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Abstract

:

Over the past three decades, there have been many comprehensive studies related to public–private partnerships (PPP), but the analysis at the macro level still lacks comprehensiveness and interpretability. Through the application of bibliometric analysis, 2-mode network, and strategic coordinate analysis, we systematically analyzed the derivative characteristics of the literature data and the coupling characteristics of countries and keywords. Moreover, through the frequency and betweenness centrality, etc., this paper determines the evolution path of keywords and the evolution direction of theme words and realizes the prediction of theme words and keywords in the future. The results show that: (1) Through the three-stage biclustering analysis, we determined the hot theme words and hot keywords for each stage and focused the theme direction and main research content of the evolution, which led to great interpretability of the data analysis in the literature characteristics; (2) Through the distribution characteristics of time and space, the USA, China, the UK and other mainstream publishing countries and their main research hotspots were determined. Among them, developing countries have strong willingness in academic cooperation and great potential for academic development; (3) According to the derivative characteristics of the literature data, it is predicted that the future research hotspots are: the integration of business economy and sustainability, the integration of policy support and innovative technology application, and the urbanization promotion of developing countries. Based on the findings, this study makes concrete and targeted research methods and provides reference value and application value for the future research and analysis of PPP.
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1. Introduction


As an important way to develop infrastructure and public services, a public–private partnership (PPP) is widely used in transportation, energy, environmental protection, medical care, education, etc. It is a project financing model that encourages the private sector to cooperate with the government and allows them to participate in public infrastructure construction. It plays an important role in revitalizing social capital and reducing financial burden [1].



In 2020, the Global Infrastructure Hub (GIH) stated in Infra Compass 2020 [2]: the gap in global infrastructure investment is approximately USD 15 trillion in the next 20 years. In 2021, the World Bank noted in the PPI Database Global Report, 2021 [3]: compared to 251 projects in 2020, 240 projects in 2021 have a larger scale, with private participation in infrastructure (PPI) investments totaling USD 76.2 billion, increasing 49% from last year. In addition, the level of capital investment in the water supply and sewage treatment sector is usually lower, but it reached a ten-year high in 2021, with a total investment of USD 9.9 billion (13% of the total PPI investment). Furthermore, in the energy sector, 95% are renewable energy projects. Additionally, Sub-Saharan Africa has the highest proportion of PPI projects in all regions, approximately 38%. These show that the PPP market shows some signs of recovery in infrastructure investment, and sustainable development has become a direction of more concern for the private sector.



In the past 30 years, a large number of scholars around the world have conducted in-depth research on PPP from multiple dimensions. Al-sharif et al. [4] selected the relevant literature from four authoritative academic journals from 1998 to 2003 and conducted a quantitative study on PPP research trends.



Ke et al. [5] selected the Web of Science (WoS) database from 1998 to 2008 and studied the development process and evolution path of PPP from three dimensions: the earliest appearance of PPP literature in each country, the association between the authors of the literature, and the citation of the literature. They also assessed the academic level of authors and journal contributions. Song et al. [6] conducted a multidisciplinary quantitative visualization analysis of the areas, model evolution, and development paths involved in PPP. Zhang et al. [7] selected 12 engineering journals from the WoS database from 2009 to 2019 and systematically analyzed the characteristics of institutions, keywords, and scholars, etc. Sun et al. [8] compared the research in China with that in other countries by reviewing the PPP literature published in Chinese and English journals from 2008 to 2018. Shi et al. [9] used the H index to measure academic influence and used the Bibliometrix R-package tool to conduct a bibliometric analysis of PPP from both static and dynamic perspectives, broadening the depth of research. From the perspective of risk management of PPP, Robert et al. [10] applied VOSviewer software for quantitative analysis. Nevertheless, the feature extraction of many literature studies still relies on subjective literature survey and qualitative analysis. These studies still contain less research on the global PPP research hotspots, and the interpretability analysis of the characteristics of the literature data is still far from enough [11].



However, there is still no article that can scientifically and objectively predict trends in the field of global PPP research. Moreover, aiming at the problems of weak interpretability, insignificant quantitative analysis, and unscientific trend prediction in current research, we provide a new approach and perspective in the field of global PPP research. This study is of great significance for clarifying the research context and development characteristics of global PPP and accurately grasping the evolution trend of global PPP development.



This article selected the literature data from the WoS database from 1989 to 2022 as the research object for systematic analysis. First, we divided the stages by the natural breakpoint method and applied the 2-mode network clustering algorithm to determine the literature derivative characteristics in each stage, focusing on the research issues in mainstream countries. Second, through the analysis of the attention evolution and strategic position of the subject words, we determined the evolution path and direction of future research. Finally, based on the above results, we calculated the novelty index and realized the diversion prediction of keywords, and obtained the conclusion.




2. Research Design


2.1. Data Processing and Research Methods


2.1.1. Data Processing


This paper collected data from the WoS core database. The search formula is as follows: TS = (“public private partnership” OR “build operate transfer” OR “build-operate-transfer” OR “build/operate/transfer” OR “private finance initiative” OR “transfer operate transfer” OR “build own operate” OR “build own operate transfer” OR “build transfer operate” OR “rehabilitate operate transfer” OR “renovate operate transfer”)



The starting time of WoS core database is defaulted to 1985, and the database first included PPP-related literature in 1989. Therefore, this paper selected 4134 related pieces of the literature from January 1989 to November 2022. Through screening and deduplicating the data, we finally selected 4060 valid articles as research samples. According to the data characteristics, the year of publication, keywords, authors, countries, and subject words were divided, and 26,192 valid data were accumulated.




