Technical

Less than 1 year old
Between 1 and 5 years
Between 6 and 10 years
More than 10 years
Fixed term

Indefinite term
Construction contract
Provision of services

Other

30.7%

1.3%

13.0%

59.7%

227%

38%

0.8%

41.6%

37.0%

147%

5.0%

1.7%

17.2%

60.9%

17.6%

42%

44.1%

33.2%

17.6%

4.6%

04%
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[EIENH

Crew Weel Accepte:

Formwork 1-2 30 23 16 14 3
Rebar 3-4 24 18 18 18 3
Bricklayers | 5-6 2 | 17 | 14 13 3
Other 7-8 25 21 12 10 2
Total | 105 | 79 | 60 55 1
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Variable Value Frequency

Skill Skilled worker 35 583
Non-skilled worker 25 416

Years of experience in construction 1-3 years 2 367
4-6 years 17 283
7-10 years 10 167
More than 10 years 1 183

Crew Rebar installation 18 300
Formwork installation 16 267
Bricklayer 14 23
Plumber 4 67
Electrician 4 67
Plasterer 4 67
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Latent factol

Perceived Usefulness (PU) PUL

PU2

PU3

PU4

Perceived Privacy Risk (PPR)

PPRI*

PPR2*

PPR3*

PPR4*

Perceived Stress (PS) PS1
PS3
PS4
PS5

Social Factors (SF) SF1

SF2
SF3

Attitude towards the monitoring  ATT1
system (ATT)

ATT2

ATT3

Intention to accept the monitoring | INT1
system (INT)

Variable Assessment item

‘The monitoring system improves my productivity
‘The monitoring system improves the distribution of materials
and equipment

‘The monitoring system improves the quality of my work area
‘The monitoring system improves the instruction of my
supervisors

I am comfortable with letting the company know the time I
spent with my co-workers

I am comfortable with letting the company know the time I
spent outside my work area

I am comfortable with letting the company always know my
position

T am comfortable with letting the company always record my
position

The monitoring system makes me feel upset
The monitoring system makes me feel worried to lose my job
The monitoring system makes me feel nervous and stressed
‘The monitoring system makes me feel tired

‘The monitoring system affects the interaction with my
supervisor

‘The monitoring system affects the interaction with my peers
‘The monitoring system affects my free movement

‘The monitoring system is a good idea

1 like being monitored

‘The monitoring system makes my work more interesting

Iwould like the company to implement monitoring systems on
the next project

Adapted from

Davis et al,, 1989; Davis (1993), Son et al., 2012; Urbina
(2019), Wong et al. (2021)

Davis et al., 1989; Davis (1993), Urbina (2019)
Davis et al., 1989; Davis (1993), Urbina, 2019; Wong
etal. (2021)

Davis et al,, 1989; Davis (1993), Urbina (2019)

Choi et al. (2017), Awolusi et al. (2018)

Choi et al. (2017), Awolusi et al. (2018)

Choi et al. (2017), Awolusi et al. (2018)

Choi et al. (2017), Awolusi et al. (2018)

Abbe et al. (2011), Bowen et al. (2014)
Abbe et al. (2011), Bowen et al. (2014)
Abbe et al. (2011), Bowen et al. (2014)
Abbe et al. (2011), Bowen et al. (2014)

Urbina (2019)

Urbina (2019)
Davis et al., 1989; Davis (1993), Urbina (2019)

Davis et al. (1989), Venkatesh et al. (2003), Wong et al.
(2021)

Davis et al. (1989), Venkatesh et al. (2003), Wong et al.
(2021)

Davis et al. (1989), Venkatesh et al. (2003), Wong et al.
(2021)

Davis et al. (1989), Venkatesh et al. (2003), Wong et al.
(2021)

INT2

INT3

Wik ¥ Riciniiaid ancasad

Iwould like the company to implement monitoring systems as
soon as possible

1 would like to help the company to implement monitoring
systems

Davis et al. (1989), Venkatesh et al. (2003), Wong et al.
(2021)

Davis et al. (1989), Venkatesh et al. (2003), Wong et al.
(2021)
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Numbe Questit

Q Did you feel that the real-time monitoring system put at risk your privacy? Why? ‘
@ What did you feel about the fact that the management team always knew your position?

@ Did you feel that the monitoring system affected your job stability? Why?

Q Would you say that the monitoring system improves productivity and daily progress?

Qs Would you accept being monitored again? Why?

