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  Abstract : Big data analysis in healthcare research seems to be a necessary strategy for the 
convergence of sports science and technology in the era of the Fourth Industrial Revolution. The 
purpose of this study is to provide the basic review to secure the diversity of big data and healthcare 
convergence by discussing the concept, analysis method, and application examples of big data and by 
exploring the application. Text mining, data mining, opinion mining, process mining, cluster analysis, 
and social network analysis is currently used. Identifying high-risk factor for a certain condition, 
determining specific health determinants for diseases, monitoring bio signals, predicting diseases, 
providing training and treatments, and analyzing healthcare measurements would be possible via big 
data analysis. As a further work, the big data characteristics provide very appropriate basis to use 
promising software platforms for development of applications that can handle big data in healthcare 
and even more in sports science. 
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1. Introduction

  
  The Fourth Industrial Revolution has began 
with the revolutionary change of high-tech 
information and communication technology in 
Korea and all over the world, and the ways 
of accumulating, accepting and analyzing new 
knowledge have been diversified based on the 
Fourth Industrial Revolution. Big data is being 
studied in a variety of fields in terms of 
usability and value, and is considered to be an 
applicability to new academic convergence and 
a transition to a new paradigm using big data 
[1,2]. 
  At the 2016 World Economic Forum, the 
Fourth Industrial Revolution was to bring 
about a major change in the society we live in 
[3]. Today's Fourth Industrial Revolution is a 
revolution in the convergence of technologies 
where the boundaries of physical, digital and 
biological space are diluted based on the 
digital revolution (the Third Industrial 
Revolution) such as internet Technologies (IT) 
[3]. The basic framework of the Fourth 
Industrial Revolution is the creation of big 
data based on the internet of things (IoT) for 
hyper-connected, super-intelligence, and 
convergence. The artificial intelligence interprets 
the big data created in this way, leading to 
the automation and intelligence of the process 
[4,5]. In response to these trends, Korea has 
also announced the “Medium and Long-term 
Comprehensive Measures for the Intelligent 
Information Society,” which includes 
technology, industry, and social policy to 
prepare for the fourth industrial revolution 
based on intelligent information technology [6]. 
Therefore, research has been conducted in 
many academic fields, and the field of physical 
education and sports science also requires 
much research in preparation for the Fourth 
Industrial Revolution, but so far, there are not 
many studies related to big data in relation to 
the field of physical education and sports 
science in Korea [6].
  Based upon previous studies, the Korean 

government is actively expanding the policy 
support for expanding investment in sports 
research and development (R & D), but the 
national policy related to the convergence of 
sports science and technology has many 
problems in terms of industrialization and 
commercialization compared to other countries 
in the world [7,8]. In addition, convergence 
researches that have adopted IT technology in 
sports science and industry tend to focus on 
technological value development without going 
through necessary processes and procedures [8] 
and thus, it seems that big data analysis 
suitable for the field of physical education and 
sports science would be needed. 
  According to Kim's research [9], the 
objectives of applying the technologies of the 
Fourth Industrial Revolution to sports-related 
research and industry were to improve the 
performance of elite athletes, to improve the 
health of the people, to integrate sports spaces 
through the media, and to informatize sports. 
As such, big data analysis in sports and sports 
science research seems to be a necessary 
strategy for the convergence of sports science 
and technology in the era of the Fourth 
Industrial Revolution. In particular, big data 
may have a significant difference in the 
analysis results depending on the nature of the 
data. Therefore, in order to understand big 
data analysis technologies and integrate them 
into sports science, understanding of big data 
must be preceded [10].   
  At the present time, big data is regarded as 
a new paradigm of the era, not only research 
combining sports, sports science, society and 
culture, but also research areas related to 
literacy and sports industry for elite athletes' 
performance enhancement. Therefore, in-depth 
discussion of new research methods combined 
with big data and sports science would be 
needed. The purpose of this study was to 
provide the basic data to secure the diversity 
of big data and exercise and sports science 
convergence by discussing the concept, analysis 
method and application examples of big data 
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Attributes Definition and Contents

Structured data Data stored in fixed fields, such as relational databases and spreadsheets

Semi-structured data
Although it is not stored in a fixed field, it refers to data including metadata 

or schemas, such as XML and HTML text

Unstructured data
Data not stored in fixed fields and text analysis is possible, such as text 

documents, images, videos, audio data, etc.

