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Abstract 

The construction industry contributes significantly to economic development 

worldwide, yet it is one of the most hazardous industries where numerous accidents and 

fatalities happen every year. Little research to date has shed light on the impact of 

economic development on construction safety research. In this paper we conduct an 

analysis of construction safety articles published in the 21st century via a bibliometrics 

approach. We have analysed: (1) construction safety in developed and developing 

countries; (2) the major organisations that have conducted construction safety research; 

(3) authors and territories of the research and (4) topics in construction safety and future 

research directions. The largest number of published construction safety documents 

were published by scholars from the US and China; the total number of published 

articles by these two countries was 1,125, 56% of the 2000 articles that were published. 

Both countries showed high levels of research collaboration. Safety management and 

climate were two of the main areas of concerns in construction safety research. While 

our results suggest that economic development may drive academic construction safety 

research, there has been an increase in construction safety research conducted by 

developing countries in recent years, probably due to an improvement in their economic 

development. While authors’ keywords evidenced the popularity of research on safety 

management and climate, the network analysis on all keywords, i.e. keywords given by 

Web of Science and authors, suggest that construction safety research focused on three 

areas: construction safety management, the relationship between people and 

construction safety, and health and protection issues’ impact on construction safety. We 

found that there is a new interdisciplinary research trend where construction safety 

combines with digitalization technologies, with the largest number involving deep 

learning, while other trends focus on machine learning, Building Information 

Modelling, machine learning and visualisation.  
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1. Introduction 

The construction industry has an indispensable effect on economic development 

worldwide. While infrastructures such as roads, bridges, tunnels and dams substantially 

improve living standards, towers of buildings solve the problems of increasing urban 

populations. The construction industry contributes significantly to many countries’ 

gross domestic products (GDP). Global expenditure on construction activities was 

about $4 trillion in 2012. This spending is projected to be $9 trillion by 2025 (Oxford 

Economics, 2015). Today, expenditure on the construction industry exceeds $11 trillion 

a year, which is equivalent to about 13 percent of global GDP (Sick, 2020). 

  

Although the construction industry promotes economic development and brings vast 

non-monetary benefits to many countries, it remains as one most hazardous industries 

with many occupational hazards on sites (Zhou et al., 2015) that result in numerous 

deaths (Li & Poon, 2011). In China, the Ministry of Housing and Urban Rural 

Development of the People’s Republic of China (MOHURD) recorded 734 construction 

safety accidents and 840 deaths in 2018 (Ministry of Housing and Urban Rural 

Development of the People’s Republic of China, 2019). In the US, 5,333 construction 

workers accidents happened in 2019 (3.5 per 100,000 full-time workers); more than 

100 a week or about 15 deaths every day on average. About 20% (1,061) of construction 

fatalities in 2019 happened in the construction industry, around one in five workers died 

(US Bureau of Labor Statistics, 2019) (International Labour Organization, 2018). 

Therefore, it is high time to improve construction safety, not matter whether we 

consider it from the perspective of long term economic development or labour safety. 

 

This paper uses a bibliometrics approach to analyse construction safety research over 

the past 20 years, to give readers a general understanding on construction safety 

research in various countries and organizations. Currently little is known of the impact 

of economic development on construction safety research. This paper aims to fill this 

research void. By way of cluster analysis, readers can understand the research focuses 

of construction safety research and identify possible research directions in the future. 

  

2. Literature review 

2.1 Construction safety 

Construction safety has been a challenge in both academia and in industry (Fang et al., 

2020).  Large numbers of construction accidents have led to huge compensations 

which are borne by construction companies, and the means to enhance construction 

safety has become a challenge in academia. This problem is made even worse when 

construction activities are so highly diverse (Al Mawli et al., 2021). 
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Research has included the relationships between safety climate and behaviors on sites 

(Mohamed, 2002), meta-analyses for investigating the correlation between safety 

climate, performance, and occupational injuries (Clark, 2006), and safety climate 

questionnaires to investigate the relationship between safety climate and performance 

in road construction (Glendon and Litherland, 2001). Choudhry and Fang (2008) 

studied the reasons why construction workers engage in unsafe behaviors and 

confirmed the important role of management on construction safety. Tam et al. (2004) 

studied the safety management in China's construction industry, discussed risk-prone 

activities on sites and identified factors that affected sites’ safety. In addition, Chen et 

al. (2018) suggested the idea of climate resilience for enhancing construction safety 

performance. Guo et al. (2020) applied the theory of resilience on subway construction 

safety management and analyzed the connotation of resilience. Choudhry et al. (2007) 

reviewed the literature of safety culture and discussed the impact of culture on future 

research direction in construction safety. Behm (2005) reviewed the linkage between 

building fatalities and conceptual design for construction safety. If the concept of design 

for construction safety is adopted, the associated risks leading to accidents can be 

reduced or eliminated.  