Qs Would you support the monitoring system becoming a widespread industry practice?
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Relationship Standardized

coefficient ()

Significance

OHS > OP (OHS > 0.985 **(p <0.001)
Organizational

Performance)

OHS > PM (OHS > People | 0.708 ***(p <0.001)
Management)

PM - OP (People 0356 “(p<0.01)

Management >
Performance)
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Dimension Cronbach’s Bartlett's test

alpha
Resources and 0936 98025 0.892
support (RA)
Performance (DA) | 0.921 875,64 0873
Participation (AP) | 0.884 703,18 0.802
Physical conditions | 0.861 64245 0.776
(COND)
Evaluation (EVA) 0.902 788,10 0815
Personal wellbeing | 0.867 72187" 0.798
(BF)
Equity and 0.945 102566 0910
motivation (EQ,
MCL)
Plans, policies 0.938 989.44" 0.895
(PLAN, POL)
Job satisfaction (SL) | 0.889 76533 0822

In the Bartletts test of sphericity, the presence of three asterisks (***) indicates a p-value less
than 0.001, denoting a highly significant result. This suggests that the correlation matrix is
T T P T
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ension

Featured items

Approx. average

Interpretation

Resources and support (RA) RAI-RA3 410 Very positive perception of institutional support
‘Training (DA) DAI-DA2 400-4.03 OSH training positively valued
Participation (AP) AP (3.22), AP2 (3.06) 1 Low perception of worker participation
Motivation and climate (MCL) MCL1, MCL2 403 Good work environment
Policies and planning POL1-POL2, PLAN1-PLAN2 400-4.12 Good knowledge and execution of OHS plans
Physical conditions CONDI, COND2 3.06 Regular perception
Evaluation (EVA) EVAI (3.01), EVA2 (4.01) Contrast Improvement is recognized after evaluation, but consistency is lacking
Personal wellbeing (BF) BF1, BE2 313 Medium-low level
Organizational equity (EQ) EQL EQ2 383 Positive but with dispersion
General perception (PERC) PERCI, PERC2 379 Favorable evaluations of the OHSMS.
Job satisfaction (SL) SL1,SL2 372 Acceptable, but with great variation
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Category/dimension

Resources and support (RA)

Trend observed in the graph

High frequencies in 4 and 5

Inference

Staff perceive good institutional support

Performance (DA)
Participation (AP)
Physical conditions (COND)
Evaluation (EVA)
Personal wellbeing (BF)
Equity and motivation (EQ, MCL)
Plans, policies (PLAN, POL)

Job satisfaction (SL)

Concentrated in 4-5
Peakat 3, lower at 5
Predominance of responses 3 and 4
EVAI focused on 3; EVA2 on 4-5
Answers focused on 3 and 4
Highly favorable
Strongly concentrated in 4 and 5

Variability, but a positive trend

Recognition of labor compliance
Indicates a lack of clarity or opportunities to get involved
Regular perception of the work infrastructure
Perceived improvement after corrective actions, but regular evaluation is lacking
Medium-low perception, potential for improvement
Highly valued organizational climate

Knowledge and clear implementation of the OHSMS.

Acceptable perception of job satisfaction
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Construct Cronbach’s = Bartlett's Kaiser-

alpha test Meyer-
Olkin test
People 0947 125463 0.902
‘management
OHSMS ‘ 0941 1135727 0.887
Organizational | 0.952 134985 0914
performance

In the Bartletts test of sphericity, the presence of three asterisks (***) indicates a p-value less
than 0.001, denoting a highly significant result. This suggests that the correlation matrix is
it iy s ety s it Ak Bk sl b oo aty ot dlts:
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Construct ALPHA.ORD OMEGA

People 0947 0973 0952 0915
‘management

OHSMS 0.941 0.965 0946 0902
Organizational 0952 0978 0957 0928

performance





OPS/images/fbuil-11-1618356/fbuil-11-1618356-t002.jpg
Variable Training Contract
Age 1,000 0.092 -0.420 0750 -0.052
Gender 0.092 1,000 -0371 0036 -0.132
Training ~0420 ~0.371 1,000 -0.376 0254
Antique 0.750 0.036 ~0376 1,000 0.003
Contract -0.052 -0.132 0254 0.003 1,000

Souree: Prepared by theauthiors:
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Country Number of Total citations Average Average Normalized Average

publications publication citations citations normalized
year citations

China 43 1,172 2021 27.26 4941 115
United States 13 920 2017 7077 1424 110
Australia 1 462 2017 4 1401 v 127
South Korea 8 194 2020 2425 886 1
Malaysia -4 160 2022 2286 1107 1.58
England 6 490 2017 8167 9.00 150
Iran 3 86 2019 2867 448 v 149
Greece 3 32 2021 1067 203 068
Poland 3 15 2022 5 341 114
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Organization Number of Total citations Average Average Normalized Average

