
 
 

 

 
Buildings 2026, 16, 596 https://doi.org/10.3390/buildings16030596 

Article 

Analysis of Fall-from-Height Accidents in Construction Based 
on Text Mining Technology and Improved Apriori Algorithm 
Rongjian Sun 1,2 and Junwu Wang 1,* 

1 School of Civil Engineering and Architecture, Wuhan University of Technology, Wuhan 430070, China; 
sun18689605818@163.com 

2 Haikou Rural Revitalization Investment and Development Co., Ltd., Haikou 570000, China 
* Correspondence: junwuwang@whut.edu.cn 

Abstract 

In recent years, fall-from-height accidents have frequently occurred in construction activ-
ities, posing severe risks to workers’ safety and impeding the sustainable development of 
construction enterprises as well as social stability. Due to the complexity and multifacto-
rial nature of such accidents, traditional safety risk assessment methods face significant 
limitations in uncovering their underlying causes. To address this issue, this study devel-
ops a novel analytical framework that integrates text mining with an improved Apriori 
algorithm. A standardized text preprocessing pipeline is established, including data col-
lection, construction of a domain-specific lexicon, and synonym-based term unification. 
Key features are extracted using the TF-IDF method, while thematic patterns are identified 
through LDA topic modeling. To overcome the contextual insensitivity of conventional 
association rule mining, the Apriori algorithm is enhanced by introducing time-based con-
straints, enabling the discovery of accident causation patterns that differ between daytime 
and nighttime. Using 1064 accident reports from 22 provinces in China, the framework 
extracted 40 high-frequency accident-causing features and generated a richer set of mean-
ingful association rules compared to the standard algorithm. The results indicate that in-
sufficient safety protection, inadequate worker training, and management deficiencies are 
the predominant causes of fall-from-height accidents. Building on these insights, the 
study proposes targeted preventive measures. The findings make significant theoretical 
contributions by enhancing methodological frameworks for accident analysis while also 
providing practical insights to improve safety management practices in the construction 
industry. 

Keywords: fall-from-height accidents; text mining; TF-IDF; Apriori algorithm;  
construction safety 
 

1. Introduction 
With the acceleration of urbanization, the construction industry has expanded rap-

idly, and safety issues on construction sites have increasingly become a focal point of so-
cial concern [1,2]. Although construction safety standards and management systems have 
been continuously improved, working at heights remains one of the most hazardous ac-
tivities in construction [3]. Falls from height occur frequently, posing severe threats to 
workers’ lives and causing substantial impacts on enterprise operations as well as social 
stability [4]. In particular, when protective measures are lacking or monitoring 

Academic Editor: Ahmed Senouci 

Received: 21 May 2025 

Revised: 20 December 2025 

Accepted: 28 January 2026 

Published: 1 February 2026 

Copyright: © 2026 by the authors. 

Licensee MDPI, Basel, Switzerland. 

This article is an open access article 

distributed under the terms and 

conditions of the Creative Commons 

Attribution (CC BY) license. 



Buildings 2026, 16, 596 2 of 22 
 

https://doi.org/10.3390/buildings16030596 

mechanisms are insufficient, the risks of working at height become even more pronounced, 
highlighting the urgent need for more systematic and data-driven approaches to uncover 
accident causation and develop effective countermeasures. 

Traditional construction safety management primarily relies on experiential judg-
ment and regulatory frameworks [5]. While these measures reduce accident risks to some 
extent, their explanatory and predictive power remains limited in the face of the complex 
environments and multifactorial causes of accidents. In recent years, researchers have at-
tempted to introduce system analysis methods, risk assessment models, and data-driven 
techniques to overcome the shortcomings of conventional approaches [6]. For instance, 
some studies have constructed multi-factor causal networks based on systems thinking, 
revealing complex coupling relationships among accidents; others have integrated loca-
tion data, workers’ physiological characteristics, and managerial factors to establish mul-
tidimensional risk assessment frameworks; still others have employed accident case anal-
ysis and statistical modeling to identify high-risk scenarios [7–9]. Collectively, these ef-
forts indicate that single-dimensional experiential methods are insufficient for modern 
construction safety management, while interdisciplinary modeling and data mining are 
emerging as dominant trends. 

Against this backdrop, text mining techniques—owing to their advantages in pro-
cessing unstructured data—have gradually been introduced into construction safety re-
search. By extracting latent patterns from accident reports, inspection records, and other 
textual materials, researchers can obtain valuable insights from large volumes of data. For 
example, previous studies have constructed knowledge graphs to visualize risk relation-
ships, employed Term Frequency-Inverse Document Frequency (TF-IDF) and topic mod-
els to identify key causal factors, and applied deep learning techniques for automated 
accident classification [10–12]. From a methodological perspective, research has evolved 
from simple keyword extraction to topic modeling and semantic analysis, and further to-
ward causal association mining and dynamic pattern recognition. Nevertheless, two ma-
jor gaps remain. Firstly, a predominant focus on information extraction and classification 
without sufficient attention to the systematic mining of causal associations [13]. Secondly, 
a neglect of temporal dynamics, which limits the understanding of the evolving mecha-
nisms of accidents [14]. 

Association rule mining provides a promising approach to address these limitations. 
As a typical data-driven technique, the Apriori algorithm has been widely applied in ac-
cident analysis across domains such as transportation, energy, and construction, and is 
effective in identifying high-frequency combinations of causal factors [15–18]. Existing 
studies have demonstrated that Apriori-based methods can reveal the complex topologi-
cal structures underlying accident causation [19,20]. However, conventional algorithms 
often fail to incorporate temporal variables, resulting in insufficient representation of the 
dynamic evolution of accidents [21]. This highlights the necessity of improving existing 
algorithms to enhance their adaptability and explanatory capacity in dynamic scenarios. 

To further synthesize existing research progress and reveal methodological trends, 
this study systematically reviews relevant literature on the application of text mining and 
association rule methods in construction safety over the past decade (Table 1). As shown 
in Table 1, research methods have progressed from keyword extraction to topic modeling, 
and subsequently to causal association modeling and integrated approaches, with analyt-
ical depth continuously increasing. However, most studies remain focused on static infor-
mation extraction and classification, with limited attention to the dynamic evolution of 
accident causation. In particular, few attempts have been made to incorporate temporal 
variables into association rule analysis. 
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Table 1. Research trends in the application of text mining and association rule mining (2015–2024). 

