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Evaluating Safety Training's Role in Reducing Construction Accidents:
Poisson and Weibull Model Analysis
insaat Kazalarinin Azaltilmasinda Giivenlik Egitiminin Rolliniin Degerlendirilmesi:
Poisson ve Weibull Model Analizi

Aydin OGUZ "/ Osman HANSU

ABSTRACT

This study examines how safety training affects both the frequency of workplace accidents and the duration of acci-
dent-free intervals in high-risk construction settings. Based on a 36-month dataset from six major firms, workers
were divided into four groups according to training type: specialized, general, informal, or none. Using a combined
methodological approach—Poisson regression, multivariate Poisson modeling, and Weibull survival analysis—the
study quantifies the impact of training on both the likelihood and timing of accidents. Specialized training was asso-
ciated with up to a 50% reduction in accident frequency and nearly doubled the length of safe intervals (k < 1), par-
ticularly in high-rise construction projects. General training showed moderate effects, while informal or absent trai-
ning had minimal impact, with hazard rates remaining stable or rising. Drawing on Heinrich’s Safety Pyramid and
Reason’s Swiss Cheese Model, and validated through AIC, BIC, and likelihood ratio tests, the findings suggest that
structured safety programs lead to meaningful, lasting behavioral change. The study advocates for task-specific,
technology-enhanced training—such as virtual reality and wearables—as essential components of modern safety
strategies in complex construction environments.
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OZET

Bu calisma, giivenlik egitiminin yiiksek riskli insaat ortamlarinda is kazalarinin sikhig1 ve kazasiz gegen siireler
uizerindeki etkisini incelemektedir. Alt1 biiyiik insaat firmasindan 36 aylik bir veri setine dayanarak, isciler aldiklari
egitim tiiriine gore dort gruba ayrilmistir: uzmanlasmis, genel, gayri resmi ve hi¢ egitim almayanlar. Poisson re-
gresyonu, ¢ok degiskenli Poisson modellemesi ve Weibull sagkalim analizi gibi birlesik bir metodolojik yaklasim
kullanilarak, egitimin kazalarin olasilifl ve zamanlamasi iizerindeki etkisi nicel olarak degerlendirilmistir. Uz-
manlasmis egitim, 6zellikle ytliksek katli insaat projelerinde olmak tlizere, kaza sikliginda %50’ye varan bir azalma ve
kazasiz gecen siirelerde neredeyse iki kat artis (k < 1) ile iliskilendirilmistir. Genel egitim orta diizeyde fayda
saglarken, gayri resmi veya hi¢ egitim almayan gruplarda anlaml bir iyilesme gézlenmemis; bu gruplarda tehlike
oranlari sabit kalmis ya da artmustir. Heinrich’in Giivenlik Piramidi ve Reason’in Isvicre Peyniri Modeli gibi dav-
ranigsal giivenlik kuramlarina dayanan ve AIC, BIC ve olabilirlik oram testleriyle dogrulanan bulgular,
yapilandirilmis giivenlik programlarinin anlamli ve kalici davranis degisiklikleri sagladigini gostermektedir.
Calisma, gorev odakli ve teknoloji destekli egitimlerin—ornegin sanal gerceklik uygulamalar ve giyilebilir giivenlik
sistemleri—karmasik insaat ortamlarinda modern giivenlik stratejilerinin vazgecilmez bir parcasi olmasi gerek-
tigini savunmaktadir.

Anahtar Kelimeler: insaat Glvenligi, Giivenlik Egitimi, Kaza Azaltma, [statistiksel Modelleme, Sagkalim Analizi.
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I. INTRODUCTION

The construction industry is consistently recognized as
one of the most hazardous occupational sectors globally,
accounting for a significant portion of workplace fatalities
annually. According to the International Labour Organiza-
tion (ILO), at least 108,000 workers are killed on const-
ruction sites every year, representing about 30% of all oc-
cupational fatal injuries [1]. Despite advances in techno-
logy and workplace safety standards, the high prevalence of
accidents highlights the persistent risks inherent to const-
ruction activities, such as working at heights, heavy machi-
nery operations, and environmental hazards. Effective sa-
fety training programs have been identified as a cornersto-
ne strategy for mitigating these risks by addressing human
error, enhancing hazard awareness, and fostering safer
work practices [2]. However, there remains a paucity of
quantitative assessments that comprehensively evaluate the
impact of these programs on two critical dimensions: acci-
dent frequency and accident-free intervals, both of which
are essential indicators of sustained improvements in safety

outcomes.
A. Theoretical Context and Research Gap

Existing research has primarily focused on the relati-
onship between safety training and accident frequency,
often using traditional count-based models to demonstrate
significant reductions in accident rates across various sec-
tors [3]. However, a growing body of evidence underscores
the need to examine accident-free intervals—the time elap-
sed between consecutive accidents—as a complementary
metric to assess long-term behavioral changes and the deve-
lopment of a proactive safety culture [4]. However, these
studies often treat training groups as homogeneous or over-
look real-world variations in group composition and task-

specific risk exposure, limiting the generalizability of their
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conclusions. Behavioral safety theories, including Hein-
rich’s Safety Pyramid and Reason’s Swiss Cheese Model,
emphasize that while reducing the frequency and severity
of accidents is critical, sustained safety improvements requ-
ire addressing latent organizational weaknesses and foste-

ring durable changes in worker behavior [4].

To date, few studies have applied robust statistical met-
hodologies capable of simultaneously evaluating accident
frequency and accident-free intervals. Research employing
survival analysis, such as Weibull hazard models, is particu-
larly scarce in construction safety studies, despite their pro-
ven utility in modeling time-to-event outcomes in other
high-risk industries [5]. Additionally, previous studies have
often failed to account for variations in training effective-
ness across different worker groups and project types, limi-
ting the generalizability of their findings [1]. This study
aims to address these gaps by leveraging advanced statistical
tools, including Poisson, multivariate Poisson, and Weibull
models, to offer a more nuanced and comprehensive evalu-
ation of safety training interventions. However, due to the
observational nature of the data and the non-random as-
signment of workers to training groups based on their job
roles and tasks, this study emphasizes within-group compa-

risons rather than inter-group causal inference.
B. Objective and Research Significance

This study contributes to the field of construction sa-
fety by providing empirical evidence on the dual impact of
safety training on accident frequency and accidentfree
intervals. Using data collected over 36 months from six
major construction companies engaged in high-risk pro-
jects—including high-rise, industrial, and infrastructure
projects—this research offers actionable insights into the
efficacy of tailored safety programs for specific worker gro-

ups (Groups A, B, C, and D). By employing advanced
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statistical models, the study captures the dynamic interplay
between safety interventions, project complexity, and wor-
ker behavior. It is important to note that the study does
not assume equivalence among groups at baseline; instead,
it focuses on evaluating how accident patterns change over
time within each group, accounting for role-specific risks

and training types.

Moreover, this research builds upon recent advances in
construction safety evaluation that emphasize the integra-
tion of survival analysis to assess the temporal effects of
safety interventions. Notably, Wu et al. [6] introduced a
joint modeling framework that simultaneously considers
crash counts and time intervals between events to improve
accuracy in safety effectiveness estimation. Similarly, Xie et
al. [7] proposed a Bayesian survival model that effectively
accounts for longitudinal and censored crash data in before
—after safety assessments. These studies establish a founda-
tion for evaluating how safety interventions evolve over
time, reinforcing the value of temporal modeling in safety
research. By incorporating practical case studies and con-
textualizing findings within established safety frameworks,
such as Heinrich’s Safety Pyramid [8] and Reason’s Swiss
Cheese Model [4], this study provides a more holistic un-
derstanding of how tailored safety programs can reduce
accident rates and extend accident-free intervals, thereby

fostering long-term safety culture improvements.
C. Objective and Research Significance

The findings of this study have significant implications
for both academic research and industry practice. From an
academic perspective, the integration of advanced statistical
models into safety research advances the methodological
rigor of the field and sets a precedent for future studies to
adopt more sophisticated approaches [9]. From a practical

standpoint, the results can inform policymakers and in-

dustry stakeholders about the value of investing in speciali-
zed safety training programs, particularly for high-risk en-
vironments like high-rise construction, where the consequ-
ences of accidents are severe [10]. Furthermore, this rese-
arch underscores the need for project-specific safety inter-
ventions that address the unique risks and challenges asso-

ciated with different construction activities.

