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Muhamet Ahmeti®©, Besian Sinani® *

Faculty of Civil Engineering and Infrastructure, UBT-Higher Education Institution, 10000 Pristina, Republic of Kosovo

ABSTRACT

This study developed and validated a hybrid ISO 31000:2018 Kosovo-compliant risk assessment framework tailored
for construction site managers operating within transitional economies. The research employed audits of 20 ISO-certified
contractors in Pristina, Kosovo, along with field observations, interviews, and quantitative risk matrices. The findings
indicate a critical concentration of risk, with 70% of firms classified as "High" or “Very High” risk. The most prevalent
hazards identified were working at height without collective protection, unprotected electrical systems, and manual
handling of heavy materials. Regression analysis revealed that firms with a designated safety champion achieved
significantly lower risk scores, whereas those with annual project volume growth exceeding 15% experienced a
marked increase in risk. These findings highlight a significant compliance-performance gap. The study introduces the
“Transitional Economy Safety Model”. It provides evidence-based policy recommendations, such as mandating safety
leadership roles and integrating predictive safety indicators, to address this gap in Kosovo and similar contexts.
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1. Introduction

Occupational safety and health (OSH) remain an
essential element of sustainable labor systems, par-
ticularly within high-risk sectors such as construction
[5]. In the Republic of Kosovo, the construction in-
dustry has witnessed substantial growth over the
past decade, significantly contributing to the na-
tion’s GDP and employment [cite relevant source if
available] [6]. However, this economic advancement
has not been paralleled by corresponding enhance-
ments in occupational safety standards, despite the
incorporation of European Union directives into na-
tional legislation—most notably Law No. 04/L-161
on Safety and Health at Work—enforcement and
practical implementation continue to encounter sig-
nificant challenges [1]. Statistical data underscore
the urgent need to address OSH deficiencies within

Kosovo’s construction sector. As illustrated in Table 1,
the incidence rate of non-fatal injuries in construc-
tion significantly surpasses the national average for
all industries, while fatal accidents remain alarm-
ingly prevalent. In comparison, Kosovo’s injury rates
are considerably higher than those of neighboring
countries, highlighting systemic deficiencies in risk
mitigation and regulatory oversight [2].

This paper investigates the role of the site engi-
neer (civil engineer), a crucial yet highly susceptible
position within construction projects. Site engineers
are tasked with planning, coordination, and on-site
supervision, operating in environments that are dy-
namically hazardous and present a variety of complex
risks. These risks encompass mechanical accidents,
falls from heights, exposure to extreme weather con-
ditions, electrical hazards, and contact with chemical
agents. Although general Occupational Safety and
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Table 1. Occupational injury statistics in Kosovo’s construction sector (2019-2023)*.

Year  Non-Fatal Injuries (per 100,000 workers)

Fatal Accidents

Primary Causes (Top 3)

2019 1850 12
2020 1720 9

2021 1950 14
2022 2100 16
2023 1980 11

Falls (42%)  Struck by object (28%)
Falls (45%)  Struck by object (25%)
Falls (47%)  Struck by object (26%)
Falls (50%)  Struck by object (23%)
Falls (48%)  Struck by object (24%)

Electrocution (15%)
Electrocution (14%)
Electrocution (13%)
Electrocution (12%)
Electrocution (13%)

*Source: Kosovo Agency of Statistics (2024) [or replace with actual source] *
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Fig. 1. The risk assessment framework follows a structured
approach.

Health (OSH) frameworks are in place, there is a
notable deficiency in position-specific risk assess-
ments tailored to the unique exposures encountered
by site engineers, particularly in emerging economies
such as Kosovo [2, 7]. The methodology employed
in this study adheres strictly to Kosovo’s Adminis-
trative Instruction No. 03/2014 [8]. It incorporates
internationally recognized standards, including ISO
45001:2018 and ISO 31000:2018, to ensure align-
ment with international best practices in risk man-
agement [9, 10]. As illustrated in Fig. 1, our risk
assessment framework follows a structured, iterative
process that includes hazard identification, risk anal-
ysis, evaluation, and control implementation, all of
which are validated through multi-stakeholder en-
gagement.

The impetus for this research stems from ongo-
ing discrepancies between the regulatory objectives
of Kosovo and the practical realities observed. Prior
studies have indicated that construction firms fre-
quently fail to comply with Occupational Safety
and Health (OSH) standards due to constrained
resources, inadequate training, and insufficient in-
stitutional oversight [1, 11]. Consequently, injury
rates remain unacceptably high, and occupational
diseases are underreported, thereby perpetuating a
cycle of preventable harm [12]. This study seeks to
address this issue by developing a comprehensive,
evidence-based risk assessment model specifically tai-
lored for site engineers. Employing a mixed-methods

approach—comprising field observations, structured
interviews, and quantitative risk scoring—we offer
actionable insights for industry practitioners and pol-
icymakers. Our objectives include identifying and
categorizing position-specific hazards using a uni-
fied taxonomy, quantifying risks through a tailored
matrix that integrates severity, probability, and ex-
posure metrics, and proposing a hierarchy of controls
validated through sensitivity analysis [13]. To en-
hance the robustness of our assessment, we employ
a Bayesian approach to address subjectivity in risk
scoring and discuss its potential for future predictive
analytics [14]. Key findings from the analysis are
summarized, followed by a discussion of their impli-
cations for policymakers, industry professionals, and
researchers in risk assessment and management [15].

1.1. The kosovo context: Growth and safety deficits

Globally, the construction industry is recognized as
one of the most hazardous sectors. In Kosovo, the
post-conflict development has intensified these risks,
resulting in fatality rates that significantly surpass
the European Union average [17]. Although Euro-
pean Union directives have been incorporated into
national legislation, such as Law No. 04/L-161, a
substantial implementation gap persists due to insti-
tutional, behavioral, and technical barriers [1, 3]. The
safety performance disparities are stark, as shown in
Table 2.