Year Methodological Approaches Main Research Focus 
2015 Text mining (e.g., TF-IDF, LDA) [22] Keyword extraction, preliminary accident pattern identification 
2016 Apriori algorithm [23] Association rule mining of fall-from-height factors 
2017 Deep learning + text mining [24] Accident classification and high-risk pattern prediction 
2018 LDA + system analysis [25] Multidimensional analysis and causal relationship modeling 
2019 Text mining + system dynamics models [26] Temporal and dynamic analysis of accidents 
2020 Improved Apriori algorithm [27] Incorporating temporal variables for dynamic association analysis 
2021 Deep learning + Apriori + text analysis [28] Deep mining of causal relationships in accidents 

2022 Text mining + improved Apriori algorithm 
[29] Multi-factor analysis and dynamic prediction of falls from height 

2023 
Integrated approaches (e.g., TF-IDF + LDA 

+ Apriori) [30] Multi-method fusion for safety management optimization 

2024 Other methods (e.g., network analysis, 
knowledge graph construction) [31] 

Systematic accident causation analysis and risk assessment 

In response, this study proposes an analytical framework that integrates text mining 
techniques with an improved Apriori algorithm to investigate falls-from-height accidents. 
The proposed method first establishes a standardized text preprocessing procedure to en-
hance data quality and analytical efficiency. Accident features are then identified using 
TF-IDF weighting and LDA modeling. Finally, by introducing construction time variables, 
the Apriori algorithm is improved to systematically mine both the complex associations 
among causal factors and their evolutionary characteristics. Using 1064 accident reports 
collected from 22 provinces across China, the study validates the effectiveness of the pro-
posed approach. The results reveal key risk factors and association patterns in falls-from-
height accidents and further propose targeted prevention strategies, thereby providing 
both theoretical insights and practical guidance for improving safety management in con-
struction. 

The framework of this paper is as follows: Section 1 introduces research background. 
Section 2 elaborates the detection method proposed in this article. Section 3 reports the 
experimental verification. Section 4 analyzes the calculation results, and Section 5 gives 
the conclusion. 

2. Methodology 
2.1. TF-IDF Algorithm for Weighted Feature Extraction 

In text mining, the TF-IDF algorithm is commonly used to assign weights to feature 
terms, thereby more accurately reflecting their importance within a document and im-
proving the effectiveness of text analysis [32]. The TF-IDF metric integrates two compo-
nents: term frequency (TF), which measures how often a term appears in a specific docu-
ment, and inverse document frequency (IDF), which quantifies how unique or rare the 
term is across the entire corpus. 

Term frequency 𝑇𝐹௜,௝ represents the normalized frequency of term 𝑡௜ in document 𝑑௝, indicating that the more frequently a term appears in a document, the more significant 
it is considered for that document. In contrast, inverse document frequency 𝐼𝐷𝐹௜ evalu-
ates the rarity of the term across all documents in the corpus. A term that appears fre-
quently across many documents is deemed less effective in distinguishing between them 
and thus assigned a lower weight. Conversely, terms that occur less frequently across the 
corpus but appear prominently in a particular document are considered more informative. 

By multiplying TF and IDF, the TF-IDF weight 𝑤௜,௝ of a term in a specific document 
can be calculated. This weighting mechanism ensures that common but uninformative 
terms are down-weighted, while rare yet contextually significant terms are emphasized, 
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thus enhancing the accuracy and relevance of feature selection in subsequent text analysis 
tasks [33]. 

The TF-IDF computation is defined by the following formulas [19]: 𝑡𝑓௜,௝ = 𝑛௜,௝∑ 𝑛௞,௝௞  (1)

𝑖𝑑𝑓௜ = 𝑙𝑜𝑔 |𝐷||൛𝑗: 𝑡௜ ∈ 𝑑௝ൟ|, (2)

𝑊௜௝ = 𝑡𝑓௜,௝ × 𝑖𝑑𝑓௜ (3)

where 𝑡𝑓௜,௝ measures how frequently a term occurs in a document. 𝑛௜,௝ is the number of 
occurrences of term 𝑡௜ in document 𝑑௝. ∑ 𝑛௞,௝௞  is the total number of term occurrences 
in document 𝑑௝. 𝑖𝑑𝑓௜ measures how important a term is across the entire corpus. |𝐷| is 
the total number of documents in the corpus. |൛𝑗: 𝑡௜ ∈ 𝑑௝ൟ| denotes the number of docu-
ments containing term 𝑡௜. 𝑊௜௝ is used to determine the relevance of a term in the context 
of a document. 

This weighting scheme allows the model to focus on the most relevant terms in a 
document, mitigating the limitations of frequency-based analysis alone and improving 
the precision of downstream processing tasks such as feature selection, clustering, and 
classification. 

2.2. Improved Apriori Algorithm for Construction Accident Association Rules 

The Apriori algorithm is a classic and widely used method in the field of association 
rule mining, known for its simplicity, interpretability, and effectiveness in discovering 
frequent itemsets and potential correlations within datasets. These features enable it to 
support data-driven decision-making in various domains. However, the standard Apriori 
algorithm has several limitations that constrain its practical applicability. These include 
high computational complexity, low efficiency when processing large-scale datasets, poor 
adaptability to sparse data, and variable quality of the generated rules. Some of these chal-
lenges were observed during the TF-IDF-based text mining process discussed in the pre-
vious section. 

To address the inherent limitations of the traditional Apriori algorithm—such as its 
high computational complexity, limited scalability to sparse datasets, and insufficient ca-
pacity to capture contextual dependencies—this study introduces an improved variant 
specifically adapted to the temporal characteristics of construction accident data. The 
methodological innovation lies in the incorporation of a temporal constraint, whereby ac-
cident records are partitioned into daytime (06:00–18:00) and nighttime (18:00–06:00) sub-
sets prior to rule extraction. By embedding temporal information into the mining process, 
the proposed approach enhances the relevance and interpretability of association rules, 
reduces analytical noise, and improves the efficiency of frequent itemset generation. In 
contrast to existing enhancements of Apriori, which primarily emphasize computational 
optimization, the proposed framework advances a domain-oriented extension that explic-
itly models the temporal variability of accident causation. This enables the discovery of 
time-sensitive patterns that provide novel insights into the dynamics of construction 
safety risks. 