 

2.1.1 Artificial Intelligence (AI) and other Digitalization Initiatives on Construction 

Safety. 

Recently, rapid development of artificial intelligence and automated tools such as 

virtual reality, robots and drones has brought new opportunities to the construction 

industry (Li, 2017). Machine learning, a branch of artificial intelligence, plays a major 

role in turning buildings intelligent (Xu et al., 2021). Bo et al. (2021) proposed an 

automatic tracking method for construction machinery used during nighttime, based on 

computer vision with deep learning illumination enhancement to reduce the risk of 

nighttime construction. Kim et al. (2020) used a deep active learning approach to 

improve construction site monitoring. Zhong et al. (2020) suggested using deep 

learning for analyzing construction accident reports and improving site safety. Fang et 

al. (2020) developed a computer vision approach for site safety improvement (Guo et 

al., 2021). Autodesk Revit developed a plug-in that connects building information 

modeling (BIM) with safety risk data to automatically estimate construction safety risks 

and help architects select designs quickly (Lu et al., 2021). Others shed light on 

automatic detection of safety rules which can be applied in Building Information 

Modeling (BIM), and algorithms have been used to alleviate problems in construction 

safety (Zhang et al., 2013). This research provides evidence that AI and various digital 

initiatives have been integrated with construction safety. Yet is this a major trend in 

research that can be communicated to the industry?  

  

2.2 Construction Safety and levels of economic development 

Implementing construction safety programs requires a lot of monetary expense. These 

activities are luxuries in poor countries. Yet, developing countries have far more 

infrastructure construction activities as tunnels, trains and bridges, which have been 

built in developed countries long ago. Developing countries often have a large amount 



3 
 

of room to improve regarding site safety; this includes but is not limited to 

compensation and legal systems (Li and Poon 2013). Do developing or developed 

countries have more construction safety research?  

  

As a tool for understanding of human development, economic development, as well as 

well-being, the human development index (HDI) compares different levels of economic 

development across countries and time (Stanton 2007). A developing country is a 

country with an underdeveloped industrial base and a low HDI relative to other 

countries (Arthur and Sheffrin 2003). 

 

2.3 Construction safety research in developed countries 

  

Much of the previous research has thrown light on developed countries. For example, 

Sinyai and Choi (2020) noted the trends of construction safety research in the US, 

including an increase in research on populations at disproportionate risk. In Australia, 

it was found that 77 factors impact crane safety (Lingard et al., 2021). Oh et al. (2021) 

proposed to consider the interrelation of each stage of construction in Korea to 

implement preventive policies. In Spain, Lozano-Díez et al. (2019) noted that Health 

and Safety Coordinators had a positive impact on construction accident rates reduction. 

In Sweden and Germany, Brolin et al. (2021) analysed workers’ compensation systems 

for work-related traumatic brain injuries in the construction industry in 2014 and 2018, 

which highlighted the importance of fall safety measures in reducing work-related 

traumatic brain injuries in the industry. 

  

2.4 Construction safety research in developing countries 

While construction safety research has become prevalent in developed countries, high 

accident rates have increased the amount of research in developing countries. In China, 

by examining the fluctuations and trends of economic and industry-specific indicators 

for housing and civil engineering work-related deaths from 1996 to 2016, Liang and 

Fung (2019) identified the relationship between construction safety and macro-

economic development in China and provided references for relevant authorities to 

develop more effective governance strategies. In Lebanon, Awwad et al. (2016) 

assessed current safety practices in the construction industry through one-on-one 

interviews with contractors, consultants, owners, insurance companies and government 

authorities, while Abbas et al. (2018) strengthened the safety awareness of construction 

workers by assessing their perception of the level of seriousness of indoor hazardous 

activities by conducting an interactive, computer-based graphic survey on different 

construction sites.  