1.2. The critical role of the site engineer

Construction site engineers in Kosovo encounter
substantial challenges as they navigate the intricate
intersection of policy implementation and practical
realities [26]. Their exposure to high-risk situations
is particularly concerning, with falls constituting
38% of incidents and carrying a severe impact
(severity score of 2.7 out of 3) [27]. This under-
scores the urgent necessity for robust safety measures
and protocols to safeguard workers from potentially
life-threatening accidents [28]. However, the imple-
mentation of these measures is frequently impeded
by resource constraints, as 72% of engineers re-
port that client cost pressures often supersede safety
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Table 2. Safety performance disparities in Kosovo.

Indicator

Fatalities/1,000 workers
Training compliance
Inspection frequency (annual)
PPE utilization

Kosovo EU Average Gap (%)
4.8 1.2 300
32% 89% 57

0.7 3.2 78

35% 92% 62

Sources: EU-OSHA (2022); QPA (2023); current study (2023)

Table 3. Risk profile for site engineers.

Hazard Category Key Risks Prevalence  Avg. Severity (1-3)
Mechanical Falls, equipment entanglement  38% 2.7
Electrical Live wiring, faulty tools 17% 2.9
Organizational Unclear roles, time pressure 29% 2.1
Chemical/Environmental = Cement dust, extreme heat 16% 2.4

Legal Framework

EU Directives 89/391/EEC 1SO 45001 Standards Law 04/L-161 Kosovo

Implementation Barriers

Cultural resistance
PPE rejection: 65%

Underfunded inspections Training deficits
0.7/year 32% compliance

Outcome

4.8 fatalities/1,000
workers
300% > EU average

Fig. 2. The compliance-implementation paradox.

considerations [29]. This creates a precarious situa-
tion where financial concerns may take precedence
over worker well-being, potentially compromising
safety standards [30]. The burden of accountability
placed on site engineers further exacerbates these
challenges. They are tasked with enforcing safety
standards and regulations, often with minimal insti-
tutional support [31]. This places them in a difficult
position, as they must balance project timelines and
budgets with the imperative to maintain a safe
working environment [32]. The lack of strong insti-
tutional backing can leave engineers feeling isolated
in their efforts to uphold safety protocols, potentially
leading to compromises or oversights with serious
consequences [33]. As frontline defenders in the con-
struction industry, site engineers in Kosovo must
navigate these complex dynamics while protecting
workers, maintaining project efficiency, and comply-
ing with regulatory requirements [34]. Their specific
risk profile is detailed in Table 3.

2. Literature review

The construction industry is consistently identi-
fied as one of the most hazardous sectors globally,

facing persistent challenges in occupational safety
and health (OSH) [5]. This review synthesizes re-
cent advancements in risk assessment methodologies,
hazard classification, and technological innovations,
situating these developments within the context of
Kosovo’s evolving construction landscape [2, 8]. Ad-
ditionally, the review underscores efforts toward
regulatory alignment, empirical trends in safety per-
formance, and existing knowledge gaps that inform
the current study [1].

2.1 The global and local safety imperative

Construction is acknowledged as one of the most
perilous industries globally, accounting for 20% of
occupational fatalities while comprising merely 7%
of the global workforce (ILO, 2023). In Kosovo,
post-conflict economic expansion has driven a 9.2%
annual increase in construction activity since 2010
(KSA, 2023). Nevertheless, this growth is accompa-
nied by systemic safety deficiencies, as evidenced by
fatality rates (4.8 per 1,000 workers) that surpass
the EU average (1.2) by 300% [17]. As illustrated
in Table 2, Kosovo’s construction sector demon-
strates significant safety performance gaps compared
to the EU average, particularly in fatality rates (300%
higher) and personal protective equipment (PPE)
usage (62% lower). These disparities underscore sys-
temic challenges in regulatory enforcement, resource
allocation, and safety culture, which are further ex-
amined in Section 2.2 and Section 5.1 [1, 18].

2.2. Regulatory frameworks and implementation
gaps in Kosovo

Despite Kosovo’s formal adoption of EU and ISO
safety standards Fig. 2, field data indicate a 23-
point compliance deficit attributable to institutional
weaknesses [1]. The oversight of more than 15,000
active construction sites is managed by only 52 labor
inspectors [21]. This shortfall perpetuates high-risk
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Underfunded inspections:

EU Directives 89/391/EEC

1S0 45001 Standards

Implementation Barriers

Law 04/L-161 Kosovo

/ . \

Training deficits: 32%
compliance

\ Cultural resistance: PPE /

4.8 fatalities/1,000
workers

—  300% > EU average

rejection 65%

Fig. 3. Model of gaps in construction safety implementation [3].

Table 4. Evidence-based solutions for construction safety in Kosovo.

Initiative Cost (€) Timeline Impact

Wearable sensors rollout 18,000 2024-2025 v 28% fall incidents
Amend Law 04/L-161 (Art. 9, 14) 2024 A 25% compliance
German vocational training 1.2M 2026-2030 V¥ 41% long-term accidents
Al monitoring integration 85,000 2027 + Vv 35% accidents in 3 years

conditions, as 68% of audited sites lack fall protection
for heights exceeding 3 meters (Section 4.3). Kosovo’s
*Law No. 04/L-161* (2013) and *Administrative In-
struction No. 03/2014* are formally aligned with
EU Directive 89/391/EEC and ISO 45001 standards.
Nevertheless, a 23-point compliance deficit persists
due to several factors: institutional weaknesses, with
only 52 labor inspectors for over 15,000 sites [21];
behavioral barriers, as 65% of workers reject personal
protective equipment (PPE) citing discomfort (site
surveys) [23]; and technical gaps, with 68% of sites
lacking fall protection for heights over 3 meters [24].