2.1.2. Research Method


By examining the following characteristics of keywords: frequency, time distribution, and coupling relationship, this paper used visual forms such as co-occurrence maps and biclustering maps, etc., to show the evolution of research in the PPP field in the past and the current research frontiers. In addition, through the analysis of the attention and strategic trend of the keywords, we calculated the novelty index of the keywords. Eventually, based on the above analysis, we predicted the direction of potential research and future research trends.



In order to present the analysis results more intuitively and comprehensively, this paper intends to use the following methods:




	(1)

	
Natural breakpoint method. Based on the distribution of numerical statistics and the number of pieces of the literature in different periods, this method can set class boundaries on the data values with large differences. K-means, mean shift, KNN, and other clustering methods mainly explore the center of the class. In contrast, the natural breakpoint method mainly explores the class boundary. Therefore, this method is suitable for solving the turning point of the cumulative difference data, especially the value of the cumulative number of pieces of the literature, so as to realize the phase division of the PPP literature from 1989 to 2022 [12,13,14].




	(2)

	
Co-word analysis. This method can reflect the cascading relationships between objects. Among them, betweenness centrality is the key indicator to measure the importance of nodes in the network [15]. It is generally believed that keywords with betweenness centrality greater than 0.1 occupy a core position in the network [16,17]. This paper used CiteSpace 6.1 R3 to analyze the academic cooperation between countries and determine the intensity of cooperation between countries and the mainstream research countries. Moreover, we also used strategic coordinate analysis to mine the centrality and density of theme words, determining the position of each theme word in the strategic coordinate graph and analyzing the evolution trends [18].




	(3)

	
The 2-mode network clustering algorithm. Through selecting two research objects, this method applied the unweighted pair group method with arithmetic mean (UPGMA) to determine the correlation coefficient between objects [19], and the 2-mode matrix was calculated [20,21]. Furthermore, we applied the R studio to the coupled biclustering graph between two objects. Among them, the connection between objects can determine the strength of correlation. The color depth represents the frequency, showing the heat degree of any keyword [22]. In summary, it identifies research hotspots in different phases and provides the data basis for the evolution and prediction of theme words.











2.2. Evolution Mechanism and Prediction Model Construction


This paper is mainly divided into three parts: the trend analysis of the literature characteristics, the derivative analysis of the data characteristics, and the evolution prediction and analysis of theme words. The evolution mechanism and prediction model are shown in Figure 1.



First, this paper analyzed the temporal characteristics of literature to verify the rationality of natural breakpoint method. Additionally, we also analyzed the publication trend for each country and initially determined the mainstream countries for PPP research; Second, through the derivative analysis of data features, we mined the keyword co-occurrence features for each period and analyzed the coupling characteristics of keywords. Simultaneously, we also analyzed the research and collaboration trends in individual countries and identified the research hotspots in these countries; Third, according to the evolution prediction of theme words and keywords, we calculated the attention of theme words and the strategic trend, so as to determine the core evolution direction. Finally, based on the above basis, we predicted the PPP research hotspots in the future.




2.3. Trend Analysis of Literature Characteristics


2.3.1. Division of Literature Phases


The natural breakpoint method uses the idea of clustering to divide the data into different groups. Furthermore, the data similarity within the same group is maximized, and the difference between the external groups is maximized. The specific steps are as follows:



Primarily, this paper determines the classification number of arrays. Additionally, we calculate the sum of squared deviations from the array mean (SDAM) and the sum of squared deviations about class mean (SDCM). Then, we discover the minimal SDCM. Ultimately, we calculate the goodness of variance fit (GVF) so as to aggregate measurements of the classification effects [23]. The formula (1) is as follows:


   SDAM =  1 N    ∑  i = 1   N         X  j i   −  X j     2       S D C M =   ∑  i = 1    N 1          X  1 i   −    X 1   ¯     2    + … +   ∑  i = 1    N j          X  j i   −    X j   ¯     2       G V F = 1 −   S D C  M  m i n     S D A M     



(1)







Among them,  N  represents the number of groups.    X  j i     represents the amount of literature in year  j .   S D A M   represents the variance of the data.   S D C M   represents the sum of all the variances.   G V F   represents the variance goodness of fit.




2.3.2. Analysis of Time Series Characteristics of Literature Quantity


Based on Python, this chapter uses Jenks to traverse the possible classification number of arrays and calculate GVF values under different classification numbers. Simultaneously, we draw the GVF curve fitting chart and the global literature time series characteristic analysis chart under each classification number. The details are as shown in Figure 2.



As shown in Figure 2a, when   N  = 3   , the GVF curve begins to fit. Consequently, the set of data is most appropriate when divided into three categories, and the four breakpoints are 0, 112, 288, and 400.



