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Aims: In this paper, we try to study the evolution and emerging trends of High Frequency 
Trading (HFT) research by examining papers published in the Web of Science (WOS) 
between 1993 and 2017. 
Study design: A total of 241 papers were included, and 1876 keywords from these articles 
were extracted and analyzed. 
Place and Duration of Study: For tracing the dynamic changes of the HFT Research, the 
whole 24 year was further separated three consecutive periods: 1993-2002, 2003-2012, and 
2013-2017. 
Methodology: We used co-word analysis to reveal patterns and trends in the research by 
measuring the association strength of terms representative of relevant publications produced 
in HFT field. The Social Network Analysis (SNA) technique is adopted by using Ucinet to get 
keywords network, or knowledge network, to study the relationship of each research theme. 
NetDraw was applied to visualize network. 
Results: Results indicate that HFT research has been strongly influenced by “market”, 
“liquidity”, “prices”, “trades”, “model”, “stock”, “stochastic”, “statistics” and “finance”, which 
represent some established research themes. They are major focuses and the bridges 
connecting to other research themes in HFT. “Market” revealed to be the most important 
keyword by betweenness centrality measuring for all three periods, and it has received 
consistent and high attention over the past three periods. “Stock” and “model” also received 
upward attention since 1993 until 2017. “Volatility” and “trades” were paid growing attention 
from 1993 through 2012 period, while 2013 to 2017 were not. “Liquidity”, “finance” and 
“financial markets” are emerging theme since 2003 year due to they were not appeared in 
period of 1993 to 2002. 
Conclusion: The above analysis provides an overview of HFT research and it suggests that 
market performance related keywords, which represent some established research themes, 
have become the major focus in HFT research. It also changes rapidly to embrace new 
themes. Especially, this research may make contribution to enlarge research method in that 
there is no co-word analysis research in HFT before. 
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1. INTRODUCTION 18 

 19 
As the stock market has become nearly exclusively electronic, advances in computer 20 
technology and automated algorithm trading have speeding the transmission and execution 21 
of security transaction orders, and thus establishing High Frequency Trading (HFT). HFT is 22 
an emerging, ever changing and rapidly evolving area with highly interdisciplinary in nature 23 



 

 

for the markets, regulators, and the public. This diversity may root from the emerging nature 24 
of computing technology and its wide appeal as well as unique researcher and practitioner 25 
viewpoints. Many academics raised the controversy concerning about HFT. Even SEC 26 
Division of Trading and Markets Director Brett Redfearn admitted, “There are a lot of 27 
different definitions of HFT.” The diverse issues and findings in the field of HFT represent the 28 
introduction of ideas and even new concepts about HFT. What are the areas of focus in HFT? 29 
What are the developing trends in current research? Keywords have been generally 30 
identified as the words that reflect the research themes of individual publications that 31 
concern researchers. Further, network of keywords (co-word analysis) represents 32 
relationships of keywords among HFT papers. It is widely accepted that a higher co-33 
occurrence frequency of two keywords in the literature indicates a closer relationship of 34 
these two themes. Two keywords occur in a same article is an indication of connection 35 
between the themes which they represent. Therefore, a comprehensive network perspective 36 
analysis is required to reveal the developmental trends or future orientation of possible new 37 
research field from HFT. 38 

The co-word analysis is a comprehensive quantitative and visual analysis which was 39 
proposed as early as the late 70s in 20th century by French bibliometric scientists [1]. Co-40 
word analysis can be used to analyze the knowledge structure and focus in a given field of 41 
research and thus visualize the relationships between various research themes [2]. Co-word 42 
analysis has been extensively used in literature-based research which include information 43 
retrieval, scientometrics, social science, psychological science, management science and 44 
medical research fields [3]. In this paper, our focus is to construct and analyze network of 45 
keywords (co-word analysis) by using the Social Network Analysis (SNA) techniques which 46 
have already been widely applied in many disciplines of science. 47 

Specifically, this study will quantitatively analyze existing empirical and theoretical HFT 48 
papers to address the following objectives: 49 

1) To construct network of keywords from HFT papers published in world leading journals 50 
during the period from 1993 to 2017. 51 

2) To investigate the characteristics of network of keywords of HFT papers by utilizing Social 52 
Network Analysis (SNA) techniques. 53 

3) To find and compare the change in network of keywords of HFT papers over time. 54 

These investigations can help researchers to realize the breadth of HFT research and to 55 
establish future research directions and to provide an entry point to any academic, 56 
regardless of their prior knowledge of the theme. 57 