publications publication citations citations normalized
year citations
Huazhong 7 296 2019 4228 1043 149
University of Science
and Technology
China University of 4 9 2021 2350 419 1.04
Geosciences
City University of 4 318 2017 79.50 5.06 126
Hong Kong
Hong Kong 4 148 2020 37.00 677 169
Polytechnic
University
Tsinghua University 3 140 2020 46.66 238 079
China University of 3 9% 2021 32.66 512 170
Mining and
Technology
National Taiwan 3 159 2011 53.00 243 081
University of Science
and Technology
Seoul National 3 147 2019 49.00 545 181
University
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Journals Number of Total citations Average Average Normalized Average

publications publication citations citations normalized
year citations
Journal of 10 547 2018 54.70 883 088
Construction
Engineering and
Management
Safety Science 8 376 2018 47.00 14.50 181
Engineering 6 9 2021 15.83 610 101
Construction and
Architectural
Management
Sustainability 5 35 2022 7.00 276 055
International Journal 4 79 2021 19.75 325 0.81
of Occupational
Safety and
Ergonomics
Applied 4 41 2022 1025 301 075

Sciences-basel

Journal of 3 223 2019 74.33 553 184
Management in
Engineering

International Journal 3 61 2019 2033 363 121
of Construction
Management

Accident Analysis 3 116 2009 38.66 1.94 0.64
and Prevention

Journal of Civil 3 28 2020 933 1.46 0.48
Engineering and
Management
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Region
China
China
China
China

Hong Kong

Hong Kong

Hong Kong
Taiwan

United States
United States
United States
United States
United Kingdom
South Korea
South Korea

South Korea

Institution

me
Ministry of Emergency Management
State Administration of Work Safety
Ministry of Housing and Urban-Rural Development
Safety Management Network
Labour Department
Occupational Safety and Health Council
Coroner’s Court
Council of Labor Afairs
National Institute for Occupational Safety and Health
Occupational Safety and Health Administration
Bureau of Labor Statistics
Michigan Department of Transportation
Health and Safety Executive
Construction Safety Management Integrated Information
Korea Occupational Safety and Health Agency

Ministry of Land, Infrastructure and Transport

Regiot
Malaysia
Australia
Greece
Norway
Kuwait
Kuwait
Isracl
Isracl
India
Sweden
Sweden
Sweden
Morocco
Spain
Spain

Europe

Institution name
Department of Occupational Safety and Health
National Coronial Information System
Greek Work Inspection Organization
Labour Inspection Authority
Kuwait Municipality
Ministry of Social Affairs and Labor
National Insurance Institute
Statistical Abstracts of Israel
New Delhi Television Limited
Swedish Social Insurance Agency
Swedish Work Environment Authority
Statistics Sweden
Haut-Commissariat au Plan
Junta de Andalucia

Official Workplace Incident Notification Forms

European Statistics on Accidents at Work
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Total citations Number of Average Average Normalized Average

publications publication citations citations normalized
year citations
‘Ts Abdelhamid 629 2 2002 3145 2 1
Chia-fen Chi 159 3 2011 53 24304 0.8101
Michael Behm 153 2 2013 765 26332 13166
‘Tracy Cooke 107 2 2014 535 20187 1.0093
Helen Lingard 107 2 2014 535 20187 1.0093
Shengyu Guo 94 4 2021 25 41996 1.0499
Bing Tang 94 ‘ 4 2021 ‘ 25 41996 1.0499
Amir Mahdiyar 83 2 2022 415 51728 25864
Saeed reza 83 2 2022 415 51728 25864
Mohandes
Tarek Zayed 8 2 2022 415 51728 25864
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re work

Deep semantic understanding and
dynamic modeling

Multi-level risk network construction
and knowledge graph integration

Key technologies

NLP, transformer/LSTM time series.
analysis, large models (GPT-4, T5)

Big data analysis, association rule
‘mining, bayesian networks, knowledge
graphs

Research focus

Deeply mine implicit semantic
information in accident report texts;
enhance dynamic tracking and
evolution prediction of risk factors

Construct cross-dimensional,
multi-level accident causation
networks; integrate structured and
unstructured data; enhance
interpretability of causality analysis

Literature

Liu etal. (2024)

Shen et al. (2024), Nowobilski and Hola
(2023), Lietal. (2024)

Multi-modal data fusion and intelligent
warning systems

Dataset expansion and model
generalization improvement

10T, deep learning, reinforcement
learning, big data platforms, web
crawling

Standardized accident database
construction, data crawling and
structuring, ensemble learning

Fusion analysis of multi-source
‘heterogeneous data
(text/image/sensor); real-time dynamic
‘monitoring & adaptive warning

Build standardized accident databases
across regions and scenarios; address
data imbalance issues; improve model
generalization and cross-platform
applicability

