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ABSTRACT

Big� data� is� one� of� the� current� and� future� research� frontiers.� It� has� received� international�

attention,� and� some� countries� have� even� upgraded� big� data� research� to� a� national� strategy.�

Therefore,� it� is� interesting� to� understand� the� status� quo� of� big� data� research� and� identify� the�

status� and� contribution� of� a� country.�Our� study� is� divided� into� two� parts.� The� first� part� of� this�

study� combines� core� lexical� query� and� expanded� lexical� query� to� get� relatively� integral�

publications'�data� sets�on�big�data.�Citation� relationships� and�a�maximum�connected� subgraph�

algorithm� are� used� to� clean� and� filter� unrelated� publications.� Then� the� Leiden� algorithm� is�

selected�to�cluster�the�citation�network�for�big�data�and�VOSviewer� is�used�to�map�the�big�data�

knowledge� structure.� In� the� second�part�of� this� study,�we�analyze�China's� research�contribution�

in�terms�of� research�output�and�highly-cited�papers.� In�order� to�better� show�the�distribution�of�

big� data� research� in� China,� we� utilized� science� overlay�mapping� to� visualize� the� status� quo� of�

China's�research�in�big�data.�Our�study�shows�that�China�is�one�of�the�most� important�countries�

in�big�data�research�and�the�research�covers�almost�all�areas�of�big�data.�However,�the�research�

performance� is� relatively� low.� In� terms� of� knowledge� structure� with� science� overlay� mapping,�

China's� research� mainly� focuses� on� cloud� computing,� the� Internet� of� Things� (IoT),� and� social�

media.�However,� research� topics�with� a�greater� rate�of� highly-cited�papers� are�mainly� found� in�

cloud�computing,�big�data�medicine,�and�Industry�4.0.�These�topics�are�also�the�dominant�areas�

of�China's�big�data�research.
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Introduction

With�the�development�of�information�technology,�data�is�growing�and�accumulating�at�an�

unprecedented� rate.� From�scientific� research� to�medical� insurance�and� from�banking� to� the�

internet,� the�amount�of�data�generated� in�various� fields� is�exploding.� In� the�era�of�big�data,�

data�has�become�an�important�commercial�capital,�a�valuable�resource,�and�an�important�e-

conomic�investment.�More�importantly,�big�data�research�has�invoked�a�major�societal�trans-

formation,�bringing�about�change�to�life,�work,�and�thinking.�It�also�brings�new�development�

opportunities�and�challenges�to�scientific�research.�Victor�et�al.�mentioned�in�their�book�"The�
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Era� of� Big�Data"� that� the� essence� of� big� data� lies� in� three� changes� (Mayer-Schonberger�&�

Cukier,�2014).� Firstly,�we�can�analyze�more�data�and�all� data� related� to� a�phenomenon,�not�

just� rely�on� random�sampling.� Secondly,� there� is� so�much� research�data� that� the�obsession�

with�the�pursuit�of�accuracy�no�longer�exists.�The�thinking�mode�of�pursuing�the�accuracy�of�

data� is�suitable� for� the�situation�of�mastering�a�"small�amount�of�data."�The�third�change� is�

that�we�are�no�longer�trying�to�find�causal�relationships.�Instead,�correlation�relationships�are�

more�important�(Anderson,�2008).�Big�data�research�has�reshaped�our�understanding�of�data�

and� has� initiated� the� shift� from� logic� and� experiment-driven� research� paradigms� to� da-

ta-driven�ones.�As� Jim�Gray�pointed�out,�with� the� continuous� integration�of� scientific� com-

puting�and�as�multi-disciplinary,�massive� scientific�data�continues� to�be�produced,� scientific�

simulation�and�research�based�on�data�will�gradually�become�one�of� the�mainstream�trends�

in� scientific� development.� In� other�words,� data-intensive� scientific� discoveries� or� the� fourth�

paradigm�of�scientific�research�will�become�mainstream�(Hey,�2012).�

��Big�data� is�one�of�the�current�and�future�research�frontiers.� It�has�received�attention�from�

multiple�disciplines,�such�as�computer�science,�statistics,�management�science,�medicine,�so-

cial�science,�etc.��At�the�same�time,�big�data�research�is�also�valued�by�various�countries,�and�

some�countries,�such�as�the�USA�and�China,�have�even�upgraded�big�data�research�to�a�na-

tional�strategy.�Therefore,�many�studies�try�to�explore�the�status�quo�of�big�data�research.�As�

big�data� related-documents� expand� rapidly,� the�bibliometric�method� is� an� effective�way� to�

explore�the�research�and�development�trends�of�big�data.�Singh�et�al.�(2015)�analyzed�the�re-

search� output� data� on� 'Big� Data'� from� 2010� to� 2014,� which� was� indexed� in� the� Web� of�

Knowledge� and� Scopus.� Liu� et� al.� (2020)� analyzed� the� articles� obtained� from� the� Scopus�

database�published�between�2013�and�2018.�Raban�and�Gordon� (2020)�explored� the�evolu-

tion� of� data� science� and� big� data� research� in� terms� of� bibliometric� analysis.� These� studies�

mainly�explore�research�output,�collaboration,�major�contributors�(countries,�institutions,�and�

individuals),�publication�sources,�and�thematic�distributions�of�big�data�research.�In�addition,�

some� other� studies� that� analyze� big� data� research� are� limited� to� specific� areas� due� to� the�

bibliometric� method.� These� studies� are� mainly� manifested� in� analyzing� the� research� trend�

and�applications�of�big�data�in�computer�science�(Kalantari�et�al.,�2017),�business�intelligence�

(Liang�&� Liu,� 2018),� circular� economy� (Nobre�&� Tavares,� 2017),� and� supply� chain�manage-

ment�(Lamba�&�Singh,�2017;�Sheng�et�al.,�2017;�Mishra�et�al.,�2018).

���For�bibliometric�analysis,�a�challenging�initial�step�is�to�get�a�reliable�data�set�for�theme-re-

lated� publications.� There� are� several� bibliometric� search� strategies� used� in� the� literature� to�

harvest� publications,� including� lexical� queries,� evolutionary� lexical� queries,� citation� analysis,�

and�the�use�of�core�journal�sets�to�locate�relevant�publications�in�research�databases�(Huang�

et�al.,�2011).�The�most�common�search�method�is�the�core�lexical�query�which�usually�applies�

a� core� of� related� keywords.� Most� studies� in� big� data� bibliometric� analysis� use� this� search�

strategy.�This�strategy�is�simple�and�can�quickly�obtain�relevant�research�literature,�but�a�ma-

jor� drawback� is� its� susceptibility� to� subjectivity�when� experts� are� used� to� defining� the� key-

word� set.� So� the� type� method� possibly� leads� to� omitting� relevant� research� literature.� Of�

course,� these�strategies�are�not� isolated.�They�can�be�used� in�combination.�Zitt�and�Bassec-

oulard�(2006)�proposed�a�hybrid�lexical-citation�method�that�combines�lexical�queries�and�ci-

tation� analysis.�Huang� et� al.� (2015)� also�devised� a� systematic�methodology� to� help� identify�

research� relating� to� big� data.� The�method� combines� four� search� approaches,� namely� core�
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lexical�query,�expanded�lexical�query,�specialized�journal�search,�and�cited�reference�analysis.�

However,�as�we�know,�publications�obtained�by� these�search�approaches,� regardless�of�one�

strategy�or�a�combination�of�multiple�strategies,�may�also� include�documents�that�are�weak�

or� even� irrelevant� to� the� analysis� subject.� Therefore,� our� study� explores� the� cleaning�of� the�

publications�data�that�is�irrelevant�or�weakly�relevant�to�the�analysis�subject.