 58 

2. METHODOLOGY 59 

 60 
 61 

2.1 Publication search and keywords databases 62 
 63 
The objective of the present work is to identify the important keywords from the scientific 64 
output on the latest advances in HFT, and to describe the characteristics of the network of 65 
keywords of HFT research. To achieve these goals, we selected the Web of Science (WOS), 66 
which includes SCIE and SSCI and A&HCI from the Institute of Scientific Information (ISI) 67 
Web of Science databases. WOS is the most important and frequently used source for a 68 
broad review of scientific accomplishment in all research fields. We constructed a database 69 



 

 

composed of keywords from HFT papers published in the WOS during the 24-year period 70 
from 1993 to 2017. The keywords were obtained from following two sources: (1) Author 71 
Keywords and (2) Keywords Plus in the ISI database. Due to different words may represent 72 
same or similar ideas and concepts, we standardize the keywords before constructing the 73 
keyword network. The basic rule for the refinement of keywords was that all keywords with 74 
identical meaning or similar ideas or concepts or even misspelled keywords from different 75 
articles will be grouped and considered as a single keyword. This refinement leads to a 76 
meaningful keywords database. 77 
 78 

2.2 Network of keywords by co-occurrence 79 
 80 
Network of keywords by co-occurrence is composed of three continuous stages which 81 
include data extraction, data transformation, and data mapping. During the data extraction 82 
stage, core keywords are identified from HFT papers and are changed to a standard form. 83 
Then in the data transformation stage, co-word matrix is constructed by measuring the co-84 
occurrence frequency of keywords in the articles. The co-occurrence matrix is then 85 
converted into a co-efficient matrix which reflects the degree of relations among keywords. 86 
At last in the mapping stage, the keywords are put into two dimensions on the co-efficient 87 
matrix. The final result is a keyword network where similar keywords are connected to each 88 
other. 89 
 90 

2.3 Measurement 91 
 92 
Network mapping is generally known as Social Network Analysis (SNA) technique which can 93 
be used to measure network centrality in the keyword network by calculating betweeness 94 
centrality, degree centrality or closeness centrality for each network quantitatively [4]. In 95 
order to understand the characteristics of the overall keyword network in HFT research, we 96 
selectively used betweenness centrality measuring. This is the extent to which a node lies on 97 
the paths between other nodes. It is measured as the fraction of the shortest paths between 98 
all pairs of other nodes in the network containing the node. In the keyword network, this 99 
represents the importance of a keyword in bridging subsets of keywords. A keyword that lies 100 
between two distinctive research themes can have high betweenness centrality even though 101 
it may have a small number of connections to other keywords in each theme [5]. For 102 
measurement, the Social Network Analysis (SNA) technique is adopted by using Ucinet to 103 
get keywords network, or knowledge network, to study the relationship of each research 104 
theme. NetDraw was applied to visualize network. It helps to obtain a clear sense of 105 
connectivity of keyword networks and to illustrate the overall patterns of networks over time. 106 
This method enables the researchers to explicitly understand representation of emerging 107 
themes. 108 
 109 
 110 

3. RESULTS AND DISCUSSION 111 

 112 
 113 

3.1 Occurrence and co-occurrence frequency of keywords  114 
 115 
Keywords serve as an indicator of the importance of the research themes they represent. 116 
The keywords with higher frequency of both occurrence and co-occurrence can reflect 117 
research focuses to some extent in a special field [6]. The top ten keywords with higher 118 
frequency of occurrence are “market” (90), “liquidity” (79), “prices”(57), “trades” (56), “model” 119 
(53), “stock” (49), “stochastic” (43), “volatility” (42), “statistics” (38) and “finance”(37). The top 120 
ten keywords with higher frequency of co-occurrence are “market”, “prices”, “finance”, 121 
“liquidity”, “statistics”, “financial markets”, “stock”, “stochastic”, “model” and “trades” as 122 



 

 

shown in Appendix A. After comparison, we can find that “market”, “liquidity”, “prices”, 123 
“trades”, “model”, “stock”, “stochastic”, “statistics” and “finance” not only have higher 124 
frequency of both occurrence and co-occurrence, but also indicate that these research 125 
themes are major focuses and the bridges connecting to other research themes in HFT. 126 
These findings show that these research themes attract more attention and have a closer 127 
relationship with other research themes in HFT. Notice that keywords like “High Frequency 128 
Trading” and “Algorithm(s)” have very broad meanings. Due to this kind of keywords are 129 
meaningless for this study, we excluded them from the above analysis. 130 
 131 

3.2 Network of keywords by co-occurrence  132 
 133 
Figure 1 shows network of keywords by co-occurrence (1993-2017). The nodes are the 134 
keywords. The size of nodes can reflect the frequency of keywords. Larger size of node 135 
means higher frequency of occurrence of keyword. The size and location of nodes depend 136 
on the total co-occurrence frequency of keywords. The lines between two nodes stand for 137 
the associations of two keywords, or represent the co-occurrence of these keywords in a 138 
paper. The thickness of line indicates the co-occurrence frequency of keyword pairs, or 139 
represents the number of times each pair of keywords was mentioned together in papers. 140 
The thickness of line is proportional to the closeness of connections between two keywords. 141 
The thicker line between two keywords, the closer their relationship is. The more co-142 
occurrence between two keywords, the closer their relationship is. It shows the strength of 143 
the connection. 144 
 145 