In conclusion, this study bridges critical gaps in the
literature by combining accident frequency reduction and
accident interval extension analysis through advanced sta-
tistical modeling. It lays the groundwork for a more nuan-
ced understanding of how safety training can be optimized
to foster sustained safety improvements in the construction

industry and beyond.

II. LITERATURE REVIEW

The construction industry is a high-risk sector that has
been the focus of extensive research on safety interventions,
particularly regarding their role in reducing accident frequ-
ency. Numerous studies highlight the effectiveness of safety
training programs and the establishment of a strong safety
climate as critical components in mitigating risks. For
example, Anireddy [11] conducted an in-depth evaluation
of various safety training methods—including classroom
instruction, on-the-job training, and virtual reality-based
simulations—and found that tailored interventions signifi-
cantly improved hazard recognition, worker behavior, and
overall accident prevention in high-risk construction envi-

ronments.

Other studies have emphasized the importance of in-
tegrating leadership and behavioral approaches to safety
management. Wang et al. [12] explored the role of supervi-
sor leadership in influencing construction worker safety
behavior. Their research emphasized the importance of

fostering a strong safety climate through effective leaders-
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hip, advocating for a cultural shift that prioritizes long-
term safety improvements alongside immediate accident

reduction.

While the reduction of accident frequency has been
well-documented, existing research has often overlooked
the equally critical dimension of accident-free intervals—
the time between consecutive accidents. This measure pro-
vides a more nuanced understanding of safety improve-
ments, as it reflects the sustainability of interventions over
time. Tixier and Hallowell [13] employed machine lear-
ning models trained on shared accident datasets to predict
construction injuries, demonstrating that specialized safety
training programs significantly extended accident-free in-

tervals, particularly in high-risk environments.

Survival analysis methods, such as Weibull and Kaplan-
Meier models, have been highlighted in the literature as
valuable tools for evaluating the temporal dynamics of
safety interventions. However, it is important to note that
Kaplan-Meier models are best suited for single-event time-
to-failure scenarios. In contexts involving repeated accident
events, such as those in construction, alternative approac-
hes like the Weibull distribution offer a more accurate
reflection of the data’s temporal dynamics. Tixier et al.
[14] introduced a novel methodology to compute const-
ruction safety risk at a situational level, providing critical
insights into the effectiveness of training over time, especi-

ally in dynamic construction environments.

Behavioral safety frameworks provide a theoretical fo-
undation for understanding the impact of interventions on
both accident frequency and accident intervals. Heinrich’s
Safety Pyramid [8] underscores the importance of addres-
sing both the frequency and severity of incidents to foster a
culture of safety. Reason’s Swiss Cheese Model [4] comple-

ments this perspective by illustrating how safety barriers,
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including training, can mitigate both latent conditions and
active failures that lead to accidents. These frameworks
highlight the importance of evaluating safety interventions
holistically, considering both immediate and sustained

improvements in safety outcomes.

Despite these advances, most studies have relied on
single-dimensional metrics such as accident counts, which
may not fully capture the long-term impact of safety inter-
ventions. Moreover, many previous studies implicitly assu-
me that training groups are comparable, overlooking varia-
tions in task complexity, role-based exposure, and training
content — all of which can confound outcome interpreta-
tions. For instance, while Kumar et al. [15] successfully
demonstrated accident reductions using statistical analyses,
their study did not extend to evaluating the persistence of
safety improvements over time. In contrast, the inclusion
of time-to-event analysis in Tixier and Hallowell [13] pro-
vided a more robust evaluation of safety interventions,
showcasing the potential for advanced statistical methods

to enhance understanding of training efficacy.

The integration of advanced statistical models, inclu-
ding multivariate Poisson and Weibull distributions, repre-
sents a significant methodological advancement in safety
research. These models allow for the simultaneous evalua-
tion of multiple factors, such as worker groups, project
types, and environmental conditions, while controlling for
confounding variables. This enables a more detailed assess-
ment of the contextual factors influencing accident rates.
Meanwhile, Weibull survival analysis provides insights into
the sustainability of safety interventions by modeling the
likelihood of accidents over time, capturing both short

term and long-term effects.

This study builds on the work of Tixier and Hallowell

[13] by integrating advanced statistical models to assess the
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dual impact of safety training on accident frequency and
accident intervals. By combining these approaches, the
research provides a more comprehensive evaluation of sa-
fety interventions, addressing critical gaps in the literature
and offering actionable insights for both academics and
practitioners. The findings have significant implications for
designing tailored safety programs that not only reduce
accidents but also foster sustained safety culture improve-

ments across diverse construction environments.

III. METHODOLOGY

A. Data Collection

Data for this study were collected from six major const-
ruction companies operating across diverse large-scale pro-
jects over a 36-month period (2019-2023). These compa-
nies were selected for their involvement in high-risk const-
ruction activities, including high-rise building construc-
tion, industrial development, and infrastructure projects.
The diversity of these projects ensures the dataset captures
a wide range of operational complexities and risk profiles,
enhancing the study’s generalizability to different construc-

tion environments.

To systematically evaluate the impact of safety training,
workers were categorized into four distinct groups based

on the type and specificity of training received:

e  Group A: Workers participated in specialized safety
training programs tailored to their roles, covering
advanced topics such as fall prevention, equipment
handling, and site-specific risk mitigation strategies

[16].

e Group B: Workers underwent basic general safety
training, which focused on fundamental hazard
identification and the proper use of personal pro-

tective equipment (PPE) [17].

e Group C: Workers received informal, on-the-job
safety briefings that lacked structured content or

formal evaluation mechanisms [18].

e Group D: Workers did not receive any formal sa-

fety training during the observation period [19].

The selection of these groups was informed by the need
to represent varying levels of safety preparedness, enabling
a robust comparison of training effectiveness across diverse
worker cohorts. These groupings align with previous rese-
arch emphasizing the stratification of safety training inter-

ventions to better assess their impact [20].

Importantly, group allocation was not randomized.
Workers were assigned based on their existing roles and
project demands, which naturally introduced structural
differences in exposure, experience, and training needs. As
a result, the analysis emphasizes within-group trends (pre-
vs. post-training) rather than inter-group causal compari-

sons.

Demographic details, including workers’ average expe-
rience levels, roles, and prior safety training history, were
incorporated to contextualize the findings. Workers in
Group A, for example, were typically those engaged in
high-risk activities such as working at heights or operating
heavy machinery, necessitating specialized training. By
contrast, Groups C and D included less experienced or
transient workers whose limited or absent training reflects

a common scenario in many construction settings [21].

This distinction in job roles and experience levels indi-
cates a strong selection bias between groups, meaning com-
parisons between them must be interpreted with caution

and not assumed to be causal.

To enhance clarity, Table 1 presents key demographic

characteristics for each group, including average experience
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levels, typical job roles, and training formats. This con-
textual information highlights how baseline characteristics
varied among groups, which is essential for interpreting
within-group changes over time. These differences unders-
core the presence of selection bias, and inter-group compa-

risons should not be interpreted as causal.

safety interventions, integrating both quantitative metrics

and practical observations [12].