�� Furthermore,� the�bibliometric� analysis� of� big�data� research� is� all� from� the�whole� analysis�

based� on� publications� data.� In� fact,� big� data� research� is� typically� an� interdisciplinary� field.��

This�means�that�big�data�research�contains�multiple�sub-fields�and�research�topics.�Different�

research� entities,� including� different� countries,� institutions,� journals,� and� authors�may� have�

different�performances�and�distributions� in�sub-fields�or�research�topics.�Therefore,�previous�

research�does�not�identify�these�differences.�Additionally,�the�first�author�and�corresponding�

author�are�generally�considered�as�the�most�important�in�the�author�list.�To�identify�the�con-

tribution�of�a�country�more�accurately,�our�study� identifies�the�first�author�and�correspond-

ing� author� for� each� publication.� In� recent� years,� the� scientific� research� of� China� has� devel-

oped�rapidly,�so�this�study�tries�to�explore�China's�research�contribution�and�the�distribution�

in�big�data�research.�

��The�rest�of� this�paper� is�organized�as� follows.�Section�2�proposes�the�research�framework�

of�our�study,�describes� the�construction�method�of�publications�data� set,� and�how� to�mea-

sure�and�present�research�contributions.�Section�3�presents�the�science�mapping�of�big�data�

and�China's�research�output,�distribution,�and�scientific�impact�on�big�data.�We�conclude�our�

research�and�avenues�for�future�study�in�Section�4.

Data and Methodology

Publications Data Set Construction

At� present,� the� data� set� constructed� based� on� the� subject-based� bibliometric� analysis� or�

science�mapping�is�usually�obtained�through�a�lexical�query.�As�mentioned�above,�the�papers�

obtained�through�lexical�query�may�contain�some�documents�that�are�not�related�to�the�re-

search�topic.�Obviously,�these�irrelevant�or�weakly�relevant�documents�will�cause�interference�

or�deviations� in�bibliometric�analysis�and�science�mapping�construction.�Documents� related�

to� a� topic�will� eventually� form� a� relatively� close� citation� network� through� citation� relation-

ships.� If�there� is�no�citation�relationship�between�a�paper�and�the�topic-related�citation�net-

work,� then� theoretically,� the� paper� has� little� to� do� with� the� topic.� The� current� bibliometric�

analysis�or�science�mapping�construction�does�not�take� it� into�consideration,�and�the�publi-

cations�data�set�cannot�be�cleaned�and�processed�effectively,�especially�when�there�is�a�large�

amount�of�data.�Our�study�attempts�to�use�citation�relationships�to�clean�and�filter�the�publi-

cations� data� set.� Specifically,� we� establish� a� citation� network� by� the� connection� between�

publications�and�their�references�in�the�publications�data�set,�obtaining�the�largest�connect-

ed�component� of� the� citation� network� through� the� maximum� connected� graph� algorithm.�

The�most�connected�component�is�used�as�the�core�citation�network.�Then�we�use�expanded�

lexical�query�to�retrieve�more�documents�from�Web�of�Science�as�candidate�publications�and�

include�related�publications�by� the�expanded�publication's�citation� to�core�citation�network.�

The�specific�process�is�as�follows�(Figure�1):
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Figure 1 The�framework�of�the�final�citation�network�formation

(1) Initial citation network

Firstly,�we�retrieve�relevant�SCI/SSCI�papers�of�big�data�research�from�the�Web�of�Science�

database,�only�including�Science�Citation�Index�(SCI)�and�Social�Science�Citation�Index�(SSCI),�

by�core� lexical�query.�The�full� record�format,� including�references,� is�downloaded� from�Web�

of�Science.�In�order�to�improve�the�efficiency�of�data�analysis,�we�write�a�computer�program�

in�Java�to�analyze�and�process�the�publication�records.�The�DOI�of�each�paper�and�reference�

are�extracted.�The�DOI�of�the�reference�and�of�the�paper�are�matched�to�construct� the�cita-

tion�network�between�publications.��

�� For�big�data�research,�unsurprisingly,�"Big�Data"�itself� is�central.�We�directly�used�"Big�Da-

ta"� as� core� lexical� applied� in�Web�of� Science.�Here�we�only� choose� two�databases,� SCI� and�

SSCI.�The�search�field�is�the�subject,�the�time�period�is�from�2003�to�April�27,�2021,�and�doc-

ument�types�are�limited�to�Article�and�Proceeding�Paper.�In�the�end,�22,666�papers�were�ob-

tained�using�this�search�method,�which�also�involved�740,982�references.

