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Abstract

Scaffolding is a common temporary facility in construction projects, yet accidents such as 
workers falling from heights, falling objects injuring people, or scaffold collapse continue to 
occur. These incidents are linked to different underlying causes, including factors related to 
personnel, work activities, and the environment. Although existing studies have identified 
numerous risk factors from past scaffolding accidents, their relative importance remains 
unclear, making it difficult to allocate limited management resources to the higher-priority 
potential hazards. This study first confirmed widely recognized and common scaffold-
related potential risk factors from existing literature, regulations, and accident casualty 
reports, then invited experts to review and revise the candidate factors, and finally used the 
Analytic Hierarchy Process (AHP) to rank the ultimately selected key factors. The results 
indicate that, among the importance rankings of the five major dimensions, management 
factors and personnel factors are the top two dimensions with nearly identical weights. 
They are followed, in order, by work-method factors, equipment factors, and environmental 
factors, which received relatively smaller weights. Methodologically, the study provides an 
integrated scaffold-specific framework that consolidates heterogeneous personnel, man-
agement, work-method, equipment, and environmental risks into a common structure for 
quantitative prioritization. Practically, the resulting global weights can support risk-based 
allocation of limited safety resources by guiding the relative emphasis placed on scaffold 
inspection, worker training, cross-trade coordination, and routine safety management.

Keywords: scaffold safety; risk prioritization; Analytic Hierarchy Process (AHP); construction 
safety; safety management; temporary works; occupational safety; human factors

1. Introduction
As one of the most common types of temporary works in construction projects, scaffold-

ing is widely used for high-altitude operations such as new building construction, exterior 
façade renovation, and maintenance and repair works. It features temporary erection, 
modular components that facilitate frequent assembly and disassembly, and recyclability 
for reuse, and it continues to change as project progress advances. Workers often need to 
move, carry materials, and perform tasks within limited working space while remaining 
continuously exposed to the risks inherent in working at height. The safety of scaffolding 
operations mainly depends on two key aspects: (1) the load-bearing capacity and stability 
of the scaffold structure itself; and (2) the operational behaviors of workers, including 
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whether they follow safe work rules, whether they correctly use personal protective equip-
ment (PPE) [1], whether they adhere to erection and dismantling procedures [2], and 
whether the scaffold is assembled in accordance with standards to ensure that it achieves 
the designed structural performance, among others. If the links of the working environment 
and on-site management are not properly controlled, scaffold-related accidents may occur, 
including workers falling from height, falling objects injuring people, and even partial or 
total scaffold collapse, as shown in Figure 1a.

(a)

(b) (c)

Figure 1. Examples of hazardous scaffold conditions and accident consequences observed in actual 
construction environments: (a) the aftermath of a scaffold collapse; (b) removal of cross braces 
and lower rails (reproduced with permission from [3]); and (c) an unprotected scaffold opening 
associated with a fall accident (reproduced with permission from [3]).

By reviewing real scaffold accident cases [3,4], fatality cases that align with the 
different dimensions discussed above can be also identified. From a facilities stand-
point, workers may temporarily remove scaffold parts to make tasks easier (as shown in
Figure 1b)—especially since cross braces often obstruct exterior wall finishing—yet their role 
in maintaining structural integrity should not be underestimated [5]. In addition, scaffolds 
may be improperly erected from the beginning in ways that deviate from design drawings 
and specifications, leading to incomplete component connections and reduced structural 
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performance [6]. From a personnel standpoint, weak safety awareness and insufficient 
education or training can prompt unsafe practices; in addition, unfavorable physical or 
psychological states—such as fatigue, night-shift work to meet deadlines, or even alcohol 
consumption [7]—may contribute to falls. From a management standpoint, inadequate 
on-site safety oversight, or the sidelining of safety requirements for convenience and speed 
during rushed work, also plays a role in scaffold accidents.

Risk factors related to scaffolding accidents can be summarized from existing 
research [1,8–10], accident investigation reports [2–4], and safety regulations [11–15]. 
These risk factors are spread across different dimensions, and their mechanisms of oc-
currence and the severity of their consequences also vary. Simply compiling a list of risk 
factors still makes it difficult, from a safety management perspective, to determine which 
issues should be addressed first when manpower and resources are limited. After all, it 
is not feasible for safety management measures to allocate the same level of resources to 
all potential risk factors. The frequency of accidents and the severity of harm associated 
with these risk factors are not the same. Some engineering issues that receive considerable 
attention in laws or technical standards are not necessarily the most common causes of 
hazardous situations on actual construction sites. Conversely, certain seemingly secondary 
issues in routine management, worker operating behavior, or safety awareness may, due to 
their repeated occurrence, result in a greater overall impact.

Because scaffolding must accommodate repeated erection and modification, its safety 
depends not only on the initial design and the strength of its components, but is also in-
fluenced by the interplay of factors such as erection quality, manner of use, construction 
environment, and on-site management. Consequently, scaffolding accidents are often not 
attributable to a single cause. Existing studies indicate that scaffolding accidents arise from 
interactions among personnel, equipment, construction methods, environmental conditions, 
and management factors. To fully understand the mechanisms by which scaffolding acci-
dents occur, it is necessary to consider both structural and non-structural sources of risk. For 
example, Nowobilski and Hoła [16] examined 200 scaffolding-related accidents in Poland 
since 2011 and classified them into technical, organizational/process, and human-factor cat-
egories. Accordingly, this study examines the underlying hazardous factors associated with 
scaffolding from two dimensions: “aspects related to the scaffolding itself” and “aspects 
related to personnel, environment, and management.”

1.1. Scaffold-Related Accidents and Risk Factors
Existing studies have discussed the safety issues of scaffolding from different per-

spectives. Some research focuses on the structural behavior of the scaffolds themselves, 
including member strength, wall tie arrangement [17], foundation conditions [18], bear-
ing capacity [18–20], and external loads [21–23], examining accidents caused by scaffold
collapse [24–26]. On the other hand, some studies explore the safety behaviors that workers 
should adopt when operating on scaffolds, including fall protection measures, the use of 
safety lanyards, the prevention of unsafe practices (such as using guardrails or cross braces 
as footholds), and the correct procedures for scaffold assembly. In recent years, various 
information technologies have also been introduced, such as using Building Information Mod-
eling (BIM) [27–29], image recognition [30], and sensors with deep learning applications 
for scaffold planning, monitoring, and safety inspections [31–34]. In addition to the scaffold-
ing structure itself, information technology has also been used to monitor workers’ unsafe 
behaviors, including computer vision [35] and artificial intelligence–based methods [36].

