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ABSTRACT 
 
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: The Ucinet is adopted to get keywords network, or knowledge network, to study         
the relationship of each research theme. NetDraw was applied to visualize network. We used      
social network analysis (SNA) technique to reveal patterns and trends in the research by    
measuring the association strength of terms representative of relevant publications produced in 
HFT field. 
Results: Results indicate that HFT research has been strongly influenced by “market”, “prices”, 
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“finance”, “liquidity”, “statistics”, “financial markets”, “stock”, “stochastic”, “model” and “trades” as 
shown in Table 1, which represent some established research themes. They are major focuses and 
the bridges connecting to other research themes in HFT. The detailed analysis in results and 
discussion provides an overview of evolution and emerging trends in HFT Research. 
Conclusion: It concludes 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 SNA research in HFT research before. 
 

 
Keywords: High frequency trading; HFT; social network analysis; SNA; emerging trends. 
 

1. INTRODUCTION 
 
As the stock market has become nearly 
exclusively electronic, advances in computer 
technology and automated algorithm trading 
have speeding the transmission and execution of 
security transaction orders, and thus establishing 
High Frequency Trading (HFT) [1]. HFT is an 
emerging, ever changing and rapidly evolving 
area with highly interdisciplinary in nature for the 
markets, regulators, and the public [2]. This 
diversity may root from the emerging nature of 
computing technology and its wide appeal as 
well as unique researcher and practitioner 
viewpoints. Many academics raised the 
controversy concerning about HFT [3]. Even 
SEC Division of Trading and Markets Director 
Brett Redfearn admitted, “There are a lot of 
different definitions of HFT.” The diverse issues 
and findings in the field of HFT represent the 
introduction of ideas and even new concepts 
about HFT. What are the areas of focus in HFT? 
What are the developing trends in current 
research? Keywords have been generally 
identified as the words that reflect the research 
themes of individual publications that concern 
researchers. Further, keywords network 
represents relationships of keywords among HFT 
papers. When two keywords occur in a same 
article, it is an indication of connection between 
the themes which they represent. Therefore, a 
comprehensive network perspective analysis is 
required to reveal the developmental trends or 
future orientation of possible new research field 
from HFT. 
 
Social network analysis (SNA), sometimes also 
referred to as “structural analysis” [4], is a broad 
strategy for investigating social structures. For 
measurement, social network analysis (SNA) 
measures are a vital tool for understanding the 
behavior of networks and graphs. These 
algorithms use graph theory to calculate the 
importance of any given node in a network [5]. 
When they’re well implemented, SNA measures 

allow the analyst to cut through noisy data and 
hone into the parts of a network that require 
further attention. 
 
In this paper, our focus is to construct and 
analyze keywords network by using the Social 
network analysis (SNA) techniques which have 
already been widely applied in many disciplines 
of science. Specifically, this study will 
quantitatively analyze existing empirical and 
theoretical HFT papers to address the following 
objectives: 
 

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

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

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

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

2. METHODOLOGY 
 

2.1 Publication Search 
 
The objective of the present work is to identify 
the important keywords from the scientific output 
on the latest advances in HFT, and to describe 
the characteristics of the network of keywords of 
HFT research. To achieve these goals, we 
selected the Web of Science (WOS), which 
includes SCIE and SSCI and A&HCI from the 
Institute of Scientific Information (ISI) Web of 
Science databases. WOS is the most important 
and frequently used source for a broad review of 
scientific accomplishment in all research fields [6]. 
We constructed a database composed of 
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keywords from HFT papers published in the 
WOS during the 24-year period from 1993 to 
2017. The keywords were obtained from 
following two sources: (1) Author Keywords and 
(2) Keywords Plus in the ISI database [7]. 
 