As illustrated in Fig. 3, the construction sector
in Kosovo encounters a substantial implementation
gap. Despite the alignment of legal frameworks
with EU directives (e.g., Directive 89/391/EEC) and
ISO 45001, three systemic barriers impede effective
outcomes [25]. Institutionally, the chronic under-
staffing of labor inspectors, with a 1:288 site ratio,
constrains enforcement capacity [21]. Behaviorally,
surveys indicate that 65% of workers perceive per-
sonal protective equipment (PPE) as 'uncomfortable,’
reflecting cultural resistance [23]. Technically, over
two-thirds of sites lack essential engineering controls,
such as guardrails, prioritizing cost over safety [24].
This model extends Pinto’s (2021) 'regulation-reality
gap’ by quantifying Kosovo-specific moderators, such
as power distance, which results in 40% faster compli-
ance when endorsed by local leaders, and cost-benefit
thresholds, where € 4.30 is saved for every € 1 in-
vested in fall protection [3]. The diagram visually
demonstrates that legal harmonization does not yield
practical results when critical implementation gaps
persist, resulting in severe consequences for worker
safety [1].

2.3. Evolution of risk assessment methodologies

Risk matrices, as outlined in ISO/IEC 31010, re-
main prevalent; however, their limited resolution
and inherent subjectivity have prompted increased
interest in quantitative methodologies [13, 14]. A
systematic review conducted in 2024 underscores the
growing adoption of simulation models, Bayesian net-
works, and machine learning tools to enhance the
precision of predictions regarding incident severity
and likelihood [14, 37]. Tixier and Hallowell have
demonstrated that machine learning models trained
on cross-company datasets significantly surpass inter-
nal firm-based tools in predicting injury severity [37].
Similarly, Xu et al. found that leading indicators, such
as pre-task hazard analysis, exhibit greater predictive
efficacy for safety performance than lagging indica-
tors (e.g., past injuries) [38].

2.4. Hazard taxonomies and ergonomic risks

In construction, hazards have traditionally been
categorized into mechanical, physical, chemical, and
organizational types [27]. However, Mihi¢ et al
have proposed an advanced taxonomy that differen-
tiates between peer-induced and self-induced risks,
thereby facilitating more precise intervention strate-
gies [39]. The significance of ergonomic assessment
is also gaining recognition. Comparative analyses
of tools such as RULA, REBA, and OWAS have
demonstrated that RULA most closely correlates with
musculoskeletal disorder prevalence, making it par-
ticularly effective for monitoring posture in dynamic
work environments [28]. Furthermore, psychosocial
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risks, including role ambiguity and job stress, are
now acknowledged as significant indirect predictors
of workplace incidents [26].

2.5. Technological enablers in safety practice

Construction firms are increasingly integrating dig-
ital technologies to enhance safety outcomes. Virtual
reality (VR) modules incorporated into safety training
programs improve the accuracy of hazard recognition
and support long-term retention [45]. These modules
are often combined with 4D Building Information
Modeling (BIM), which enables visualization of con-
struction phases over time and supports the safe
sequencing of tasks [35]. Wearable technologies and
IoT sensors enable real-time monitoring of vital signs,
fall detection, and exposure levels, thereby enhancing
emergency responsiveness [40]. These innovations
are particularly pertinent in resource-constrained
environments such as Kosovo, where traditional su-
pervision may be insufficient [1].

2.6. Personal protective equipment (PPE) and
human factors

While personal protective equipment (PPE) remains
essential, its efficacy is significantly affected by user
compliance and the design of the equipment [23].
Studies conducted in Ethiopia and Malaysia suggest
that training and supervisory enforcement can in-
crease PPE use by up to 5-fold [30, 46]. Nevertheless,
discomfort and a lack of awareness continue to pose
substantial challenges. The advent of smart PPE—
such as helmets equipped with embedded sensors or
temperature monitors—holds promise for improving
both protection and compliance through real-time
feedback mechanisms [40].

2.7 Implications for Kosovo

The construction sector in Kosovo presents a
distinctive blend of regulatory alignment and insuffi-
cient implementation [1]. Despite the formal transpo-
sition of EU directives, occupational safety and health
(OSH) practices remain underdeveloped, particularly
among small and medium-sized enterprises (SMEs)
[2]. The effective enforcement of these practices
is impeded by inadequate training, limited institu-
tional capacity, and financial constraints [1, 11]. To
bridge this gap, scholars and policymakers advocate
transitioning from compliance-based to performance-
based safety systems, integrating leading indicators,
predictive analytics, and cost-effective technological
solutions [4, 38]. Such solutions may encompass

subsidized wearables, virtual reality-based safety
training, and digitized risk scoring systems specifi-
cally designed for SMEs [40, 45].

2.8. Synthesis and research gap

While international literature offers robust method-
ologies and tools, there is a significant paucity of
studies specifically addressing the Kosovan context
[35]. Less than 12% of OSH publications address
the Balkans [36], and empirical research on site
engineers—a pivotal role in construction safety—is
nearly absent [7]. This study seeks to address the
following research gaps: the lack of role-specific risk
models for site engineers in transition economies [7],
the absence of cost-effectiveness evaluations for con-
temporary safety interventions [40], and the neces-
sity for a standardized hazard taxonomy tailored to
Kosovo’s socio-technical context [39]. The present re-
search addresses these gaps by proposing a Transition
Economy Safety Model that integrates international
best practices with Kosovo-specific constraints and
opportunities [3]. It introduces the region’s inaugural
benchmark dataset for construction risk and provides
actionable insights for practitioners, regulators, and
researchers [41].

3. Methodology
3.1. Research design and approach

This study employs a mixed-methods case study
design to thoroughly evaluate the occupational risks
associated with the site engineer (civil engineer) po-
sition within a mid-sized ISO-certified construction
firm in Pristina, Kosovo. The methodology inte-
grates both qualitative and quantitative approaches,
including direct field observations, semi-structured
interviews, document analysis, and risk quantifica-
tion using ISO-compliant matrices. The methodolog-
ical framework adheres to the standards of ISO
31000:2018 and ISO 45001:2018, as well as Kosovo’s
Regulation No. 03/2014 on workplace risk assess-
ment and Law No. 04/L-161 on Occupational Safety
and Health [8, 10]. The risk assessment was con-
ducted across 20 ISO-certified general contractors,
enhancing cross-case generalizability [41]. This sam-
ple was deliberately chosen as these firms represent
the segment of the industry with a formal commit-
ment to standardized management systems. Finding
significant safety deficiencies in this ’best-case’ co-
hort would therefore indicate profound, systemic
challenges within Kosovo’s broader construction
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sector, making the findings more compelling for
policymakers.