In addition, the performance of the scaffolding is also affected by human factors. Even 
scaffolding whose structural performance has been designed to meet requirements may 
still contain hidden risks due to improper assembly that does not comply with regulations, 
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failure to construct according to the drawings, overloading caused by stacking materials, or 
the unauthorized removal of components such as cross braces or wall ties [3] for the sake 
of convenience during operations.

1.2. Human, Technical, Environmental, and Management Factors
Among scaffold-related accidents, falls from height are one of the most closely scru-

tinized types. Because scaffolds are often erected specifically for work at elevation, and 
because—compared with permanent structures—they tend to have more openings that 
can lead to fall incidents, the likelihood of falls may be increased. Moreover, during scaf-
fold erection, workers must operate in hazardous areas before handrails and guardrails 
are installed; therefore, if personal protective equipment such as safety lanyards, or fall-
prevention systems such as safety nets, are not fully in place, the probability of a fall accident 
may rise. In addition, when handling or moving materials, improper load-bearing posture 
can lead to an unstable center of gravity, which may also cause falls. Beyond whether safety 
protection is properly implemented, workers’ mental condition and safety awareness are 
likewise potential contributing factors to fall incidents. For example, in Taiwan, due to 
regional, weather, and cultural factors, there exists a habit among construction workers of 
consuming alcoholic beverages on site [37–40]. Continuing to work despite poor alertness 
or fatigue because of schedule pressure, as well as night-shift works [7], also increases the 
risk of accidents. Fatigue-related work itself has been confirmed as an important factor 
affecting construction safety [41–43]. Management measures and methods are also effective 
means of improving scaffolding safety. Existing research has pointed out that management 
and supervision make important contributions and have a significant impact on reducing 
errors in the scaffolding field [44].

Environmental and equipment factors are also causes of scaffolding accidents, as they 
may indirectly contribute to structural problems that lead to scaffold collapse. Horizontal 
external forces—such as seismic or wind loads—often combine with the failure of wall 
ties and anchors (due to improper installation or accidental removal) to cause scaffold 
collapse. External impacts from construction vehicles or heavy machinery also occasionally 
occur, typically on scaffolds at the lowest level. In addition, the natural deterioration, 
corrosion, and loss of performance of scaffold components are factors that must not be 
overlooked. Although scaffold components can be recovered and reused, they should 
essentially be regarded as consumables with a depreciation life, and overly old components 
should be regularly retired to ensure they can deliver their design performance. Relevant 
industry organizations in many countries have established principles for inspecting and 
retiring scaffold components [14,45,46]; however, in practice, many scaffolding suppliers 
frequently mix new and old components, and degraded or performance-compromised 
scaffold components may also lead to scaffolding accidents.

1.3. Risk Assessment and Prioritization of Scaffold Safety Factors
Although existing safety-related studies on scaffolding have identified numerous 

potential risk factors through methods such as accident case analysis, field investigations, 
and safety inspections—thereby making important contributions to understanding specific 
accident mechanisms and establishing safety regulations—it remains difficult to compare 
the relative importance of these factors within a unified framework, because different types 
of studies often focus on particular accident types or specific technical issues.

Some existing studies use risk matrices and multi-criteria decision-making methods 
to quantify the assessment and prioritization of construction safety risks. For example, 
they use Analytic Hierarchy Process (AHP) to establish a prioritization framework for 
construction safety risks [47,48], or further integrate fuzzy theory [49,50], TOPSIS [51], or 
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other quantitative evaluation methods to handle the uncertainty in expert judgments and 
support risk management decisions when safety resources are limited. However, compared 
with safety risks in general types of construction projects, the system-level frameworks 
established for the causes of scaffolding accidents remain limited. Such a knowledge gap 
has therefore motivated this study.

Importantly, the applicability of a multi-criteria prioritization method depends not 
only on the analytical technique employed, but also on whether the underlying criteria 
appropriately represent the specific decision context. Thus, criteria developed for broader 
construction-safety problems cannot necessarily be transferred directly to scaffold-specific 
or region-specific safety management. As a result, Existing scaffold-risk classifications offer 
a useful conceptual base, and some broad categories can transfer across construction con-
texts. However, the specific factors within each category and their management priorities 
may not transfer because scaffold-safety risks depend on local regulations, practices, cli-
mate, workforce characteristics, and safety culture. Therefore, instead of replacing existing 
classifications, a context-adapted framework should combine established risk knowledge 
with local evidence and expert judgment.

1.4. Research Problems and Objectives
Although a number of scaffold-related hazard factors can be identified from existing 

studies, their relative importance has not yet been sufficiently examined and compared 
within an integrated framework. As a result, when manpower and safety resources are 
limited, it remains difficult to determine which hazard factors should be prioritized for 
focused management. This constitutes a knowledge gap in the current literature and has 
therefore motivated the present study. Accordingly, this study aims to investigate how 
to systematically organize and quantify the priority levels of various scaffold-related risk 
factors, so as to provide a basis for supporting practical safety management.

To address this issue, this study develops a systematic framework for prioritizing 
scaffolding safety risk factors. Under this objective, three specific tasks are included:
(1) identify and integrate scaffolding-related risk factors from relevant literature, reg-
ulations, occupational accident cases, and expert knowledge; (2) establish a risk-factor 
framework with dimensions and hierarchical levels, and—based on expert judgment—ap-
ply the AHP to quantify the relative importance of each risk factor; and (3) determine the 
weights of the risk factors as the basis for ranking, and translate the ranking results into 
safety guidance for scaffolding operations. To achieve these objectives, this study first com-
piles an initial set of hazard factors, which are then reviewed and consolidated by an expert 
panel. Items with similar meanings are merged into a hierarchical framework comprising 
five dimensions: personnel, management, equipment, work methods, and environment. 
Finally, domain experts with practical experience in scaffolding engineering are invited to 
conduct the AHP evaluation, from which the relative weights and overall rankings of each 
dimension and individual hazard factor are derived. Unlike previous studies that primarily 
examine individual scaffold hazards or apply risk-prioritization methods to general con-
struction safety, this study integrates heterogeneous scaffold-specific risks into a unified 
hierarchical framework and quantifies their relative management priorities.