2.2 Refinement of Keywords and 
Keywords Databases 

 
Due to different words may represent same or 
similar ideas and concepts, we standardize the 
keywords before constructing the keywords 
network. The basic rule for the refinement of 
keywords was that all keywords with identical 
meaning or similar ideas or concepts or even 
misspelled keywords from different articles      
will be grouped and considered as a single 
keyword. This refinement leads to a meaningful 
keywords database. The example of SNA    
steps in literature-based research was shown in 
Fig. 1. 
 

2.3 Constructing Keywords Network 
 
The construction of keywords network is based 
on three continuous stages which include data 
collection, data extraction, and data 
transformation. During the data extraction stage, 
core keywords are identified from HFT papers 
and are changed to a standard form. Then in the 
data transformation stage, all the refined 

keywords will be input to the most popular social 
network research tool, Ucinet 6 for Windows [8] 
to get keywords network, or knowledge network, 
to study the relationship of each research   
theme. 
 

2.4 Centrality Measures of the SNA 
Network 

 
Network centrality [9] in the keywords network 
can measure the degree of relations among 
keywords. Social network analysis (SNA) 
measures include measuring degree centrality, 
betweenness centrality, closeness centrality, 
EigenCentrality or PageRank for each network 
quantitatively [10]. In order to understand the 
characteristics of the overall keywords network in 
HFT research, we selectively used betweenness 
centrality measuring to study the relationship of 
each research theme. Betweenness centrality is 
the extent to which a node lies on the paths 
between other nodes. It is measured as the 
fraction of the shortest paths between all pairs of 
other nodes in the network containing the node. 
A keyword that lies between two distinctive 
research themes can have high betweenness 
centrality even though it may have a small 
number of connections to other keywords in each 
theme [11]. In the keywords network, this 
represents the importance of a keyword in 
bridging subsets of keywords. 

 

 
 

Fig. 1. Example of SNA steps in literature based research 
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2.5 Network Visualizations 
 
Network visualizations is generally known as 
network mapping which can be generated from 
raw network data within Netdraw, a mapping 
program in Ucinet. NetDraw was applied to 
visualize network. It helps to obtain a clear sense 
of connectivity of keyword networks and to 
illustrate the overall patterns of networks over 
time. This method enables the researchers to 
explicitly understand representation of emerging 
themes. 
 

3. RESULTS AND DISCUSSION 
 
3.1 Keywords Network 
 
Fig. 2 shows keywords network by co-occurrence 
(1993-2017). The nodes are the keywords. The 
size of nodes can reflect the frequency of 
keywords. Larger size of node means higher 
frequency of occurrence of keyword. The lines 
between two nodes stand for the associations of 
two keywords, or represent the co-occurrence of 
these keywords in a paper. The thickness of line 
indicates the co-occurrence frequency of 
keyword pairs, or represents the number of times 
each pair of keywords was mentioned together in 
papers. The thickness of line is proportional to 
the closeness of connections between two 
keywords. The thicker line between two 
keywords, the closer their relationship is. The 
more co-occurrence between two keywords, the 
closer their relationship is. It shows the strength 
of the connection. According to Fig. 2, we can 
see that keywords such as “market”, “prices”, 
“finance”, “liquidity”, “statistics”, “financial 
markets”, “stock”, “stochastic”, “model” and 
“trades” became important keywords, which 
means that they have played an important role in 
bridging other research themes. 
 

3.2 Betweenness Centrality Measuring for 
All Period (1993-2017)  

 
Keywords serve as an indicator of the 
importance of the research themes they 
represent. The top ten keywords from 
betweenness centrality measuring for all period 
(1993-2017) are “market”, “prices”, “finance”, 
“liquidity”, “statistics”, “financial markets”, “stock”, 
“stochastic”, “model” and “trades” as shown in 
Table 1. The results indicate that these research 
themes are major focuses and the bridges 

connecting to other research themes in HFT. 
These findings show that these research themes 
attract more attention and have a closer 
relationship with other research themes in HFT. 
Notice that keywords like “High Frequency 
Trading” and “Algorithm(s)” have very broad 
meanings. Due to this kind of keywords are 
meaningless for this study, we excluded them 
from the above analysis. 