In Oman, Al Mawli et al. (2021) showed that there is a need to improve occupational 

health and safety. Abueisheh et al. (2020) found that despite the high awareness and 

positive attitudes towards the concept of design for safety, design professionals’ 

participation in relevant safety events in Palestine was very low. Başağa et al. (2018) 

conducted a study on the effectiveness of occupational health and safety training for 

construction workers in Turkey. Manu et al. (2018) investigated the health and safety 
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management of contractors in Malaysia, Vietnam and Cambodia, providing an 

opportunity for contractors and other stakeholders to reflect on means which can 

improve health and safety management. Ajayi et al. (2021) explored behavioral safety 

measures for reducing accidents and fatalities in the Qatar Mega project. Abukhashabah 

et al. (2020) studied the causes of accidents and injuries of 300 construction workers in 

Jeddah, Saudi Arabia and provided recommendations for accident- and injury- 

prevention. Based on multi-storey buildings in Pakistan, Zahoor et al. (2015) proposed 

a research framework for identifying safety climate factors that could significantly 

improve the safety performance of multi-storey buildings and help improve the safety 

performance of construction companies in developing countries. 

 

3. Research methods and data sources 

 3.1 Bibliometric analysis 

Bibliometric research is a research technique that provides a quantitative overview of a 

field of research (Nerur et al., 2008; Fetscherin and Heinrich, 2015). It may involve 

cluster analysis (Rodriguez, 2014). Zupic and Čater (2015) introduced bibliometrics 

methods, including citation analysis, co-citation analysis, bibliography coupling, 

coauthor analysis, and co-word analysis. Based on bibliometric techniques, Ramos-

Rodriguez and Ruiz-Navarro (2004) identified works that have had the greatest impact 

on strategic management research. Daim (2006) used bibliometrics research and other 

methods to forecast fuel cell technology, food safety technology and optical storage 

technology research. Through bibliometric analysis, Fahimnia et al. (2015) identified 

current research areas and potential future research directions in green supply chain 

management and provided a roadmap for further research. 

  

We studied articles indexed in the Web of Science (WOS) Core Collection database. 

Bibliometrics was used to provide an overview of previous research (Broadus, 1987). 

We studied the number of citations per paper, citation threshold, the total number of 

published papers and number of citations, namely the h-index and related indicators 

(Alonso et al., 2009; Merigó et al. (2015b). 

  

Visualisation was then used to find and extract the keywords in the article (Waltman et 

al., 2010), providing a cluster function that allocated keywords to a symbion-based 

cluster (Van Eck &Waltman, 2017). Two terms appearing at the same time indicate that 

they are correlated, varied in strength and direction. Based on the index of clustering 

relationship’s strength and direction, different clusters could be identified. We also 

studied overlay and density visualization in construction safety research. 

  

The weight of an item indicates its importance; a more weighted item is more important 

than a low-weighted item. In a visualization map, high-weighted items indicate that 

they are more prominent than low-weighted ones (Van Eck & Waltman, 2020). 

 

By studying the size of different keywords in a network visualization, we showed 
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differences in research popularity. The size of different organizations showed different 

levels of contributions in the field. A similar rationale was applied to countries where 

publications were produced. The color of an element represents the cluster which it 

belongs to; different clusters being represented by different colors. This allowed us to 

view each of the individual cluster (Van Eck & Waltman, 2020). We were then able to 

discover the structural distribution of research focused through keyword co-occurrence, 

authors’ research communities, and organizational research communities. 

  

3.2 Overlay visualization 

Unlike the network visualization, the color of overlay visualization has a gradient effect. 

Overlay visualization function adds a time factor to the visual analysis of the object. 

Different colors correspond to the year in which the element appeared (Van Eck & 

Waltman, 2020). The bluer the color indicated an early appearance of an element; the 

more yellow the element, the later it appeared. 

  

In addition, the node color is determined by the average time of each key year (Van Eck 

& Waltman, 2020). For example, if an element appears 20 times in 2015, and 20 times 

in 2020, then it was positioned in 2017.5 ((2015*20+2020*20)/40=2017.5), right in the 

middle, and colored green. The node would only be yellow if most of the elements were 

later. 

  

3.3 Density visualization 

According to the view generated by density visualisation, each point is filled with color 

according to the density of the elements around the point. The higher the density, the 

more the intense the yellow. The smaller the density, the bluer the color. The density 

depends on number of elements in the surrounding area and the importance of those 

elements. Density visualization was used to observe the important domain, domain 

knowledge, and to study the density of the situation (VOSviewer 2020). 

  

3.4 Data sources 

The Web of Science is the world's largest comprehensive academic database covering 

the largest number of disciplines, including more than 8,700 most influential academic 

journals in the natural sciences, engineering technology, and biomedicine as well as 

other research fields. 