2. Materials and Methods
This study uses the classical AHP to perform a ranking analysis of the key factors 

behind scaffolding accidents. The AHP method, first proposed by Professor Saaty [52], 
is mainly applied to decision-making problems under uncertainty and those involving 
multiple evaluation criteria. In practical management applications, it is often used to identify 
the key influencing factors within a system, so as to determine how limited managerial 
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resources should be allocated to problems with numerous and complex causes. In the 
context of this study, there are many potential causes of scaffolding accidents; the resulting 
priorities acquired by AHP can provide a decision-support basis for allocating limited 
safety-management resources to factors perceived by experts as requiring greater attention.

2.1. Study Context and Evidence Base
This study is grounded in Taiwan’s practices for scaffold erection and safety man-

agement. Taiwan was selected as the study area because the risk factors associated with 
scaffolding—and their relative importance—may be influenced by local regulations, con-
struction practices, climatic conditions, workforce characteristics, and jobsite safety culture. 
Moreover, the literature evidence, expert judgments, and the expert questionnaires used in 
the final-stage AHP in this study are primarily drawn from Taiwan’s construction industry. 
Therefore, the final prioritization of hazard factors reflects Taiwan’s real-world context. 
Nevertheless, this framework still provides an analytical structure and foundation for scaf-
folding safety issues; in other regions, it can be re-applied using relevant cases, regulations, 
and expert opinions to produce corresponding results.

The evidence used to establish the initial repository of risk factors was drawn from 
four complementary sources: existing academic research, occupational accident reports, 
scaffolding-related safety regulations, and practical experience obtained through expert 
discussions. These sources provide different yet mutually reinforcing forms of evidence. 
Prior studies describe established accident mechanisms and risk classifications from a 
theoretical perspective; casualty and incident reports document hazards that have occurred 
in practice; safety regulations and technical guidelines distill experience and knowledge 
accumulated over time, defining recognized safety requirements and hazardous scenarios; 
and expert experience reflects and supplements on-site practices and management issues 
that may not yet be fully documented in the existing literature.

The selection of candidate risk factors was not based solely on their frequency of occur-
rence in real-world settings. Any candidate factor that had been identified through accident 
records, regulatory requirements, prior literature, or expert experience was retained for 
further consideration. This inclusive approach was adopted because some scaffold-related 
incidents, although infrequent, may result in major casualties. Therefore, the selection crite-
ria for candidate factors at the initial stage were intended to cover both common risk factors 
and those that occur less frequently but have severe potential consequences. Subsequently, 
these factors were reviewed, supplemented, and consolidated by experts, and only then 
evaluated using the AHP.

2.2. Identification and Validation of Risk Factors
Based on the evidence sources in Section 2.1, this study first collected a total of

22 candidate scaffolding hazard factors from prior studies, occupational safety accident casu-
alty reports, scaffolding-related safety regulations, and technical guidelines, and classified 
them into five fundamental dimensions: personnel, management, work methods, environ-
ment, and equipment. Next, six experts with extensive practical experience in scaffolding 
engineering or safety in Taiwan were invited to participate in a brainstorming meeting to 
review, revise, and supplement the initial list of hazard factors. After incorporating expert 
opinions, the preliminary list identified 43 risk factors, as shown in Table 1.

The preliminary list of risk factors presented in Table 1 comprises 43 factors distributed 
across five dimensions. As stated in Section 2.1, to ensure broad coverage of potential 
risk factors, this study adopted a collective brainstorming approach when inviting experts, 
encouraging them to propose as many ideas as possible and recording them faithfully. 
Under this approach, different experts may in fact propose overlapping or highly similar 
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risk factors. To reduce conceptual redundancy while preserving the scope of identified 
risks, this study further consolidated these factors based on semantic overlap, similarity 
in underlying accident mechanisms, and relevance to the same safety management mea-
sures, i.e., performing “consolidation” rather than “screening.” None of the initial factors 
was excluded merely because it was considered infrequent or of low importance; instead, 
the study merged only those factors that were closely related and could be meaningfully 
clustered (for example, deficiencies in different equipment may lead to the same scaffold-
ing accident). In addition, certain risk factors were reassigned to dimensions that more 
accurately reflect their root causes. Some risk factors may relate to two dimensions si-
multaneously; classifying them under the most relevant one was the adjustment principle 
adopted in this study. The initial assignment of risk factors to dimensions was preliminarily 
determined by synthesizing prior research; however, after the expert brainstorming ses-
sions, the study developed a deeper understanding of the nature of the risk factors and 
concluded that adjustments to their assigned dimensions were necessary. Ultimately, only 
three risk factors underwent dimensional reassignment. As indicated by the mapping 
codes in Table 1, the eight personnel factors were consolidated into five factors; equipment 
factors were consolidated into seven factors; work method factors were consolidated into
six factors; environmental factors were consolidated into four factors; and management fac-
tors were consolidated into six factors. Therefore, the final hierarchical structure comprises 
five dimensions and 28 factors, as shown in Figure 2.

Table 1. Preliminary scaffold risk factors and their mapping to the consolidated AHP factors.

ID Preliminary Risk Factor Final Code

Personnel Factors

1 Failure to properly use safety harnesses and fall protection equipment P1
2 Failure to properly attach lanyards to lifelines or secure anchor points P1
3 Insufficient scaffold safety training and hazard communication P2
4 Inadequate site-specific hazard orientation for new workers P2
5 Poor safety awareness or intentional violation of safety regulations P3
6 Insufficient worker qualifications or inadequate access control P3
7 Carrying heavy objects while climbing, resulting in loss of balance P4
8 Fatigue, physical exhaustion, or alcohol consumption during work P5

Equipment Factors

9 Aged, corroded, deformed, or damaged scaffold components E1
10 Scaffold materials failing to meet CNS standards or lacking quality control E1
11 Absence of inspection, grading, and replacement procedures for scaffold materials E1
12 Improper fastening of connectors, joints, or locking pins E2
13 Incomplete, unsecured, uneven, or removed scaffold planks E3
14 Fall protection facilities containing openings or being removed without authorization E4
15 Insufficient scaffold components (e.g., cross braces, wall ties, handrails) E2
16 Insufficient wall ties or improper wall tie spacing E5
17 Improper base support or inadequate foundation bearing capacity E6
18 Mixed use of old and new scaffold components or inconsistent specifications E1
19 Damaged triangular brackets or missing fastening bolts E7
20 Damage to structural elements supporting triangular brackets E7

Work Method Factors

21 Failure to erect scaffolds according to design drawings, plans, or specifications W1
22 Misuse of scaffolds due to failure to identify intended functions before installation W2
23 Incorrect sequence of scaffold erection, dismantling, or material handling operations W3
24 Improper dismantling methods (e.g., lowering materials by rope) W3
25 Scaffold overloading due to excessive materials, personnel, or unauthorized platform extensions W4
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Table 1. Cont.