 
3.3 Changes in Important Keywords Over 

Time 
 
How have the important keywords changed    
over time and what are the recent important 
keywords? In order to trace dynamic changes of 
the HFT Research, the whole 24 year was further 
separated three consecutive periods: 1993-2002, 
2003-2012, and 2013-2017. We constructed 
three keywords networks as shown in Figs. 3 to 5. 
For showing statistics of keywords network in 
different time slices, we compared the rank of the 
important keywords in the three keywords 
networks constructed as shown in Fig. 6 in order 
to thoroughly and precisely analyze the 
variations of trends. Please notice that the 
important keywords are from top ten keywords in 
Table 1. For the full lists of keywords in these 
three periods, see Appendix A through Appendix 
C. 

 
This comparison reveals some notable results. 
“Market” revealed to be the most important 
keyword by betweenness centrality measuring 
for all three periods, because it has received 
consistent upward attention. “Stock” even 
received sharply upward attention since 1993 
until 2017. “Liquidity” and “finance” and “financial 
markets” are emerging theme since 2003 year 
due to they were not appeared in period of 1993 
to 2002. “Model” and “trades” were paid growing 
attention from 1993 through 2012 period, while 
2013 to 2017 were not. The reason may be that 
“model” and “trades” are viewed as common 
sense already in HFT research until recent years. 
“Prices” and “stochastic” emerged since 2003 
year, but they were paid less attention from 2013 
through 2017 period. The above analysis 
provides an overview of HFT research and it 
concludes 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. 
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Fig. 2. Keywords network by co-occurrence (1993-2017) 
 

 
 

Fig. 3. Keywords network by co-occurrence (1993-2002) 
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Fig. 4. Keywords network by co-occurrence (2003-2012) 
 

 
 

Fig. 5. Keywords network by co-occurrence (2013-2017) 
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Fig. 6. Changes in important keywords over time 
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4. CONCLUSION 
 
In this article, we used social network analysis 
(SNA) technique to give a comprehensive 
understanding of HFT research during 1993 to 
2017. We obtain some clear and reasonable 
results which can provide useful insights to better 
understand evolution and emerging trends in 
HFT research. 
 

Results indicate that HFT research has been 
strongly influenced by “market”, “prices”, 
“finance”, “liquidity”, “statistics”, “financial 
markets”, “stock”, “stochastic”, “model” and 
“trades”, 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, because it has 
received consistent upward attention. “Stock” 
even received sharply upward attention since 
1993 until 2017. “Liquidity” and “finance” and 
“financial markets” are emerging theme since 
2003 year due to they were not appeared in 
period of 1993 to 2002. “Model” and “trades” 
were paid growing attention from 1993 through 
2012 period, while 2013 to 2017 were not. The 
reason may be that “model” and “trades” are 
viewed as common sense already in HFT 
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research until recent years. “Prices” and 
“stochastic” emerged since 2003 year, but they 
were paid less attention from 2013 through 2017 
period. The above analysis provides an overview 
of HFT research and it concludes 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. 
 
This research is just a preliminary and still has 
limitations need to be addressed. The main 
limitation of SNA technique is that it is just one of 
the tools that can be used to understand 
evolution and emerging trends in HFT research. 
It is just one piece of the puzzle. Subject matter 
experts are needed to provide a context for the 
research. On the other hand, this study tries to 
explore the evolution and emerging trends in 
HFT papers published in world leading journals 
but the Web of Science database may not 
completely cover the scientific research of     
HFT. 
 
In the future, comparative research with other 
method in the same HFT field could also be 
explored because different methods may have 
very different research emphases which would 
also be worthy of further exploration to extend 
HFT research theme. 
 
This study utilizes the advantage of SNA 
technique and such keywords analysis might be 
helpful to stimulate further research or identify 
some fruitful future research opportunities. 
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