Among them, (0, 112) represents the exploration period (1989–2008), (112, 288) represents the rapid development period (2008–2017), and (288, 400) represents the steady development period (2017–2022). The color change from cold to warm corresponds with the above three phases. Additionally, R2 = 0.8562, which indicates that the fitting effect is good, and there is a certain correlation between the number of publications and the year of publication. As shown in Figure 2b, according to the timing characteristics of the global literature volume, it can be observed that:




	(1)

	
Exploration period (1989–2008): the attention concerning PPP was lower before 2008, and the amount of PPP literature increased year by year.




	(2)

	
Rapid development period (2008–2017): with the increasing demand for investment in infrastructure construction, the PPP model has received extensive attention. However, this is due to the influence of the global economic environment, risk, benefit sharing, etc. With 2010 and 2014 as the time nodes, the fluctuation in the PPP literature volume is quite obvious. Moreover, the Global Infrastructure Hub (GIH), Office of Public–Private Partnership (OPPP), and the Global Infrastructure Facility (GIF) were established from 2014 to 2015. These not only promoted the development of global infrastructure [24] but also promoted the academic follow-up. Hence, the global PPP literature volume has rebounded rapidly after 2015 and has continued growing in a straight upward trend.




	(3)

	
Steady development period (2017–2022): The growth of the PPP literature volume tends to be stable. Furthermore, the annual publication volume is approximately 360. Isaac et al. [25] believes that with the impact of the COVID-19 era on the global economy, the entire PPP market and construction industry are in deficit, and the economic growth fell by 2.3% last year. Simultaneously, due to the policy uncertainty, it is not difficult to see that the PPP research progress remains stagnant in this period [26].










2.3.3. Attention Analysis of Literature Quantity


Due to the large difference in the earliest appearance of the PPP literature in different countries around the world, in order to facilitate horizontal comparison, this paper selected the year (2002) when PPP-related literature appeared in each country as the starting point so as to analyze the literature attention. The number of pieces of literature can be used as an indicator to measure the level of national academic research output [27]. On the one hand, this chapter selects the PPP literature in the WoS core database from 2002 to 2022 and conducts a comparative study according to the top 10 countries in PPP literature. On the contrary, we calculate the GVF values of these countries under different classification numbers, and analyze the goodness of fit curve, as shown in Figure 3.



As shown in Figure 3a, when   N  = 3   , the top 10 countries initially achieved the fitting in the GVF curve. This indicates that the top 10 countries are in accord with the classification rule of the natural breakpoint method in 70% of the literature. Furthermore, the rationality is verified when  N  is 3.



Analysis in Figure 3b reveals:




	(1)

	
The graph shows an overall growth state. Since 2006, the volume growth trend in global PPP literature is obvious. Conversely, the USA and the UK perform the most prominently. After 2014, the global PPP literature growth gains momentum, and simultaneously, China and Australia show the greatest increases. Since 2007, the growth of global PPP literature tends to flatten out. However, China still maintains rapid growth and is significantly ahead of other countries. After 2019, except for China, the USA, and the UK, other countries all show slow growth or even a downward trend.




	(2)

	
On the contrary, the total number of pieces of literature between China and the USA is similar. PPP literature in the USA has always been significantly ahead of China, and shows a steady growth trend from 2002 to 2017. However, the strong development period of PPP research in China is mainly concentrated in the second half of this period (2017–2022). It can be shown as: the China Public Private Partnerships Center (CPPPC) was officially approved in 2017, and the number of PPP-related policies promulgated also exploded in China. Until 2016, the number of joint policy enactments accounted for 35.6% of the total number of policy enactments [28]. Therefore, under the effective promotion of national policies, Chinese PPP practice and academic research received unprecedented attention [29]. Moreover, the number of PPP publications in China began to surpass that of the USA in 2017 and maintained a relatively stable growth rate.












3. Derivative Analysis of Data Characteristics


Data characteristics of keywords determine the generation path and shape of the tree, and keywords with high data similarity are preferentially clustered until the only cluster with the highest discrimination is formed. UPGMA is a clustering method to calculate the distance between two clusters that can identify the relationship between objects and the degree of clustering [30]. Eventually, we determine the degree of co-occurrence between keywords. The principle is shown in Figure 4.



The branches of the tree represent the classification of keywords. Class 1 represents the maximum similarity between keywords. As the level of classification increases, the degree of clustering also increases.



The branches of the tree represent the classification of keywords. The following characteristics are: the earlier the branch appears, the higher the similarity between the keywords; the higher the number of branches, the more types are divided; as the level of classification increases, the degree of clustering also increases.



The formula is as follows [31]:


    d ( x , y ) =     ∑  i = 1  n        x i  −  y i     2           D  U P G M A      C i  ,  C j    =  1     C i       C j        ∑  x ∈  C i  , y ∈  C j    d  ( x , y )    



(2)







Among them,   d ( x , y )   represents the true distance between any two keywords (Euclidean distance),    D  U P G M A      C i  ,  C j      represents the center-spot (The average of all sample points within each cluster) of square Euclidean distance between    C i    and    C j   . Furthermore, the main research contents of this phase can be determined by the outermost clustering connection.



These three phases: the exploration period, the rapid development period, and the steady development period have different research priorities. Consequently, through the above methods, we will explore the main research directions and the main coupling keywords so as to divide the traditional research and emerging research. In this chapter, we will use the UPGMA clustering algorithm to couple time and keywords, use Python to calculate the 2-mode matrix, and pass it to R Studio to draw the biclustering graph in three phases, respectively [32], as shown in Figure 5, Figure 6 and Figure 7.