Ma and Chen (2024), Li etal. (2024),
Gupta et al. (2022)

Rafindadi et al. (2023), Ma and Chen
(2024), Li etal. (2024)
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Method

Structural equation modeling

Multiple linear regression

Cluster analysis

Grey relational analysis

Advantages

Analyzes multiple causal relationships;
handles latent variables

Builds causal models; quantifies factor
contributions

Uncovers data structures; adaptable;
manages large datasets

Detects factor relationships under
uncertainty

Limitations

Needs large samples; relies on strict
assumptions

‘Weak on non-linear relationships;
demands high-quality data (e.g.
normality)

Sensitive to parameters; affected by data
distribution; struggles with high
dimensions

Requires normalization; sensitive to
‘model choice and data quality

Application

Identifies key risk factors and their
interrelationships (Feng, 2023; Jin et al.,
2021; Oni et al, 2024; Li and Xiang,
2011)

Selects significant accident predictors
via stepwise regression (Leung et al,,
2016). Explores links between causality
theory and prevention (Fung and Tam,
2013)

Groups data by similarity using
K-means (Smetana et al, 2024).
Categorizes data into 5 cause-based
clusters (Nowobilski and Hola, 2019)

Identifies key accident causes
(Zhang W. etal., 2020)
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Method

Social network analysis (SNA)

Complex network analysis

Bayesian network (BN)

Analytic hierarchy process

Causal chain analysis

FTA

Advantages

Visualizes complex factor relationships;

identifies key nodes and paths

Uncovers dynamic factor interactions

and propagation paths

Manages uncertainty and complex
causal relationships probabilistically

Simplifies complex decisions; easy to
use

Clarifies causal relationships; aids
system understanding

Systematically traces failure causes;
supports risk assessment

mitations

Relies on expert knowledge and data
quality; metrics lack expert
interpretation

High computational complexity; needs

large data; limited dynamic adaptability

Lacks expert-guided structure;
demands complete data and high
computation

Subjective; needs consistent datas weak
onlarge-scale issues

Subjective; expert-dependent; hard to
quantify; poor dynamic fit

Complex to build; data-intensive;
limited dynamic reflection

Applications

Models causes as nodes and
relationships as edges, analyzing
connection strength via adjacency
matrix (Pan et al,, 2024; Eteifa and
El-adaway, 2018; Nguyen et al., 2024)

Builds behavior risk chain networks,
analyzing attributes like degree and
centrality (Yang et al,, 2024; Deng et al.,
2024; Guo et al., 2021; Hwang et al.,
2023; Tang et al., 2022; Guo et al., 2020)

Uses Copula BN for probability
distributions and risk propagation
(Chen et al,, 2024). Identifies key factors
via reasoning and sensitivity analysis
(Qie and Yan, 2022)

Prioritizes accident factors (Kim etal.,
2020; Vosoughi et al., 2020;
Rafindadi et al,, 2022)

Represents event relationships through
causal chains (Mohandes et al., 2022a;
Belayutham et al,, 2016;
Mohandes et al., 2022b; Rafindadi et al.,
2023; He et al,, 2024; Wu and Sun, 2024;
Chen etal., 2024; Chen E et al., 2022;
Maand Chen, 2024; Behm and
Schneller, 2013; Suraji et al,, 2001;
Lietal., 2024; Mitropoulos et al., 2005)

Identifies key causes with Boolean
algebra and MCS (Chi etal., 2014).
Analyzes metro accident mechanisms
(Qie and Yan, 2022)
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Method

Association rule mining (ARM)

Naive bayes network (NBN) and
tree-augmented naive bayes network
(TAN)

Dynamic bayesian network

‘Text mining and machine learning

Deep learning methods

Advantages

Uncovers key factor associations from
large datasets

Effective for classification; accounts for
factor interactions

Handles dynamic and time-series data

Processes large text data; extracts key

insights

Manages large, complex datasets

Limitation

Sensitive to sparse data; many rules
reduce interpretability

Assumes independence; needs specific
data distribution

High computational demand; requires
complete data

Needs extensive preprocessing; limited
interpretability

Demands quality labeling; complex
training/tuning

Applications

Identifies factor associations using
Apriori and FP-Growth based on
support, confidence, lft (Chen N. etal,,
2022; Tong et al,, 2021; Rafindadi et al.,
2023; Chen et al, 2023; Luo et al., 2021;
Li and Wen, 2022; Nguyen et al,, 2024;
Yoon etal., 2024; Guo et al,, 2022)

Analyzes factor-accident type links and
identifies risks with NBN and TAN
(Shen et al.,, 2024). Performs risk factor
and coupling analysis (Liu et al,, 2024)