(2) Core citation network

In� the�process�of� constructing� the� citation�network,� repeated� citations� and�back� citations�

were� discovered.� Repeat� citations� may� be� due� to� data� errors,� and� back� citations� may� be�

caused�by�citations�when�the�paper�was�published�online�without�an�issue�and�page�number�

assigned.�Therefore,� repeated�citations�and�back�citations� in�the�citation�network�needed�to�

be�eliminated.�As�mentioned�above,� for� these�publications�recorded�by�core� lexical�query,� it�

is�difficult�to�form�a�fully�connected�citation�network�because�some�documents�are�irrelevant�

or� weakly� relevant� to� the� research� topic.� In� order� to� filter� these� documents,� we� used� the�

maximum�connected�subgraph�algorithm�to�get�the�largest�connected�subgraph.�The�largest�

connected�subgraph�is�the�core�citation�network�for�the�target�subject.

The�maximum�connected�subgraph�algorithm�naturally� realizes� the� screening�and�cleaning�

of�the�publications.�In�this�study,�the�largest�connected�subgraph�obtained�contained�14,841�

papers.� Furthermore,� 7825� papers� did� not� generate� a� citation� relationship� with� the� largest�

connected�subgraph.

(3) Expanded citation network

Additionally,�using�only�the�"Big�Data"�keyword�query�may�miss�some�topic-related�publi-

cations.�Big�data�research�generally�involves�distributed�computing�or�parallel�computing�(i.e.�

Hadoop,� MapReduce),� cloud� computing,� deep� learning,� data� analysis,� etc.� The� research� in�
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these�fields�is�likely�to�be�related�to�big�data.�Therefore,�we�used�(TS�=�"Know�discovery"�OR�

"data-driven"� OR� "cloud� Comput*"� OR� Hadoop� OR� Mapreduce� OR� "machine� learn*"� OR�

"deep� learn*"� OR� "Data� Science")� NOT� "Big� Data"� to� retrieve� expanded� publications� data�

from�the�Web�of�Science�database,�the�search�field�is�the�subject,�and�the�period�is�also�from�

2003� to�April�27,�2021.�A� total�of� 144,483�big�data-related�documents� and�4,558,574� refer-

ence�records�were�obtained.�The�candidate�expanded�publications�are�achieved�through�the�

citation�relationship�between�the�current�publications�data�set�and�the�aforementioned�core�

citation�network.�There�are� two�categories�of�supplementary�big�data� research�publications.�

One�category� is�the�papers�that�cite�at� least� five�papers� in�the�aforementioned�core�citation�

network,� in� which� there� are� 467� papers� in� this� category.� The� other� category� is� the� papers�

that� have� been� cited� at� least� five� times� by� the� papers� in� the� aforementioned� core� citation�

network.�There�are�1,726�papers�that�meet�the�requirement�in�the�candidate�expanded�publi-

cations.�Furthermore,�the�two�categories�of�publications�actually�overlap,�so�the�actual�num-

ber� of� expanded� publications� is� 1,650.� Thus,� the� total� number� of� big� data� research-related�

papers�obtained�is�16,491.