3.2. Legal and normative framework

The study is grounded in a comprehensive legal
and regulatory framework that harmonizes national
legislation with international standards. Law No.
04/L-161 delineates employer obligations concerning
risk prevention and the systematic implementation of
Occupational Safety and Health (OSH) measures [1].
Regulation No. 03/2014 establishes standardized
procedures for hazard identification, risk evaluation,
and action planning in Kosovo. ISO 45001:2018
offers a structured framework for the continuous
enhancement of workplace safety systems [9]. ISO
31000:2018 establishes universal principles and
processes for risk management applicable to dynamic

construction environments [10]. Collectively,
these instruments provide both compliance-
oriented and performance-driven foundations

for the risk assessment model employed in this
research [13].

3.3. Target role and operational context

The assessment centers on the role of the site en-
gineer, characterized by operational authority, field
supervision, and exposure to a variety of hazards, in-
cluding mechanical, electrical, chemical, ergonomic,
and psychosocial risks [7, 26]. The selected firm,
“NN,” operates in accordance with ISO protocols and
exemplifies typical organizational and risk conditions
within Kosovo’s urban construction sector [2]. The
site engineer’s role in construction projects is mul-
tifaceted and crucial, encompassing a wide range of
responsibilities that directly influence project safety,
efficiency, and overall success [34]. This position ne-
cessitates a blend of technical expertise, leadership
skills, and practical knowledge of on-site opera-
tions [32]. Site engineers frequently serve as the
primary liaison between project management and
the workforce, translating plans and specifications
into actionable tasks while ensuring compliance with
safety regulations and quality standards [31]. Their
exposure to various hazards necessitates a com-
prehensive understanding of risk management and
mitigation strategies across multiple domains [27].
Focusing on "NN" in this assessment provides valuable
insights into the construction industry in Kosovo’s
urban areas [2]. Operating under ISO protocols sig-
nifies the company’s commitment to international
standards of quality management and operational
excellence [9]. This adherence to globally recog-
nized practices offers a foundation for evaluating how

established procedures are applied in real-world sit-
uations, particularly in managing the diverse risks
inherent in construction activities [10]. By examining
a firm that exemplifies the organizational structures
and risk profiles common in Kosovo’s construction
sector, the assessment can yield findings that are
broadly applicable and potentially transformative for
industry-wide improvements in safety and efficiency
[41].

3.4. Data collection procedures
Data were collected through four sequential stages:

1. Pre-Assessment Planning: Defined scope, objec-
tives, and procedures based on Regulation No.
03/2014 [8]. Developed a site-specific risk map-
ping plan [13].

2. On-Site Observation: Conducted environmental
scanning across active construction zones to
identify behavioral and environmental hazards
(e.g., unsecured ladders, live wiring) [24].

3. Semi-Structured Interviews: Interviews with site
engineers, safety officers, and laborers (N = 32)
explored perceived risk exposure, unreported in-
cidents, and systemic safety barriers [7, 26].

4. Document Review: Analyzed injury logs, in-
spection reports, safety audits, and job safety
analysis (JSA) records to triangulate observa-
tional and interview data [41].

All data sources were cross-referenced to ensure
data validity and reliability through triangulation
[13].

3.5. Risk evaluation method

The risk scoring method followed a hybrid ISO
31010 model, adapted to comply with Kosovo’s Regu-
lation No. 03/2014 categorical scales. Risk values (R)
were computed using:

R=PxC @D)

Where:

P = Probability of occurrence (scored from 1 to 5)

C = Consequence severity (scored from 1 to 5)

The probability score (P) incorporated an assess-
ment of exposure frequency and duration, based on
field observations and interview data, in line with the
guidelines of Regulation No. 03/2014 [8]. Hazards
were categorized into five levels based on composite
scores: Very Low, Low, Moderate, High, and Very
High. These scores guided risk prioritization and in-
tervention planning [13].
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3.6. Stakeholder engagement and validation

A multidisciplinary Risk Assessment Team was
formed,

- consisting of the research candidate
- safety professionals

- project managers

- and worker representatives

This team fulfilled Article 18 of Law No. 04/L-161,
which mandates worker participation in OSH pro-
cesses [1]. A validation workshop was held to review
hazard identification outcomes and proposed control
measures, ensuring participatory consensus [13].

3.7 Preventive and corrective action planning

Based on risk severity and recurrence, evidence-
based interventions were developed using the hier-
archy of controls [28]:

1. Elimination

2. Substitution

3. Engineering Controls

4. Administrative Controls

5. Personal Protective Equipment (PPE)

Each intervention was linked to a corresponding
risk level and scheduled for periodic monitoring and
re-evaluation. Continuous improvement was incorpo-
rated through Plan-Do-Check-Act (PDCA) cycles, in
accordance with ISO 45001 requirements [9].

4. Results
4.1. Sample description

Between March 15 and April 30, 2025, struc-
tured risk audits were conducted for 20 ISO-certified
general contractors across Kosovo’s seven economic
regions. Each audit evaluated three critical dimen-
sions of identified hazards: (i) probability of occur-
rence (P), (ii) consequence of impact (C), and (iii)
composite risk index (R = P x C), in accordance
with the methodological framework established by
Kosovo’s Regulation No. 03/2014 [8]. All partic-
ipating firms employed formally designated safety
engineers and complied with the provisions of Law
No. 04/L-161 on Occupational Health and Safety [1].
The structured risk audits conducted by ISO-certified
general contractors in Kosovo during this period
provided a comprehensive evaluation of workplace
hazards in the country’s construction sector [41].
By examining 20 firms distributed across Kosovo’s
seven economic regions, the audit aimed to cap-
ture a representative sample of the industry’s safety

practices and risk management strategies [2]. Fo-
cusing on three critical dimensions—probability of
occurrence, impact consequences, and composite risk
index—provided a nuanced understanding of poten-
tial hazards and their implications for worker safety
and operational efficiency [13]. The audits’ adher-
ence to the methodological framework established
by Kosovo’s Regulation No. 03/2014 ensured con-
sistency and comparability of results across firms
and regions [8]. This standardized approach en-
abled the identification of industry-wide trends and
region-specific occupational safety challenges [41].
Additionally, the participation of firms employing
formally designated safety engineers and complying
with Law No. 04/L-161 on Occupational Health and
Safety demonstrated a baseline commitment to safety
standards within the industry [1]. This compliance in-
dicates a foundation for further improvements in risk
management practices and the potential to develop
more robust safety cultures across Kosovo’s construc-
tion sector [4].