Ranks risk factors and assesses
criticality via sensitivity analysis
(Jiang et al,, 2022)

Weights keywords with TF-IDF
(Luo et al, 2021). Clusters accidents
using K-means and t-SNE with LLM
(Smetana et al., 2024). Extracts
keywords via TextRank (Pan et .,
2022). Analyzes models with
knowledge graphs (Li etal., 2024)

Reveals accident-injury relationships
using GCN and co-occurrence
networks (Pan et al., 2022)
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Literature

Rafindadi etal. (2023), Chen et al. (2024), Nowobilski
and Hola (2023)

Luo etal. (2021)

Zhang (2022)

Zhang]. et al. (2020)

Liu et al. (2024)

Gupta et al. (2022)

Shen etal. (2024)

Maand Chen (2024)

Luoetal. (2021)

Research aspect

Data

Data

Model

Model

Model

Model

Methodology

Methodology

Methodology

pecific issues

Small sample size, limited to a specific region, not
globally representative

Incomplete accident causation dictionary, large time
span in data samples

Deep neural network has low time efficiency

C-BiLSTM model requires manual data labeling,
‘which has limitations

Lack of precise threshold for feature dimensions,
model performance needs improvement

(CCNet model lacks explanation of internal
‘mechanisms

Deficiencies in semantic associations and dynamic
time changes

Only combined unsupervised NLP and Accimap,
failing to utilize other advanced techniques.

Insufficient construction of accident causation
dictionary and sample selection, resulting in the
absence of time characteristics in causation
identification






OPS/images/fbuil-11-1602297/fbuil-11-1602297-t006.jpg
Methods

Questionnaire survey

Literature review

Expert interviews

Field investigation

pecific steps

Gather data via targeted questionnaires
from professionals and experts to
pinpoint key risk factors

Search and synthesize existing studies
o refine risk factors and identify
hotspots

Interview safety experts and managers
to extract insights and potential
accident causes

Inspect sites to observe and record
hazards in environment, equipment,
and behaviors

Limitatiol

Subjectivity risks bias; sample
representativeness and poor design may
compromise data quality

Depends on prior research; gaps, biases,
outdated data, or method heterogencity
may skew results

Subjective views and small sample size
may overlook some risk factors

Limited by time, resources, and scope;
findings may not generalize
industry-wide

Literature

Antoniou and Merkouri (2021),
Douglas and Adeloye (2016), Al et al.
(2024), Elsebaei et al. (2021),
Techera et al. (2019), Leung et al.
(2016), Rowlinson and Jia (2015),
Chen etal. (2011)

Yang etal. (2024), Antoniou and
Merkouri (2021), Douglas and Adeloye
(2016), Elsebaei et al. (2021), Chen etal.
(2011), Shen et al. (2024), Jiang et al.
(2022), Pan et al. (2024), Feng (2023),
Antoniou and Agrafioti (2023),
‘Tong et al. (2021), Yap et al. (2020),
Moosa etal. (2020), Pichugin and
Dmytrenko (2018), Tarik and Adil
(2018), Yilmaz (2015), Mohandes et al.

(2022a), Belayutham et al. (2016),
Mohandes et al. (2022b)

Rowlinson and Jia (2015), Chen etal.
(2011), Tong et al. (2021),
Belayutham et al. (2016),

Mohandes et al. (2022b), Deng et al.

(2024), Rafindadi et al. (2023),
Fonseca etal. (2012), Kartam and Bouz
(1998), Pekkarinen and Anttonen
(1989)

Douglas and Adeloye (2016),
Rowlinson and Jia (2015), Fonseca et al.
(2012), Pekkarinen and Anttonen
(1989), He et al. (2024)

Causation extraction based on existing
data and cases

Analyze safety data and accident
reports from agencies and institutes to
extract causes and patterns

Constrained by data availability, quality,
and integrity; case-specificity may limit
generality

Zakaria et al. (2023), Chen N. et al.
(2022), Betsis et al. (2019), Douglas and
Adeloye (2016), Shen et al. (2024),
Pan etal. (2024), Tong et al. (2021),
Pichugin and Dmytrenko (2018),
Yilmaz (2015), Rafindadi et al. (2023),
Fonseca etal. (2012), Wu and Sun
(2024), Chen et al. (2023), Chellappa
(2022), Guo etal. (2021), Berglund etal.
(2021), Jeong et al. (2022),
Zhang W. etal. (2020), Zheng et al.
(2018), Eteifa and El-adaway (2018),
Gharaie et al. (2015), Chen et al. (2024),
Chen E.et al. (2022), Nowobilski and
Hola (2023), Jabbari and Ghorbani
(2016), Ma and Chen (2024), Choe and
Leite (2020), Chi and Han (2013),
Pines et al. (1987), Grant and Hinze
(2013)
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Accident type ecific description