The improved Apriori algorithm is implemented in six steps as follows: 
Step 1: Define the three key metrics used in association rule mining—support, confi-

dence, and lift—and set the minimum thresholds for support and confidence. The formu-
las are as follows: 

Support: Measures how frequently a rule occurs in the dataset. 
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𝑆𝑢𝑝𝑝𝑜𝑟𝑡ሺ𝑋 → 𝑌ሻ = 𝑃ሺ𝑋,𝑌ሻ = 𝑆𝑢𝑚(𝑋,𝑌)𝑆𝑢𝑚(𝑠𝑎𝑚𝑝𝑙𝑒𝑠) (4)

where 𝑆𝑢𝑚(𝑋,𝑌)  is the number of samples where both 𝑋  and 𝑌  occur together. 𝑆𝑢𝑚(𝑠𝑎𝑚𝑝𝑙𝑒𝑠) is the total number of samples in the dataset. 
Confidence: Measures the probability that 𝑌 occurs given that 𝑋 occurs. 𝐶𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒(𝑋 → 𝑌) = 𝑃(𝑌|𝑋) = 𝑆𝑢𝑚(𝑋,𝑌)𝑆𝑢𝑚(𝑋)  (5)

where 𝑆𝑢𝑚(𝑋) is the number of samples where 𝑋 occurs. 
Lift: Measures how much more likely 𝑌 is to occur given that 𝑋 occurs, compared 

to if they were independent. 𝐿𝑖𝑓𝑡(𝑋 → 𝑌) = 𝐶𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒(𝑋 → 𝑌)𝑆𝑢𝑝𝑝𝑜𝑟𝑡(𝑋 → 𝑌) = 𝑆𝑢𝑚(𝑋,𝑌)𝑆𝑢𝑚(𝑋) × 𝑆𝑢𝑚(Y) (6)

where 𝑆𝑢𝑚(Y) is the number of samples where 𝑌 occurs. 
Step 2: Traverse the dataset of construction accident reports and generate the candi-

date 1-itemsets. Based on the accident occurrence time, partition the dataset into two sub-
sets: daytime and nighttime accident reports. 

Step 3: According to the predefined time constraints (06:00 and 18:00), split the can-
didate 1-itemsets into two groups: candidate 1-itemsets for daytime (𝐴ଵ௕) and candidate 1-
itemsets for nighttime (𝐴ଵ௛). 

Apply the minimum support threshold to derive frequent 1-itemsets for each group: 
frequent 1-itemsets for daytime (𝑃ଵ௕) and frequent 1-itemsets for nighttime (𝑃ଵ௛). 

Step 4: Generate candidate 2-itemsets for both groups: 𝐴ଶ௕ and 𝐴ଶ௛, followed by fre-
quent 2-itemsets 𝑃ଶ௕ and 𝑃ଶ௛. 

Step 5: Repeat Step 4 iteratively to generate higher-order itemsets. The candidate 
itemsets are 𝐴ଵ௕,𝐴ଶ௕, … ,𝐴௡௕  and 𝐴ଵ௛,𝐴ଶ௛, … ,𝐴௡௛. The frequent itemsets are 𝑃ଵ௕,𝑃ଶ௕, … ,𝑃ଶ௕ and 𝑃ଵ௛,𝑃ଶ௛, … ,𝑃ଶ௛. 

Step 6: Based on the metrics defined in Step 1, extract strong association rules be-
tween accident-related factors and construction accident occurrences under different time 
periods. 

The flowchart of the improved Apriori algorithm is presented in Figure 1, illustrating 
the integration of time-based filtering into the association rule mining process. By intro-
ducing the temporal dimension, this enhanced algorithm enables more granular and con-
text-sensitive analysis of accident causation patterns in the construction industry. 
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Figure 1. Workflow of the improved Apriori algorithm. 

3. Experimental Verification 
3.1. Data Processing 

As one of the most common types of construction accidents, falls from height are a 
leading cause of both fatal and non-fatal injuries among construction workers in China. 
These incidents are often attributed to a combination of individual and systemic factors. 
Inadequate safety training by managers, worker negligence, and insufficient protective 
measures are frequent contributors to fall-related accidents, which often result in irre-
versible outcomes such as severe injury or death. 

3.1.1. Text Corpus Data Collection of Fall-from-Height Accidents in Construction 

Accident investigation reports are among the most informative and detailed sources 
for analyzing construction safety incidents. These reports typically document critical con-
textual information such as the time and location of the incident, the physical conditions 
of the site, a summary of the sequence of events, casualty figures, and the economic losses 
incurred. They also provide direct and indirect causes of the accident, assign responsibil-
ity, and propose remedial measures. Compared to other types of documentation, accident 
investigation reports offer a more precise and comprehensive depiction of the incident. 

To conduct a robust analysis of construction safety issues, this study utilizes accident 
reports specifically related to high-fall incidents. Prior to analysis, a substantial effort was 
made to collect and clean the accident data. Through a combination of on-site investiga-
tion and web-based searches, a total of 1064 fall-from-height accident reports were col-
lected from 22 provincial-level administrative regions in China, covering the period from 
2013 to 2023, as shown in Table 2. To examine the characteristics of this dataset, a Chi-
square (χ2) goodness-of-fit test was conducted. The results (χ2 = 342.5, p < 0.001) indicate a 
statistically significant non-uniform distribution across regions. This variation reflects the 
regional differences in construction industry scale, where provinces with higher reporting 
frequencies correspond to areas with more intensive construction activities. These reports 
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were obtained from publicly accessible and authoritative official platforms, including the 
Ministry of Housing and Urban-Rural Development (MOHURD) and relevant provin-
cial/municipal government departments, ensuring high data transparency and credibility. 
Although the sample distribution varies across provinces due to regional differences in 
construction scale, the dataset provides a representative foundation for identifying uni-
versal accident causation patterns. The availability of extensive and diverse data sources 
enables a more comprehensive understanding of the root causes of such incidents. 

Table 2. Statistics of provincial administrative regions where accidents occurred. 

Provincial administrative Region Number of Samples Provincial Administrative Region Number of Samples 
Anhui Province 45 Hebei Province 72 

Beijing City 18 Henan Province 97 
Chongqing City 23 Zhejiang Province 88 
Fujian Province 12 Hubei Province 76 
Gansu Province 18 Hunan Province 59 

Guangdong Province 67 Jiangsu Province 73 
Hainan Province 12 Jiangxi Province 47 

Guizhou Province 32 Jilin Province 41 
Shandong Province 56 Liaoning Province 35 

Shanxi Province 31 Sichuan Province 58 
Shaanxi Province 45 Shanghai 59 

After collecting the reports, a systematic classification and organization process was 
undertaken. Each report was categorized based on various dimensions such as time of 
occurrence, geographic location, type of accident, and severity of casualties. This classifi-
cation facilitated a clearer understanding of the temporal, regional, and contextual char-
acteristics of fall-from-height incidents. To ensure data quality, duplicate reports were 
identified through cross-checking of metadata (e.g., report number, accident date, and lo-
cation) and subsequently removed. Incomplete reports lacking essential information such 
as accident time, location, casualty details, or causative factors were excluded from the 
dataset. For cases where minor inconsistencies were found across different fields, infor-
mation was verified and corrected using authoritative government sources. These proce-
dures reduced analytical noise and improved the reliability of the corpus. Furthermore, 
an integrated analysis was conducted on contributing factors, including human behavior, 
environmental conditions, and deficiencies in protective infrastructure prior to the acci-
dent, as well as post-accident emergency response, rescue efforts, and responsibility at-
tribution. 