  

In addition to the Web of Science Core Collection, all Web of Science databases include:  

the Chinese Science Citation Database, the Derwent Innovations Index, the KCI-
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Korean Journal Database, Medline, the Russian Science Citation Index and the SciELO 

Citation Index (an index of over 1,000 open access journals published in Latin America, 

the Caribbean, Spain, Portugal, and South Africa).  

  

4. Results and Discussion 

4.1 Construction safety research bibliometrics results  

Figure 1 shows the change in number of papers published in the construction safety 

industry since the beginning of the 21st century. Figure 1 indicates that before 2014, 

the increments of construction safety research rose steadily. From 2014 to 2015, there 

was a large increase in the number of papers in construction safety, but from 2015 to 

2016, the number of papers plateaued, and then grew quickly from 2016 onwards. 

  

  
Figure1 Number of articles on construction safety published on the WOS core database 

including SCIE (Science Citation Index Expanded) and SSCI (Social Sciences Citation 

Index) from 2000 to 2020. 

  

Table 1 ranks publication record according to the number of papers published, and 

collaboration between countries. The strength of links refers to the collaboration 

strength. The largest number of published articles were written by the US authors, and 

the second largest was China. The total number of articles published in these two 
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countries was 1,125, accounting for 56% of the 2000 articles. The difference between 

these two is not huge. Despite Australia ranking third, it was a lot less compared to the 

US and China. South Korea ranked fourth, after another large gap, but after South Korea, 

this gap became smaller. Apart from China and Turkey, the remaining top 10 countries 

(including Taiwan) are all developed countries. While the US and Canada are part of 

North America, Australia is part of Oceania, South Korea and Singapore are part of 

Asia, and the UK, Spain and Germany are part of Europe. 

  

Links and total link strength represent a country's degree of cooperation. The US, China 

and Australia are the top three countries with the largest research collaborations. 

Although South Korea published more articles than the UK, the UK's cooperation with 

other countries was significantly higher than that of South Korea. Similar situations can 

be seen in lower ranking countries, including Turkey and Poland. Although Turkey 

published more articles than Poland, Poland's cooperation with other countries was 

significantly higher than that of Turkey. 

  

Label 
Developing/devel

oped countries 

Weight 

(Links) 

Weight 

(Total link 

strength) 

Weight 

(Documen

ts) 

US Developed 28 229 568 

The People's 

Republic of China 
Developing 23 283 557 

Australia  Developed 16 210 245 

South Korea Developed 13 67 140 

The UK Developed 20 96 123 

Spain  Developed 8 18 81 

Germany  Developed 9 19 58 

Taiwan (the People's 

Republic of China) 
Developed 5 25 55 

Canada  Developed 7 38 55 

Singapore  Developed 9 39 44 

Turkey  Developing 7 13 38 

Poland  Developing 6 35 35 

Iran  Developing 12 19 34 

India  Developing 8 11 30 

Israel  Developing 7 11 26 

Malaysia  Developing 12 24 26 

Italy  Developed 5 9 25 

New Zealand Developed 5 21 23 

Sweden  Developed 5 8 21 

Japan  Developed 3 3 20 

Table1 Number of documents published of 19 countries (from high to low). 
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In terms of citation number of papers from the US and China, papers on construction 

safety in China were not particularly popular and not authoritative. Interestingly, four 

of the top 20 countries in terms of document publications -- Iran, Malaysia, Italy and 

Japan -- are not among the top 20 countries in terms of citations. 

 

Label 
Developing/developed 

countries 

Weight 

(Citations) 

US Developed 14741 

The People's Republic of China Developing 10221 

Australia Developed 5489 

South Korea Developed 2619 

The UK Developed 2426 

Spain  Developed 1301 

Singapore  Developed 1272 

Israel  Developing 1244 

Taiwan (the People's Republic of China) Developed 1163 

Canada  Developed 1047 

Germany  Developed 731 

Poland  Developing 691 

Turkey Developing 691 

Pakistan  Developing 546 

New Zealand Developed 519 

Scotland (the UK) Developed 515 

Portugal  Developed 484 

India  Developing 479 

Sweden  Developed 476 

Thailand  Developing 467 

Table 2 Number of citations of 19 countries (from high to low). 