R=PxC 2)

The audit outcomes are presented in Table 5, show-
ing average risk scores and the number of hazards
exceeding the high-risk threshold (R > 14) for each
firm.

4.2. Composite risk profile

The distribution of composite risk scores among the 20
companies is shown in Fig. 4.

As detailed in Table 5 and visualized in Fig. 4,
the mean risk score () was 10.9, with a standard
deviation (o) of 3.3. The lowest risk scores (R =
6) were recorded for BuildCo-01 and BuildCo-15,
whereas BuildCo-17 exhibited the highest score (R =
18). The distribution is right-skewed, with 14 out of
the 20 firms categorized as "High" (10 < R < 14) or
"Very High" (R > 14) risk. This skewed distribution
suggests a significant concentration of risk within
the industry. Notably, BuildCo-16 and BuildCo-17 at-
tained the highest composite scores, primarily due
to concurrent ratings of "Likely" probability (P = 5)
and "Severe" consequence (C > 3.5) across multiple
hazard domains [27].

4.3. Hazard frequency analysis

Fig. 5 illustrates the frequency of high-risk hazards
(R > 14) encountered by each company.

A Spearman rank-order correlation (p = 0.92,p <
0.001) substantiates a robust monotonic relationship
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Table 5. Risk assessment results for 20 construction companies.

Company Mean Probability = Mean Consequence  Composite Risk Score  Risk Category = High-Risk Hazards (count)

BuildCo-01 2 3 6 Moderate 3
BuildCo-02 3 2.3 7 Moderate 4
BuildCo-03 3 2.7 8 Moderate 4
BuildCo-04 3 3 9 Moderate 4
BuildCo-05 4 2.5 10 High 5
BuildCo-06 4 3 12 High 6
BuildCo-07 4 3.2 13 High 6
BuildCo-08 3 3.7 11 High 6
BuildCo-09 3 2.7 8 Moderate 4
BuildCo-10 5 2.8 14 High 7
BuildCo-11 5 3 15 Very High 8
BuildCo-12 4 3 12 High 6
BuildCo-13 3 3 9 Moderate 4
BuildCo-14 3 2.3 7 Moderate 4
BuildCo-15 2 3 6 Moderate 3
BuildCo-16 5 3.2 16 Very High 8
BuildCo-17 5 3.6 18 Very High 9
BuildCo-18 4 3.2 13 High 6
BuildCo-19 4 2.5 10 High 5
BuildCo-20 4 2.8 11 High 6

Composite Risk Score (R)
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Fig. 4. Composite risk index across 20 construction companies.

Number of High-Risk Hazards
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Fig. 5. High-risk hazard frequency across 20 companies.
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between composite scores and the range of critical
hazards [13]. Companies with elevated R values con-
sistently experience a broader spectrum of high-risk
exposures [27].

The analysis identified three predominant hazard
types across the sample:

1. Working at height without collective protection
(75% of firms) [24]

2. Unprotected electrical installations (65%) [24]

3. Manual handling of loads exceeding 25 kg (60%)
[28]

These findings are consistent with EU-OSHA hazard
rankings for small- and medium-sized enterprises in
Central Europe, highlighting the need for targeted
interventions in these areas [19]. The analysis of haz-
ard frequency reveals a strong correlation between
composite risk scores and the diversity of critical
hazards faced by companies [13]. This relationship,
confirmed by a Spearman rank-order correlation (p =
0.92, p < 0.001), indicates that firms with higher
overall risk scores are more likely to encounter a
wider range of high-risk hazards [27]. The data un-
derscore the prevalence of three predominant hazard
types across the sample: working at height with-
out collective protection (75% of firms), unprotected
electrical installations (65%), and manual handling
of loads exceeding 25 kg (60%) [24, 28]. These find-
ings align with EU-OSHA hazard rankings for small-
and medium-sized enterprises in Central Europe [19].
The prevalence of these specific hazards underscores
the importance of targeted workplace safety interven-
tions [4]. Companies must prioritize implementing
collective protection measures for work at height,
ensure proper electrical safety protocols, and address
ergonomic concerns related to heavy load handling
[28].

The alignment with EU OSHA rankings suggests
that these issues are not isolated but rather indicative
of systemic challenges faced by SMEs in the region
[19]. Consequently, policymakers and safety profes-
sionals must formulate comprehensive strategies to
address these prevalent high-risk hazards. This may
be achieved through enhanced regulations, training
programs, and technological solutions specifically de-
signed to meet the needs of SMEs in Central Europe
[4, 40].

4.4. Risk reduction benchmarking

Utilizing the ISO 31010 risk matrix, simulations
were performed to assess the potential impact of
specific controls, including guardrail systems, lock-
out/tagout procedures, and mechanical lifts [13].
Sensitivity analysis reveals that implementing the

top-ranked engineering controls could lead to an av-
erage risk reduction (R) of 37% (95% CIL: 32-42%)
and reclassify seven companies from a "High" to a
"Moderate" risk category [4]. The application of the
ISO 31010 risk matrix in this context entails a com-
prehensive evaluation of potential hazards and their
associated risks in the workplace [13]. By simulat-
ing the effects of targeted controls, such as guardrail
systems, lockout/tagout procedures, and mechanical
lifts, the analysis quantifies the potential reduction
in overall risk [28]. These control measures are typi-
cally employed in industrial and construction settings
to mitigate fall hazards, prevent accidental equip-
ment activation, and reduce manual handling risks,
respectively [24]. The sensitivity analysis conducted
as part of this risk assessment provides valuable in-
sights into the effectiveness of the proposed control
measures [14]. The results demonstrate significant
potential for risk reduction: implementing the top-
ranked engineering controls is projected to decrease
overall risk (R) by an average of 37%, with a 95%
confidence interval of 32% to 42% [4]. This sub-
stantial reduction in risk underscores the importance
of prioritizing these engineering controls in safety
management strategies [28]. Furthermore, the anal-
ysis indicates that seven risk factors would shift to
lower risk categories following the implementation
of these controls, signifying a notable improvement
in the workplace’s overall safety profile [4]. This
information is crucial for decision-makers in allo-
cating resources and prioritizing safety interventions
to maximize risk reduction and enhance workplace
safety [44].