Statistical methods were employed to analyze data quantities and trends, investigat-
ing accident frequency, severity, and scope of impact. Comparative analyses were also 
carried out across different regions, construction types, and ownership groups to identify 
both commonalities and contextual distinctions. These efforts provided a comprehensive 
foundation for understanding the patterns, causes, and mitigation strategies of high-fall 
accidents, thereby supporting the development and validation of the subsequent analyti-
cal model. 

3.1.2. Stop Word List and Jieba Word Segmentation 

The construction of a stop word list is an essential component of text preprocessing, 
designed to filter out commonly used words that carry little or no semantic value in ana-
lytical tasks. This process significantly enhances the accuracy and efficiency of text analy-
sis. In this study, special attention was given to the development of a domain-specific stop 
word list, tailored to the context of construction and safety-related documents. 
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Typical stop words include everyday functional words such as “is,” “of,” and “has,” 
which are frequently used but provide no useful information for accident analysis. In ad-
dition, personal pronouns like “I,” “you,” and “he,” as well as common verbs such as “do,” 
“go,” and “come,” were excluded from the analysis, as they primarily serve grammatical 
purposes without contributing meaningfully to the identification of causative patterns in 
fall-from-height incidents. 

To better understand term distribution across the dataset, preliminary segmentation 
was applied to the collected accident reports. Word frequency statistics were then com-
puted across the corpus. Frequently occurring words such as “accident,” “safety,” and 
“production” were found to rank among the highest in term frequency. These terms, 
while prominent, primarily reflect the general nature of the accident reports rather than 
offering actionable insights into specific causative factors, and were therefore removed. 
Similarly, terms like “supervision,” “construction personnel,” and “project start,” alt-
hough frequently mentioned, were excluded due to their limited analytical contribution 
in the context of this study’s objectives. 

The primary goal of this step was to refine and filter the feature set, enabling a more 
targeted and effective text analysis. Jieba was employed to tokenize the accident reports 
into granular semantic units. This segmentation laid the foundation for downstream pro-
cessing such as feature weighting and association rule mining. Figure 2 presents the fre-
quency distribution of selected key terms extracted from the accident reports following 
the segmentation process. 

 

Figure 2. Frequency distribution of top construction safety-related terms extracted from accident 
reports. 

3.1.3. Synonym Database Construction and Expression Merging 

In addition to word segmentation using the Jieba, the construction of a synonym dic-
tionary and the merging of synonymous expressions are critical components in the text 
preprocessing workflow. The objective is to consolidate words or phrases that share the 
same or similar meanings into unified representations, ensuring greater semantic con-
sistency in the subsequent analytical steps. 

For example, the term “fall-from-height” may appear in various forms such as “high 
fall,” “falling accident,” or “high-altitude operation accident.” These variations were uni-
fied under a single standardized term to avoid redundancy and semantic fragmentation. 
This process significantly reduces ambiguity during text vectorization and improves the 
accuracy of feature extraction. The synonyms and their corresponding standardized terms 
used in this study are presented in Table 3. 



Buildings 2026, 16, 596 9 of 22 
 

https://doi.org/10.3390/buildings16030596 

Table 3. Merged word list. 

Replaced Word Synonyms 
Fall-from-height high fall, falling accident, high-altitude operation accident, high-altitude fall 

Construction construction site, construction site, engineering construction, construction engineering 
Accident analysis accident cause analysis, accident occurrence analysis, accident investigation, accident report 

Association model 
association rule model, association analysis model, association mining model, association rela-

tionship model 
Text mining text analysis, information mining, text analysis technology, text data mining 

Safety management safety measures, safety specifications, safety standards, safety supervision 
Risk prevention risk control, risk management, hazard prevention, risk reduction 

Working environ-
ment construction environment, working conditions, workplace, work site 

Injury assessment injury degree assessment, injury classification, injury statistics, injury prediction 
Safety awareness safety education, safety training, safety awareness improvement, safety culture construction 

Preventive measures safety measures, hazard control, accident prevention, risk prevention 
Report analysis accident report, analysis report, research report, investigation report 

Safety standards safety specifications, safety requirements, safety indicators, safety restrictions 
Construction pro-

jects 
engineering construction, construction project, engineering construction, construction engineer-

ing 
Work management construction management, site management, project management, site management 

… … 

Following preprocessing and initial feature extraction from the accident investigation 
reports, a set of causative features was identified. Due to the non-standardized format of 
these reports, the same root cause could be expressed using different phrasings. For ex-
ample, phrases such as “inadequate safety management” and “deficient safety oversight” 
may convey identical meanings. Without synonym unification, such variations may result 
in fragmented term frequencies, leading to an underrepresentation of critical causative 
factors in the analysis. 

By implementing the synonym merging process and eliminating redundant high-fre-
quency terms, the dimensional consistency of the text vector space was enhanced. This 
allowed for more robust feature representation, reducing analytical noise and emphasiz-
ing meaningful patterns. As a result, 40 high-frequency accident-causing feature items 
were extracted, which served as key indicators in the subsequent association rule mining. 
These are summarized in Table 4. 

A critical comparison with previous studies shows that many of these features—such 
as inadequate safety training, improper use of protective equipment, poor site manage-
ment, and worker negligence—are consistent with prior findings, supporting the reliabil-
ity of our extraction process. Additionally, several context-specific factors, including en-
vironmental and temporal conditions, were identified, which have been less emphasized 
in earlier research. These findings not only confirm established risk factors but also pro-
vide new insights for targeted preventive strategies. 

Table 4. Main accident-causing characteristics of height-falling accidents. 