  

4.2 Average citations of countries in construction safety research 

Table 3 shows the average number of citations. At the top of the list was Portugal (12th 

in citations), followed by Israel (8th in citations) and Thailand (20th in citations). The 

US ranks first in citations and seventh in average citations, while China ranks second 

in citations and 21st in average citations. Australia ranked third in citations and 12th in 

average citations; South Korea ranked fourth in citations and 19th in average citations. 

The top six countries by citations did not achieve high average citations. This shows 

that high citations have no relationship with high average citations. 

  

Label 
Developing/developed 

countries 

Average. 

Citations 

score 
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Portugal Developed 48.4 

Israel Developing 47.8462 

Thailand Developing 35.9231 

Singapore Developed 28.9091 

Pakistan Developing 28.7368 

Serbia Developing 28.2 

US Developed 25.9525 

Scotland (the UK) Developed 25.75 

Egypt Developing 24.5 

Sweden  Developed 22.6667 

New Zealand Developed 22.5652 

Australia  Developed 22.4041 

Finland  Developed 22.3 

Denmark  Developed 22.1875 

Taiwan (the People's Republic of China) Developed 21.1455 

Poland  Developing 19.7429 

England (the UK) Developed 19.7236 

Canada  Developed 19.0364 

South Korea Developed 18.7071 

Saudi Arabia Developing 18.3889 

 

Table 3. Average citation of 18 countries (from high to low). 

  

4.3 Average Publication Year  

Table 4 shows the average publication dates (average publication years) for the top ten 

countries with the latest publications time. The country with the latest average 

publication date was Vietnam, followed by Malaysia, Iraq and Iran. The average 

publishing dates of these four countries was after 2018, which is very close to the 

present, indicating these four countries are the latest in producing construction safety 

research. We can speculate that there will be more developing countries carrying out 

research on topics of construction safety in the future. Countries in Asia (West Asia in 

particular) and the Middle East are likely to be major contributors to future research on 

construction safety. 

 

Label 
Developing/developed 

countries 
Continent 

Score (Avg. pub. 

year) 

Vietnam Developing Southeast Asia 2019.25 

Malaysia Developing Southeast Asia 2018.7083 

Iraq Developing West Asia 2018.2 

Iran Developing West Asia 2018.0303 

Chile Developing South America 2017.8 
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New Zealand Developed Oceania 2017.3182 

Saudi Arabia Developing West Asia 2017.2353 

Oman Developing West Asia 2017.2 

Qatar Developing West Asia 2016.8571 

The People's 

Republic of 

China 

Developing East Asia 2016.8086 

 

Table 4. Top 10 countries (from late to early) average publication dates (years) from 

2000 to 2020. 

  

Table 5 shows the average publication years among the top 10 most productive 

countries. The country with the earliest average publication date (year) was Japan, 

followed by Switzerland, Serbia and Israel. The average publishing date in these four 

countries was before 2012. The difference between Japan (the earliest average 

publication time) and Vietnam (the latest average publication time) was about eight 

years.  

 

Compared with the ten countries with later average publication times, many countries 

with earlier average publication dates are located in Europe. In addition, Japan, 

Switzerland, Denmark, the UK, Germany and Switzerland are developed countries; 

many of these with an early average publication dates are developed countries. 

  

Label 
Developing/developed 

countries 

Score (Average 

publication year) 

Japan Developed 2009.9 

Switzerland Developed 2011.5 

Serbia Developing 2011.6 

Israel Developing 2011.7692 

Denmark Developed 2012.1875 

Egypt Developing 2012.875 

Scotland (the UK) Developed 2012.9 

Germany Developed 2012.9655 

Netherlands Developed 2013.2 

Thailand Developing 2013.4615 

 

Table 5. Average publication year from 2000-2020 of top 10 countries (from earliest to 

the latest. 

  

As the giant in construction safety research and probably the most developed country 

in the world, the average publishing date of the US was 2013.5563. Australia, also a 

developed country, ranked third in the number of published articles in construction 

safety research. Its average publication date was 2016.3191, similar to that of China. 

Therefore, a country's level of development was not directly related to the country's 
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average publication date in the field of construction safety. Ten countries with the latest 

average publication date are all developing countries. The average date in construction 

safety research may indicate the level of infrastructure development in a country. 

  

In terms of number of articles published, number of citations and average number of 

citations, developed countries have better performance. This shows that better 

economic development is associated with more and better construction safety research. 

In addition, developing countries in Asia accounted for most of the countries with the 

average later publication dates, while developed countries in Europe accounted for the 

majority of the countries with the average early publication dates. This shows that the 

date of construction safety research in Europe was earlier than that in developing 

countries in Asia. In other words, the amount of time in construction safety research – 

the earlier the date - probably reflects when a country's infrastructure development is 

highest. 