The worker groups and project types were further cha-
racterized as shown in Table 2, which summarizes pre- and

post-training accident rates by group and project type: :

Table 1: Demographic Characteristics and Training Formats by Worker Group

Group Avg. Experience (Years) Typical Job Roles Training Delivery Format

A 5.4 Height workers, crane operators Classroom + on-site drills

B 3.8 General labor, equipment handlers Safety briefings + monthly workshops
C 2.1 Helpers, part-time staff Informal talks, unstructured sessions
D 13 New/inexperienced hires None

The dataset included the following variables:

1. Accident Frequency: The number of accidents per
month for each group, measured to capture imme-

diate training effects.

2. Accident Severity: Categorized into minor, modera-
te, or severe using established classification fra-
meworks. Inter-rater reliability checks were perfor-
med to ensure consistent categorization across data
coders, achieving a Cohen’s kappa coeflicient of

0.85, which indicates high agreement [14].

3. Time Intervals Between Accidents: Measured in
days to assess the sustainability of safety improve-
ments. This metric reflects the longevity of training
effectiveness, an area often overlooked in traditional

accident frequency studies [9].

Additionally, case studies were conducted on selected
high-risk construction sites, where training interventions
were implemented and closely monitored. Following best
practices in safety management research, these case studies
provided qualitative insights into the contextual factors
influencing training outcomes, such as leadership involve-
ment and organizational safety culture. This mixed-

methods approach ensured a comprehensive evaluation of
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Table 2: Worker Group and Project Type Summary [17]

~[19]
Group Training Project Pre- Post-
Type Type Training Training
Accident Accident
Rate Rate
A Specialized High-rise 8.2 4.1
(Fall preven-
tion, etc.)
B Basic General Infrastruc- 7.6 5.0
Training ture
C On-the-Job Industrial 8.1 7.8
Briefings
D No Formal Mixed (all 7.9 7.7
Training types)

The results reveal substantial variations in accident re-
duction effectiveness across training types and project envi-
ronments. Specialized training in Group A yielded the
most significant reduction in accident rates, particularly in
high-rise construction projects where the risks are inhe-
rently higher. These findings align with previous studies
reporting that targeted safety programs—which include
hazard-specific content, immersive simulations, and perso-
nalized training—achieve greater reductions in accident
rates in high-risk construction environments compared to

generic interventions [22].

By incorporating detailed demographic data, robust

accident severity classifications, and contextual observa-
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tions from case studies, this data collection framework
provides a solid foundation for evaluating the dual impact
of safety training on accident frequency and accident inter-
vals. It also enhances the study’s external validity by reflec-
ting real-world variability in worker preparedness and pro-

ject complexity.
B. Statistical Models

This study employed three advanced statistical models
to evaluate the impact of safety training on both accident

frequency and time intervals between accidents.
i. Poisson Distribution

The Poisson distribution is a widely utilized statistical
model for analyzing count data, especially for events such
as workplace accidents that occur independently and are
relatively rare. Its applicability to construction safety lies in
its ability to model accident counts where the probability
of occurrence within a fixed time period is proportional to
the average event rate. In this context, the Poisson model
assumes that the number of accidents follows a Poisson
process, characterized by event independence and a cons-

tant average accident rate over time [23].

This study employs the Poisson distribution to evaluate
the effectiveness of safety training interventions by compa-
ring pre- and post-training accident rates within each wor-
ker group, rather than making direct comparisons across
different groups (A, B, C, D) and project types (high-rise,
industrial, and infrastructure). The model provides a quan-
titative framework to assess changes in accident frequency,
offering valuable insights into the immediate impact of
safety programs. This approach aligns with prior research,
such as that by Chang et al. [24], which demonstrated the
value of Poisson regression integrated with stratified analy-
sis for evaluating the effectiveness of safety interventions,

particularly in construction steel fabrication projects invol-

ving various worker characteristics and safety measures.

The Poisson probability function is expressed as fol-

lows:

-dqx
Pr=n) =2 M)

X

Where:

e P(X=x): Probabssty of observéng exactly x accgdents $n

a specified time period.

e J: Average number of accidents expected to occur in
the same period (accident rate). In this study, A is
calculated for each worker group (A, B, C, D) and
project type (high-rise, industrial, infrastructure)

before and after safety training.

e x: Observed number of accsdents.

-4
e o1 .
o : Represents the probability that no accidents

will occur when the expected accident rate is 4,

decreasing as the rate increase

o 4. Reflects the likelihood of observing accidents,

given the expected rate A.

x! .
. : The factorial term accounts for the number of
possible ways x accidents can occur, ensuring pro-

per normalization of the probability distribution.
a. Model Assumptions and Applicability
The Poisson model relies on two primary assumptions:

1. Event Independence: The occurrence of one acci-

dent does not influence the likelihood of another.

2. Constant Event Rate: The average accident rate A

remains steady over the observed time period.

While these assumptions are reasonable for construc-

tion accident data, deviations may occur in real-world sce-
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narios due to external factors such as seasonal variations,
shifts in workforce behavior, or changes in project timeli-
nes [25]. Despite potential limitations, the Poisson distri-
bution remains a robust tool for assessing discrete event
data, particularly when supplemented by additional statisti-

cal analyses or contextual insights.

By providing a clear and systematic framework for acci-
dent rate evaluation, the Poisson distribution facilitates a
deeper understanding of the effectiveness of safety inter-
ventions. The results of this analysis inform data-driven
recommendations for optimizing safety training programs

across varying construction environments.
ii. Multivariate Poisson Model

The Multivariate Poisson model was employed to
analyze how accident rates vary across different project
types (high-rise, industrial, and infrastructure) and worker
groups (A, B, C, D). This model extends the standard Pois-
son framework by accommodating multiple interacting
factors, such as project complexity, worker experience, and
safety climate. By considering these variables simultaneo-
usly, the model provides a comprehensive understanding of
the contextual dynamics influencing accident likelihood.
Its ability to control for confounding variables, such as
workforce size or project-specific hazards, makes it particu-
larly suitable for complex construction environments [26],

[27].

In this study, the Multivariate Poisson model facilitated
the evaluation of how tailored safety training programs
impacted accident rates across diverse worker groups and
project types. This method ensured that variations in envi-
ronmental risks, training specificity, and operational chal-
lenges were accounted for, enabling more precise conclusi-

ons about the effectiveness of safety interventions.

a. Formula and Explanation of Parameters
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The joint probability of observing specific accident

counts for different groups or project types is expressed as:

g—.ll:ﬂl_'i
PO, =xp X = xp Xy = xp) = HT' (2)

Where:

(] P{:Xl =x,0 =xg,..,4, = .'X-'”:l : The joint pro-
bability of observing the exact X1,X2,.., %y ac-

cident counts across all groups or project types.

Aq . .

e " : The expected accident rate for the project type
or worker group. This parameter reflects the mean
number of accidents anticipated in a given environ-

ment, such as high-rise construction.

-4
e © . : Represents the probability of no accidents

occurring when the expected 4; rate is The term

decreases as A; increases.

&

e "% :Indicates the likelihood of observing *i acdi-
dents, based on the expected rate 3,
i
o i Adjusts the probability to account for the

number of ways accidents can occur, ensuring

the distribution is normalized.
b. Strengths and Applicability

The Multivariate Poisson model offers several advanta-

ges in the construction safety context:

1. Captures Real-World Complexity: Construction
environments often involve overlapping risk factors,
such as varying levels of training and project comp-
lexity. The multivariate approach allows these inter-
dependencies to be evaluated concurrently, provi-

ding a more accurate representation of accident
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dynamics [28],[29].