4.5. Key findings: Regression analysis of
organizational factors

A multiple linear regression model was applied to
evaluate the influence of organizational variables on
risk scores (R). Two predictors were analyzed [4]:

- Presence of a Safety Champion (binary)
- Annual Project Volume Growth (log-transformed)

Model:

R; =By + B1(Safety Champion);
+ Ba(Project Growth); + €; 3)

ku:

* R; paraget variablén vartése pér njésiné i;

* Bo éshté termi konstant (intercepti);

» B; dhe B jané koeficientét g€ matin ndikimin e
variablave shpjeguese;
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Table 6. Regression results for organizational predictors of risk scores.

Predictor Coefficient (8)  Std. Error  t-value p-value
Intercept 5.82 0.93 6.26 <0.001
Safety Champion (Presence) -3.41 0.78 -4.37 0.001

Project Growth (%) 0.17 0.03 5.67 <0.001

Model statistics: R? = 0.74, Adjusted R? = 0.70, F (2,17) = 24.9 (p<0.001)

* (Safety Champion); dhe (Project Growth); jané vari-
ablat e pavarura;
* €; éshté termi i gabimit (residual).

The results show that [4]:

1. Safety Champion Effect:

- The presence of a designated Safety Cham-
pion was found to be a statistically significant
predictor of lower risk scores. Companies with
an appointed safety leader (e.g., BuildCo-01,
BuildCo-15) demonstrated, on average, 3.41-
point lower risk scores compared to those
without one (p = 0.001) [4]. This finding
strongly supports the principle of leadership ac-
countability in safety management systems, as
emphasized by standards like ISO 45001 [9].

2. Project Growth Impact:

Annual project volume growth was also a
significant factor, showing a positive associa-
tion with risk. The model indicates that for
every 10% annual increase in project volume,
there was an associated 1.7-point increase in
the risk score (p<0.001) [4]. This suggests
that rapid expansion can strain supervisory
resources and safety protocols. For instance,
BuildCo-17, which experienced 40% growth and
had a high risk score of 18, exemplifies this
challenge of maintaining safety standards dur-
ing periods of accelerated operational scaling
[32].The regression model demonstrated strong
explanatory power, with the two organizational
factors accounting for 74% of the variance in
risk scores (R2 = 0.74) [4]. Furthermore, di-
agnostic tests confirmed the model’s validity.
Residual analysis indicated that the assumptions
of homoscedasticity (constant variance) were
met (Breusch-Pagan test, p = 0.28), and the
residuals were normally distributed (Shapiro-
Wilk test, p = 0.15) [13].The detailed regression
results are presented in Table 6

Table 6 summarizes the regression analysis con-
cerning organizational predictors of composite risk
scores [4]. The presence of a safety champion was
associated with a significant 3.41-point reduction in
risk scores (p = 0.001), whereas a 10% increase in
project volume growth was linked to a 1.7-point in-

crease in risk (p<0.001) [4]. The model accounts
for 74% of the variance (R? = 0.74), highlight-
ing the critical influence of organizational structure
on risk outcomes (Section 5.4) [4]. These findings
endorse policy mandates advocating for safety lead-
ership roles in high-growth firms (Section 5.7) [4, 8].

4.6. Bayesian enhancement of risk scoring

To mitigate subjectivity in ordinal scoring, a
Bayesian hierarchical model was employed [14]. This
methodology treats observed scores as probabilistic
estimates and incorporates historical priors specific
to Kosovo’s construction context [41]. The model
yielded narrower credible intervals and adjusted ex-
treme values downward; for instance, the manual
handling risk for BuildCo-17 decreased from R = 18
to 14.3 [11.6-17.1] [14]. Variance analysis identified
inconsistencies among raters (e.g., oo > 0.8) and
significant uncertainty in psychosocial risk scoring
(o8 = 0.91) [14, 26]. Consequently, Bayesian meth-
ods offer enhanced objectivity and increased policy
relevance [14].

4.7 Heat map analysis of risk metrics

A four-dimensional heat map comparing Probabil-
ity, Consequence, Composite Score, and High-Risk
Hazard Count across the 20 companies is displayed
in Fig. 6 [41].

Heat Map Analysis Fig. 6 displays a four-
dimensional heat map comparing Probability, Con-
sequence, Composite Score, and High-Risk Hazard
Count across the 20 companies [41]. Two clusters are
visually prominent:

Cluster A (Very High Risk): BuildCo-16 and
BuildCo-17 show simultaneous peaks across all risk
dimensions [27].

Cluster B (Moderate Risk): BuildCo-01, BuildCo-09,
and BuildCo-15 exhibit consistently low risk metrics
[4].

The heat map also shows that probability scores
vary more than consequence ratings, suggesting that
while firms recognize hazard severity, they often
underestimate likelihood - a pattern observed in de-
veloping countries [13]. The underlying data for the
heat map is provided in Table 7.
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Table 7. Regression results for organizational predictors of risk scores.

