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Abstract 
Random forest regression (RFR) is a versatile, easy-to-use and efficient tree based ma-

chine-learning algorithm that utilizes the power of multiple decision trees for making deci-
sions. So random forest is a subject of a great deal of research, in many of the machine intelli-
gence applications. The objective of this research is to investigate the scientific output of re-
search based on RFR and to explore its hotspots and frontiers through bibliometric analysis 
for the years 2007 to 2019. The data are collected from the Web of Science database. The total 
number of publications, the citations, and types of publications, publication countries, pro-
ductive authors, prominent journals, and keyword co-occurrence of RFR research are exam-
ined, using VOSviewer software. There are 516 papers, published in 299 journals, of which 
researchers from the USA published 162 articles. The most prolific author, with 6 publica-
tions and 240 citations, is Martin H. Teicher. The most cited article is the research article en-
titled "Genomic selection in wheat breeding using genotyping by sequencing”. Among the 
journals, the most articles (41 publications) are published by the Remote Sensing journal.  

Keywords: Bibliometric analysis, Machine learning, Random forest regression, Random 
forest, VOSviewer. 

 

1. Introduction 
Bibliometrics is the systematic application of mathematical and statistical methods to an-

alyze research related books, articles and other publications (1–4). It is a quantitative study of 
different aspects of literature on a topic and is used to identify the pattern of publications, au-
thorships and collaborations with the objective of ascertaining an insight into the process of 
growth of knowledge in the areas being studied (5,6). Bibliometric analysis serves as an im-
portant tool that can help to evaluate emerging developments in current scientific research 
(7,8). Bibliometrics is used to assess the characteristics of different types of academic outputs, 
to evaluate the contribution of researchers and institutes, to identify and forecast trends in 
the research fields concerned and also to find the amount of collaborative study (9–11). Bibli-
ometric analysis methods, which are frequently used in the field of information science are 
aimed at measuring the properties of documents (12,13). Bibliometrics can be utilized to fol-
low the evolution of a thought, and the nature of scholarly communications arising from it, 
inside and across disciplines (14). A bibliometric analysis using visualization software helps 
users to create visual representation of scientific research based on bibliographic data, which 
displays the associationship among scientific journals, authors, keywords, countries etc. (15–
17).  
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Machine learning techniques have received considerable interest from researchers in eve-
ry sector of life in the context of digitalization and automation. Machine learning approaches 
can recognize the underlying patterns and associations of broad and complex datasets and 
thus generate information from them (18). A random forest approach utilizes a collection of 
decision trees with enough power to handle complex nonlinear relationships within variable 
relationships (19–21). The random forest regressor (RFR) is comprised of an ensemble of de-
cision trees, where each one independently predicts the value of a dependent variable based 
on several independent variables (22,23). Finally the predictions of all decision trees are 
merged by the means of majority voting or averaging method to get the best score and also to 
make the prediction more accurate and stable (24). 

VOSviewer is a popular software tool for bibliometric data visualization developed by Van 
Eck and Waltman of Leiden University, Netherlands (25). VOSviewer is used for constructing 
and visualizing bibliometric maps. This software helps in the creation, visualization, and ex-
ploration of network maps based on bibliometric data (26). The Visualization of Similarities 
(VOS) mapping method was used by this program to measure and locate each subject in a 
two-dimensional map in such a way that the distance between two objects represents as accu-
rately as possible the relativeness of the objects (27,28). The output results are displayed in 
multicolored clusters that visualize the existing correlations among the bibliometric data 
(29). 

This study provides a comprehensive representation of the current status of research ac-
tivities on the topic random forest regression, based on the data retrieved from WoS database 
for the years 2007 to 2019. In order to obtain a contemporary view of mainstream RFR stud-
ies, this study used a bibliometric visualization analysis tool called VOSviewer.  

2. Materials and Methods 
In this study, the scientific documents were retrieved from the core collection of the Web 

of Science (WoS) database of the Institute for Scientific Information (lSI) with indexes SCI-
EXPANDED, SSCI, A&HCI. This search was performed on 12th October 2020. The search 
query was “random forest regression” OR “random forest regressor”. The period of publica-
tion of documents was from 2007 to 2019. In the search process, there were no language re-
strictions. All these data were saved as “Plain Text” files, which contained “Full Record and 
Cited References” content. The VOSviewer software version 1.6.14 was used to perform the 
bibliometric analysis in this study.  