2. Controls for Confounders: By incorporating mul-
tiple predictors, such as worker experience or pro-
ject size, the model minimizes biases that might
otherwise distort the evaluation of training effecti-

veness [27].

3. Enhances Analytical Precision: The ability to simul-
taneously analyze accident rates across multiple
dimensions—such as worker roles, task types, and
safety interventions—enables more nuanced, data-
driven insights, avoiding the oversimplifications

common in single-factor models [30].
c. Model Assumptions and Limitations

While the Multivariate Poisson model is highly flexible,

it relies on key assumptions:

e Independence of Accident Events: Accidents within
a group or project type are assumed to occur inde-
pendently. However, in practice, external factors
such as weather or resource shortages might intro-

duce dependencies.

e Constant Rate for Each Group or Project Type:
The expected accident rate () is assumed to remain
stable within a given group or project type, potenti-
ally oversimplifying dynamic conditions such as

workforce turnover or safety culture evolution.

To address these limitations, the study contextualized
findings with qualitative insights from case studies and
supplemented quantitative results with alternative statisti-
cal approaches, such as Weibull modeling, to capture tem-

poral variations in accident risk [26].
d. Real-World Implications

The application of the Multivariate Poisson model in

this study demonstrated its ability to uncover critical varia-
tions in training effectiveness across project types and wor-
ker groups. For example, high-risk environments like high-
rise construction were found to benefit disproportionately
from specialized training (Group A), reinforcing the need
for tailored interventions in complex settings. By quantif-
ying the impact of these variations, the model provides
actionable insights for optimizing safety training programs

and allocating resources effectively.
iii. Weibull Distribution for Time-to-event Analysis

The Weibull distribution was employed in this study to
model time intervals between accidents, offering a flexible
approach to survival analysis and reliability engineering.
Unlike the exponential distribution, which assumes a cons-
tant hazard rate, the Weibull distribution can accommoda-
te both increasing and decreasing hazard rates, making it
particularly suitable for analyzing dynamic changes in acci-
dent risks. This feature allows for a more nuanced unders-
tanding of how safety training effectiveness evolves over
time as workers either reinforce or deviate from safety pro-

tocols [23].

By applying the Weibull model, this study sought to
evaluate the sustainability of safety interventions across
worker groups (A, B, C, D). Specifically, the model captu-
res how time-to-accident patterns vary depending on the
type and specificity of safety training provided. Groups
receiving comprehensive training (e.g., Group A) were
hypothesized to exhibit longer accidentfree intervals,
reflecting sustained improvements in adherence to safety

practices.
a. Weibull Probability Density Function

The Weibull probability density function is given by.

ro =5() G)
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Where:

f(t)

: The likelihood of an accident occurring at a

specific time 7 after training.

e /:5 e shape parameter, whech determsnes the trend of

the hazard rate:

O k<I: Decreasing hazard rate, sndsatsng a re-
duced likelihood of accidents over time, as
expected for worker groups with effective

training (e.g., Group A).

O k=1: Constant hazard rate, ssmgar to the as-
sumption of the exponential distribution,
indicating no change in accident likelihood

over time.

O k>I: Increassng hazard rate, suggestsng a
growing risk of accidents as time progresses,
typically observed in groups with minimal or

no training (e.g., Groups C and D).

e J: The scale parameter, representing the average
time interval between accidents. A larger A indicates
longer accident-free periods, while a smaller A sug-

gests shorter intervals.

e 15 etsme varsable, measurgng how far snto the obser-

vation period the event occurs.
b. Model Assumptions and Strengths

The Weibull distribution assumes that the time-to-
event data are non-negative and that the hazard rate varies
according to the shape parameter £. Its flexibility allows it
to describe a wide range of hazard rate behaviors, including
both improvement and deterioration in accident risk over
time. This adaptability is particularly valuable for construc-
tion safety studies, where the effects of training may evolve

depending on reinforcement mechanisms or environmental
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changes [31], [32].

The model also provides insights into the temporal
dynamics of safety training. For example, a decreasing ha-
zard rate (k<I) in Group A suggests that specialized trai-
ning fosters lasting behavioral changes, reducing the likeli-
hood of accidents over time. Conversely, an increasing
hazard rate (k>1) in Group D reflects the compounding

risks associated with the absence of formal training [23].

Unlike Kaplan-Meier analysis, which is most appropri-
ate for single-event survival outcomes, the Weibull model
can accommodate repeated accident events over time. This
makes it more suitable for modeling accidentfree intervals
in construction settings, where workers may experience

multiple incidents during long observation periods.
c. Validation and Goodness-of-Fit Tests

To ensure the reliability of the Weibull model, good-
ness-of-fit tests were applied, including the Akaike Infor-
mation Criterion (AIC). AIC is particularly well-suited for
time-to-event models, as it balances model complexity with
accuracy. Lower AIC values indicate a better fit, enabling
the selection of the most appropriate model for analyzing
accident intervals [23]. Alternative criteria, such as the
Bayesian Information Criterion (BIC), were also conside-

red, but AIC was prioritized for its ability to accommodate

the nuances of survival data [32].
d. Applications in the Study

The Weibull distribution was applied to time-to-

accident data across worker groups. For example:

e Group A: Specialized safety training led to a decrea-
sing hazard rate (k<1), reflecting sustained safety

improvements.

e Group B: Basic training resulted in moderately
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extended accident-free intervals, with a hazard rate

closer to constant (k=1).

¢ Groups C and D: Minimal or no training was asso-
ciated with increasing hazard rates (k#>1), suggesting

a growing risk of accidents over time.

These findings highlight the critical role of tailored
training programs in achieving not only immediate reduc-
tions in accident frequency but also sustained improve-

ments in safety culture.
e. Practical Implications

The ability of the Weibull distribution to capture dyna-
mic risk patterns underscores its utility for evaluating long-
term training effectiveness. Insights derived from this mo-
del can inform the design of targeted safety programs that
prioritize sustained accident prevention. For example, imp-
lementing periodic refresher training for Groups B and C
could help maintain adherence to safety protocols and

mitigate the observed rise in hazard rates over time.
C. Model Validation and Statistical Tests

The validation of statistical models plays a crucial role
in ensuring the accuracy and reliability of findings. This
study employed a combination of statistical tests, including
likelihood ratio tests, Akaike Information Criterion (AIC),
and Bayesian Information Criterion (BIC), to evaluate

model performance.

Likelihood ratio tests were used to assess the significan-
ce of model improvements by comparing nested models.
For instance, the Poisson model for Group A showed a
statistically significant result (p <0.01), indicating its effecti-
veness in capturing changes in accident frequency before
and after training interventions. The Weibull model de-
monstrated strong performance in analyzing time-to-

accident data, as evidenced by its AIC and likelihood ratio

test results [33].

Goodness-of-fit metrics such as AIC and BIC were
used to further validate the models. The AIC, which balan-
ces model fit and complexity, highlighted the robustness of
the Poisson model for Group A (AIC = 512.4) and the
Weibull model (AIC = 945.3). BIC, which imposes a stric-
ter penalty for complexity, confirmed these findings, rein-
forcing the suitability of these models for evaluating safety
interventions. The multivariate Poisson model, designed to
account for multiple interacting factors such as project type
and worker group, achieved an AIC of 1032.5 and a BIC
of 1045.7, demonstrating its capacity to provide nuanced

insights into accident rates across diverse construction en-

vironments.
Table 3: Model Validation Results

Model AIC Value BIC Value Likelihood
Ratio Test (p-
value)

Poisson Model 512.4 518.9 <0.01

(Group A)

Multivariate 1032.5 1045.7 <0.05

Poisson Model

Weibull Model 945.3 953.6 <0.01

(Group A)

The results of these validation efforts are summarized in

Table 3, which compares the models across key metrics:

To provide an overview of the research process, Figure
1 presents a flowchart summarizing the methodology. The
diagram illustrates the sequence of steps, starting from data
collection across six construction companies over 36
months, followed by the application of Poisson and We-
ibull models to analyze accident frequencies and intervals,

concluding with statistical validation.