Index Causal Item Index Causal Item 𝑇ଵ Incomplete safety facilities 𝑇ଶଵ Lack of emergency response plan 𝑇ଶ Improper operation by operators 𝑇ଶଶ Incomplete safety monitoring system 𝑇ଷ Irregular operations at heights 𝑇ଶଷ Lack of warning signs at the workplace 𝑇ସ Lack of effective safety training 𝑇ଶସ Messy work site 𝑇ହ Inadequate safety management 𝑇ଶହ Unqualified work tools 𝑇଺ Complex working environment 𝑇ଶ଺ Lack of emergency rescue equipment 
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𝑇଻ Equipment failure 𝑇ଶ଻ Unclear work process 𝑇  Poor construction management 𝑇ଶ଼ Lack of safety production responsibility system 𝑇ଽ Illegal operations 𝑇ଶଽ Poor personnel quality 𝑇ଵ଴ Human negligence 𝑇ଷ଴ Lack of safety isolation measures at the construction site 𝑇ଵଵ Lack of work safety management system 𝑇ଷଵ Lack of safety production education 𝑇ଵଶ Poor supervision 𝑇ଷଶ Excessive working time 𝑇ଵଷ Lack of safety awareness 𝑇ଷଷ Excessive fatigue 𝑇ଵସ Unskilled skills 𝑇ଷସ Insufficient safety supervisors 𝑇ଵହ Excessive work intensity 𝑇ଷହ Untimely equipment maintenance 𝑇ଵ଺ Inadequate safety inspections 𝑇ଷ଺ Lack of emergency response capabilities of workers 𝑇ଵ଻ High work pressure 𝑇ଷ଻ Incomplete safety culture construction 𝑇ଵ଼ Not wearing safety protection equipment 𝑇ଷ଼ Chaotic on-site management 𝑇ଵଽ Chaotic management 𝑇ଷଽ Lack of regular safety drills 𝑇ଶ଴ Narrow work area 𝑇ସ଴ Lack of effective communication mechanism during con-
struction 

3.2. Extracting Association Rules 

3.2.1. LDA Topic Mining Model 

The extraction of association rules and the construction of the Latent Dirichlet Allo-
cation (LDA) topic model are two essential steps in the text mining process. Together, they 
enable a deeper understanding of the relational structure and latent themes embedded 
within textual data. 

Association rule mining is a data mining technique used to identify frequent patterns 
and relationships among items within a dataset. In the context of text mining, this ap-
proach can be applied to detect co-occurring terms and explore the hidden relationships 
between words. For example, by analyzing term co-occurrence patterns, it is possible to 
uncover associations such as that between “inadequate safety management” and “poor 
construction quality,” thereby offering valuable insights into the root causes of construc-
tion safety incidents and informing targeted interventions. 

LDA is a widely used probabilistic model for topic discovery in large-scale text cor-
pora. It assumes that each document is a mixture of multiple topics, and each topic is 
characterized by a distribution over words. By analyzing the distribution of terms across 
documents, LDA can identify the latent thematic structures within the corpus. In the con-
text of construction safety, LDA facilitates the identification of key themes such as safety 
management, construction quality, and worker training from accident reports, thereby 
helping stakeholders understand the mechanisms and patterns underlying safety failures. 

LDA also supports visualization of keyword–topic relationships, making it easier to 
interpret the semantic structure of large text datasets. To illustrate the mechanics of the 
LDA model, a small example is provided. 

Table 5 presents excerpts from four sample accident reports. These samples were pre-
processed through tokenization, stop word removal, and synonym merging before being 
transformed into a document–term matrix, which served as input for LDA modeling. The 
number of topics was set to three, determined through a combination of domain 
knowledge and coherence score evaluation to ensure interpretability. 

Table 5. Excerpts from the accident report. 

Reports Content 
1 Fall-from-height is one of the common accidents in construction... 
2 Safety belts at construction sites are important equipment to prevent accidents caused by fall-from-height... 

3 
Safety training and regulations are one of the key measures to prevent accidents caused by fall-from-

height... 
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4 Strengthen safety supervision to ensure that safety facilities at construction sites are complete and effective... 

The LDA model was trained using Gibbs sampling for 1000 iterations to achieve con-
vergence, which was confirmed by monitoring the stabilization of the model log-likeli-
hood. The hyperparameters were set as α = 0.1 and β = 0.01, based on iterative tuning 
experiments to balance model fit and topic interpretability. Specifically, multiple configu-
rations were tested, and these values were found to provide the most stable log-likelihood 
while ensuring that the resulting topics were semantically distinct and aligned with do-
main knowledge. A smaller α encourages sparse document–topic distributions, reflecting 
that each accident report typically covers a limited number of topics, while β was selected 
to minimize noise in word–topic distributions. Model validity was further confirmed 
through manual inspection of the top words in each topic. The resulting topic–word dis-
tributions are presented in Table 6. 

Table 6. List of topics and their corresponding word weights. 

Topic Weight Content 

1 

0.568 Safety training and regulations are one of the key measures to prevent accidents caused by fall-
from-height 

0.144 
Fall-from-height is one of the common accidents in construction, and safety awareness and man-

agement need to be strengthened 

0.144 
Strengthen safety supervision to ensure that the safety facilities at the construction site are com-

plete and effective 

0.144 Safety belts at the construction site are important equipment to prevent accidents caused by fall-
from-height 

2 

0.399 Strengthen safety supervision to ensure that the safety facilities at the construction site are com-
plete and effective 

0.399 
Fall-from-height is one of the common accidents in construction, and safety awareness and man-

agement need to be strengthened 

0.101 Safety training and regulations are one of the key measures to prevent accidents caused by fall-
from-height 

0.101 Safety belts at the construction site are important equipment to prevent accidents caused by fall-
from-height 

3 

0.568 
Safety belts at the construction site are important equipment to prevent accidents caused by fall-

from-height 

0.144 
Strengthen safety supervision to ensure that the safety facilities at the construction site are com-

plete and effective 

0.144 Fall-from-height is one of the common accidents in construction, and safety awareness and man-
agement need to be strengthened 

0.144 Safety training and regulations are one of the key measures to prevent accidents caused by fall-
from-height 

The document–topic distributions, representing the proportion of each document as-
sociated with each topic, are shown in Table 7. 

Table 7. Topic distribution of documents. 

Reports Topic Distribution 
1 [(0, 0.16874394), (1, 0.6625126), (2, 0.16874345)] 
2 [(0, 0.16798162), (1, 0.16751395), (2, 0.6645044)] 
3 [(0, 0.6645043), (1, 0.16751406), (2, 0.16798168)] 
4 [(0, 0.1687426), (1, 0.66251326), (2, 0.16874418)] 
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As shown in Tables 6 and 7, the LDA model successfully identified three major topics 
related to fall-from-height accidents in construction settings. A detailed interpretation of 
the topics is as follows: 

Topic 1 predominantly revolves around safety training and regulations, highlighting 
the critical role of procedural and educational measures in accident prevention. 

Topic 2 emphasizes safety supervision and facility completeness, reflecting the im-
portance of active monitoring and the presence of physical safety protections at construc-
tion sites. 

Topic 3 focuses on the use of personal protective equipment, particularly safety belts, 
underscoring the significance of individual-level preventive measures. 