3. Results 
Based on the search criteria, 516 publications about random forest regression were col-

lected from WoS database. The document collection contained the following types of docu-
ments: article, early access, review, proceeding paper, data paper, and meeting abstract. From 
2007 to 2019, the number of published research papers showed a growing pattern. In 2019, 
the number of papers published increased from 2 in 2007 to 183 (Figure 1). The number of 
citations in these articles has also significantly increased. 

 



 
Figure 1 The number of publications on random forest regression from 2007 to 2019. 
 

3.1. Publication output of countries 

The country wise contribution of publications is estimated by the location of the affilia-
tion of at least one author of the published documents. 71 countries contributed to the scien-
tific production of RFR research. USA occupied the first position with a total of 162 docu-
ments, followed by People’s Republic of China with 140 documents. The country wise visuali-
zation result is shown in Figure. 2. 

 

 
Figure 2 Visualization map of countries that published articles on RFR during 2007-2019 

 
In terms of the amount of citations received, USA, People’s Republic of China and Ger-

many bagged the top three positions. The topmost 5 countries are listed in Table1. 
 



Table 1 Topmost 5 countries ranked by the number of documents 

No Country No. of Documents No. of Citations 

1 USA  162 4038 

2 Peoples Republic of China 140 1857 

3 Germany 57 1197 

4 England 30 910 

5 Canada 27 235 
 

3.2. Most Productive Authors 
The total number of authors publishing documents on RFR is 2475, of which only 3 au-

thors published at least 5 documents. Table 2 shows the top five authors publishing literature 
on RFR ranked by total number of documents. 

 
Table 2 Top 5 productive authors ranked by number of documents 

No. Author No. of Documents Citations 

1 Martin H. Teicher 6 240 

2 Onisimo Mutanga 5 528 

3 Dinggang Shen 5 49 

4 Deepak Bhatt  4 126 

5 Vijay K Devabhaktuni  4 126 
 
Martin H. Teicher was the most productive author with 6 documents and 240 citations. 

Onisimo Mutanga was the second productive author who contributed 5 documents and 528 
citations. In the third position, the author Dinggang Shen came up with 5 documents and 49 
citations. Deepak Bhatt secured the next place and Vijay K Devabhaktuni was placed in the 
fifth position with 4 documents each. The visualization network of authors is shown in Figure 
3. 

 

 
Figure 3 Network map of authors who published articles on the topic RFR 

 during 2007-2019 
 



3.3. Most Cited Articles 

The highly cited literature is a very important indicator in the field of research, and it 
forms the foundation stone for exploring the research context and development direction. In 
citation networks, two items are linked if at least one cites the other. The top 5 highly cited 
articles are shown in Table 3.   

 
Table 3 Top 5 articles on RFR ranked by total number of citations 

No Author Title Journal No. of citations 

1 

Jesse Poland, Jeffrey 
Endelman, Julie Daw-
son, Jessica Rutkoski, 
Shuangye Wu,Yann 
Manes, Susanne 
Dreisigacker, José 
Crossa, Héctor 
SánchezVilleda, Mark 
Sorrells, Jean Luc Jan-
nink 
(30) 

"Genomic selection in 
wheat breeding using 
genotyping by sequenc-
ing."  
 

The Plant Ge-
nome 
 

583 

2 

Sally Archibald, David 
P. Roy, Brian W. Van 
Wilgen, Robert J. 
Scholes 
(31) 

"What limits fire? An ex-
amination of drivers of 
burnt area in Southern 
Africa."   

Global Change 
Biology 
 

377 

3 

Mutanga, Onisimo, El-
hadi Adam, and Moses 
Azong Cho 
(32) 

"High density biomass 
estimation for wetland 
vegetation using 
WorldView-2 imagery 
and random forest re-
gression algorithm." 
 