3.1. Feature Derivative Analysis of Keywords


3.1.1. Exploration Period (1989–2008)


As shown in Figure 5, the exploration period is the embryonic stage of PPP research. The main research content concerns infrastructure and is followed by public procurement and project management. Moreover, the keywords outbreak stage of this period is concentrated in 2002–2008.



Through further observation, we find that there are three parts of key phrases with higher similarity degree. Part 1: China, risk management, and sustainability; Part 2: globalization, waste management, and developing countries; Part 3: critical success factors, value for money, and investments.



In this period, China was actively carrying out the plan of infrastructure investment. In the 6 years from 2003 to 2008, the total investment in infrastructure construction reached CNY 246,770 billion, with an average annual growth rate of 24.5% [33]. In addition, Chinese macroeconomic policy support has also driven the vigorous development of PPP projects. However, in order to ensure the sustainability of the project, a large quantity of governments have adopted debt guarantees, which have also led to an increase in the risk of debt default [34]. Additionally, increasing numbers of developing countries regard waste management as a great challenge. The reason is that backward economic conditions are obstacles to the development of management levels in these countries [35]. Moreover, the investment management of PPP projects has also moved from extensive to high quality and refinement, achieving the value for money in PPP.




3.1.2. Rapid Development Period (2008–2017)


As shown in Figure 6, the rapid development period is the outbreak stage of PPP research. The main research content is around sustainability, project management, risk allocation, and infrastructure. In addition, public health and innovation are sprouting. Moreover, the number of clustering lines increase significantly, indicating that the subdivision of PPP research also begins to increase.



An analysis of Figure 5 reveals three salient features in this period:



First, sustainability and risk allocation are the main research topics of this period. Despite the rapid growth in the frequency of innovation, the private sector remains concerned about the risks of emerging PPP projects. The risks and uncertainties of policy also limit the investment growth in sustainable projects [36]. Especially in the areas of renewable energy and public health.



Second, from a combination of financing model, real options, value for money, and evaluation, the financial attribute of PPP received unprecedented attention in this period. It is noteworthy that the PPP mode requires flexible and scientific investment decisions. An accurate PPP project valuation can effectively reduce the investment risk, so as to quantitatively solve the problem of project value definition and reasonably assess the value of the project [37].



Finally, from a combination of developing countries, China, India, case studies, and collaboration mechanisms, the case study of the PPP model in developing countries has also attracted more and more attention from academia. Hence, in addition to the research content of developed countries, we still need to pay extra attention to the research progress of developing countries.




3.1.3. Steady Development Period (2017–2022)


As shown in Figure 7, compared with the exploration period and rapid development period, the research topic of the steady development period is more mature and stable. The main research content concerns innovation, sustainability, project management, and infrastructure. In contrast, the period show the most and densest clustering connections. This shows that there are many subdivision fields in this period, and the emerging research content are more likely to appear in this period. Therefore, this period is also the most important data source of the keyword split prediction.



By comparing with the steady development period, we find that the theme of this period is more novel, and innovation has become the main research content. The novelty of the specific theme is reflected in the following:



Originally, from a combination of financing model, risk management, concession period, transport project, and risk allocation, and considering the characteristics of the three phases, we find that: PPP financing model and risks remain the research objects of continuous attention in the future. Additionally, with the shift from real options to the Monte Carlo simulation, we found that the real value of the project requires more accurate evaluation methods, which seems to be a potential research hotspot.



Additionally, from the combination of developing countries, redevelopment, and climate change, the sustainability of PPP projects is receiving increasing attention from academia. With the pressure of environmental pollution on climate change, the redevelopment of heavy pollution projects has become a severe problem for many countries [38].



Ultimately, from the combination of health economics, big data, and public health, the demand for diversified health services on a global scale is continuously growing. It can be predicted that medical and health services will become part of the important areas of PPP application, and PPP projects are also expected to extend more from construction and environmental protection to the medical field in the future. Furthermore, the destruction of the global economy by COVID-19 accelerates this trend even more dramatically. Angela et al. [39] considers that the cooperation between the public sector and the private sector in biomedical big data has great commercial development potential.





3.2. Coupling Analysis of Countries and Keywords


This chapter takes countries and keywords as coupling objects, conducting the following analysis: geographic heat analysis, academic cooperation analysis, betweenness centrality comparison, and correlation analysis of coupled clustering. Furthermore, we determine the mainstream countries in PPP research and focus on their research directions, providing a data basis for the evolution and prediction of theme words and keywords.



3.2.1. Analysis of Geographical Heat and Cooperation


Due to the academic funds of each country, the research cases are different. As a result, the number of pieces of literature in developed countries is usually higher than that in developing and backward economic countries [40]. Consequently, this chapter classifies the spatial characteristics of global PPP literature. On the basis of considering the imbalance of literature distribution, we apply Origin 2021 and CiteSpace 6.1 R3 to draw a comparative analysis of global PPP heat maps [41] and national cooperation network analysis maps [42], as shown in Figure 8.



As shown in Figure 8a:



	
On the whole, the distribution of global PPP literature is uneven. The top 5 continents in the global PPP literature are the Americas, Europe, Asia, Oceania, and Africa. From a partial perspective, the total number of pieces of literature in the Americas is close to that in Europe, and the total number of publications accounts for approximately 66% of the total global literature. Moreover, the distribution of literature in European countries is also more balanced, and the intensity of academic cooperation is higher. In contrast, the number of pieces of African literature is less than 3%, significantly lower than the average of other continents.