Table 1. Properties of data 

and exploring the application of exercise and 
sports science. This review focused on the 
theoretical concept of big data and 
convergence of big data analysis and exercise 
science.   

     

2. Theoretical concept of big data  

  Big data is defined by many scholars. In 
general, big data refers to huge amounts of 
structured or unstructured compounded data 
sets that go beyond the ability to collect, 
store, manage, and analyze data with existing 
database management tools [11, 12]. 
  As shown in Table 1, data attributes are 
characterized by 3 things: Structured data 
stored in fixed fields, semi-structured data not 
stored in fixed fields but containing metadata 
or schemas, unstructured data such as images, 
videos, and voices, not stored in fixed fields 
[2,10]. In particular, as the unstructured data 
has increased due to the recent spread of 
digital information, the analysis method has 
become a major concern. Therefore, there is a 
need to continuously discuss the effective 
management and analysis of big data.
  Big data can be described in terms of 6 V’s 
as follows; The first V is volume in reference 
to the size of the data and the data is 
expected to raise intensely in the years ahead, 
usually measured in terabytes, petabytes even 
yottabytes.  The second V is variety in 
reference to the different types and/or formats 
of the data, the third V is velocity in reference 
to the speed of data generation, and the 
fourth V is veracity in reference to the 

reliability of the data. While variability regards 
about consistency of the data over time. The 
last V, value of the big data, refers to their 
coherent analysis [13,14]. The data generated 
during manufacturing is increasing daily with 
different types and formats such as process 
logs, events, images, and sensor data. 
Therefore, the processing and storage of these 
data is becoming a challenging issue in the big 
data processing.    
  Critical issues in big data processing is 
shown in figure 1 [15,16]. Data growth, data 
infrastructure, data governance/policy, data 
integration, data velocity, data variety, data 
compliance/regulation, and data visualization 
would be carefully considered in handling big 
data. Firstly, big data is based on analysis 
based on large amounts of data, unlike 
conventional data processing, which enables 
instant processing speed. Therefore, fast 
decision making requires relatively less time 
because it requires a long-term and strategic 
approach. Second, since big data processes 
various data sources, complex logic processing, 
and large data processing, processing 
complexity is high, and for this reason, 
distributed processing technology is generally 
required. Third, big data has a high 
proportion of unstructured data, which 
increases processing complexity, because most 
of social media data, log files, clickstream 
data, call center logs, and communication logs 
are unstructured data. Fourth, big data is 
highly flexible in processing and analysis 
because it is essential for accommodating new 
and diverse processing methods. Lastly, because 
of the large capacity and complex processing, 
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Fig. 1. Challenges in big data [15] 

the amount of data that needs to be processed 
at the same time is lower than that of 
conventional data processing [10,14,16].  
  In addition, the big data effect is that the 
larger the scale, the more likely the data is to 
be useful, and the more likely it is to find a 
whole new pattern of information. The big 
data is that as the cognitive information 
distribution such as personal experiences, 
perceptions, and preferences increases, the 
reality information such as daily data records 
increases, and the prospect of real-time 
information accumulating rapidly. The trend 
effect of big data is that the historical data is 
maintained and the data with time series 
continuity is composed so that the analysis of 
time flows such as the past, present, and the 
future is possible, and the combination effect 
is heterogeneous data. The new meaning of 
information is discovered through the 
combination of the two data, and further 
advances in the field of safety verification are 
possible through pre-simulation through data 
without the actual physical coupling 
[10,14,17]. 