International 
Journal of Ap-
plied Earth Ob-
servation and 
Geoinformation  
 

347 

4 

T. Mitchell Aide, Mat-
thew L. Clark, H. Ri-
cardo Grau, David 
López-Carr, Marc A. 
Levy, Daniel Redo, 
Martha Bonilla-
Moheno, George Riner, 
María J. Andrade-
Núñez, María Muñiz 
(33) 
 

"Deforestation and Re-
forestation of Latin 
America and the Carib-
bean (2001–2010)." 
 

Biotropica 
 

343 

5 

Eunkeu Oh, Rong 
Liu, Andre Nel, Kelly 
Boeneman Gemill, 
Muhammad Bi-
lal, Yoram Cohen, Igor 
L. Medintz  
(34) 

"Meta-analysis of cellu-
lar toxicity for cadmium-
containing quantum 
dots." 
 

Nature nanotech-
nology 
 

190 

 
The article by Poland, Jesse, et al. (30) entitled “Genomic selection in wheat breeding us-

ing genotyping by sequencing”, received the highest number of citations (n = 583). The next 



highly cited articles were (31), (32), (33) and (34). A network visualization map of citation re-
lationship between documents is shown in Figure 4. 

 

 
Figure 4 Citation network map of research articles on RFR published during 2007-2019 

 

3.4. Contribution of Organizations 

In the scientific publication on RFR, 905 organizations around the globe were involved.  
The top 5 organizations involved in RFR research are listed in Table 4.  

 
Table 4 Top 5 organizations involved in the RFR research, ranked by number of documents 

No. Author No. of Documents Citations 

1 Chinese Academy of Sciences 26 347 

2 University of Chinese Academy of Sciences 9 40 

3 Peking University 8 74 

4 University of KwaZulu-Natal  7 657 

5 McLean Hospital 7 255 
 
The organization Chinese Academy of Sciences ranked first with a total contribution of 26 

documents. Followed by the University of Chinese Academy of Sciences and Peking Universi-
ty that were ranked second and third position with 9 and 8 documents respectively. The visu-
alization network of the involved organizations is shown in Figure 5. 

 



 
Figure 5 Network map of organizations involved in the RFR research during 2007-2019 

 

3.5. Keyword Analysis 
Using VOSviewer software, the keywords mentioned in all the 516 research documents 

were evaluated. A knowledge map of the co-occurrence of keywords represents the hot topics 
in the research field over a period of time. The minimum number of occurrences of a key 
word in titles and abstracts was set at 5 in this study. 3452 results were produced by the anal-
ysis of keywords related to random forest regression. Only 151 of them met the requirement 
of at least 5 co-occurrences. Six significant clusters were found. 29 items associated with re-
gression and machine learning were found in Cluster 1 (blue points). 31 items made up Clus-
ter 2 (red points), the majority of which were related to the topics of biomass, spectroscopy, 
leaves, and vegetation index. Climate change, land-cover change, temperature, and precipita-
tion were the terms of greater relevance in Cluster 3 (green points), which included 26 items. 
Satellite and time-series were the two terms that stood out the most in Cluster 4 (yellow 
points), which contained 24 items. There were 19 items in Cluster 5 (violet points) that dealt 
with patterns, conservation, and biodiversity. Finally, cluster 6 included 12 components, with 
imaging, chlorophyl, and reflectance appearing most frequently. The knowledge map of the 
co-occurrence of keywords constructed is shown in Figure 6.   

 

 
Figure 6 Co-occurrence map of keywords on random forest regression published  

during 2007-2019 
 



The top 5 keywords by frequency count in publications from 2007 to 2019 are listed 
in Table 5. 

 
Table 5  Top 5 keywords involved in the RFR research, ranked by occurrence count 

No. Keyword Occurrence count 

1 Random forest 104 

2 Random forest regression 98 

3 Classification 68 

4 Machine learning 53 

5 Regression 49 
 

3.6. Most Collaborating Countries 
The bibliographic coupling of the countries publishing works on the subject of RFR is de-

picted in Figure 7. The minimum publication threshold was set to five documents with link 
strength of 50. Of the 71 countries, 26 countries met the threshold. Different colors in the pic-
ture depict various clusters that were more frequently connected to one another. It indicated 
that studies from the same cluster of nations cite one another more frequently. There were 8 
clusters in total. Out of these 8 clusters, there are only 3 clusters that contain at least 4 col-
laborating countries. Peoples Republic of China, USA, India, Japan, South Korea and Taiwan 
were located in the largest cluster (green color). In this cluster, the majority were Asian coun-
tries. The second largest cluster (red color) of collaborating countries included the European 
countries namely Germany, Switzerland, Finland, Spain, Poland and Italy. The third largest 
cluster (blue color) contained Australia, England, Sweden and Brazil. 