ID Preliminary Risk Factor Final Code

Work Method Factors

26 Falling objects caused by improper storage of materials on scaffolds W4
27 Lack of proper access facilities such as ladders or safe access routes W5
28 Failure to implement the advanced guardrail method W5
29 Absence of complete fall protection systems (guardrails, safety nets, lifelines) W6
30 Failure to remove mesh sheets during typhoon events, resulting in excessive wind loads N1

Environmental Factors

31 Uneven ground, unstable foundations, or settlement caused by rainfall erosion E6
32 Strong winds, typhoons, or adverse weather conditions N1
33 Restricted working space affecting scaffold erection, dismantling, or emergency escape N2
34 Lack of protection near openings, floor edges, or fall hazard zones N3
35 Failure to reassess scaffold anchorage after changes in façade construction stages M6
36 Impact from materials lifted or transported by other trades N4

Management Factors

37 Failure to conduct safety inspections before erection, during use, and after dismantling M1
38 Inadequate safety supervision and self-inspection management M1
39 Failure to implement site safety management systems M1
40 Poor coordination among trades resulting in unauthorized removal of scaffold components M2
41 Insufficient professional knowledge of scaffold management personnel M3
42 Schedule pressure leading to inadequate safety procedures and inspections M4
43 Reluctance to invest in scaffold repair and maintenance M5

Note: The final codes correspond to the 28 consolidated factors presented in Figure 2. Repeated 
codes indicate that multiple preliminary factors were merged into the same consolidated factor. 
Codes belonging to a different dimension indicate that the corresponding preliminary factors were 
reassigned to a more conceptually appropriate dimension during consolidation.

Figure 2. The Hierarchy and Important Factors.
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2.3. AHP Questionnaire and Pairwise Comparison
In the second stage, a total of 17 experts were invited to participate in completing 

the AHP questionnaire, including the six experts who developed the preliminary factors 
in the first stage. These experts were selected based on their professional qualifications 
and practical experience in the scaffolding field. The experts’ backgrounds and years of 
experience are detailed in Table  2.

Table 2. Professional profiles of the experts participating in the AHP assessment.

Expert Professional Role/Background Experience Expert Professional Role/Background Experience
(Years) (Years)

E01 Construction engineering/
site management 15 E10 Industrial construction engineering 15

E02 Scaffold industry management 25 E11 Industrial project management 25
E03 Scaffold industry executive 24 E12 Scaffold industry management 20

E04 Civil engineering consultancy/
professional engineer 8 E13 Scaffold industry executive 35

E05 Industrial construction engineering 20 E14 Industrial construction engineering 18

E06 Scaffold industry executive 20 E15 Civil engineering 
consultancy/professional engineer 1.5

E07 Scaffold industry management 15 E16 Scaffold industry executive 24
E08 Scaffold industry executive 15 E17 Scaffold industry management 15

E09 Occupational safety research/
management 20

All 17 experts had practical experience in scaffolding engineering, including scaffold-
ing construction, inspection, and safety management. Their relevant years of experience 
ranged from 1.5 to 35 years, with most having more than 15 years of experience. These
17 experts were not sampled to be statistically representative of “all scaffolding practitioners 
in Taiwan”; rather, they were deliberately selected for their relevant expertise and experi-
ence, with coverage of different professional roles. In addition, the pairwise comparison 
matrices completed by each expert in the AHP questionnaire independently passed the 
consistency test, yielding a result of 𝐶𝑅 < 0.10. That is, no expert was excluded due to 
inconsistent responses, and all expert responses were retained for subsequent aggregation.

2.4. Weight Calculation and Consistency Assessment
In the calculation process of AHP, experts use pairwise comparisons to evaluate the 

relative importance of factors within the same dimension. The same procedure is also 
used to assess the importance of each dimension with respect to the overall decision goal. 
Suppose that for the 𝑘-th expert, the relative importance judgment value obtained from 
comparing factor 𝑖 with factor 𝑗 is 𝑎(𝑘)

𝑖𝑗 . Then the judgments of multiple experts can be 
aggregated using the geometric mean method to form a group judgment value, as shown 
in Equation (1):

¯𝑎𝑖𝑗 = (


𝐾
∏
𝑘=1

𝑎(𝑘)
𝑖𝑗

)


1
𝐾

(1)

where 𝑎(𝑘)
𝑖𝑗  denotes the pairwise comparison judgment between factors 𝑖 and 𝑗 provided by 

expert 𝑘, 𝐾 is the total number of experts, and ¯𝑎𝑖𝑗 represents the aggregated group judgment 
obtained using the geometric mean. In this way, the elements in the upper triangular part 
of the pairwise comparison matrix can be obtained. Since pairwise comparisons in AHP 
have the reciprocal property, it can be identified that ¯𝑎𝑗𝑖 = 1/ ¯𝑎𝑖𝑗.
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Accordingly, the corresponding elements in the lower triangular part of the matrix can 
be obtained. In addition, when any factor is compared with itself, its relative importance is 
1, that is, ¯𝑎𝑖𝑖 = 1. Therefore, the complete pairwise comparisonmatrix 𝐀  can be constructed, 
as shown in Equation (2):

𝐀 =

[








1 ¯𝑎12 ⋯ ¯𝑎1𝑛
1
¯𝑎12

1 ⋯ ¯𝑎2𝑛

⋮ ⋮ ⋱ ⋮
1
¯𝑎1𝑛

1
¯𝑎2𝑛

⋯ 1

]








. (2)

After that, the maximum eigenvalue 𝜆𝑚𝑎𝑥 and its corresponding eigenvector 𝑤 are 
obtained for this comparison matrix, as shown in Equation (3). The weights of each factor 
can then be further derived from the eigenvector.