	
Country collaboration network analysis can measure the scientific research strength of the country in this field. Among them, the connection color indicates the time of national cooperation, and the node size indicates the number of pieces of literature in each country, as shown in Figure 8b.






On the one hand, the USA has the largest node size and color span as the most important country for academic influence. Furthermore the country is followed by China, the UK, Australia, and India. On the one hand, some developing countries are actively participating in cross-border academic cooperation, such as: “South Africa, Brazil and Spain”, “China, Australia and the USA”, “India, Kenya, South Africa and the UK”. Additionally, South Africa has the largest number of cooperation links and is the most academically connected country from 2017 to 2022. It is undeniable that South Africa has research development potential and may be the focus of research in the future.



For countries with large demand in infrastructure, especially low and middle-income countries, the PPP mode has made great contribution to the economic growth of construction industry in these countries [43]. Thus, PPP application cases in these countries should also attract academic attention.



Therefore, we have reason to believe that in addition to the mainstream publishing countries such as China, the USA, and the UK, etc., the academic research in these economically backward countries should also be of concern, such as South Africa, Kenya, Indonesia, Malaysia, and Ghana etc.




3.2.2. Comparison of Betweenness Centrality


Betweenness centrality is an important indicator to measure academic influence. It is generally believed that nodes with betweenness centrality greater than 0.1 have important influence. This chapter takes the author’s signature unit in the WoS core database as the standard and determines the top 10 countries as the mainstream countries of PPP research. The following two aspects are compared and analyzed: literature quantity and betweenness centrality, as shown in Table 1.



Table 1 shows the analysis:




	
These are the countries where PPP literature first appeared: the USA (1989) and the UK (1992). On the one hand, the Top 5 countries in the total number of pieces of literature are the USA, China, the UK, Australia, and India; On the other hand, the Top 5 countries in terms of betweenness centrality are the USA, the UK, Italy, the Netherlands, and Canada. Additionally, through comparison, it was found that although China and India rank the second and fifth in the world in terms of the number of publications, their betweenness centrality is lower than 0.1. The reason is that China has a unique political background and economic characteristics that restrict the interaction and cooperation with other countries [44]. Overall, there is a large gap between developing and developed countries in academic influence.



	
Through the comparative analysis of literature quantity and betweenness centrality, it can be determined that developed countries: the USA and the UK, have a higher academic discourse power in the field of PPP research, and the research direction of these countries is an important evolutionary reference target. In addition, China and India are the most important evolutionary reference targets for the keywords of developing countries. Furthermore, we find that the modernization process of some developing countries (China, India, etc.) are also an important research reference for economically backward countries. In particular, related research in these areas: hydro economy and sustainability [45].









3.2.3. Cluster Analysis of National Coupling


National academic influence is an important factor in determining the future research direction of PPP. The keyword developing countries appears repeatedly in the exploration period, rapid development period, and steady development period, and this is an evolutionary direction that cannot be ignored. Based on the above, we selected the Top 10 countries and some economically backward countries (South Africa, Indonesia, Kenya, Malaysia and Malaysia) as the objects of country coupling clustering analysis and applied R Studio to draw the country and keyword coupling bi-clustering matrix, as shown in Figure 9.



Through analysis, we found that: project management, infrastructure, risk management, sustainability, public health, China, risk allocation, and concession period are the most concerned research directions in Top 10 countries. Among them, China, the USA, and the UK are the most important countries in PPP research, and the research scope basically covers all aspects.



Through the further analysis:



Originally, countries with the highest academic relevance were two groups: the USA and China, the UK, Russia, India, Australia, and Italy. The common research direction of these countries is an important evolutionary reference goal, such as project management, infrastructure, risk management, sustainability, public health and concession period. Additionally, the USA is the country with the most research on developing countries and China and has higher relative attention in the areas of financing model, value for money, and innovation. In contrast, China pays more attention to developing countries, game theory, regulation, critical success factors, sustainability, and collaboration mechanism.



Moreover, economically backward countries tend to focus on traditional research areas such as project management, infrastructure, and risk management. Conversely, South Africa has more research on sustainability and innovation [46]. This also means that the country may have a greater possibility to expand emerging research content.






4. Evolution Prediction of Theme Word and Keyword


Keywords can directly, simply, and comprehensively summarize the core content of the literature. In contrast, theme words can easily distinguish and conceptualize the types of article affiliation and summarize the research direction [47,48]. Based on the previous hypothesis and the data derived from the literature, through the attention analysis and strategic coordinate analysis of theme words, this chapter will predict and focus on the main evolution direction of PPP research in the future.



4.1. Attention Evolution of Theme Word


In this chapter, we applied Python to calculate the betweenness centrality of theme words, analyze the centrality change and frequency change of theme words, then draw the attention evolution analysis diagram of theme words by Origin 2021 [49], as shown in Figure 10.