Falling from heights Workers fall from high places due to insufficient safety protection or improper operation
Object striking Materials, tools, or equipment fall or are collided with due to poor management or operational mistakes
Collapse Due to unstable foundations, unstable supporting structures, or construction quality issues, soil, formwork, scaffolding, etc., collapse,

potentially leading to the collapse of the entire building

Electric shack Workers come into contact with live electrical components due to equipment malfunction, poor maintenance, or operational errors
Fire and explosion Fires or explosions are triggered on the construction site due to flammable materials, gases, or improper operations
Compression/collision Improper equipment operation or material handling causes workers to be compressed or struck by machinery or heavy objects
Hit by falling objects Materials or tools fall from heights during hoisting and installation, striking workers
“Traffic-related accidents Improper vehicle operation or poor traffic management on the construction site leads to workers being hit or run over by vehicles
Chemical exposure Workers are exposed to harmful chemicals or toxic gases, resulting in poisoning or health issues

Extreme temperature exposure Workers work in high or low-temperature environments without protective measures, potentially leading to heatstroke or frostbite
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Method

Descriptive statistical analysis

Correlation analysis

Advantages

Simple, intuitive; reveals basic cause
distribution

Quantifies linear/nonlinear factor
relationships

Limitations

Struggles with complex causal
relationships

Limited to pairwise analysis; weak on
‘multi-factor interactions

Applications

Rank and identify key factors using
mean, median, mode, frequency,
variance, SD, and RII (Ali et al., 2024;
Elsebaei et al.,, 2021; Yap et al., 2020;
Chi and Han, 2013); Apply descriptive
statistical methods (Pekkarinen and
Anttonen, 1989; Oni et al., 2024)

Explore factor relationships using
Chi-square, Phi, lambda, Kendall,
Pearson, and Spearman (Zakaria et al.,
2023; Alomari et al,, 2020; Betsis et al.,
2019; Leung et al, 2016; Zheng et al,,
2018; Chi and Han, 2013; Li and Wen,
2022; Chi et al., 2009; Li and Xiang,
2011); Examine cause-consequence
links (Nowobilski and Hola, 2023;
Behm and Schneller, 2013; Fung and
‘Tam, 2013); Analyze categorical
variable correlations via contingency
tables (Carrillo-Castrillo et al,, 2017);
Identify key causes with GRA
(Zhang W. et al., 2020)

Statistical meta-analysis

Synthesizes multiple studies; evaluates
common factors

Ignores study-specific nuances;
sensitive to data quality

Assess common factor importance
across studies (Antoniou and Agrafioti,
2023)
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Component % Of variance

il
Substandard tools and equipment 0.828 70
Lack of incentives 0.824
Rigid organisational business model | 0.795
Absence of reporting system | 0.794
Ambiguity in implementation 0791
Unskilled workers 0.781
Insufficient health & safety laws 0.769
» Costs saving T 0.757
Ineffective enforcement of H&S rules 0.745
Top management is not willing to adopt new initiatives 0647
Insufficient safety budget 0.64
Employees are reprimanded when reporting incidents or near misses 0592
Lack of leadership training 0.869 5
Lack of Top management's commitment to safety 0815
Lack of best practices or benchmark 0776 |
Lack of employee training 0714
Prioritising productivity over employee safety 0708
I Under-reporting of incident in order to receive incentives 0.656
Not reporting incidents and near misses 0.641
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ational qualificatiol ercent
Diploma 17
Bachelor degree 35
Honours degree 31
VMumrs degree 17
I
Project manager 1
Architect 8
Civil Engineer 1
Construction health and safety agent 7
Construction health and safety manager 1
Construction health and safety officer 10
Construction manager 12
Designer 2
Mechanical engineer 12
Project engineer 5
Project planner 2
Quantity surveyor 9

Consultant 26
Contractor 29
Government 6
Client 39
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Frequency of witnessing accidents Percent