An examination of the topic distributions reveals that most accident reports simulta-
neously relate to multiple topics. For instance, Report 1 and Report 4 exhibit a higher con-
tribution from Topic 2, indicating that deficiencies in site supervision and facility man-
agement are recurring issues. Reports 2 and 3, in contrast, show stronger associations with 
Topic 3 and Topic 1, respectively, suggesting a greater emphasis on individual behavior 
and safety training in these cases. 

This thematic decomposition suggests that fall-from-height accidents are not driven 
by a single isolated factor but rather arise from the interaction of multiple risk domains, 
including institutional management failures, equipment inadequacies, and insufficient 
worker education. Importantly, the topic distributions obtained through LDA were fur-
ther utilized to inform the association rule mining stage. Terms with high loadings within 
the same topic were grouped into semantically coherent clusters, which served as the basis 
for constructing itemsets. This approach reduced dimensional redundancy and ensured 
that the rules extracted captured domain-relevant relationships rather than random co-
occurrences. For example, safety training–related terms identified in Topic 1 were treated 
as a unified group when generating candidate itemsets, thereby enabling the discovery of 
rules that more accurately reflected causal linkages among managerial, procedural, and 
behavioral factors. 

3.2.2. Extraction of Association Rules 

Building upon the previously introduced TF-IDF weighting method, this section ap-
plies the technique to construction fall-from-height accident reports to quantify the signif-
icance of extracted textual features. These weighted feature items are then used in con-
junction with LDA topic modeling for the subsequent extraction of association rules. In 
the matrix presented in Table 8, 𝐷  represents individual accident report documents, 
while 𝑇 denotes feature terms identified through the TF-IDF process. 

Table 8. Text feature quantification based on TF-IDF. 

D 𝑻𝟏 𝑻𝟐 𝑻𝟑 𝑻𝟒 𝑻𝟓 𝑻𝟔 𝑻𝟕 𝑻𝟖 𝑻𝟗 𝑻𝟏𝟎 𝑻𝟏𝟏 𝑻𝟏𝟐 𝑻𝟏𝟑 𝑻𝟏𝟒 
1 0 0.8 0.1 0 0 0 0 0 0 0 0 0 0 0 
2 0 0 0.2 0 0 0.1 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 0 0 0.9 0 0 
4 0.7 0 0 0 0 0 0 0 0 0 0 0 0 0 
5 0 0 0 0 0 0 0.1 0.3 0 0 0.1 0 0 0 
6 0 0 0 0 0 0.5 0 0 0 0.3 0 0 0 0 
7 0 0 0 0 0 0.2 0 0 0.8 0 0 0 0 0 
8 0 0 0.9 0 0 0 0 0 0 0 0 0 0 0 
9 0 0 0 0 0.1 0 0 0 0.3 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 0 0.3 0 0 0.6 
11 0 0 0 0.1 0 0 0 0 0 0 0 0 0 0 
12 0 0 0 0 0 0.6 0 0 0 0 0.4 0 0 0 
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13 0 0 0 0.2 0 0.6 0 0 0 0 0 0 0 0.1 
14 0 0 0.1 0 0 0 0 0 0 0 0.2 0 0.5 0 
15 0.2 0 0 0 0 0 0 0 0 0.5 0 0 0 0.3 
16 0.7 0 0 0 0.1 0 0.1 0 0 0 0 0 0 0 
17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
18 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
19 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
20 0.4 0 0 0 0 0.1 0 0 0 0 0 0.1 0 0 

Falls from height are among the most prevalent and severe types of accidents in the 
construction industry, often leading to significant injuries or fatalities. To mitigate such 
incidents, association rule mining can be employed to identify patterns and correlations 
among accident-related factors. This technique uncovers frequent co-occurrences and de-
pendencies between variables, enabling researchers and safety managers to pinpoint 
high-risk scenarios and potential causes. 

For instance, Table 9 presents examples of association rules derived from a set of fall-
related accident reports, highlighting key contributing factors such as adverse weather, 
lack of safety equipment usage, and limited worker experience. 

Table 9. Association rule examples. 

Index Factor Accident Support Confidence Lift 
1 Adverse weather conditions Fall-from-height accidents 0.10 0.80 1.30 
2 Lack of seat belt use Fall-from-height accidents 0.15 0.90 1.10 
3 Insufficient work experience Fall-from-height accidents 0.20 0.85 1.20 

To demonstrate the implementation of the improved Apriori algorithm, a subset of 
accident cases was divided into daytime and nighttime datasets. Each case includes a va-
riety of accident-related factors such as construction risks, worker casualties, material 
damage, equipment failure, and structural collapse, as shown in Table 10. 

Table 10. Data examples during the day and at night. 

Case 
Accident Factors 

Day Night 

1 Construction risks, worker casualties, building mate-
rial damage 

Construction risks, mechanical failure 

2 Construction risks, mechanical failure Damage to building materials, collapse of building 
structures 

3 Building material damage, building structure collapse Construction risks, worker casualties 
4 Worker casualties, building structure collapse Construction risks, mechanical failure, worker casualties 

5 
Construction risks, mechanical failure, worker casual-

ties 
Construction risks, worker casualties, damage to build-

ing materials 
6 Construction risks, worker casualties Construction risks, worker casualties 

… … … 

By setting a minimum support threshold of 0.01 and a minimum confidence thresh-
old of 0.03, a series of strong association rules were extracted for daytime conditions, as 
summarized in Table 11. These thresholds were selected to balance the extraction of mean-
ingful associations while avoiding weak or irrelevant rules. A support threshold of 0.01 
allows for the inclusion of less frequent yet potentially significant patterns, while the 0.03 
confidence threshold ensures the reliability of the rules. The impact of these thresholds is 
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evident: lower thresholds may result in a larger set of rules, whereas higher thresholds 
focus the analysis on stronger, but fewer, associations. 

Table 11. Association rules during the day. 

Rules Support Confidence Lift 
Worker casualties => Collapse of building structures 0.17 0.25 0.75 
Worker casualties => Damage to building materials 0.17 0.25 0.75 
Worker casualties => Mechanical failure 0.17 0.25 0.75 
Worker casualties => Construction risks 0.50 0.75 1.125 

Building material damage => Collapse of building structures 0.17 0.50 1.50 
Building material damage => Construction risks 0.17 0.25 0.75 

Construction risks => Mechanical failure 0.33 0.50 1.50 
Worker casualties, building mate-

rial damage => Construction risks 0.17 1.00 1.50 

Worker casualties, construction 
risks 

=> Mechanical failure 0.17 0.33 1.00 

…  … - - - 

Based on these rules, a daytime risk association network was constructed using the 
improved Apriori algorithm. As shown in Figure 3, nodes represent various risk sources 
(e.g., worker casualties, material damage), and directed edges denote association rules. 
The size of nodes reflects their frequency or importance, while edge thickness or labels 
can represent support, confidence, or lift metrics. This visualization aids in identifying key 
contributing factors and their relationships under daytime conditions. 