𝐀𝑤 = 𝜆𝑚𝑎𝑥𝑤 (3)

Due to the complexity of the hierarchical structure and evaluation factors, experts’ judg-
ments may not remain perfectly consistent when performing multiple pairwise comparisons. 
Therefore, after constructing the pairwise comparison matrix, a consistency test must be con-
ducted to verify the logical consistency of the experts’ judgments. The AHP first uses the 
Consistency Index (𝐶𝐼) to measure how far the comparison matrix deviates from a state of 
perfect consistency, and then compares the 𝐶𝐼 with the Random Index (𝑅𝐼) corresponding to a 
matrix of the same order to calculate the Consistency Ratio (𝐶𝑅). In general, when 𝐶𝑅 < 0.10, 
the pairwise comparison matrix is considered to have an acceptable level of consistency. The 
formulas for calculating CI and CR are shown in Equations (4) and (5).

𝐶𝐼 =
𝜆𝑚𝑎𝑥 − 𝑛

𝑛 − 1 (4)

𝐶𝑅 =
𝐶𝐼
𝑅𝐼 (5)

where 𝜆𝑚𝑎𝑥 is the maximum eigenvalue of the pairwise comparison matrix, and 𝑛 is the 
number of elements being pairwise compared in that matrix, i.e., the order of the comparison 
matrix. At the dimension level, 𝑛 is the number of dimensions; at the factor level within 
each dimension, 𝑛 is the number of factors contained in that dimension.

2.5. Use of Generative Artificial Intelligence
During the preparation and revision of this manuscript, the authors used ChatGPT 

(OpenAI; GPT-5.6 and GPT-6) and Writefull for Overleaf (Digital Science; version not 
specified) as supporting tools for manuscript organization, language refinement, prepa-
ration of visualization code, and assistance in reviewing, organizing, and interpreting the 
results obtained from the authors’ original AHP analysis. It was also used to provide initial 
suggestions and draft text for selected supporting sections of the manuscript. The core 
methodological development, AHP calculations, and reporting of the research results were 
undertaken by the authors, and all AI-assisted textual outputs were subsequently reviewed 
by the authors and, where appropriate, revised and further developed. Generative AI tools 
were not used to generate expert responses, questionnaire data, AHP judgments, or primary 
research data, nor were they used to independently determine the study results. All AHP 
calculations, quantitative results, and final interpretations were verified by the authors 
based on the original expert data. The authors take full responsibility for the content of 
the publication.
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3. Results
3.1. Consistency of the AHP Judgments

In Section 2.3, this study has already conducted consistency tests on each expert’s 
individual pairwise comparison matrix and confirmed that the results from all 17 experts 
can be included in the aggregated pairwise comparison matrices. This section again adopts 
the 𝐶𝑅 and 𝐶𝐼 values to perform consistency tests for all dimensions of the aggregated 
pairwise comparison matrices. The results are shown in Table 3. It can be observed that 
both the first-level comparisons, i.e., comparisons among dimensions (denoted as “Main 
criteria” in Table 3), and the second-level comparisons, i.e., comparisons among different 
factors under each dimension, passed the consistency test, meaning that the 𝐶𝑅 values are 
below the commonly accepted threshold of 0.10. Therefore, all dimensions and factors can 
be retained for the subsequent stages of weight calculation and ranking.

Table 3. Consistency test results of the AHP comparison matrices.

Comparison Matrix 𝒏 𝝀max CI CR Result

Main criteria 5 5.0114 0.0029 0.0026 Pass
Personnel factors 5 5.0096 0.0024 0.0021 Pass
Equipment factors 7 7.0137 0.0023 0.0017 Pass
Work method factors 6 6.0143 0.0029 0.0023 Pass
Environmental factors 4 4.0008 0.0003 0.0003 Pass
Management factors 6 6.0089 0.0018 0.0014 Pass

Note: 𝑛 denotes the order of the pairwise comparison matrix; 𝜆max is the maximum eigenvalue; 𝐶𝐼 is 
the consistency index; and 𝐶𝑅 is the consistency ratio. 𝐀 comparison matrix is considered acceptably 
consistent when 𝐶𝑅 ≤ 0.10.

3.2. Priorities of the Risk Dimensions
Table 4 first lists the rankings of the weights of each dimension. Among the five di-

mensions, they are, in order, management factors (M), personnel factors (P), work method 
factors (W), equipment factors (E), and environmental factors (N). Among them, the 
management factor (0.2981) and personnel factor (0.2972) were assigned higher weights 
by the AHP results, followed by the work method (0.2037). These results indicate that 
the interviewed experts assigned relatively high importance to both human factors and 
management factors.

Table 4. Priorities and rankings of scaffold risk dimensions.

Code Risk Dimension Weight Rank

M Management factors 0.2981 1
P Personnel factors 0.2972 2
W Work Method factors 0.2037 3
E Equipment factors 0.1238 4
N Environmental factors 0.0772 5

3.3. Local and Global Priorities of the Risk Factors
3.3.1. Personnel Factors

For each dimension, the corresponding weights of its risk factors are listed in Tables 5–9, 
including the within-dimension weights and the overall weights. The global weights were 
obtained by multiplying each local weight by the corresponding dimension weight.

As shown in Table 5, P5 has the highest local weight within the personnel dimension 
(0.2735). In addition, P5, P1, and P3 rank 2nd, 3rd, and 4th, respectively, in the overall 
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ranking across the 28 factors, indicating a clear concentration of personnel-related factors 
toward the top of the overall weight ranking. By contrast, P4 has a relatively low local weight 
(0.0936) and ranks 16th overall, showing a notable gap compared with the higher-ranked 
P5, P1, and P3.

Table 5. Local and global priorities of personnel-related scaffold risk factors.

Code Risk Factor Local Weight Local Rank Global Weight Overall Rank

P1 Failure to properly use personal 
fall-protection equipment 0.2331 2 0.0693 3

P2 Insufficient scaffold safety training and 
hazard communication 0.1781 4 0.0529 5

P3
Insufficient safety awareness, 
convenience-driven unsafe behavior, or 
inadequate worker qualifications

0.2217 3 0.0659 4

P4 Loss of balance while climbing or moving 
at height while carrying heavy objects 0.0936 5 0.0278 16

P5 Worker fatigue, physical exhaustion, or 
alcohol consumption during work 0.2735 1 0.0813 2

Note: The weight of the personnel dimension is 0.2972.