  

4.4 Affiliations of the authors and keywords 

According to Table 6, the top 20 publishing organizations are universities. Among the 

top 20 publications, seven were from China and six from the US. The top four 

organizations were all Chinese universities. Of the seven universities, three were from 

Hong Kong, with Hong Kong Polytechnic University ranking first, City University of 

Hong Kong fourth and the University of Hong Kong 15th. Three of the more than seven 

institutions in the top 20 were from Australia, with published researches dominated by 

Queensland University of Technology. Two were from South Korea, one from 

Singapore and another from Spain. These organizations are all from developed 

countries or regions except those from China (Hong Kong is a developed region). 

  

Institution 
Weight 

(Documents) 
Country 

Developing/

developed 

countries 

The Hong Kong 

Polytechnic University 
96 Hong Kong (China) Developed 

Huazhong University of 

Science and Technology 
70 China Developing 

Tsinghua University 63 China Developing 

City University of Hong 

Kong 
53 Hong Kong (China) Developed 

Queensland University of 

Technology 
43 Australia Developed 

Colorado State University 43 US Developed 

RMIT University 42 Australia Developed 

Oregon State University 40 US Developed 
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National University of 

Singapore 
38 Singapore Developed 

Curtin University 37 Australia Developed 

Georgia Institute of 

Technology 
35 US Developed 

University of Florida 31 US Developed 

Hanyang University 25 Republic of Korea Developed 

Southeast University 24 China Developing 

The University of Hong 

Kong 
21 Hong Kong (China) Developed 

University of Illinois 21 US Developed 

University of Maryland 21 US Developed 

University of Malaga 20 Spain Developed 

Tongji University 19 China Developing 

Chung-Ang University 18 Republic of Korea Developed 

 

Table 6. Publication of documents from 14 organizations (from high to low). 

  

Table 7 shows 14 organizations with an average publication date after 2019, 13 are 

universities. There were six in China, four in Australia, two in England, one in Iran and 

one in Rome. The organization with the earliest average publication date (2020) is 

Monash University in Australia, followed by Central South University and Peking 

University in China.  

  

Label 

Score 

(Average 

publication 

year) 

Country 

Developing/ 

developed 

countries 

Monash University 2020.5 Australia Developed 

Central South University 2020 China Developing 

Peking University 2020 China Developing 

Islamic Azad University 2019.6667 Iran Developing 

Sapienza University of Rome 2019.6 Italy Developed 

Southwest Jiaotong University 2019.6 China Developing 

Shandong University 2019.5556 China Developing 

Loughborough University 2019.4545 England Developed 

Jiangsu University 2019.4444 China Developing 

Western Sydney University 2019.4444 Australia Developed 

Deakin University 2019.3846 Australia Developed 

University of the West of England 2019.375 England Developed 

Hubei Engineering Research 

Centre Virtual Safe & Automated 

Constitution 

2019.1667 China Developing 
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The University of New South 

Wales 
2019.1 Australia Developed 

 

Table 7. Average publication year (from 2000-2020) of 14 organizations (from late to 

early). 

  

Table 8 ranks the top 10 authors by number of citations. Apart from Lee, Sanghyun who 

is a Korean and works in the University of Michigan, 5 come from China and 4 come 

from the US. The US and China have a great influence on construction safety. Fang 

from Tsinghua University ranked the first in citations and Teizer ranked the first in 

average citation number. Teizer published eight fewer papers than Fang, and the 

citations were slightly less than Fang, but the average citation amount was higher than 

Fang. Teizer 's H-index is 8 points higher than Fang.  

  

Among all top 10 authors, the author with the highest H-index was Heng Li, with a 

score of 82. The author with the second highest H-index was Albert Chan, with 78, 

significantly higher than other authors, indicating that these two authors are 

authoritative in the field.  