 

Figure 3. Daytime association rule network model. 

Similarly, nighttime accident reports were analyzed using the same method and 
thresholds. The resulting association rules are presented in Table 12. 

Table 12. Association rules during the night. 

Rules Support Confidence Lift 
Worker casualties => Damage to building materials 0.17 0.25 0.75 
Worker casualties => Mechanical failure 0.17 0.25 0.75 
Worker casualties => Construction risks 0.67 1.00 1.20 

Building material damage => Building structure collapse 0.17 0.50 3.00 
Building material damage => Construction risks 0.17 0.50 0.60 



Buildings 2026, 16, 596 15 of 22 
 

https://doi.org/10.3390/buildings16030596 

Construction risks => Mechanical failure 0.33 0.40 1.20 
Worker casualties, building material damage => Construction risks 0.17 1.00 1.50 

Worker casualties, construction risks => Mechanical failure 0.17 0.25 0.75 
…  … - - - 

The nighttime association rule network, shown in Figure 4, reveals a more complex 
and interconnected structure compared to the daytime model. Quantitatively, the 
nighttime model identifies a larger set of strong association rules, and its directed edges 
exhibit significantly more intersections. This increased connectivity suggests that con-
struction activities at night involve a stronger coupling effect among multiple risk factors, 
such as limited visibility, fatigue, and operational uncertainty. Unlike the relatively dis-
persed patterns in the daytime (Figure 3), the nighttime risk factors are more likely to act 
in combination, forming intricate accident causation chains where individual failures rap-
idly escalate into severe incidents. 

 

Figure 4. Night association rule network model. 

A more in-depth analysis of the network structure shows that during the day, key 
risk nodes, such as “insufficient safety measures” and “lack of proper training,” are more 
dispersed, implying that multiple factors contribute to accidents in a less centralized way. 
In Figure 3, the daytime accident chains tend to be more linear and localized, where a 
single deficiency (e.g., unqualified tools) directly leads to a specific consequence. In con-
trast, the nighttime network (Figure 4) exhibits a highly centralized structure with “Con-
struction risks” acting as a critical intersection. This suggests that at night, problems like 
“fatigue” and “low visibility” do not act in isolation but have a compounded effect, creat-
ing a “web-like” coupling of risks. For instance, the path in Figure 4 involving “Mechani-
cal failure → Construction risks → Worker casualties” indicates that equipment issues are 
more likely to escalate into systemic site risks under poor nighttime lighting conditions. 
Consequently, for daytime safety, management should focus on “point-to-point” inspec-
tions and individual skill training. For nighttime safety, a more holistic approach is re-
quired, emphasizing the optimization of the overall working environment (e.g., high-in-
tensity lighting) and the reduction in systemic complexity to break the interdependent 
accident chains. 
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4. Results and Analysis 
4.1. Ablation Experiment 

The improved Apriori algorithm was designed to uncover deeper and more mean-
ingful association rules among the causative factors of construction fall-from-height acci-
dents from textual data. Its objective is to extract a richer set of associations that can better 
represent the internal connections between accident causes and facilitate effective visual-
ization. To evaluate the performance of the proposed algorithm, a series of comparative 
experiments were conducted by varying support and confidence thresholds under differ-
ent time settings (daytime and nighttime). Both the standard Apriori algorithm and the 
improved version were tested in 10 repeated experiments. The parameter settings for each 
experiment are listed in Table 13. 

Table 13. Comparative experimental parameter settings. 

Experiments 
Daytime Night 

Support Confidence Support Confidence 
1 0.01 0.03 0.04 0.1 
2 0.01 0.04 0.04 0.4 
3 0.01 0.06 0.04 0.6 
4 0.01 0.08 0.04 0.7 
5 0.01 0.1 0.05 0.8 
6 0.02 0.1 0.05 0.1 
7 0.03 0.1 0.06 0.4 
8 0.04 0.1 0.06 0.6 
9 0.05 0.1 0.06 0.8 

10 0.06 0.1 0.06 0.9 

The changes in the number of association rules extracted under different experi-
mental conditions for both daytime and nighttime datasets are illustrated in Figure 5, re-
spectively. It is evident from the results that, across all parameter settings, the improved 
Apriori algorithm consistently produces a greater number of association rules compared 
to the standard algorithm. This indicates that the enhanced version is more effective in 
capturing nuanced relationships between causative factors in construction fall accidents, 
thereby offering more comprehensive support for accident prevention efforts. 

  
(a) The daytime experiments (b) The night experiments 

Figure 5. Association rule acquisition experiment: (a) The daytime experiments; (b) The night ex-
periments. 
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In addition to the overall number of rules extracted, further analysis was conducted 
to determine whether the improved algorithm identifies a higher proportion of rules con-
taining actual accident-related information. The results suggest that both parameter set-
tings and construction time (day/night) influence the richness of extracted rules. The pro-
portion of rules directly related to fall-from-height accident information varies across dif-
ferent experiment settings. 

As shown in Figure 6, the improved algorithm consistently achieved a higher per-
centage of meaningful associations under most settings. For instance, in Experiment 5 
(daytime) and Experiment 4 (nighttime), the proportion of rules containing accident-re-
lated information increased by 23.0% and 26.2%, respectively. These findings demonstrate 
that the improved Apriori algorithm effectively enhances the ability to uncover accident-
relevant patterns, which holds significant practical value for accident analysis and risk 
mitigation in the construction industry. 

  
(a) The daytime association rule (b) The night association rule 

Figure 6. Association rules ratio: (a) The daytime association rule; (b) The night association rule. 

4.2. Countermeasures and Suggestions for Preventing Falls from Height in Construction 

To better understand the critical causal factors identified through text mining, the 
study converted the spatial vector model into a word cloud visualization, as shown in 
Figure 7. The word cloud effectively highlights the most significant keywords, with the 
size and prominence of each word correlating to its importance in contributing to fall-
from-height accidents. Larger and more centrally located words indicate the primary risk 
factors that must be addressed. 