It can be seen from Figure 9:




	
Standardization and intelligence may become the innovation in future research. The betweenness centrality of government and law, as well as computer science, is greater than 0.1 until the steady development period. In addition, their frequency also increases significantly. It shows that the government will pay increasing amounts of attention to policy formulation and intelligent application of PPP modes in the future. Cheng [50] pointed out that the combination of PPP mode with network and intelligence has application value, which is conducive to improving the efficiency of resource allocation and the management level for government function management. Moreover, the global cloud computing market is also critical to driving the development of digital infrastructure. Simultaneously, the digital economy is expected to grow from approximately USD 500 billion in 2021 to nearly USD 1 trillion in 2026 [51]. Additionally, the emerging infrastructure, such as blockchain applications [52], smart city [53], and data center [54], etc., will increase the willingness to invest in the private sector.



	
Compared with business and economics, the frequency of environmental studies is close behind. In contrast, the centrality trend of environmental studies falls sharply after a slight rise. This suggests that there may be a large divergence in environment-related research. This research content (sustainability and renewable energy source) may distract the academic attention from environmental studies [55].



	
The literature on business economics is steadily increasing, but it is not innovative enough. Although the frequency of business and economics increases from 186 to 632, the betweenness centrality gradually decreases. This shows that the academic linkage effect of PPP biased towards the financial economy is weakening. However, these research directions (asset securitization, debt-to-equity swap, etc.) still have a good research heat [56].



	
Digital informatization, policy support, and health care jointly drive the development of PPP research. On the one hand, health care sciences and services, computer science, and government and law are the most significant keywords in the growth of betweenness centrality, which have attracted more and more attention from the global academia. On the contrary, technological innovation and application is the research focus needing extra attention, especially in this cross-disciplinary integration of research: information digitization [57], national policy support, and health care services [58,59], etc. Despite the frequency in the literature, these keywords are not among the top, but their academic attention is annually increasing, which will promote the progress of relevant research and has considerable potential for development.









4.2. Strategic Trend Evolution of Theme Word


Strategic coordinate analysis can identify the core theme word so as to reveal the intrinsic relationship between the theme words and the relative trend of innovation. Through calculating the density and centrality of each topic cluster, this chapter constructs a 2-dimensional rectangular coordinate system and distributes the scatters in four quadrants [60], as shown in Figure 11.



Each quadrant represents different meanings, as follows:




	
I quadrant: this quadrant has a high degree of academic influence, indicating that the theme word has close academic links with other theme words. Simultaneously, it has close internal links. To a certain extent, this shows that such theme words are at the core of the research field. Therefore, this quadrant is the highest influence and the most mature research field.



	
II quadrant: the centrality of this quadrant is low, and the density is high. Moreover, it is at the edge of the research field. Although its academic development is relatively mature, the research content in this field does not match the current research hotspots.



	
III quadrant: the theme of this quadrant has low centrality and low density. Additionally, the development of this theme is not mature. Although there is a potential development trend, the development is not systematic, and the connection with other themes is relatively loose.



	
IV quadrant: the centrality of this quadrant is high and the density is low, indicating that this theme is at the center of the research. Although the research in this quadrant is immature, however, there is a high possibility of emerging topics in this field, with higher novelty index and academic development potential.








Density is an index to measure the internal strength of clusters in theme words.



It is usually expressed by calculating the average co-word frequency between internal words, as shown in Formula (3).


   T D  =  1  n ( n − 1 )   ×   ∑   i = 1  n    ∑   j = 1   n ≠ i    F  i j    



(3)







Among them,    T D    represents the cluster density;  n  represents the number of words in class group;    F  i j     is the frequency of co-words between keyword  i  and keyword  j .



Concentricity is an indicator to measure the degree of connection between a cluster theme and other cluster themes. The larger the index, the more central the strategic position of the theme is in the overall discipline. Additionally, concentricity is mainly expressed by the co-word strength between keywords in different theme words, as shown in Formula (4).


   T C  = f     ∑   i = 1  n    ∑   j = 1  m    ∑   x = 1  x   F  i j  x     



(4)







Among them,    T C    is the centripetal degree of cluster;    F  i j  x    is the co-word frequency between the keyword i of target cluster and the keyword x of cluster j. Furthermore, this paper uses the average co-word frequency as the concentricity of this cluster.



4.2.1. Clustering Division of Theme Words


By extracting the keywords, volume, time, and other information from each piece of the literature in the dataset, this paper imports them into Vosviewer software for clustering. When the minimum number for keyword co-occurrence is set to 5, the distance between classes is the farthest, and the clustering effect is reasonable. Eventually, eight clustered theme words were obtained. Simultaneously, we count the frequency of these words in the steady development period and summarize each theme word with the top 5 co-occurrence-strength keywords, as shown in Table 2.



Obviously, the total amount of literature in the eight Clusters reaches 2922 from 2017 to 2022. Among them, C2 business and economics ranks first, C0 environmental studies ranks second, and C1 public administration ranks third. Moreover, the top three clusters account for 58.6%, and more than half of the total number of pieces of literature. This shows that these three theme words are the main research topics in the steady development period.




4.2.2. Core Identification of Theme Words


Based on the clustering of 8 theme words, this chapter conducts the macro evolution analysis of the core theme. Furthermore, we decompose the clustering and analyze the micro-evolution of the core theme [61], as shown in Figure 12.