  

Label 

Weig

ht(Cit

ations

) 

Weight 

(Docu

ments) 

Score 

(Average 

citations) 

H-

index 
Country Organization 

Fang, 

Dongping 
1935 32 60.4688 41 China 

Tsinghua 

University 

Teizer, 

Jochen 
1887 24 78.625 49 US 

Georgia 

Institute of 

Technology 

Hallowell, 

Matthew R. 
990 28 35.3571 39 US 

University of 

Colorado at 

Boulder 

Li, Heng 985 43 22.907 82 China 

Hong Kong 

Polytechnic 

University 

Lee, 

Sanghyun 
714 14 51 43 

Republic 

of Korea 

University of 

Michigan 

Gambatese, 

John a. 
665 17 39.1176 36 US 

Oregon State 

University 

Skibniewski

, Miroslaw j. 
598 19 31.4737 50 US 

University of 

Maryland, 

College Park 

Chan, Albert 

P. C. 
592 25 23.68 78 China 

Hong Kong 

Polytechnic 

University 
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Label 

Weig

ht(Cit

ations

) 

Weight 

(Docu

ments) 

Score 

(Average 

citations) 

H-

index 
Country Organization 

Ding, 

Lieyun 
592 23 25.7391 21 China 

Huazhong 

University of 

Science and 

Technology 

Li, Qiming 545 14 38.9286 43 China 

Southeast 

University 

China 

Table 8. Citation and other information of 10 authors (from high to low). 

  

4.1.1 Authors’ keywords 

Table 9 shows the ranking of author's keywords. Construction, safety, and construction 

safety were the three most frequent ones. The fourth and fifth highest frequency was 

construction industry and safety management while the sixth was the safety climate. 

This suggests that safety management and climate are two main areas in construction 

safety research.  

  

Label Weight (Occurrences) 

Construction safety 265 

Construction 247 

Safety 231 

Construction industry 150 

Safety management 108 

Safety climate 107 

Occupational safety 64 

Safety performance 60 

Labor and personnel issues 53 

Risk assessment 48 

Construction workers 47 

Construction management 45 

Health and safety 45 

Safety behavior 40 

Risk management 35 

Table9 Occurrences of 15 all keywords (from high to low). 

  

The table10 shows the average date (year) of authors’ keywords with the latest average 

publication date. The latest one is deep learning, a branch of artificial intelligence (AI)., 

Two more keywords are related to digitization, including computer vision and Building 
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Information Modelling. Two author keywords were related to countries of the research, 

namely, Saudi Arabia and Malaysia, ranking third and seventh respectively.  

  

Label Score (average publication per year) 

Deep learning 2019.6923 

Resilience engineering 2019.5 

Saudi Arabia 2019.5 

Resilience 2019.4286 

Building information modeling  2019.4 

Computer vision 2019.3333 

Malaysia 2019 

Rework 2019 

Safety motivation 2019 

Sustainable construction 2018.8333 

Table10 Average publication year (from 2000-2020) of 10 author keywords (from late 

to early). 

  

4.1.2 All keywords 

All keywords refer to keywords identified by the electronic databases and authors’ 

keywords. Figure 2 shows the density distribution of all keywords. It records research 

focuses (in yellow) related to construction safety including management, model, culture, 

safety, climate, and behavior. 

  

  
Figure 2 Density visualization of all keywords. 
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Compared with author's keywords, all keywords processed by the Web of Science had 

6 clusters in total, cluster 1 was red, cluster 2 was green, cluster 3 was blue (Figure 3). 

The most popular keywords in cluster 1 were management, model, system, safety 

management, and design. Thus, the first cluster indicates concerns about the 

management system and model. 

 

In the second cluster, the most popular keywords were behavior, climate, accident, 

safety climate, and culture. It throws light on relationships between people and 

construction safety, covers their safety behaviors and culture as well as climate. In the 

third cluster, the most popular keywords were health, industry, construction industry, 

risk, workers, and prevention. The third cluster appears to be related to the protection 

and health of workers. 

  

  

Figure 3 Network visualization of all keywords. 

  

Figure 4 illustrates the keyword clusters’ sequence diagram. Cluster 1 is earlier than 

cluster 2 and cluster 2 is earlier than cluster 3. The color is lighter for keywords that 

appear closer to the present. Table 11 shows the top 20 keywords with the latest average 

date; 14 belong to cluster 1. Thus, cluster 1 is likely to indicate construction safety 

research directions in the future.  
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Figure 4 Overlay visualization of all keywords from 2014 to 2018. 