In addition to quantitative validation, case studies offe-
red practical context and insights. For example, one high-
rise construction project that implemented specialized trai-
ning (Group A) reported a 50% reduction in accident ra-

tes. The training involved fall prevention workshops and
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hands-on equipment handling simulations, tailored to the
specific challenges of high-rise construction. Worker feed-
back highlighted improvements in hazard awareness and

adherence to safety protocols.

Figure 1: Methodology Flowchart

*Data Collection (36 months, 6 companies)
‘ *Group Categorization (A, B, C, D training Ievels)]
v *Poisson Model (accident frequancy) ]
v *Weibull Model (accident interval) ]
‘ *Model Validation (AIC, BIC, Likelihood Tests) ]

Another case involved an industrial project with Group
C, where reliance on informal safety briefings led to negli-
gible improvements in accident rates. Observations revea-
led inconsistencies in the delivery of safety messages, often
due to a lack of structure and reinforcement mechanisms.
These findings highlight the limitations of unstructured
training and the need for comprehensive and consistent

safety interventions.

By combining robust statistical validation with practi-
cal insights from case studies, this study demonstrates the
effectiveness of specialized safety training in reducing acci-
dent frequency and extending accident-free intervals. The
integration of Poisson and Weibull models provides a
comprehensive framework for evaluating safety interventi-

ons in high-risk construction environments.

IV. RESULTS AND DISCUSSION

This section presents the analysis of the impact of safety
training on accident frequency and accident-free intervals
using Poisson, multivariate Poisson, and Weibull models.
The findings provide valuable insights into how different
worker groups and project types respond to varying levels

of safety training.
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A. Poisson Model: Accident Frequency Analysis

The Poisson model revealed a significant reduction in
accident frequency within worker groups before and after
training following the implementation of safety training
programs. Among the groups, workers in Group A, who
received specialized training tailored to specific hazards
such as fall prevention and equipment handling, exhibited
the most notable improvement. Their accident rate decrea-
sed from 8.2 accidents per month to 4.1 accidents per
month, a reduction of 50% (p<0.0I). This finding de-
monstrates the value of targeted, role-specific interventions
in fostering workplace safety improvements, particularly in

high-risk environments [25].

Workers in Group B, who participated in basic general
safety training that focused on hazard identification and
the use of personal protective equipment (PPE), also expe-
rienced a significant reduction in accident frequency. The
accident rate for this group declined from 7.6 accidents per
month to 5.0 accidents per month, reflecting a reduction
of 34% (p<0.05). While less substantial than the reducti-
ons observed in Group A, these results highlight the utility
of general training in mitigating workplace accidents, even

if it lacks the tailored nature of specialized programs [34].

In contrast, Groups C and D exhibited only marginal
improvements. Group C, which relied on informal, on-the
-job safety briefings, showed a minor reduction in accident
frequency from 8.1 to 7.8 accidents per month, represen-
ting a reduction of only 3.7%. Similarly, Group D, which
did not receive any formal training during the observation
period, experienced a negligible decrease in accident rates
from 7.9 to 7.7 accidents per month, amounting to a 2.5%
reduction. Both of these changes were statistically insignifi-
cant, as reflected in the overlapping confidence intervals for

pre- and post-training accident rates.
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The observed differences in accident frequency before
and after training are summarized in Table 4, which pre-
sents both the percentage reductions and corresponding
confidence intervals for each worker group. The table high-
lights the substantial and statistically significant improve-
ments achieved in Groups A and B, while the minimal and
statistically insignificant changes in Groups C and D sug-
gest limited impact from informal or absent training inter-

ventions.

Table 4: Accident frequency before and after safety train-

ing by worker group
Group Pre- Post- Reduction 95% ClI for
Training Training (%) Reduction
Accident Accident
Rate (A) Rate (A)
Group A 8.2 4.1 50% 40%—-60%
(Specialize
d Training)
Group B 7.6 5.0 34% 25%—-43%
(Basic
Training)
Group C 8.1 7.8 3.7% 0%-10%
(On-the-
Job
Briefings)
Group D 7.9 7.7 2.5% -2%—7%
(No Train-
ing)

These results provide valuable insights into the effecti-
veness of different types of safety training programs.
However, due to the non-random assignment of workers
to groups, inter-group comparisons should be interpreted
with caution. The substantial reduction in Group A de-
monstrates that specialized training tailored to specific
hazards is the most effective approach for mitigating
workplace accidents, particularly in hazardous environ-
ments such as high-rise construction. This finding aligns
with prior research by Anireddy [11], who emphasized the
critical role of task-specific and immersive training met-
hods—such as on-site simulations and virtual reality—in
reducing job-site accident rates and enhancing safety per-

formance.

The reductions observed in Group B, while less prono-
unced than in Group A, suggest that general safety training
programs can also have a positive impact, particularly when
resources or time constraints preclude the implementation
of more tailored interventions. However, the limited chan-
ges in Groups C and D underscore the limitations of infor-
mal or non-existent safety measures. In Group C, the mi-
nimal reduction in accident frequency can likely be attri-
buted to the unstructured nature of on-the-job briefings,
which often lack consistency and reinforcement. Observa-
tional data from the study revealed that safety messages
delivered informally were frequently incomplete or misalig-
ned with the specific risks workers faced, resulting in little

improvement in safety outcomes [20].

Similarly, the negligible reduction in accident rates for
Group D highlights the risks associated with the absence of
formal training. Without structured interventions, workers
in this group likely relied on pre-existing safety practices or
personal experience, which were insufficient to significantly
reduce accident risks. The overlap in confidence intervals
for pre- and post-training rates in Groups C and D sug-
gests that the observed changes are not statistically mea-
ningful. In particular, Group D’s 2.5% change was not
statistically significant (95% CI: -2% to 7%), further sup-

porting the need for structured training programs.

These findings carry important practical implications
for safety management in the construction industry. Tailo-
red safety programs, such as those implemented for Group
A, should be prioritized in high-risk environments where
the consequences of accidents are severe. For projects whe-
re resources for specialized training are limited, general
safety programs like those used for Group B may still pro-
vide meaningful reductions in accident frequency.

However, reliance on informal safety measures or the

complete absence of training, as seen in Groups C and D,
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is unlikely to yield significant improvements and may leave

workers vulnerable to preventable accidents.

In conclusion, the results of the Poisson model analysis
emphasize the importance of well-designed and rtargeted
safety interventions. Specialized training tailored to specific
risks is far more effective than general or informal measu-
res, reducing accident frequency by as much as 50%. These
findings highlight the critical role of structured safety prog-
rams in fostering safer work environments and reducing
the human and financial costs associated with workplace
accidents. It is important to note that these conclusions are
based on within-group trends, and that inter-group diffe-
rences may be influenced by pre-existing worker characte-

ristics and task assignments.