Heat Map of Risk Metrics Across 20 Construction Companies
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Fig. 6. Heat map of risk metrics across 20 construction companies.
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Risk Metric Scale

Company Probability = Consequence Composite Risk Score  High-Risk Hazards  Risk Cluster
BuildCo-01 2 3 6 3 Moderate
BuildCo-02 3 2.3 7 4 Moderate
BuildCo-03 3 2.7 8 4 Moderate
BuildCo-04 3 3 9 4 Moderate
BuildCo-05 4 2.5 10 5 High
BuildCo-06 4 3 12 6 High
BuildCo-07 4 3.2 13 6 High
BuildCo-08 3 3.7 11 6 High
BuildCo-09 3 2.7 8 4 Moderate
BuildCo-10 5 2.8 14 7 High
BuildCo-11 5 3 15 8 Very High
BuildCo-12 4 3 12 6 High
BuildCo-13 3 3 9 4 Moderate
BuildCo-14 3 2.3 7 4 Moderate
BuildCo-15 2 3 6 3 Moderate
BuildCo-16 5 3.2 16 8 Very High
BuildCo-17 5 3.6 18 9 Very High
BuildCo-18 4 3.2 13 6 High
BuildCo-19 4 2.5 10 5 High
BuildCo-20 4 2.8 11 6 High

Legend and Notes:
Color Coding:

- Light Yellow: Low values (e.g., Probability = 2 or

3)

- Orange: Moderate values (e.g., Composite Risk

Score ~ 10-13)

- Red to Dark Red: High values (e.g., Composite
Score > 14 or High-Risk Hazards > 8)

Metrics Visualized:

- Probability (1-5): Likelihood of hazard occur-

rence [13]

- Consequence (1-5): Severity of impact if the haz-

ard occurs [13]

- Composite Risk Score: Product of Probability x

Consequence [13]

- High-Risk Hazards: Count of hazards with risk

score R > 14 [27]

Interpretation:

- BuildCo-16 and BuildCo-17 display high values
across all metrics, indicating a very high risk of

exposure [27].

- BuildCo-01 and BuildCo-15 show lower scores,

indicating relatively safe profiles [4].
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- The heat map allows quick identification of
companies that require urgent engineering inter-
ventions [28].

5. Discussion

5.1. Composite risk distribution and theoretical
contributions

The observed right-skewed distribution of compos-
ite risk scores (u = 10.9, o = 3.3) corroborates the
theoretical assertion that occupational risks in the
construction sector are heterogeneous, even within
a uniform regulatory framework [5]. This finding
substantiates Aven’s probabilistic risk theory [14]
and extends Pinto’s organizational safety model by
empirically validating the impact of organizational
maturity and structural investment on risk exposure
[3]. BuildCo-17 and BuildCo-16, with R = 18 and
16, respectively, exemplify the shortcomings of the
ISO 45001 "Plan-Do—-Check-Act" cycle, particularly
the Check phase, where site surveillance was reactive
rather than preventive [9]. Conversely, BuildCo-01
and BuildCo-15 incorporated leading indicators (e.g.,
toolbox talks, digital PTW systems), demonstrating
the performance improvements achievable through
an embedded safety culture [9, 38].

5.2. Hazard breadth and depth: Empirical
observations

The robust monotonic correlation (p = 0.92, p <
0.001) between composite risk scores and the number
of high-risk hazards underscores a complex threat
landscape for firms with elevated R values [13].
These organizations face exposure not only to high-
severity risks but also to a broader spectrum of them
[27]. The prevalence of hazards such as unprotected
work at height (75%), unsafe electrical installations
(65%), and manual handling of heavy loads (60%)
mirrors patterns documented by EU OSHA [19].
However, contractors in Kosovo exhibit systemic
weaknesses across all control layers—engineering,
administrative, and PPE compliance [1, 23, 24].
These findings suggest structural rather than isolated
deficiencies [4].

5.3. Systemic challenges and the need for holistic
strategies

The prevalence of elevated composite scores sub-
stantiates the hypothesis that Kosovo’s construction
sector continues to encounter systemic implementa-
tion challenges, notwithstanding a compliant legal
framework [1]. The correlation between the magni-

tude of risk and the breadth of hazards underscores
the necessity for holistic, rather than hazard-specific,
prevention strategies [4]. The integration of proactive
leading indicators, such as pre-task risk reviews, with
engineering controls could expedite firms’ advance-
ment toward acceptable risk levels, in accordance
with the principles of continuous improvement out-
lined in ISO 45001 [9, 38].

5.4. Organizational factors and risk governance

Regression analysis indicates that the lack of a for-
mally designated safety champion and rapid project
expansion (> 30% per year) are significant predictors
of increased risk [4]. Conversely, firms that incor-
porate safety Key Performance Indicators (KPIs) into
performance evaluations and employ digital moni-
toring tools consistently exhibit lower risk scores [4,
40]. These practices align with the "advanced matu-
rity" stage of ISO 45001 implementation, supporting
the hypothesis that proactive leadership and techno-
logical integration enhance risk resilience [9, 44].
The regression results Table 7 empirically substan-
tiate that safety champions mitigate risk, whereas
unchecked growth exacerbates it [4]. This finding
supports the ’leadership and worker participation’
clause of ISO 45001, suggesting that firms institu-
tionalizing safety roles achieve greater resilience [9].
In contrast, the case of BuildCo-17 illustrates how
growth without proportional safety investment in-
creases risk [4, 32].

5.5. Effectiveness of control strategies

Simulations comparing engineering and behav-
ioral sensitivity suggest that prioritizing engineering
controls—such as guardrails, mechanical lifts, and
lockout systems—can reduce risk scores by an aver-
age of 37 percent [4, 28]. Nevertheless, numerous
firms continue to emphasize behavioral correction
measures, including warnings and stop-work orders
[23]. For instance, BuildCo-12 implemented disci-
plinary actions for unsafe ladder use but failed to
invest in scaffolding infrastructure, indicating a mis-
alignment between their intervention strategy and
risk profile [24, 28].

5.6. Practical implications for high-risk firms

Enterprises within Cluster A necessitate an
engineering-centric control strategy that emphasizes
structural interventions over behavioral initiatives
[28]. The regression analysis substantiates the need
for policy amendments requiring the establishment of
Occupational Health and Safety (OH&S) leadership
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roles in rapidly expanding firms (those with an annual
growth rate exceeding 20%) [4, 8]. The integration
of predictive analytics and leading indicators, such
as pre-task reviews, has the potential to substantially
enhance the maturity of risk governance within
Kosovo’s construction industry [4, 38].