On the whole, as Figure 12a shows: eight theme words are distributed in all quadrants. Among them, the most nodes in quadrant I are C0 (environmental studies), C1 (public administration) and C2 (business and economics). It shows that academic research on environmental and sustainability, project management, and PPP financing models is well developed. Moreover, the three clusters have the largest literature distribution and earlier research time, and simultaneously, the related theories and techniques are also mature. Hence, these theme words are always the core topic in PPP research.



From a partial perspective, as Figure 12b shows: initially, C0(environment studies), C2 (business and economics), C5 (health care sciences) are the clusters with the most nodes in quadrant IV. This suggests a higher contingency in the emerging research; Furthermore, the nodes of C5 (health care sciences) are both less in the II quadrant and III quadrant, but more in Ⅰ quadrant. This indicates that the novelty in health care research is higher, and it has become a hotspot for research in recent years. Even these areas have more mature research accumulation: healthcare and health policy, etc.



It is worth noting that C3 has a large size node in the I quadrant, indicating that the research in a certain field is also more mature, such as in the Monte Carlo simulation. In addition, there are also a considerable number of C3 (computer science) nodes, focusing on the edge of quadrant III and quadrant IV. This shows that the research into computer interdisciplinary application also has great potential for academic development.



Therefore, combined with the actual research progress, we believe that: traditional research areas such as environmental studies, public administration, business and economics will remain the hotspots in the future. Without question, these are the key research areas that determine the main direction of PPP evolution and are also the important theme for cross-disciplinary research. However, health care sciences and computer science are also hot research topics. Consequently, these research fields: interdisciplinary applications of computer science, telemedicine, health care economics, etc., will have explosive academic development potential.





4.3. Keyword Diversion Prediction


4.3.1. Calculation of Novelty Index


Novelty index (NI) can measure the innovation of keywords and mine the latest research. It is generally believed that the first occurrence time is the most novel time for keywords, and the NI of keywords requires a time decrease. Based on the traditional novelty calculation formula, this chapter introduces theme strength    T   C n      and frequency of keyword    K i    so as to more reasonably show the innovation degree of emerging keywords. The specific calculation formula (5) is as follows [62]:


  N  I i  =    K i    ( i − F I + 1 )    T   C n     



(5)







Among them,  i  represents the target year and takes the value of 2022;   F I   represents the earliest occurrence year of keyword;    K i    represents the frequency of keyword in the steady development period;    T   C n      represents the intensity index of theme word.




4.3.2. Keyword Prediction


First, according to the attention evolution of theme words, the mainstream evolution directions are determined as: environmental studies, public administration, business and economics, computer science, government and law, health care sciences, management, and urban studies. In addition, we count the frequency of keywords for related theme words in the steady development period. Eventually, we calculate the most novel keywords and classify them reasonably, applying R Studio to draw a diversion prediction diagram for keywords [63], as shown in Figure 13.



From left to right are as follows: the theme words of the cluster evolution prediction, the uppermost and high-frequency keywords in theme clustering, and the prediction results of emerging keywords. The specific analysis is as follows:




	
Integration of business economy and sustainability. A combination of computer science, government and law, and health care sciences. Among them, health economics, transition economy, waste management, and clean energy economy, etc., are the most novel keywords, which indicates the economic sustainability and effective value of the PPP model, and they receive increasing amounts of academic attention from countries and scholars.



	
Integration of policy support and innovative technology applications. It is a combination of computer science, government and law, and health care sciences.



	
On the one hand, with the progress of the times, scholars’ demand for innovative research is increasing, and the application of advanced technology is more reflected in these aspects: big data, data envelopment analysis, machine learning and blockchain application. Second, the emergence of emerging concepts such as: smart city, data center, etc., also promoted interest in private capital for emerging PPP projects financing. However, policy uncertainty risk is a key influencing factor for many PPP projects. Additionally, the lack of available data analysis will lead to the risk of uncertainty in PPP project evaluation, leading to a reduction in the investment enthusiasm for PPI. Therefore, scientific data analysis and machine learning applications can provide an effective policy guidance for government, so as to realize the intelligent decision-making applications [64].



	
On the other hand, the NI of public health also reaches 0.13. The COVID-19 recovery plan has received urgent global attention in recent years [65]. Furthermore, this research also receives extensive academic attention: medical facilities construction, medical service policy, data analysis in medical health, public health management, etc.






	
Urbanization in developing countries is a combination of public administration, business and economics, government and law, management, and urban studies. Among them, mainstream PPP research will continue to focus on traditional areas of application in developing countries/regions (Sub-Saharan Africa, China, and India), such as: transport project, urban renewal model, and cooperation mechanism, etc. Moreover, infrastructure will always be the research focus in the field of urban studies. Furthermore, it is still the basic research direction for developing countries and even developed countries in the long-term.











5. Conclusions and Future Work


5.1. Conclusions


This paper divides the keywords and theme words of each period by the natural breakpoint method, combs the overall context and development trend of PPP research by 2-mode matrix clustering analysis, and focuses on the research hotspots of mainstream countries. Based on the analysis results of attention and strategic trend on theme words, we predict the future research directions. The specific conclusions are as follows:




	
The derivative characteristics of the literature data are explained descriptively. First, we divided global PPP research into three phases: the exploration period, the rapid development, and the steady development period, and verified the rationality. Based on this, more findings were as follows: we identified the main keywords of each period, the mainstream countries for PPP research and research trends, the attention evolution and strategic position of theme words. These provide an important data basis and evolution basis for the prediction of future keywords.