 146 
Fig.1. Network of keywords by co-occurrence (1993-2017) 147 
 148 
According to Fig.1, keywords associated with market performance such as “financial 149 
markets”, “prices”, “market”, “model” and “stochastic” are located toward the periphery of the 150 



 

 

network. In network analysis those keywords on the periphery might be considered as 151 
important research fronts, or emerging areas. Large nodes toward the centre of the network 152 
are more likely to represent important research paradigms. “Market”, “prices”, “finance”, 153 
“liquidity”, and “statistics” became important keywords in terms of Betweenness centrality as 154 
shown in Appendix A, which means that they have played an important role in bridging other 155 
research themes. 156 
 157 

3.3 Changes in important keywords over time  158 
 159 
How have the important keywords changed over time and what are the recent important 160 
keywords? In order to trace dynamic changes of the HFT Research, the whole 24 year was 161 
further separated three consecutive periods: 1993-2002, 2003-2012, and 2013-2017.We 162 
constructed three periods of network of keywords by co-occurrence, and compared the 163 
important keywords in the keyword networks constructed in order to thoroughly and precisely 164 
analyze the variations of trends. This comparison reveals some notable results. “Market” 165 
revealed to be the most important keyword by betweenness centrality measuring for all three 166 
periods, and it has received consistent and high attention over the past three periods. “Stock” 167 
and “model” also received upward attention since 1993 until 2017. “volatility” and “trades” 168 
were paid growing attention from 1993 through 2012 period, while 2013 to 2017 were not. 169 
The reason may be that “volatility” and “trades” are viewed as common sense already in 170 
HFT research until recent years. “Liquidity”, “finance” and “financial markets” are emerging 171 
theme since 2003 year due to they were not appeared in period of 1993 to 2002. The above 172 
analysis provides an overview of HFT research and suggests that market performance 173 
related keywords, which represent some established research themes, have become the 174 
major focus in HFT research. It also changes rapidly to embrace new themes. For the full list 175 
of Betweenness centrality measuring for these comparison, see Appendix A through 176 
Appendix D. 177 
 178 

 179 
Fig.2. Network of keywords by co-occurrence (1993-2002) 180 
 181 



 

 

 182 
Fig.3. Network of keywords by co-occurrence (2003-2012) 183 
 184 

 185 
Fig.4. Network of keywords by co-occurrence (2013-2017) 186 
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4. CONCLUSION 189 

 190 
In this article, we used co-word analysis which is a network-based text analysis and Social 191 
Network Analysis (SNA) technique which includes Ucinet and NetDraw to give a 192 
comprehensive understanding of HFT research during 1993 to 2017. We obtain some clear 193 
and reasonable results which can provide useful insights to better understand evolution and 194 
emerging trends in HFT research. 195 
 196 
Results indicate that HFT research has been strongly influenced by “market”, “liquidity”, 197 
“prices”, “trades”, “model”, “stock”, “stochastic”, “statistics” and “finance”, which represent 198 
some established research themes. They are major focuses and the bridges connecting to 199 
other research themes in HFT. “Market” revealed to be the most important keyword by 200 
betweenness centrality measuring for all three periods, and it has received consistent and 201 
high attention over the past three periods. “Stock” and “model” also received upward 202 
attention since 1993 until 2017. “Volatility” and “trades” were paid growing attention from 203 
1993 through 2012 period, while 2013 to 2017 were not. “Liquidity”, “finance” and “financial 204 
markets” are emerging theme since 2003 year due to they were not appeared in period of 205 
1993 to 2002. The above analysis provides an overview of HFT research and it suggests 206 
that market performance related keywords, which represent some established research 207 
themes, have become the major focus in HFT research. It also changes rapidly to embrace 208 
new themes. Especially, this research may make contribution to enlarge research method in 209 
that there is no co-word analysis research in HFT before. 210 
 211 
This study utilizes the advantage of the co-word analysis and such keywords analysis might 212 
be helpful to identify some fruitful future research opportunities. This research is just a 213 
preliminary and still has limitations need to be addressed. The Web of Science database 214 
does not completely cover the scientific research of HFT. In the future, comparative research 215 
with other method in the same HFT field could also be explored because different methods 216 
may have very different research emphases which would also be worthy of further 217 
exploration to extend HFT research theme. 218 
 219 
 220 
 221 
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