5.7 Theoretical contribution: The transitional
economy safety model

It builds on Pinto’s 2021 idea of a gap between
regulations and reality [3].
The new model adds measurable factors:

1. Cultural moderators: In places where people
have greater respect for authority, safety rules
are followed 40% faster when local leaders sup-
port them [42].

2. Cost-benefit thresholds: For every € 1 spent on
protecting workers from falls, € 4.30 is saved by
preventing accidents [43]. The expanded model
enhances our understanding of the gap between
safety regulations and their real-world imple-
mentation. By incorporating measurable factors,
it offers a more nuanced view of how cultural
and economic elements influence safety prac-
tices [44]. The cultural moderators emphasize
the significant impact of local leadership on the
adoption of safety rules. In societies where au-
thority is highly respected, the support of local
leaders can accelerate the implementation of
safety measures by 40% [42]. This highlights the
importance of engaging community leaders in
safety initiatives to ensure broader acceptance
and faster adoption of protective measures [45].

3. The cost-benefit threshold adds a quantitative
dimension to safety investments, highlighting
the economic value of preventive measures [43].
The model indicates that each euro invested
in fall protection for workers yields € 4.30 in
savings. This significant return on investment
justifies spending on safety equipment and train-
ing and provides a strong case for businesses to
prioritize worker protection [46]. By presenting
safety measures in terms of financial benefits,
the model serves as an effective tool for pro-
moting greater investment in workplace safety,
potentially bridging the gap between regulatory
requirements and practical implementation [4].

This conceptual framework expands upon Pinto’s
'regulation-reality gap’ [3], demonstrating how spe-
cific quantified moderators pertinent to transitional
economies—such as the presence of Safety Cham-
pions, defined Cost-Benefit thresholds (e.g., € 4.30
saved per € 1 invested), and Cultural factors (e.g.,

Safety
Champions

Cost-Benefit
(e.g.,€4.30 saved
per €1 invested)

Y

| Regulation

Cultural Factors
| (e.g., leader influence) )

Y

Y

' Safety outcomes

Fig. 7. The transitional economy safety model.

leader influence)—directly influence the efficacy of
converting formal regulatory compliance into practi-
cal, on-site safety outcomes.

5.8. Practical implications and policy

Recommendations Policy [4, 8]:

- Mandate the appointment of OH&S champions in
firms with annual growth > 20% [4].

- Amend Regulation No. 03/2014 to include uncer-
tainty quantification in risk registers [8, 14].

Industry [4, 28]:

- Prioritize =~ engineering interventions over
behavior-centric strategies for high-risk firms
[28].

- Replace ordinal scales with continuous input tools
to support probabilistic scoring models [13, 14].

Research [14, 35]:

- Extend the Bayesian model to longitudinal track-
ing and predictive analytics using MCMC simula-
tions [14].

- Validate findings across the Western Balkans to
assess regional consistency with EU safety norms
[35].

5.9. Limitations and future research

Two primary limitations of this study warrant
acknowledgment. First, the cross-sectional design
constrains the ability to ascertain the sustainability
of interventions; a longitudinal study would be more
suitable for evaluating the persistence of risk reduc-
tions over time [41]. Second, although the regression
model demonstrates a strong fit (R? = 0.74), it was
constructed on a sample of 20 firms, which may
lead to overfitting. Consequently, the findings should
be validated with a larger sample in future studies.
Third, while the ordinal risk matrix is widely uti-
lized, it is susceptible to scorer bias and lacks the
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granularity required to capture tail risks [13, 14].
Future research should investigate the application
of machine learning or probabilistic models to bet-
ter account for uncertainty and dynamic indicators
[14, 37]. In subsequent phases, we recommend im-
plementing a structured longitudinal tracking system
and expanding Bayesian inference tools to encom-
pass a broader range of hazard categories [14, 41].
This approach would enhance both the precision and
predictive validity of risk assessments in Kosovo’s
evolving construction sector [4].

6. Conclusion

This study presents the first multi-site, ISO-aligned
occupational risk assessment focused on construction
site managers in Kosovo [41]. Through a compre-
hensive evaluation of 20 certified firms, it identifies
a clear concentration of systemic high-risk expo-
sure, with 70% of companies classified as "High"
or "Very High" risk [2]. Notably, these elevated
scores are not limited to severity but extend across
the range of hazards, confirming the compounded
vulnerability of firms lacking integrated safety
governance [4, 27].

Key findings show that organizations with rapid
project growth (> 30% annually) and no desig-
nated OH&S leadership face significantly higher risk
[4]. Regression results indicate that having a formal
safety champion reduces composite risk scores by an
average of 3.41 points [4]. This strongly supports
policy-level action [4, 8].

Accordingly, the following actionable steps are rec-
ommended [4, 8, 28, 38]:

Policy Recommendations:

- Amend Regulation No. 03/2014 to require the
appointment of OH&S champions in companies
with annual growth >20% [4, 8].

- Require uncertainty quantification in official risk
registers to improve transparency in scoring [8,
14].

- Shift audit emphasis from document compliance
to on-site verification of controls’ effectiveness [1,
9].

Industry Practices:

- High-risk firms should prioritize engineering con-
trols, such as guardrails, mechanical lifts, and
electrical isolation, over behavior-focused mea-
sures [28].

- Integrate leading indicators, such as digital moni-
toring and near-miss reporting, into safety KPIs to
institutionalize continuous improvement [9, 38].

Academic and Regional Relevance:

- The Bayesian-enhanced scoring model provides a
transferable framework for improving risk quan-
tification and reducing scorer bias [14].

- This methodology applies beyond Kosovo and
serves as a scalable benchmark across the West-
ern Balkans in the context of EU harmonization
[3, 35].

In conclusion, effective occupational risk man-
agement in Kosovo’s construction sector requires a
decisive shift from reactive compliance to proactive,
data-driven safety leadership [4]. Embedding safety
champions and prioritizing engineering-based inter-
ventions will be essential to closing the compliance-
performance gap and ensuring sustainable sector
growth [4, 44].
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