 

 

Label 
Cluster Score (Avg. pub. year) 

Deep learning 1 2019.6923 

Resilience 4 2019.5714 

Inspection 1 2019.5 

Computer vision 1 2019.3333 

Information modeling bim 1 2019.0769 

Recognition 1 2018.8889 

Site 3 2018.8571 

Machine learning 1 2018.6429 

Questionnaire survey 2 2018.6 

Indicators 4 2018.5455 

Decision-making 4 2018.5333 

Building Information Modelling 

(BIM) 
1 2018.52 

Safety inspection 1 2018.5 

Fuzzy 1 2018.5 

Visualization technology 1 2018.4815 

Classification 1 2018.4783 

Risk-assessment 1 2018.4231 

Perspective 2 2018.4167 

Cost 1 2018.4167 

Warning system 1 2018.4 

Table11 Average publication year (from 2000-2020) of 20 all keywords (from late to 

early). 
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4.5 Construction safety and economics 

In the top nine countries, except for China and Taiwan (China), all are developed 

countries. Having said that, however, China's GDP ranks the second in the world, after 

the US (U.S. News 2021).  This shows that developed countries were the main regions 

that produced the largest number of construction safety research publications. 

  

Among top ten countries with the earliest average publication dates (years), the first 

was Japan, and the second Switzerland. Both are developed countries. In fact, the top 

ten countries with the earliest construction safety publications were all developed 

countries: Japan, Switzerland, Denmark, Scotland, Germany, and the Netherlands.  

  

By contrast, none of the ten countries with the latest average publication time was a 

developed country. It includes China, the second most productive country. Vietnam, 

Malaysia, Iraq, Iran, Saudi Arabia, Oman, Qatar, and China are all located in the Middle 

East and Asia, and are developing countries. The developed countries in Europe 

developed infrastructure early but did not have a large territory like the US. Therefore, 

the infrastructure of these countries is relatively complete and current investment in the 

construction industry is relatively small. Thus, the average publication date of scholars 

in these developed countries is earlier. Countries like Vietnam, Malaysia and Iraq are 

developing infrastructure, and the average publication date of these countries is later. 

  

We speculate that funding availability of a country for the construction sector drives 

construction safety development, leading to an increase in construction safety 

awareness as well as the research associated with this topic.  

  

Digitalization enables the construction industry to provide cheaper, faster and smarter 

services (UKGOV 2013). While there are many applications of deep learning, 

application of deep learning in the construction industry has not been fully utilised 

(Akinosho et al. 2020). For all keywords and author keywords, the keyword with the 

latest average publication date is deep learning. We therefore speculate that deep 

learning could have major applications for construction safety in the future. Moreover, 

other top keywords that appear recently include machine learning, visualisation and 

Building Information Modelling. All these indicate the trend of digitalisation crosses 

over with construction safety. 

  

 

A huge amount of funding is needed for developing artificial intelligence and 

digitalization related products. Yet, most developing countries cannot afford such a 

huge expenditure. We expect that construction safety digitalization research will 

continue to be dominated by the US and China, the world's first and second largest 

economies.  
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5. Conclusion 

In this article we analysed research on construction safety in developed and developing 

countries; the major contributors and contributing organisations of construction safety 

research and the hot topics in the construction safety industry and the future directions 

for research development.  

 

The number of construction safety articles published as well as collaborative research 

works published in the US and China, the two countries with highest GDP, were far 

more than other countries. Although the number of published articles in the US was 

only slightly more than that in China, the number of cited articles in the US was 

significantly higher than that of China. While total citation number of papers published 

by authors in China ranked second, the average number of citations only ranked 21st. 

China and the US accounted for a large proportion of the top 20 research organizations 

in construction safety research. Seven were universities in China, three were from Hong 

Kong.  

  

Among the top 10 cited authors, 5 were from China and 4 from US,. Two authors with 

the highest H-index were from Hong Kong Polytechnic University, Hong Kong, China. 

Apart from the three key words of building, safety and construction safety, the three 

keywords with the highest popularity included safety management and safety climate.  

  

According to cluster analysis of all keywords, keywords of construction safety were 

classified into three categories; one was the management and models of construction 

safety, the second related to human factors in relation to construction safety, the third 

related to health problems in relation to construction safety.  

  

 

By referring to the research articles on construction safety in developed and developing 

countries, we found that the number of articles on construction safety in developing 

countries were more than the number of articles on construction safety in developed 

countries. This may indicate that there are more construction activities as well as 

problems in construction safety in developing countries as compared with developed 

countries. On the other hand, innovative research on construction safety is in the main 

focused amongst developed countries. 

  

The latest hot topic in construction safety is deep learning. This suggests that 

construction safety may rely on better use of AI technology in the future. However, 

developing AI requires much financial support, suggesting that the US and China, the 

two main economic giants in the World, will continue to dominate construction safety 

research in the future. 
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