3.3.2. Management Factors
As shown in Table 6, within the ranking of management factors, M2 has a local weight 

of 0.2776, which is substantially higher than the other management factors. M2 also ranks 
first in overall weight among all 28 risk factors. In contrast, M3, M4, and M6 form a relatively 
close middle group, with local weights ranging from 0.1497 to 0.1597, and their overall 
rankings are sixth, seventh, and ninth, respectively.

Table 6. Local and global priorities of management-related scaffold risk factors.

Code Risk Factor Local Weight Local Rank Global Weight Overall Rank

M1
Failure to effectively implement scaffold 
safety inspection, supervision, and 
management systems

0.1230 6 0.0367 12

M2
Inadequate coordination among trades, 
resulting in unauthorized removal of 
scaffold components

0.2776 1 0.0827 1

M3 Insufficient professional knowledge of 
scaffold management personnel 0.1597 2 0.0476 6

M4
Schedule pressure causing safety 
procedures and self-inspections to
become perfunctory

0.1593 3 0.0475 7

M5 Reluctance of construction contractors to 
invest in scaffold repair and maintenance 0.1307 5 0.0390 11

M6 Failure to reassess scaffold safety measures 
following project changes 0.1497 4 0.0446 9

Note: The weight of the management dimension is 0.2981.

3.3.3. Work Method Factors
Within the work-method dimension, W4 has the highest local weight (0.2199) and 

ranks eighth overall, as shown in Table 7. The global weights of W1, W3, and W6 are similar, 
ranging from 0.0365 to 0.0392; in contrast, W5 has the lowest local weight in this dimension 
and ranks 21st overall.
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Table 7. Local and global priorities of work method-related scaffold risk factors.

Code Risk Factor Local Weight Local Rank Global Weight Overall Rank

W1
Failure to erect scaffolds in accordance with 
design drawings, construction plans, or 
applicable specifications

0.1926 2 0.0392 10

W2

Failure to confirm the intended scaffold 
function before construction, resulting in 
misuse between working and 
shoring scaffolds

0.1249 5 0.0254 18

W3
Incorrect scaffold erection or dismantling 
sequence, or improper material 
hoisting practices

0.1798 3 0.0366 13

W4 Scaffold overloading or improper storage of 
materials on scaffold platforms 0.2199 1 0.0448 8

W5 Failure to provide safe access facilities and 
implement safe construction practices 0.1038 6 0.0212 21

W6
Failure to provide complete fall-protection 
systems, including guardrails, safety nets, 
and lifelines

0.1790 4 0.0365 14

Note: The weight of the work method dimension is 0.2037.

3.3.4. Equipment Factors
E5 is the highest-ranked risk factor within the equipment dimension, with a local 

weight of 0.2571, placing 15th in the overall ranking, as shown in Table 8. Although the 
equipment dimension contains the largest number of risk factors, the overall rankings of 
the seven equipment-related factors fall toward the latter half, ranging from 15th to 27th. 
Within this dimension, the local weights of E1, E2, and E6 are close to one another and 
relatively low, ranging from 0.1002 to 0.1044.

Table 8. Local and global priorities of equipment-related scaffold risk factors.

Code Risk Factor Local Weight Local Rank Global Weight Overall Rank

E1
Poor scaffold material quality management, 
including noncompliant, damaged, 
corroded, or mixed components

0.1044 5 0.0129 25

E2 Improper connection or configuration of 
scaffold components 0.1028 6 0.0127 26

E3 Incomplete, unsecured, uneven, or removed 
scaffold planks 0.1200 3 0.0149 23

E4 Openings in fall-protection facilities or 
unauthorized removal of such facilities 0.2052 2 0.0254 19

E5
Insufficient wall ties or failure to install wall 
ties in accordance with
required configurations

0.2571 1 0.0318 15

E6 Insufficient scaffold foundation bearing 
capacity or unstable ground conditions 0.1002 7 0.0124 27

E7 Inadequate fastening or supporting 
structures for triangular brackets 0.1102 4 0.0136 24

Note: The weight of the equipment dimension is 0.1238.

3.3.5. Environmental Factors
Table 9 shows that the local weights of the environmental factors are mainly concen-

trated on N3 (0.3435) and N4 (0.3180). Although they have relatively high priority within 
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the environmental dimension, the overall dimension weight is only 0.0772, placing them 
only 17th and 20th, respectively, in the overall ranking. N2 has the lowest local weight in 
this dimension and ranks 28th overall.

3.4. Overall Ranking and Priority Risk Factors
This study first lists the local weights and overall weights of all 28 factors in Figure 3. 

To facilitate the presentation of the ranking of the dimension weights, Figure 3 still groups 
the 28 factors into five dimensions, and within each dimension they are ranked according to 
their local weights. The ranking of the weights of the various factors within each dimension 
has been discussed in detail in Section 3.3.

Figure 3. The Global Weights and Local Weights for Important Factors.
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To further understand the ranking and importance of various key factors across dimensions, 
this study further presents the top 15 key factors in the overall weight ranking in Figure 4.

Figure 4. The Top-15 Global Weights for Important Factors.
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Table 9. Local and global priorities of environmental-related scaffold risk factors.

Code Risk Factor Local Weight Local Rank Global Weight Overall Rank

N1
Strong winds, typhoons, or other adverse 
weather conditions affecting
scaffold stability

0.2152 3 0.0166 22

N2
Restricted working space affecting scaffold 
erection, dismantling, and
worker evacuation

0.1233 4 0.0095 28

N3 Lack of protection near openings, floor 
edges, or fall-hazard areas 0.3435 1 0.0265 17

N4 Interference from other trades or external 
impacts affecting scaffold safety 0.3180 2 0.0246 20

Note: The weight of the environmental dimension is 0.0772.

4. Discussion
4.1. Dominance and Near-Equivalence of Management and Personnel Factors

In Section 3.2, this study first compared the dimension weights of the five dimensions. 
The results show that among the five dimensions, management dimension (0.2981) and 
personnel dimension (0.2972) have the highest and very similar weights, followed by work-
method dimension (0.2037). In contrast, equipment dimension (0.1238) and environmental 
dimension (0.0772) have relatively lower weights. This indicates that although scaffold 
collapse and failure are generally recognized as serious types of scaffold accidents, scaffold 
safety cannot be understood solely in terms of the structural performance of the scaffold 
itself. The behavior of personnel, safety supervision, and construction methods used in 
actual operations can all lead to scaffold-related accidents. In other words, whether a 
scaffold is safe does not depend only on how it is designed and erected, but also on how it 
is used, modified, supervised, and managed during the construction process.