B. Multivariate Poisson Model: Accident Analysis by
Project Type

The multivariate Poisson model revealed that the effec-
tiveness of safety training programs varied significantly
across different project types, with the greatest improve-
ments observed in high-risk environments. High-rise
construction projects, which inherently involve complex
and hazardous work conditions, experienced the most
substantial reduction in accident frequency. The accident
rate for high-rise projects decreased from 9.4 accidents per
month to 3.9 accidents per month, representing a 58%
reduction (p<0.0I). Infrastructure projects also showed
notable improvements, with accident rates declining from
7.6 accidents per month to 5.2 accidents per month, reflec-
ting a 32% reduction. Industrial projects, which generally
operate in more controlled environments, exhibited a smal-
ler reduction of 19.8%, with accident rates decreasing from
8.1 to 6.5 accidents per month. These findings are presen-
ted in Table 5, which highlight the variations in training

effectiveness by project type.
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Table 5: Accident rate reductions by project type

Project Type Pre-Training Post-Training Reduction
0
Rate ( 4 ) Rate ( A ) o)
High-Rise 9.4 3.9 58%
Infrastruc- 7.6 5.2 32%
ture
Industrial 8.1 6.5 19.8%

The results underscore the importance of tailored safety
training programs in high-risk construction settings. High-
rise projects, characterized by activities such as working at
heights and managing heavy equipment, benefited the
most from specialized training interventions designed to
address these specific hazards. It should be noted that spe-
cialized training was predominantly implemented in high-
rise projects, with Group A workers primarily assigned to
this sector, reflecting a targeted deployment of advanced
safety programs rather than a randomized distribution
across sectors. This aligns with the findings of Bhandari et
al. [35] who emphasized the need for context-specific sa-
fety measures in high-risk construction environments. The
dramatic reduction in accident rates for high-rise projects
highlights the critical role of targeted interventions in miti-
gating risks associated with complex and dynamic work

conditions.

Infrastructure projects, while less hazardous than high-
rise construction, also demonstrated significant improve-
ments. The 32% reduction in accident frequency suggests
that general training programs combined with basic hazard
management strategies can effectively address risks in these
settings. However, the results for industrial projects reveal
more modest improvements, with only a 19.8% reduction
in accident rates. This may reflect the controlled nature of
industrial environments, where accidents are less influen-
ced by external factors and may instead depend on routine
safety protocols rather than additional training interventi-

ons [36].
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Further interpretation of case study observations and
modeling trends suggested that the effectiveness of training
may vary not only by project type but also by contextual
factors such as worker experience and environmental con-
ditions. For instance, the reductions observed in high-rise
projects were more pronounced among workers with grea-
ter experience, suggesting that advanced training programs
may be most effective when paired with a skilled workfor-
ce. In contrast, less experienced workers in industrial pro-
jects exhibited smaller reductions, indicating that additio-
nal measures, such as supervisor-led safety reinforcement,
may be required to improve outcomes. These findings align
with Al-Mansouri and El-Sayed [37], who noted that the
success of safety training is often influenced by workers’

baseline knowledge and the complexity of their tasks.

The observed differences between project types also
align with theoretical expectations. For high-rise projects,
where safety risks are highly variable and context-
dependent, Heinrich’s Safety Pyramid [8] and Reason’s
Swiss Cheese Model [38] provide relevant frameworks.
These models emphasize the importance of addressing la-
tent conditions and specific hazards to prevent accidents, a
principle directly reflected in the results for high-rise pro-
jects. On the other hand, the relatively modest improve-
ments in industrial projects may align with studies that
suggest controlled environments require fewer reactive
interventions and may benefit more from maintaining

strong baseline safety protocols [36].

The variability in training effectiveness across project
types suggests that a one-size-fits-all approach to safety
training is unlikely to be successful. Instead, training prog-
rams must be tailored to address the unique risks and ope-
rational challenges of each project type. For example, high-
rise construction would benefit from ongoing reinforce-

ment of fall prevention strategies and equipment handling

simulations, while industrial projects might require supple-
mental measures such as site-specific hazard assessments or
additional support for less experienced workers. Sensitivity
analyses also suggest that environmental factors, such as
weather conditions or project deadlines, may further influ-
ence the effectiveness of safety interventions, particularly in
high-rise and infrastructure projects where external condi-

tions can vary widely.

In conclusion, the multivariate Poisson model highlig-
hts the critical role of project type in determining the effec-
tiveness of safety training programs. High-rise projects,
with their inherent hazards, demonstrate the greatest po-
tential for improvement when specialized training prog-
rams are implemented. Infrastructure projects benefit from
general safety measures but require further refinement to
optimize outcomes. Industrial projects, while showing
smaller reductions, provide insights into the limitations of
training in controlled environments. These findings rein-
force the importance of context-specific safety interventi-
ons and underscore the need for ongoing evaluation and
adaptation of training programs to maximize their impact

across diverse construction settings.
C. Weibull Distribution: Time Interval Analysis

The Weibull distribution analysis provided key insights
into the time intervals between consecutive accidents,
highlighting the varying effectiveness of safety interventi-
ons across worker groups. Group A, which received specia-
lized training, experienced the most significant extension in
accident-free periods, with the average interval increasing
from 3.5 days to 7.9 days. This improvement is reflected in
the Weibull shape parameter (k=0.72, p<0.0I), indicating
a declining hazard rate over time. The declining hazard rate
implies that the likelihood of accidents decreases as wor-

kers internalize the safety protocols and gain experience in

147



Aydin OGUZ, Osman HANSU

applying the training effectively.

These findings align with Reason’s [39] Swiss Cheese
Model, which posits that layered safety measures—such as
specialized training—reduce the probability of accidents by
addressing both active failures (e.g., human error) and la-
tent conditions (e.g., organizational safety weaknesses).
Specialized training serves as a critical barrier in this fra-
mework, equipping workers with the skills and knowledge
necessary to mitigate risks and prevent accidents, even un-

der challenging conditions.

Group B, which participated in basic safety training,
also showed an improvement in accident-free intervals,
with the average time increasing from 3.7 days to 5.5 days
(k=0.85, p<0.05). Although less substantial than the imp-
rovements observed in Group A, these results suggest that
general safety training can still yield moderate benefits,

particularly in environments with lower inherent risks.

In contrast, Groups C and D, which received minimal
or no formal training, exhibited negligible changes in acci-
dent intervals. Group C’s average interval increased only
marginally, from 3.8 days to 4.0 days, while Group D
experienced a slight decrease from 3.9 days to 3.8 days.
The Weibull shape parameters for these groups (k=0.95 for
Group C and k=1.01 for Group D) indicate a constant or
increasing hazard rate over time, underscoring the ineffecti-
veness of informal or absent training in fostering sustained

safety improvements.

These results are summarized in Table 6 and visualized
in Figure 2, which illustrate the differences in accident-free

intervals and hazard rates across all worker groups.

The declining hazard rate observed for Group A is par-
ticularly noteworthy, as it highlights the long-term effecti-
veness of specialized training in fostering behavioral chan-

ges and reinforcing safety culture. A -value less than 1
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suggests that workers become progressively less likely to
experience accidents over time, reflecting the internaliza-
tion of safety protocols and the establishment of a proacti-
ve safety mindset. This finding supports the Heinrich Sa-
fety Pyramid theory, which emphasizes the importance of
addressing both high-frequency, low-severity accidents and

low-frequency, high-severity events to achieve meaningful

improvements in safety outcomes.

Table 6: Weibull distribution results for time intervals

between accidents

Group Pre-Training Post-Training Weibull
Interval Interval Shape Pa-
(days) (days) rameter (k)
Group A 3.5 7.9 0.72 (
(Specialized o< 001
’ )
Group B 3.7 5.5 0.85 (
(Basic Train- p < 0.05
ing) )
Group C (On- 3.8 4.0 0.95 (not
the-Job significant)
Group D (No 3.9 3.8 1.01 (not
Training) significant)

Figure 2: Weibull Hazard Function by Group

Weibull Hazard Function by Group
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08
206
3
o
e
5
o
04
0.2
0.0
0 2 4 6 a8 10

Days
However, the differences in k-values between Groups
A and B also underscore the importance of tailoring trai-
ning programs to the specific risks associated with different

job roles and environments. While general training prog-
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rams may provide workers with a basic understanding of
safety practices, they lack the depth and specificity needed
to address the unique challenges of high-risk settings, such

as those encountered by Group A.