 

 
Figure 7 Bibliometric coupling of countries working on RFR during 2007-2019 

4. Discussion 
From 2007 to 2019, the number of global publications on random forest regression 

showed a positive growth. But in 2008, there was no publication on RFR. In the beginning 



years of study i.e., from 2007 to 2015, the rate of publication growth was sluggish. The overall 
number of publications on RFR has risen steadily since 2016. Graphing the data highlights 
that RFR research is a hotspot now.  

About 59% of the total number of publications resulted from USA and People’s Republic 
of China. A total of 28 countries published only one research document on the topic RFR.  
USA, followed by People’s Republic of China and Germany, were the top most productive 
countries. People’s Republic of China is the only developing country in the list of the top five 
productive countries. Unsurprisingly, the most frequent collaborating countries included 
USA and People’s Republic of China. Along with them, the Asian countries namely India, Ja-
pan, South Korea and Taiwan proved strong collaborative research works. 

Out of the 299 journals that published research papers on RFR, only 277 journals got at 
least one citation for its documents. There were only 12 journals that had published at least 
five research documents on this topic and these journals contributed about 25% of the pub-
lished outputs. Only three journals received more than 400 citations for their documents - 
Remote Sensing, International Journal of Applied Earth Observation and Geoinformation 
and Remote Sensing of Environment are those journals. 

The total of 516 publications on RFR has resulted from 2475 authors. Among those 2475 
authors, about 93% authors received at least 1 citation for their document. The author Jean-
Luc Jannink with only 2 publications in his account received the highest number of citations 
i.e., 686 citations.  The author Jesse Poland also had received 686 citations for his publica-
tions. 

Among the 516 publications on RFR, 480 articles were cited at least once. The remaining 
36 articles were never cited. It is evident from the citation analysis that the highly cited arti-
cles were those published during the years 2012 to 2016. Reading articles published at that 
time about RFR could greatly influence future research. The oldest cited paper "Random For-
est Models To Predict Aqueous Solubility" was written by (35) in 2007. The most recently 
published paper that have got citation was published by (36) in December 2019. 

Even though 905 organizations were involved in the RFR research contributions; only 25 
organizations were able to produce at least 5 research documents during 2007 to 2019. Based 
on the number of publications, the top 3 organizations involved in RFR research belong to 
People’s Republic of China. The organizations from South Africa and USA secured the next 
positions. An important point to be noted here is that the University of KwaZulu-Natal, Dur-
ban, South Africa outperformed all other organizations with a total of 657 citation counts. 

The study of keywords helps to get an understanding of what kind of topics and trends 
the researchers have mainly concentrated on. From all the selected publications, a total of 
3452 keywords were reported in this analysis. The keywords “random forest” and “random 
forest regression” occurred 202 times in the data set. In addition to these keywords, "machine 
learning," "classification," "regression," "model" and "prediction" are the most commonly 
used keywords. Based the correlation of all these keywords, it was identified that about 481 
publications were dealt with modeling of machine learning based systems for classification 
and/or regression tasks. 

5. Conclusion 
This is the first bibliometric analysis that measures worldwide scientific productivity in 

the field of random forest regression research. The study shows that in the coming years, pub-
lications on RFR will continue to expand rapidly. With a large number of publications, USA is 
recognized as the most productive country. In RFR research, the Remote Sensing journal has 
published the maximum number of papers. In this scientific field, Martin H. Teicher is the 
most prolific scholar. The most cited literature is "Genomic selection in wheat breeding using 
genotyping by sequencing”. It seems that the Chinese Academy of Sciences is the main con-
tributor to research papers on RFR. This study serves as a rich source of information for the 



research community interested in conducting future studies in the field of random forest re-
gression. 
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