The AHP weights should be interpreted as the relative priorities perceived by the 
participating experts rather than as statistical estimates of accident frequency, causal contri-
bution, or effect size. Accordingly, a higher weight indicates that a factor was considered 
more important for scaffold safety management within the decision context of this study, 
but does not demonstrate that the factor causes a greater proportion of scaffold accidents. 
Although the Management dimension ranked first, its difference from the Personnel di-
mension was only 0.0009; therefore, it should not be simply interpreted as management 
factors being the most important. Rather, this indicates that scaffolding-related risks are 
concentrated in management control and frontline personnel behaviors. The third-ranked 
dimension, immediately following the top two, was Work Methods, which together with 
the top two forms the main risk cluster of “management–personnel–operations.” Although 
the Equipment and Environment dimensions had relatively lower priority weights, this 
does not mean that the associated risks are unimportant or that they occur less frequently. 
Rather, the results indicate that the participating experts assigned them comparatively lower 
management priority within the present AHP framework. Moreover, their consequences 
can still be severe—for example, extreme weather or seismic events may contribute to overall 
scaffold collapse, as discussed in Section 2.2. Moreover, in terms of risk identification, the 
Equipment risk dimension contains the largest number of hazard factors, indicating diverse 
latent hazards; it should therefore still be taken into account in management measures.

4.2. Practice-Driven Risks Among the Highest-Ranked Factors
In Section 3.4, this study presents the overall ranking of weights for all hazard factors, as 

shown in Figure 4. Focusing on the five items with the highest overall weights, the top-ranked 
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factor, M2, refers to the unauthorized removal of scaffold components. Because construction 
projects involve different trades working at the same time and in the same space, their shared 
work area also includes the space on and around scaffolds. When scaffold components such 
as cross braces or wall ties obstruct the task being carried out by a particular trade, workers 
may temporarily remove them (M2) for convenience [3], but then fail to restore them after the 
work is completed. Extensive removal of essential components may compromise the scaffold’s 
load-bearing capacity; unlike a single incident of a worker falling from a scaffold, scaffold 
collapse often results in much more severe disasters. The second-ranked factor, P5, reflects 
workers’ health and physical/mental condition. It is also the highest-weighted hazard factor 
within the “personnel factors” dimension, indicating that Taiwan’s distinctive on-site drinking 
culture [37–40], as well as fatigue from overtime and night work to meet deadlines [7], exerts 
a non-negligible impact on workers’ physical and psychological states. The third-ranked 
factor, P1, highlights the issue of failing to properly wear personal protective equipment (PPE). 
Globally, not wearing PPE—especially fall-arrest equipment—is a common contributing cause 
of major casualties in occupational accidents; however, in Southeast Asian countries, hot 
climate conditions further reduce workers’ willingness to wear PPE correctly, making this an 
issue that cannot be ignored.

P3, which ranks fourth in overall weighting, reflects workers’ insufficient safety aware-
ness and their tendency to prioritize convenience. This often manifests in unsafe operating 
behaviors, such as climbing cross braces or using guardrails as footholds. P2, ranked fifth, 
addresses issues related to education and training and hazard communication. A lack of 
safety awareness and safety education may also lead to latent risks in scaffolding opera-
tions. For example, amid the widespread labor shortage in Taiwan’s construction industry, 
foreign workers are often brought in to address manpower shortfalls; however, language 
and cultural barriers may indirectly prevent effective implementation of safety education 
on worksites and result in uneven levels of safety awareness among workers.

4.3. Comparison with Previous Studies
To further clarify the relationship between the results of this study and existing research 

on scaffold safety, this study summarizes in Table 10 the key consistencies between prior 
literature and this study, differences in emphasis, and extensions under specific contexts, so 
as to provide an analytical synthesis.

Table 10. Comparison of the present findings with previous scaffold safety studies.

Analytical Theme Present Finding Comparison with
Previous Studies Contribution

Management and
personnel factors

Management and personnel 
factors received the 
two highest and nearly 
identical weights 
(0.2981 and 0.2972).

Consistent: Previous studies 
identified inadequate 
supervision, insufficient 
training, and unsafe behavior 
as recurrent contributors to 
scaffold accidents [1,3,10].

The result quantitatively 
demonstrates that 
organizational control and 
worker behavior should be 
treated as concurrent, rather 
than competing, 
safety priorities.

Unauthorized component 
removal

Unauthorized removal caused 
by inadequate coordination 
among trades (M2) ranked 
first among all 28 factors.

Context-specific extension: 
Field investigations 
documented the removal and 
non-restoration of scaffold 
components [3], while 
structural research established 
the importance of bracing to
scaffold stability [5].

The study reframes 
unauthorized removal as both 
a structural deficiency and a 
management problem arising 
at work interfaces.
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Table 10. Cont.

Analytical Theme Present Finding Comparison with
Previous Studies Contribution

Fatigue and alcohol 
consumption

Fatigue, physical exhaustion, 
or alcohol consumption (P5) 
ranked second overall.

Consistent and locally 
contextualized: Previous 
studies consistently associate 
worker fatigue with reduced 
alertness and impaired 
cognitive and physical 
performance [41,42], while 
recent research has further 
identified fatigue-related 
unsafe behavior and safety 
behavioral deviations in 
construction and scaffolding 
operations [43,44]. 
Taiwan-based studies 
additionally identify alcohol 
consumption as a relevant 
occupational-safety 
concern [7,37,38].

Consistent and locally 
contextualized. The high 
priority of P5 is supported by 
recent international evidence 
on fatigue-related impairment, 
while the inclusion of 
alcohol-related conditions 
reflects an additional 
Taiwan-specific
occupational context.

Structural and
environmental risks

Equipment and 
environmental factors ranked 
fourth and fifth, respectively.

Contrasting emphasis: 
Previous scaffold research has 
extensively examined 
structural capacity, 
component deterioration, 
foundations, and
wind loading [5,18,21–24,26].

The contrast indicates a shift 
in management priority 
toward factors that can be 
controlled through daily 
organizational and 
operational practices; it does 
not imply that technical 
hazards have 
minor consequences.

Fall-protection behavior

Failure to properly use 
personal fall-protection 
equipment (P1) ranked 
third overall.