 3. Big data handling mechanisms 

    in the healthcare applications 

  Previous exercise and sports science related 
to big data studies used several types of big 
data analysis based upon their data attributes. 
Based upon Pashazadeh and Navimipour's 
study [18], reviewed mechanisms in the big 
data related to healthcare applications in five 
categories, including machine learning, 
cloud-based, heuristic-based, agent-based, and 
hybrid mechanisms. The machine learning, 
which has been used recently, is a practical 
and effective approach for big data handling 
based on both artificial intelligence techniques 
and historical databases. An agent-based 
method is to provide the suitable software 
support for coordinating healthcare 
management and is based on the medical care 
management domain, associated with intelligent 
agents. The efficiency of healthcare systems is 
improved through the integration of distributed 
monitoring with centralized analytics and the 
long-term care of the population can be 
enhanced by an agent-based method in 
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handling data. The heuristic algorithm is 
commonly used to solve the optimization 
problems by choosing one objective and is 
cost-effective, easy to scale, and pluggable. In 
cloud computing, there are many information 
and computing resources such as operating 
systems, storage, networks, hardware, 
data-bases, and software applications and is 
appropriate health monitoring system. A hybrid 
mechanism is that two or more distinct types 
of methods are used by combining them to 
solve the big data handling problems [18]. 
Healthcare data including exercise and sports 
science data can be applied above 5 types big 
data handling methods based upon raw data 
attributes.  
  Based on the previous studies [2,18-22], text 
mining, data mining, opinion mining, process 
mining, cluster analysis, and social network 
analysis is currently used for analyzing exercise 
and sports science big data. Text mining is to 
use natural language processing techniques to 
extract useful information from text, or find 
information in the meaning hidden in big data 
such as linkage, classification, clustering, or 
summarization [2,19,21]. This is an analysis 
method necessary to grasp research trends in 
exercise and sports science by analyzing words 
related to a specific subject and this method 
can be used for analyzing awareness of sports 
injuries. Data mining helps to make decisions 
by discovering useful correlations hidden 
among many data and extracting actionable 
information in the future and this method can 
be used for analyzing motion measurement 
data to produce results that help prevent 
injuries [2,18]. Opinion mining means 
analyzing people's opinions, evaluations, 
attitudes, and feelings about an issue, person, 
and/or event [2,18]. This can be used for 
analyzing the opinions of athletes to help 
develop sports goods to enhance performance 
and prevent injuries. Process mining is a 
method of extracting and analyzing event log 
data collected from various information 
systems to provide useful information [2,18], 

which can be used for simulation analysis to 
derive ways to improve the training process of 
athletes. Cluster analysis is used to analyze the 
differences between objects of similar groups 
and objects in other cluster groups before 
analyzing the structure, connection strength, 
and distance of social network analysis based 
on structured text through text mining 
[2,18,22]. This can be used for analyzing 
trends of sports medicine researches and 
interests of sports science. Social network 
analysis analyzes network connection structure 
and strength to identify the type of message, 
its propagation path, and quantify who will be 
able to get affected [2,20], which can be used 
for identifying research trends and their 
relationship to exercise and sports science field. 
  Big data analytics in exercise and sport 
science is very promising process of 
integrating, exploring and analysing of large 
amount complicated data with different nature 
including biomedical data, experimental data, 
electronic health records data, social media 
data, and so on [22]. Identifying high-risk 
factor groups, determining specific health 
determinants for diseases, monitoring bio 
signals, predicting diseases, providing training 
and treatments, and analyzing healthcare 
measurements would be possible via big data 
analysis [22,24]. As a further work, the big 
data characteristics provide very appropriate 
basis to use promising software platforms for 
development of applications that can handle 
big data in exercise and sport science and 
even more healthcare. In addition, personal 
data security is critical in all data 
administration process and thus, new strategic 
method would be needed to guarantee and 
protect the big data privacy and security. 

4. Conclusion 

  Big data analysis in sports and sports science 
research seems to be a necessary strategy for 
the convergence of sports science and 
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technology in the era of the Fourth Industrial 
Revolution. At the present time, big data is 
regarded as a new paradigm of the era, not 
only research combining sports, sports science, 
society and culture, but also research areas 
related to literacy and sports industry for 
performance enhancement. Text mining, data 
mining, opinion mining, process mining, cluster 
analysis, and social network analysis is 
currently used for analyzing exercise and 
sports science big data. Identifying high-risk 
factor for a certain condition, determining 
specific health determinants for diseases, 
monitoring bio signals, predicting diseases, 
providing training and treatments, and 
analyzing healthcare measurements would be 
possible via big data analysis. As a further 
work, the big data characteristics provide very 
appropriate basis to use promising software 
platforms for development of applications that 
can handle big data in healthcare and even 
more exercise and sports science.
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