 

Figure 7. The fall-from-height accident causes word cloud. 
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Based on the insights derived from LDA topic modeling and association rule mining, 
a comprehensive analysis of the causes and patterns of fall-from-height incidents in con-
struction was conducted. To mitigate these risks, the following targeted countermeasures 
are proposed: 

• Enforcing a Robust Safety Culture with Zero Tolerance for Unsafe Practices 

While a zero-tolerance policy toward unsafe behaviors is commonly recommended, 
a deeper examination reveals that mere policy enforcement is insufficient. It is essential to 
foster a culture where safety is integrated into the everyday workflow, rather than solely 
relying on external supervision. Research has shown that enforcement can only be effec-
tive if workers internalize safety as a core responsibility. This can be achieved through a 
combination of behavior-driven safety programs, peer reporting systems, and clear, trans-
parent disciplinary protocols. Additionally, the role of management in promoting safety 
culture must not be limited to supervisory functions but should extend to active partici-
pation in safety decision-making. Effective safety leadership directly influences compli-
ance and can reduce unsafe behaviors by promoting a shared sense of accountability. 

• Targeted and Continuous Safety Training with a Focus on Behavioral Change 

Safety training programs, although standard practice, often fail to produce lasting 
behavior change. This gap can be bridged by transitioning from generic, one-time training 
sessions to ongoing, behavior-based safety education. Training should focus not only on 
the correct use of protective equipment but also on the cognitive aspects of risk recogni-
tion and hazard avoidance. Virtual reality (VR) or augmented reality (AR) simulations 
could be employed to simulate fall hazards in a controlled environment, helping workers 
to better understand and internalize the risks. Furthermore, personalized training plans, 
considering the diverse backgrounds and learning speeds of workers, would increase the 
effectiveness of these programs. 

• Redesigning Site Management Systems to Incorporate Real-Time Risk Monitoring 

Current safety management systems often rely heavily on periodic inspections and 
static safety protocols. However, accidents frequently occur between inspections or dur-
ing lapses in safety enforcement. To address this, the adoption of real-time monitoring 
systems using IoT (Internet of Things) sensors and AI-driven analytics can drastically im-
prove situational awareness. These systems can provide immediate feedback to workers 
and supervisors, enabling them to take corrective actions before accidents occur. For ex-
ample, AI-powered drones or wearable devices could alert site managers in real-time if a 
worker is at risk of falling or not using proper safety equipment, preventing accidents 
before they happen. 

• Innovating Safety Equipment Design and Maintenance Protocols 

Safety equipment (such as harnesses, safety nets, and guardrails) isessential but often 
inadequately maintained or improperly used. A more advanced approach would be to 
introduce IoT-enabled safety devices that can communicate with central monitoring sys-
tems to ensure that equipment is always in optimal condition. Wearable safety equipment, 
such as smart harnesses that detect improper fitting or malfunction, can reduce the risk of 
accidents caused by equipment failure. Moreover, predictive maintenance models could 
be implemented, where data from wearables or equipment is analyzed to predict failure 
before it happens, significantly improving overall safety. 

• Establishing Comprehensive, Data-Driven Emergency Response Plans 

While most construction sites have emergency response plans, these plans are often 
generic and do not account for the dynamic nature of fall accidents. A more effective ap-
proach would be to develop customized emergency protocols that account for specific site 
layouts, weather conditions, and worker skill levels. The use of drones or automated 
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rescue systems, such as robotic arms that can retrieve fallen workers quickly, should be 
explored. Moreover, integrating data-driven simulation systems that predict accident sce-
narios could help refine response plans, ensuring quicker and more coordinated actions 
during an emergency. 

• Strengthening Regulatory Oversight and Data Transparency 

Although inspections and compliance monitoring are routine in construction safety, 
a more robust and transparent regulatory framework is needed. Regulatory agencies 
should leverage big data analytics to not only monitor real-time compliance but also ana-
lyze historical accident data to predict high-risk patterns. Furthermore, public reporting 
systems should be enhanced to include real-time incident data, helping to increase aware-
ness and accountability at the industry level. Penalties for non-compliance should also be 
designed to be more stringent and directly tied to accident rates, creating a direct incentive 
for companies to prioritize safety. 

By implementing these advanced countermeasures, construction companies can sig-
nificantly reduce the occurrence of fall-from-height accidents. Not only will these 
measures protect the health and safety of workers, but they will also enhance the opera-
tional efficiency of construction projects by minimizing delays caused by accidents. Fur-
thermore, creating a culture of safety, driven by real-time data and innovative technolo-
gies, will help lay the foundation for a more sustainable and accident-free construction 
industry. Successful implementation of these strategies requires a collaborative effort 
from all stakeholders, including government bodies, construction enterprises, and site 
managers, to create a robust, data-driven safety management framework. 

5. Conclusions and Future Work 
This study provides a comprehensive analysis of safety accidents caused by falls 

from height in the construction industry, integrating text mining techniques and associa-
tion rule modeling to uncover deep-seated causal relationships and inform safety man-
agement practices. The main conclusions are as follows: 

• A theoretical framework for construction accident analysis based on text mining was 
established. An improved Apriori algorithm was proposed to enhance the expres-
siveness of association rules by incorporating temporal variables. This framework 
offers a structured and scalable approach for identifying key causal patterns in fall-
related accidents, providing a foundation for future in-depth analyses of construction 
safety data. 

• By collecting and analyzing 1064 fall-from-height accident reports from 22 provincial 
regions across China, the study categorized accident types, locations, and personnel 
roles. This analysis highlighted specific construction activities and environmental 
contexts that require heightened attention from both site managers and frontline 
workers. 

• Foundational tools for text preprocessing were developed, including a domain-spe-
cific dictionary, stop word list, and synonym mapping database. These tools were 
used to extract key information from unstructured reports. The LDA topic model en-
abled the identification of dominant accident-related themes, providing a clearer un-
derstanding of prevalent risk factors that can inform managerial decision-making. 

• Through the application of the improved Apriori algorithm, the study successfully 
identified latent correlations among multiple accident-inducing factors. The associa-
tion rules revealed critical links—such as the relationship between inadequate safety 
training, poor site management, and equipment failure—that contribute to fall-re-
lated incidents. These insights can support proactive risk management strategies, 
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allowing stakeholders to identify and mitigate hazards in the early stages of construc-
tion activities. 

This research demonstrates the potential of integrating advanced data mining tech-
niques with domain-specific knowledge to enhance the analysis and management of con-
struction safety risks. The methods and findings presented herein provide both theoretical 
insight and practical value for improving the prevention of fall-from-height accidents in 
the construction industry. 

Future research could expand the dataset by incorporating data from additional re-
gions or countries to improve the generalizability of the findings. Additionally, integrat-
ing real-time monitoring systems with the proposed framework could enhance the dy-
namic identification and mitigation of fall-related risks during construction activities. 
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