The minimal improvements observed in Groups C and
D highlight the risks of relying on unstructured or non-
existent safety measures. The k-value of 1.01 for Group D
indicates an increasing hazard rate, suggesting that workers
without formal training are more likely to experience acci-
dents as time progresses. This finding is consistent with
Dekker’s [40] discussion of human error, which highlights
the role of cognitive and behavioral factors in accident
causation. Without structured training to reinforce safe
practices, workers in Groups C and D are more prone to
errors that compromise their safety, particularly in high-

risk environments.

Potential confounders, such as differing project timeli-
nes and safety reinforcements, may have also influenced
the observed time-to-accident intervals. For instance, pro-
jects with shorter durations or limited resources for post-
training support might exhibit less pronounced improve-
ments, even with well-designed training programs. Envi-
ronmental factors, such as weather conditions or workload
fluctuations, could further contribute to variations in ha-
zard rates. These considerations highlight the need for on-
going evaluation and adaptation of training programs to
account for contextual factors that influence their effective-

ness.

In conclusion, the Weibull distribution analysis provi-
des compelling evidence of the long-term benefits of speci-
alized safety training in extending accident-free intervals
and reducing hazard rates. By addressing both immediate
and latent safety risks, such programs offer a sustainable

approach to accident prevention. However, the findings

also underscore the limitations of informal or minimal
training interventions, which fail to produce meaningful
improvements and may leave workers vulnerable to pre-
ventable accidents. To maximize their impact, safety trai-
ning programs must be tailored to the specific needs of
workers and supported by consistent reinforcement measu-

res over time.
D. Discussion and Implications for Practice

The findings of this study emphasize the transformative
potential of specialized safety training in improving const-
ruction safety outcomes. The significant reductions in acci-
dent frequency and the extension of accidentfree periods
observed in Group A underscore the importance of tailored
interventions that address the unique hazards faced by
workers in high-risk environments. These results provide
actionable insights for safety management, policymaking,

and the broader discourse on occupational safety.

The success of specialized training programs, as de-
monstrated by the 50% reduction in accident frequency
and the doubling of accident-free intervals in Group A,
highlights their necessity in high-risk construction settings,
such as high-rise projects. These tailored programs address
specific hazards, such as fall risks and equipment handling,
and provide workers with the skills and knowledge to pro-
actively mitigate risks. This finding aligns with Anireddy
[11], who emphasizes that hazard-specific training is signi-
ficantly more effective than generalized safety measures in
reducing accidents in hazardous environments. The impro-
vements in Group B further illustrate the value of basic
training programs, which, while less effective than speciali-
zed interventions, still offer meaningful reductions in acci-

dents and accident-free intervals.

In contrast, the limited improvements observed in Gro-

ups C and D reflect the inadequacy of informal or absent
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training programs. Group C’s reliance on on-the-job safety
briefings yielded a negligible 3.7% reduction in accident
frequency and only a slight increase in accident-free peri-
ods. Group D, which did not receive any formal training,
exhibited no meaningful improvements. These results sug-
gest that unstructured safety measures fail to address the
complexity of risks in high-hazard construction environ-
ments. As noted by Choudhry et al. [21], informal safety
briefings are often inconsistent, lack reinforcement, and do
not effectively equip workers to navigate complex risk sce-
narios. Furthermore, Dekker’s [40] insights into human
error reveal how inadequate training can exacerbate cogni-
tive and behavioral shortcomings, leading workers to make
errors in judgment or overlook critical hazards. Cultural
factors may also play a role, as workers in environments
with weak safety cultures may undervalue informal safety

guidance, further diminishing its impact.

The multivariate Poisson model reinforces the need for
project-specific safety interventions. High-rise construction
projects, which inherently involve greater complexity and
higher risks, showed the greatest improvements, with acci-
dent frequency declining by 58%. These results are consis-
tent with Niu and Leicht [41], who highlight the impor-
tance of tailored, trade- and phase-specific safety measures
in managing the unique risks of complex construction
tasks. By contrast, industrial projects, which generally ope-
rate in more controlled environments, exhibited smaller
reductions, suggesting that project conditions and baseline
safety measures influence the effectiveness of training inter-
ventions. This variability underscores the need for safety

programs to be adaptable to the specific challenges of each
project type.
The sustainability of safety improvements observed in

this study is particularly noteworthy. The Weibull hazard

function revealed declining hazard rates in Groups A and
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B, indicating that training programs foster long-term beha-
vioral changes and contribute to sustained accident preven-
tion. These findings are consistent with Reason’s [38] Swiss
Cheese Model, which posits that layered safety barriers
reduce the likelihood of accidents by addressing both active
failures and latent organizational weaknesses. Specialized
training not only provides workers with immediate tools to
prevent accidents but also instills safety-conscious behavi-
ors that endure over time, creating a culture of proactive

risk management.

The implications of these findings extend beyond the
construction industry. In high-risk sectors such as manu-
facturing, oil and gas, and healthcare, specialized training
programs could similarly enhance safety outcomes by add-
ressing task-specific hazards and fostering long-term beha-
vioral changes. The principles underlying the success of
these interventions, such as hazard-specific content, consis-
tent reinforcement, and worker engagement, are transfe-
rable to other industries where operational risks must be
managed effectively. Future research could explore how
these findings can be adapted to the unique contexts of
non-construction sectors to promote broader improve-

ments in occupational safety.

From a policy perspective, these results provide a com-
pelling case for the widespread adoption of specialized sa-
fety training programs in high-risk industries. Construc-
tion firms, particularly those operating in hazardous envi-
ronments, should mandate structured training as part of
their safety protocols. Policymakers can play a critical role
by incentivizing compliance with such measures through
regulations, subsidies, or certification programs. For
example, introducing mandatory standards for hazard-
specific training in high-rise construction could signifi-
cantly reduce the frequency of accidents and associated

costs. Furthermore, advancements in safety technology,



Karaelmas Is Saghgr ve Giivenligi Dergisi, Cilt 9, Say1 3, 2025, ss. 133-156
Karaelmas Journal of Occupational Health and Safety, Vol. 9, No. 3, 2025, pp. 133-156

such as virtual reality (VR) simulations and wearable moni-
toring devices, should be leveraged to enhance the effecti-
veness of training programs. VR technology, in particular,
offers an immersive and engaging way to simulate high-risk
scenarios, enabling workers to practice safety protocols in a

controlled environment.

The broader societal benefits of implementing these
recommendations are considerable. Fewer workplace acci-
dents lead to reduced medical expenses, lower compensa-
tion costs, and fewer disruptions to project timelines, crea-
ting economic efficiencies for firms while improving wor-
ker well-being. Moreover, fostering a culture of safety in
high-risk industries enhances organizational resilience and
strengthens public trust, making these initiatives both a

moral and practical imperative.

In conclusion, this study highlights the critical role of
specialized safety training in reducing accidents, extending
accident-free intervals, and fostering long-term behavioral
changes in high-risk construction environments. The re-
sults underscore the importance of tailored interventions,
supported by robust policies and innovative technologies,
to achieve sustainable improvements in workplace safety.
The transferability of these principles to other high-risk
industries further underscores their value in promoting

occupational health and safety on a broader scale.