Strongly consistent: Accident 
investigations and safety 
guidance repeatedly identify 
missing or improperly used 
fall-protection 
measures [2–4,13].

This study provides an explicit 
priority for worker-level use of 
personal fall protection within 
a broader 
multidimensional framework.

Integrated prioritization
across dimensions

The highest-ranked factors 
span management, worker 
condition, fall protection, and
operational practice.

Integrative extension: Existing 
studies provide detailed 
evidence on individual 
hazards, while 
construction-safety AHP 
studies demonstrate the 
value of systematic 
prioritization [47–50].

This study makes 
heterogeneous scaffold risks 
comparable within one 
framework for safety-resource 
allocation, while leaving 
causal relationships for
future investigation.

As can be seen from the contents of Table 10, the findings of this study do not negate 
the importance—already established by prior research—of investigating the structural and 
environmental hazards of scaffolding. Rather, the two highlight differences in analytical 
emphasis. Most existing studies focus on the mechanisms and consequences of specific 
hazard issues, whereas this study emphasizes comparing heterogeneous risk factors across 
different dimensions within a shared safety management framework. Accordingly, the 
weights obtained through AHP should be interpreted as relative management priorities, 
rather than as indicators of accident frequency or hazard severity.

4.4. Practical Implications for Scaffold Safety Management
Section 4.2 describes the five scaffolding-related hazard factors with the highest cross-

dimensional weights. If these are regarded as critical hazard factors, it becomes important 
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to adopt corresponding management measures to reduce the likelihood of accidents and 
disasters. For M2 (inadequate coordination among trades resulting in unauthorized removal 
of scaffold components), because construction processes across different trades are complex, 
temporarily removing scaffolding components for constructability does not need to be 
completely prohibited, since there are currently no clear analytical results proving that 
small-scale, temporary removal of scaffolding components endangers the structural safety 
of the overall scaffold. In more cases, the concern with removing scaffolding components is 
that it creates openings and thus increases the possibility of accidental falls. Therefore, it 
is necessary to establish mechanisms for restoration and re-inspection after components 
are temporarily removed. Regular site inspections focusing on scaffold integrity can help 
ensure that temporarily removed components are restored.

As for the issues related to workers’ physical and mental condition shown in P5 (fatigue, 
physical exhaustion, or alcohol consumption), in addition to enforcing controls on alcoholic 
beverages at the site, verifying workers’ physical and mental condition before starting work 
also helps implement safety management. Certain information-technology aids can also be 
used to assess workers’ physical, mental, and psychological state. For example, introducing 
artificial intelligence in conjunction with on-site CCTV surveillance systems may, through 
image-detection methods such as gait analysis, or with wearable devices capable of capturing 
physiological signals, help determine whether workers are in a condition fit for duty. At 
the same time, AI and image-detection technologies can also help confirm whether workers 
are wearing personal protective equipment (PPE) as required, thereby addressing the issue 
reflected in P1 (improper use of personal fall-protection equipment).

For P3 (insufficient safety awareness, convenience-driven unsafe behavior, or inade-
quate worker qualifications) and P2 (insufficient scaffold safety training and hazard com-
munication), which involve safety training and hazard communication, in addition to 
leveraging the effectiveness of on-site supervision, safety training for foreign workers facing 
language barriers can be implemented through multilingual or pictorial teaching materials 
or signage—approaches that can already be seen at construction sites in Taiwan. Moreover, 
with the rise of large language models, machine translation can also be effective for pre-work 
briefings and for communicating safe operating procedures.

From a resource-allocation perspective, the global weights may further support a 
tiered management strategy. Because these weights represent relative priorities rather than 
absolute measures of accident probability or consequence severity, the tiers are intended 
to differentiate the intensity of management attention rather than to define fixed high-, 
medium-, and low-risk thresholds. High-priority factors should receive targeted preventive 
actions, more frequent inspection, and explicit supervisory attention. Medium-priority 
factors should remain subject to routine monitoring through periodic scaffold inspections, 
toolbox meetings, and regular site-safety checks, so that emerging deficiencies can be 
identified before they develop into critical conditions. Lower-ranked factors should not 
be interpreted as negligible risks; rather, they should continue to satisfy baseline regula-
tory, inspection, and maintenance requirements, while comparatively greater management 
resources are directed toward higher-priority issues. Such a tiered approach allows the 
AHP results to guide the intensity of management attention without treating lower-ranked 
hazards as unimportant.

5. Conclusions
This study identifies scaffolding risk factors and uses the AHP to rank their impor-

tance and prioritize safety measures. Risk factors were compiled from literature, accident 
cases, and expert input, then merged into a hierarchy of 28 factors across five dimensions: 
personnel, equipment, work methods, environment, and management. 17 scaffolding ex-
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perts completed the AHP comparisons, and all matrices met consistency requirements. 
Scientifically, this study’s main contribution is an integrated prioritization framework that 
evaluates scaffold-related risks across personnel, management, work methods, equipment, 
and environmental dimensions within one structure. By converting expert judgments into 
quantifiable priorities, it shows that scaffold safety depends not only on structural perfor-
mance but also on interactions among worker behavior, construction activities, management 
systems, and scaffold conditions. Thus, beyond ensuring component stability, scaffold-
ing safety management should target workers’ safe behavior and awareness, construction 
procedures, and site management. In practice, the results support risk-based decisions 
by directing limited safety resources to the most critical, controllable issues—especially 
unauthorized component removal, worker fatigue or workplace drinking culture, and im-
proper fall-protection use. The high-weight factors can inform focused inspection checklists, 
training programs, cross-trade coordination procedures, and on-site supervision strategies.

Several limitations of this study should be acknowledged. First, AHP depends on 
subjective pairwise judgments; despite consistency checks, the weights reflect experts’ 
experience and should be read as relative management priorities, not direct accident causes. 
Second, the 17 experts were Taiwan-based, so different regulations, practices, workforce 
characteristics, and safety culture may yield different priorities elsewhere. Third, using 
conventional AHP alone provides transparency and consistency verification but does not 
model uncertainty, and the rankings were not cross-validated with other methods. Future 
work could use fuzzy AHP or other uncertainty-aware methods to test robustness, compare 
rankings with accident databases to link perceived priorities to observed patterns, apply 
dynamic risk analysis using time-varying site data to update priorities, and conduct cross-
regional studies with independent panels to assess transferability.
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