	
The evolutionary direction of PPP research can be summarized as economic sustainability, diversity of financing mechanisms, innovation in the application of technology, and the applicability in developing countries. The specific manifestations are, primarily, the integration of business economy and sustainability, as well as transition economy, new energy economy, clean energy economy, and debt-to-equity swap, etc.; and additionally, the integration of policy support and innovative technology applications, such as government intelligent decision-making, big data analysis, smart city, etc.; and ultimately, urbanization in developing countries, such as transportation facilities construction, urban renewal strategy, public sector comparison, etc.



	
Moreover, global academic attention to developing countries will become increasingly high, especially in China, India, and Sub-Saharan Africa. In academic cooperation, the willingness of developing countries to cooperate is enhancing. The research direction is more manifested in urban infrastructure construction, cooperation mechanism research, public sector comparison, etc.









5.2. Future Work


The shortcomings to be noted are: first, the limitations of the data, such as: the WoS core database of theme classification is unreasonable. Second, this article needs to track the future updates to the WoS database. Therefore, in the future work, we will apply NLP technology to classify the theme words reasonably and conduct empirical analysis to verify the accuracy of the prediction.
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Figure 1. Evolution Mechanism and Prediction Model. 
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Figure 2. Global Bibliometric Comparison and GVF Test (a) GVF Curve of Global Countries; (b) Time Series Characteristics Analysis of Global Literature Quantity. 
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Figure 3. National literature comparison and GVF test (a) GVF Curve of Top 10 Countries; (b) Time Series Characteristics of Literature Quantity in Top 10 Countries. 
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Figure 4. The Principle of Tree Generation. 
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Figure 5. Time Zone Biclustering Analysis in Exploration Period. 
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Figure 6. Time Zone Biclustering Analysis in Rapid Development Period. 
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Figure 7. Time Zone Biclustering Analysis in the Steady Development Period. 
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Figure 8. Geographic Heat And Academic Cooperation Analysis (a) Comparative Analysis of Global PPP Heat Maps; (b) National Cooperation Network Analysis Maps. 
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Figure 9. Coupled Biclustering Graph of Country and Keyword. 
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Figure 10. Evolution Analysis of Theme Word Attention. 
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Figure 11. Principle of Strategic Coordinates. 
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Figure 12. Strategic Coordinate Evolution of Theme Word (a) Macro Evolution of Core Themes; (b) Microscopic Evolution of Core Themes. 
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Figure 13. Keyword diversion prediction. 
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Table 1. Comparison of Literature Quantity and Betweenness Centrality in Top 10 Countries.






Table 1. Comparison of Literature Quantity and Betweenness Centrality in Top 10 Countries.





	
Comparison of Literature Quantity

	
Comparison of Betweenness Centrality




	
Rank

	
Numbers

	
Centrality

	
Year

	
Country

	
Centrality

	
Country






	
1

	
902

	
0.55

	
1989

	
The USA

	
0.55

	
The USA




	
2

	
815

	
0.05

	
2000

	
China

	
0.36

	
The UK




	
3

	
630

	
0.36

	
1992

	
The UK

	
0.13

	
Italy




	
4

	
355

	
0.11

	
1998

	
Australia

	
0.12

	
The Netherlands




	
5

	
270

	
0.02

	
2003

	
India

	
0.12

	
Canada




	
6

	
265

	
0.12

	
1999

	
The Netherlands

	
0.11

	
Australia




	
7

	
256

	
0.06

	
2002

	
Russia

	
0.10

	
Germany




	
8

	
194

	
0.12

	
2003

	
Canada

	
0.06

	
Russia




	
9

	
191

	
0.13

	
1996

	
Italy

	
0.05

	
China




	
10

	
144

	
0.10

	
1998

	
Germany

	
0.02

	
India
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Table 2. Thematic Clustering Division.






Table 2. Thematic Clustering Division.





	
Total Count (2017–2022) = 2922




	
Cluster

	
Theme Words

	
Keywords (Top 5)

	
Frequency

	
Rate

	
Rank






	
C0

	
Environmental studies

	
Sustainability, Climate Change, Waste Management, Public Sector Comparator, Green Retrofits

	
616

	
0.211

	
2




	
C1

	
Public administration

	
Project Management, Concession Period, Public Procurement, Private Sector, Project Procurement

	
434

	
0.149

	
3




	
C2

	
Business and economics

	
Financing Model, Risk Allocation, Value For Money, Trust, Real Options

	
659

	
0.226

	
1




	
C3

	
Computer science

	
Innovation, Monte Carlo Simulation, System Dynamics, Big Data, Evaluation

	
288

	
0.099

	
5




	
C4

	
Government and law

	
China, Privatization, Developing Countries, India, Policy

	
185

	
0.063

	
7




	
C5

	
Health care sciences

	
Case Study, Public Health, Telemedicine, COVID-19, Health Economics

	
273

	
0.093

	
6




	
C6

	
Management

	
Game Theory, Efficiency, Risk Management, Renegotiation, Cooperation

	
304

	
0.104

	
4




	
C7

	
Urban studies

	
Infrastructure, Investment, Toll Road, Transport Project, Redevelopment

	
163

	
0.056

	
8
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