‘ Never £
‘ Occasionally 38
[’ Sometimes 32

Often 25

Always 2
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Barriers Mean

Lack of Top management’s commitment to safety 47 0772
Lack of leadership training 464 0811
Prioritising productivity over employee safety 464 0.823
Not reporting incidents and near misses 457 0.795
Lack of employee training 454 0.904
Under-reporting of incident in order to receive incentives 452 0.959
Costs saving 451 0.9
Ineffective enforcement of H&S rules 449 104
Absence of reporting system 448 101
Ambiguity in implementation 447 0.989
Insufficient safety budget 445 0.999
Rigid organisational business model 443 1.057
Top management is not willing to adopt new initiatives 443 Losnr
Employees are reprimanded when reporting incidents or near misses 443 113
Lack of incentives 44 1073
Lack of best practices or benchmark 44 0953
Substandard tools and equipment 437 10
Unskilled workers 434 1183
Insufficient health & safety laws 402 1
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Communalities Extraction
Lack of Top management’s commitment to safety 0.869
Lack of best practices or benchmark 0675
Lack of leadership training 0.857
Lack of employee training 0734
Not reporting incidents and near misses 0.636
Insufficient safety budget 0.684
‘Top management is not willing to adopt new initiatives 0619
Employees are reprimanded when reporting incidents or near misses 0.656
Insufficient health & safety laws 0.664
Unskilled workers 0784
Ineffective enforcement of H&S rules 0793
Under-reporting of incident in order to receive incentives 0.679
Production over employee safety 0775
Substandard tools and equipment 0837
Costs saving 077
' Ambiguity in implementation 0.814
Lack of incentives 0822
Absence of reporting system 0.819
Rigid organisational business model 0.803

Extraction Method: Principal Component Analysis.
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Do you consider injuries a relevant danger
in your job? (n=209)

yes no
Mean (SD) or N (%)  Mean (SD) or N (%)

Seniority 213(109) 165 (11.1) 00115

Age

18-30 23(57.5%) 17 (42.5%) 0675

31-50 64(64.65%) 35 (35.35%)

>50 29 (65.91%) 15 (34.09%)

Nationality

Not Ialian 25 (59.52%) 17(40.48%) 059

Ialian 89 (64.03%) 50 (35.97%)

Educational attainment

Low 46 (64.79%) 25(35.21%) 0.991
High 55 (64.71%) 30(35.29%)

Marital status

Cohabitant 85 (64.89%) 46/(35.11%) 0.239
Not cohabitant 33 (55.93%) 26(44.07%)

Do you think your job is dangerous?

No 37(24.18%) 35(77.78%) 0.000
Yes 116 (75.82%) 10(22.22%)

How do you evaluate the training and the information received in relation to the risks you are exposed to?

Inadequate 48 (65.75%) 25(34.25%) 0.991
Adequate 79 (65.83%) 41(34.17%)

Do you think your behavior is appropriate to control occupational risks?

No 35 (62.5%) 21 (37.5%) 0536
Yes 94(67.14%) 46 (32.86%)

Do you think you can rely on your employer's protection?

No 27(65.85%) 14.(34.15%) 0.974
Yes 101 (65.58%) 53 (34.42%)

Do you think you can manage your job-related occupational risks?

No 47 (65.28%) 25(34.72%) 0.662
Yes 82.(68.33%) 38 (31.67%)

Job task

Laborer 91 (65.94%) 47 (34.06%) 0.967
Driver 9 (64.29%) 5(35.71%)

Management 12(63.16%) 7(36.84%)

To what extent do you think a lack of knowledge and awareness of danger may lead to an 730 (248) 6(341) 00126
injury?

To what extent do you think a lack of prevention measures may lead to an injury? 675 (291) 503 (3.54) 00030

To what extent do you think an improper behavior in workplaces may lead to an injury? 7,69 (2.19) 670 (3.35) 00425

“To what extent do you think unpredictable fate may lead to an injury? 693(229) 496 (347) 0.0001
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P>z 95% Cl

Independent factors

Seniority 1036938 00241218 ony 0.99072-10853
To what extent do you think unpredictable fate may lead to an injury? 09993717 0.1289866 099 0.77600-1.2870
To what extent do you think a lack of prevention measures may lead to an injury? 1285057 0.1382667 0020 1.0407-1.5867
To what extent do you think an improper behavior in workplaces may lead to an injury? 06822627 0.117934 0027 0.48620-0.95738
138378 0.1649568 0006 1.0954-1.7479

To what extent do you think unpredictable fate may lead to an injury?
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Variables Categories  Fr

Adequate PPEs (n=634)  Yes
No
Gowns readily available Yes
No
Workers wearing PPE Yes
during the observation No
Had training on Yes
occupational health and o
safety
Adequate light Yes
No
Adequate space Yes
No
Industrial activity supported  Yes
by a rotatory machine No
Obsolete materials handling  Properly
improperly
First-aid kit Not available
Available

PPE, Personal Protective Equipment; SSI, Small Scale Industries.
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Variables Categories Exposed to injury COR (95%Cl) AOR (95%Cl)

(n =634) o No

“Types of S5 Concrete 9 1 34201677018 241 (107, 5.46)** 0034
Construction 138 7 147(097,222)% 113 (065, 1.9) 0662
Metalwork 131 58 173(1.13, 267)* 159 (0.95,2.64) 0076
Woodwork 9 7 Ref Ref