V. CONCLUSION

This study underscores the critical importance of speci-
alized safety training in reducing accident frequency and
extending accident-free periods within the construction
industry. By employing advanced statistical methods, inc-
luding Poisson, multivariate Poisson, and Weibull models
the findings robustly demonstrate the superior effectiveness
of targeted safety interventions compared to general or

informal training methods. However, it is important to

note that these findings are based on within-group trends,
and the assignment of workers to training groups was not
randomized. Therefore, inter-group comparisons should
not be interpreted as causal. These results are particularly
significant for high-risk environments, such as high-rise
construction, where tailored training programs are indis-
pensable for mitigating complex hazards and fostering long

-term safety improvements [37].

The study’s key findings reveal a 50% reduction in
accident frequency among worker groups that received
specialized training, with high-risk projects benefiting the
most—experiencing a 58% reduction in accident rates.
Additionally, the Weibull hazard analysis confirmed that
specialized training not only prevents accidents but also
extends accident-free periods, highlighting its long-term
behavioral impact. These conclusions reflect observed pat-
terns within each group and sector and are influenced by
the contextual characteristics of the workforce and work

environments.

These findings emphasize the need for mandatory
adoption of specialized training programs across high-risk
sectors of the construction industry. The integration of
advanced technological tools, such as virtual reality (VR)
simulations, wearable monitoring devices, and automated
hazard detection systems, is recommended to further en-
hance training effectiveness. VR technology, in particular,
can simulate hazardous scenarios in a controlled environ-
ment, allowing workers to practice safety protocols without
exposure to real-world risks [5]. By embedding these tech-
nologies into routine safety assessments, construction firms
can refine their interventions and continuously improve

worker safety outcomes.

The implications of this study extend beyond the const-

ruction sector. Collaboration with industry stakeholders
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and government regulatory bodies is critical to scaling the
application of these findings. For instance, policymakers
could mandate specialized training as a standard require-
ment for high-risk construction projects, supported by
subsidies or incentives to encourage compliance. Partners-
hips with industry organizations could also facilitate pilot
programs to test the effectiveness of these interventions on
a larger scale, ensuring that the lessons learned from this
research are translated into practical, widespread applicati-

ons [42].

Future research should explore additional dimensions
of safety training and its long-term impacts. First, the in-
tegration of technological advancements should be syste-
matically evaluated to determine their effectiveness in
complementing existing training programs. For example,
VR-based training methods have been found to enhance
learning outcomes and safety behavior among construction
workers [42]. Second, longitudinal studies are needed to
examine the durability of safety training’s behavioral im-
pacts, focusing on how training influences compliance over
extended periods. Such research could identify the optimal
frequency for refresher programs to sustain long-term sa-

fety improvements.

Finally, cross-cultural studies are recommended to as-
sess the implementation and effectiveness of safety training
in diverse global contexts. Construction practices and
workplace cultures vary significantly across regions, and
understanding these differences could inform the design of
more adaptable and culturally sensitive training programs.
Insights gained from such studies would contribute to the
global body of knowledge on safety management, enabling
organizations worldwide to adopt evidence-based practices

tailored to their unique needs.

In conclusion, this study offers actionable insights into
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improving construction safety outcomes through the imp-
lementation of specialized training programs. The de-
monstrated reduction in accident frequency and the exten-
sion of accident-free periods highlight the transformative
potential of these interventions. By integrating advanced
statistical tools, leveraging technological innovations, and
fostering collaborations between industry and government
stakeholders, the construction sector can achieve sustainab-
le improvements in safety culture. These findings contribu-
te to the broader field of occupational safety management,
providing a roadmap for future efforts to enhance worker

well-being and mitigate risks in high-hazard environments.

VI. RECOMMENDATIONS FOR FUTURE RESE-
ARCH

This study has provided valuable insights into the criti-
cal role of specialized safety training in improving const-
ruction safety outcomes. However, several areas warrant
further investigation to enhance the effectiveness, adaptabi-
lity, and sustainability of safety interventions. Future rese-
arch should adopt a multidimensional approach, integra-
ting advanced technologies, interdisciplinary perspectives,
and long-term evaluations to build on the findings presen-

ted here.

1. Technological Integration in Safety Interventions:
Emerging technologies, such as virtual reality (VR)
training, wearable safety devices, and machine lear-
ning algorithms, hold significant potential to revo-
lutionize construction safety programs. VR simula-
tions can provide immersive and risk-free environ-
ments where workers can practice responding to
hazardous scenarios, enhancing their readiness to
handle real-world risks. Wearable devices, such as
smart helmets and location trackers, can monitor

workers’ movements and provide real-time feed-
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back to prevent unsafe behaviors. Machine learning
and predictive analytics could be integrated with
Poisson and Weibull models to identify patterns in
accident frequency and predict high-risk periods or
areas, enabling preemptive interventions. Future
studies should evaluate the feasibility and effective-
ness of these technologies in different construction
settings, particularly in high-risk environments like

high-rise construction [42], [20].

. Long-Term Impact of Safety Training: While this
study demonstrates the immediate benefits of speci-
alized safety training, the long-term retention of
safety knowledge and behaviors remains an open
question. Longitudinal studies that track workers
over extended periods could provide valuable in-
sights into how training influences sustained comp-
liance with safety protocols. Such research could
also examine the optimal frequency and content of
refresher programs to reinforce safety behaviors.
Understanding these dynamics is essential for desig-
ning interventions that foster enduring cultural and

behavioral changes in the workforce [43].

. Cross-Cultural and Project-Specific Adaptations:
Construction practices and safety cultures vary sig-
nificantly across regions and project types. Future
studies should investigate how safety training prog-
rams can be adapted to different cultural and orga-
nizational contexts. For instance, research could
examine how varying levels of management com-
mitment, worker engagement, and regulatory fra-
meworks influence the implementation and effecti-
veness of training interventions. Additionally, cross-
project studies comparing safety outcomes in inf-
rastructure, industrial, and high-rise construction

projects would provide a deeper understanding of

the contextual factors that shape training effective-
ness. Such studies could identify best practices for
tailoring interventions to diverse environments,

thereby maximizing their impact [21].

. Human Factors and Organizational Culture in

Safety Interventions: The role of human error and
organizational culture in shaping safety outcomes
remains a critical area for further exploration. Rese-
arch should delve into how factors such as manage-
ment commitment, leadership styles, and worker
engagement influence the success of training prog-
rams. Psychological theories, such as those related
to motivation and cognitive processing, could pro-
vide insights into how workers internalize safety
practices and overcome behavioral barriers to
compliance. Additionally, organizational studies
could explore how safety culture—shaped by poli-
cies, incentives, and communication—affects trai-
ning implementation and outcomes. An interdis-
ciplinary approach combining psychology, enginee-
ring, and occupational health would be particularly

valuable in advancing this line of inquiry [43],[44].

. Interdisciplinary and Collaborative Approaches:

Advancing construction safety research requires
collaborative efforts that bridge multiple disciplines.
Combining engineering expertise with insights
from occupational health, behavioral psychology,
and data science could yield more holistic solutions.
For instance, predictive models informed by psyc-
hological and organizational data could enhance the
precision of hazard identification and intervention
design. Collaboration with industry stakeholders,
government agencies, and academic institutions
would also facilitate large-scale pilot studies to test

and refine safety training programs. Such partners-
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hips could help translate research findings into
practical guidelines and policies that benefit the

broader construction industry [43],[44].

In conclusion, future research should focus on integra-
ting advanced technologies, exploring long-term behavioral
impacts, and examining the cultural and organizational
dimensions of safety interventions. By adopting interdis-
ciplinary approaches and leveraging emerging tools, the
construction industry can continue to improve safety out-
comes, reduce accidents, and foster a culture of proactive
risk management. These efforts will not only benefit wor-
kers and employers but also contribute to the broader field
of occupational safety by providing innovative, evidence-
based solutions for managing risks in high-hazard environ-

ments.
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