Gender Female 81 19 251(1.48,427)* 201(1.05,3.87)*% 0035
Male 336 198 Ref Ref

Age 18-29 24 141 1227 (063,27) 1.08(037,3.18) 0.887
30-39 160 59 2000101, 4.01)* 1.95(0.65,5.83) 0232
40-49 2 17 Ref Ref

Marital status Single 259 132 226 (1.05,4.95)* 204(0.77,5.41) 0.151
Married 145 7 239.(1.08,5.30)* 2,18 (080, 5.90) 0126
Others 13 15 Ref Ref

Educational status Have no formal education 16 13 249 (1.83,2.75) 250(1.01, 2.83)** 0035
Elementary school 182 9 157 (113,317)* 157 (0.83,2.96) 0.162
Secondary school 136 84 053 (0.35, 1.66) 189 (119, 2.40)* 0042
Certificate and above 8 27 Ref Ref

Employment condition | Permanent 27 13 Ref
Temporally 390 200 1.09 (055, 2.15)

Income in USD. <3604 50 2 109 (0.48, 2.44)
36510721 313 169 093 (0.48, 1.81)
722-108.11 2% 1 1.18(0.46,3.07)
>108.11 28 14 Ref

Service year of $SIs <3 162 82 088 (0.42,18)* 162 (0.68,3.87) 0,650
46 173 10 070 (0.34,1.44)* 1.06(0.455, 2.46) 089
79 55 13 186 (0.76, 4.67)* 266 (0.94,7.45) 0.064
210 27 12 Ref Ref

Service year of <3 314 152 117 (058, 2:37)

employee 46 80 52 0.87 (041, 1.87)
79 2 13 Ref.

PPE Inadequate 207 400 Ref
Adequate 12 15 155 (1.51,357)* 28(1.90,4.26)%* 0,002

Had training on OHS?  Yes 14 31 Ref Ref
No 203 386 1164 (1.6, 224)* 14(1353.22)% 0042

Obsoleted materials Properly secured 36 15 078 (042,147)
Not properly secured 381 202 Ref

Chewa khat Yes 106 204 235 (1.03,5.34)* 171 (0.6, 4.43) 0271
No 1 13 Ref Ref

Smoke cigarette Yes 141 70 093 (0:66, 1.32)
No 276 147 Ref

Drink alcohol Yes 23 120 0,636 (0,64, 1.23)* 085 (0.56,1.31) 0471
No 174 97 Ref Ref

Use rotatory machine | Yes 295 147 Ref
No 122 70 087 (061,124)

Adequate space Yes 293 197 Ref Ref
No 124 2 417 (251,691)* 46/(2:62,7.51)% 0.000

Working hour (daily) | <8h n 29 Ref Ref
>8h 406 188 569 (278, 1164)* 456 (2:88,9.4)% 0.000

Adequate light Yes 335 181 Ref Ref
No 82 36 081(0.53,1.25)* 09(0.65,1.45) 0346

OHS, occupational health and safety; PPE, personal protective equipment; SSI, small-scale industry; USD, United States dollar; one USD = 55.5 Ethiopian Birr. *p value of < 0.25.
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3151 small-scale industry
(SSI) workers

Stratification

305 workers 416 workers in 2034 workers in 377 workers in concrete
wood working Metal work SSI construction industry || workicouple stone,

Proportional allocation

N=62
‘workers

N=85
‘workers

N=413 N=79
‘workers ‘workers

Simple random
sampling
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Frequency

350
300
250
200
150

349 (34.11%)

Hand

298 (29.13%)

Leg

273(26.69%)

32(3.13%) 20254%) 9305 9504y 22(2,15%)
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Variables  Categories Frequency ~Percent

(n = 634)

Typesof$SIs Concrete & 95
Construction 210 331
Metalwork 189 298
Woodwork 175 276
Gender Male 534 812
Female 100 158
Ageinyears  18-29 375 59.1
30-39 219 345
40-49 0 630
Marital status | Single 391 617
Married 215 39
Widowed and divorced 28 440
Educational  Have no formal education 2 460
status Elementary school 275 434
Secondary school 20 347
Diploma and above 1o 174
Employment  Permanent W0 63
condition Temporally 504 97
Working hours | <8h 0 63
>8h 594 97
Income(ln | <=36.04 7 s
Usb) 36510721 482 760
722-108.11 37 58
>108.11 2 66
Service yearof | <=3 21 385
sst 46 283 446
7-9 68 107
>=10 39 62
Service yearof | <3 466 75
employee 46 132 208
7-9 36 57

ETB, Ethiopian Birr; SD, Stand and Deviation; USD, United States Dollar; one USD
Ethiopian Birr.
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