Measuring and Mapping Country's Research Contribution

How� should�one� evaluate� a� country's� research� contribution� and� its� distribution� in� science�

mapping�of�big�data�research?�This�study�uses�research�output�and�highly-cited�papers�to�e-

valuate� and�analyze� the� research� contribution�of� a� single� country.� Research�output� is�mea-

sured�by�the�number�of�papers�published�by�a�country,�and�highly-cited�papers�indicate�that�

the� citations� of� papers� are� in� the� top� 5%� in� big� data� research.� Since� big� data� research� in-

volves�different�disciplines�and�research�topics,�a�country�may�have�advantages�in�specific�re-

search�themes.�This�study�tries�to�present�a�country's�research�contribution�by�science�over-

lay�mapping.�Additionally,�considering�the�importance�of�the�first�author�and�corresponding�

author,� we� extract� the� first� author� and� corresponding� author� from� the� publication� record,�

which�are�downloaded�from�the�Web�of�Science�database.�In�the�study,�only�the�first�author�

and� corresponding� author� are� counted� in� the� number� of� papers� and� highly-cited� papers�

when�calculating�research�contributions.�In�the�TXT�text�format,�which�was�downloaded�from�

Web�of�Science,�the�"C1"�field�includes�multiple�lines,�and�the�first�line�is�the�first�author�and�

his� affiliation.� The� "RP"� field� is� the� corresponding� author.� Furthermore,� the� first� author� and�

corresponding�author�may�belong�to�different�countries�in�some�cases.�For�such�papers,�our�

study�calculates�the�country�of�the�first�author�and�the�corresponding�author�separately.

Science�overlay�mapping� is�a�kind�of� science�mapping� technology� that�draws� local� science�

mappings� of� institutions� or� research� fields� based� on� global� science�mapping� (Rafols� et� al.,�

2010).�Using�overlay�mapping�can�not�only�fully�display�the�local�knowledge�structure�but�al-

so�reveal�the�local�knowledge�structure�and�its�position�and�relationship�in�the�global�knowl-

edge�structure.� Science�overlay�mapping� is�widely�used� in� the� field�of� knowledge� visualiza-

tion.�Citespace�and�VOSViewer�also�provide�the�science�overlay�mapping�functions.�The�con-

struction�of�science�overlay�mapping�first� requires�global� science�mapping�as� the�base�map�

and�background.� In�our� study,� the� knowledge� structure�of�big�data� research� is� regarded�as�

the�big�data�global� science�mapping,�and�a�country's�big�data� research� is� regarded�as� local�

science�mapping.

���The�construction�process�of�science�overlay�mapping�is�as�follows:

��(1)�Generate�the�big�data�research�citation�network�based�on�big�data�research�papers,�use�

the� Leiden� algorithm� (Traag� et� al.,� 2019)� to� cluster� to� form� the� knowledge� structure�of� big�

S. CHEN ET AL.
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data� research,� and� use� VOSViewer� software� to� generate� science� mapping� on� big� data� re-

search.� The� Leiden� algorithm� is� an� improved� version�of� the� Louvain� algorithm� (Waltman�&�

van� Eck,� 2013),� which� can� overcome� the� defect� of� the� Louvain� algorithm� generating� bad�

clusters�or�scattered�clusters.

�� (2)�Export�the�map�file�of�the�big�data�science�mapping�from�VOSViewer.

���(3)�Calculate�the�number�of�China's�SCI/SSCI�papers�and�highly-cited�papers�in�each�clus-

ter� and�modify� the�map� file� of� the� big� data� science�mapping� according� to� the� number� of�

SCI/SSCI�papers�and�highly�cited�papers�in�each�cluster.�Then�use�VOSViewer�to�generate�the�

science�overlay�mapping�of�China.

Results

Big Data Science Mapping

Use� the�Leiden�algorithm�to�cluster� the�big�data�citation�network,� set� the�adjustment�pa-

rameter� to�1,�and� finally� form�33�clusters.�There�are�20�clusters� that� include�more� than�100�

papers,�the�number�of�papers� in�other�clusters� is�relatively�small,�and�the� largest�cluster�has�

only� 28� papers.� Figure� 1� presents� the� big� data� knowledge� structure� mapping,� where� the�

node�is�a�cluster,�which�represents�a�research�topic�in�big�data�research.�The�figure�is�used�as�

the� global� science�mapping� for� big� data,� and� it� is� the� base�map� of� overlay�mapping� for� a�

country's� research�contribution.�The�upper-left�area�of�Figure�1� represents�social�media�and�

computational� sociology,� which�mainly� focuses� on� social�media� computing� (computational�

sociology)� (C5)� and� social� issues� (C0)� related� to�big�data,� such� as� privacy� and� security.� The�

upper-right�area�represents�the�Internet�of�Things�(C3),�Industry�4.0�(C8),�and�big�data�analy-

sis�(C1).�The�lower-right�area�is�typical�big�data�technology�such�as�cloud�computing,�Mapre-

duce,� Hadoop,� etc.� (C2).� The� lower-left� area� is� mainly� health� information� and� precision�

medicine� (C4),� and� the� area� on� its� right� is� bioinformatics� (C12)� and� disease� epidemiology�

(C16).�The�middle�area� represents� the� related� topics�of�big�data-related�algorithm� research,�

machine� learning,� smart�grid,� and�digital� earth� (C6,� C9,� C10,� C11).� Therefore,� from� the�per-

spective� of� science� mapping,� big� data� research� mainly� includes� social� media� computing�

(computational�sociology),�big�data�analysis,�big�data�processing�technology�(cloud�comput-

ing,�Hadoop,�Mapreduce,�etc.),� the� Internet�of�Things,� Industry�4.0,�big�data�health� informa-

tion,�smart�city,�Digital�Earth,�etc.�Furthermore,�machine�learning,�deep�learning,�and�artificial�

intelligence-related�research�are�distributed�in�clusters�in�the�middle�of�the�science�mapping�

(C5,� C6,� C7).� These� research� topics� are� at� the� center� of� the� big� data� knowledge� structure,�

while�the�periphery�is�mainly�the�interdisciplinary�application�area�between�big�data�and�dif-

ferent�research�fields.�

�� Compared� with� previous� big� data� review� research� (Chen� et� al.,� 2014;� Khan� et� al.,� 2014;�

Yang�et�al.�2016;�Yaqoob�et�al.,�2016),�the�division�and�distribution�of�research�content�of�big�

data�are�similar.�These�studies�also�reveal�that�big�data�processing�and�analysis�are�the�core�

topic� of� big� data� research.� Additionally,� from� the� science�mapping� of� big� data� research,� it�

can�be� seen� that� the�distribution�of�big�data�processing� research� is� relatively� concentrated,�

forming� relatively� stable� clusters� and� regions.� However,� the� research� of� big� data� analysis�

technology�is�relatively�scattered,�distributed�in�business�data�analysis�related�topics�such�as�

the�Internet�of�Things,�precision�medicine,�and�Industry�4.0.
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Country FAU ORP Total

China 4797 134 4931

USA 3242 273 3515

England 785 113 898

South Korea 595 96 691

Australia 589 84 673

Spain 591 31 622

India 577 22 599

Italy 499 31 530

Figure 2 Science�mapping�on�big�data

China

’

s Research Output and Distribution on Big Data

Table�1�presents� the� top�30� countries� in� terms�of� research�output� of� big�data.� FAU� indi-

cates�the�number�of�papers�based�on�the�country�of� the� first�author.�ORP� is� the�number�of�

papers�based�on� the�country�of� the� corresponding�author,�which�only� includes� the� country�

of� the� corresponding� author� when� the� country� of� the� first� author� is� different.� For� papers�

where�the�corresponding�author�and�the�first�author�belong�to�different�countries,�we�count�

the�countries�of�the�corresponding�author�and�the�first�author�separately.�From�Table�1,� it� is�

evident�that�the�number�of�papers�in�China�and�the�USA�far�exceeds�that�of�other�countries.�

The�number�of� papers� is� 4,931� and� 3,515,� respectively.� China� and� the�USA� are� followed�by�

England,� South� Korea,� Australia,� Spain,� and� India.� The� number� of� papers� in� each� of� these�

countries� is�more�than�500.�China�and�the�USA�are�much�more�prolific� in� terms�of�big�data�

research.�

Table 1 Top�30�countries�of�Research�output�on�Big�Data

S. CHEN ET AL.
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Country FAU ORP Total

Canada 393 70 463

Germany 400 35 435

Taiwan,China 289 49 338

France 243 48 291

Netherlands 226 23 249

Brazil 174 19 193

Japan 156 28 184

Switzerland 152 19 171

Saudi Arabia 125 45 170

Pakistan 147 17 164

Iran 141 5 146

Singapore 119 23 142

Belgium 126 11 137

Malaysia 109 16 125

Turkey 118 4 122

Sweden 106 16 122

Greece 112 3 115

Finland 95 15 110

Scotland 93 11 104

Denmark 90 12 102

Norway 87 13 100

Figure�2�presents� the�position�and�distribution�of�China's� research�output�on�big�data� in�

terms� of� science� overlay� mapping.� Almost� all� clusters� contain� China's� papers.� The� clusters�

Figure 2 the�overlay�mapping�of�China�research�output�on�big�data
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code papers Main keywords

C2 754 cloud computing, Mapreduce, Hadoop, security, cloud storage

C3 610 internet of things, cloud computing, edge computing, fog computing, smart city

C5 623 social media, deep learning, machine learning, human mobility,mobile phone data

C1 398 big data analytics, social media, supply chain management,business analytics

C6 473 Mapreduce, machine learning,data mining,feature selection,classification

C7 486 machine learning, deep learning, internet of things, big data analytics, security

C8 359

industry 4.0, internet of things, cloud computing, smart manufacturing, cloud manu鄄

facturing

with�the�most�papers�from�China�are�C2�(754),�C3�(610),�and�C5�(623).�The�research�topics�of�

these�three�clusters�are�cloud�computing� (C2),� the� Internet�of�Things� (C3),�and�social�media�

(C5).� Secondly,� there� are� also�many�papers� from�China�which� are� distributed� in�C1,� C6,� C7,�

and�C8.�Table�2� lists�keywords�of� some�clusters�which�distributed�many�papers� from�China.�

This�means� that�China�has� an� important� contribution� in�big�data� analysis,� big�data�process�

analysis,�social�media,�the�Internet�of�Things,�and�cloud�computing.�From�Figure�2,�almost�all�

important�research�topics�have�the�distribution�of�China's�papers.

Table 2 important�clusters�and�their�keyword�lists

China's Distribution of Highly-Cited Papers in Big Data

Table�3�presents� the� top�30� countries� in� terms�of� the� number�of� highly-cited�papers� on�

big� data.� PS� is� the� number� of� papers� for� the� country.� HCP� is� the� number� of� highly-cited�

papers� listed�with� the�country�of� the� first�author�or� corresponding�author.� PPtop�5%� is� the�

rate� of� highly-cited� papers� for� the� country.� China� and� the� USA� stand� out� in� terms� of�

production� over� the� other� countries.� Although� the� number� of� China's� papers� is�more� than�

that�of�the�USA,�both�the�number�of�highly-cited�papers�and�the�rate�of�highly�cited�papers�

(PPtop�5%)�is�not�as�good�as�those�in�the�USA.� In�terms�of�the�PPtop�5%�indicator,�the�rate�

of� China's� highly-cited� papers� is� less� than� 5% ,� which� means� that� China’ s� research�

performance� in� big�data� is� lower� than� the�world� average.� In� addition� to� the�USA,� England,�

Australia,�Canada,�and�Germany�have�higher� research�output� and� research�quality.� In� short,�

China�has�high�research�output,�but�the�research�performance�is�relatively�low.�

Table 3 top�30�countries�or�region�of�highly�cited�papers�on�Big�Data

country PS HCP (top 5%) PPtop 5%

China 4931 196 3.97%

USA 3515 299 8.51%

England 898 49 5.46%

South Korea 691 19 2.75%

Australia 673 51 7.58%

Spain 622 23 3.70%

S. CHEN ET AL.
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country PS HCP (top 5%) PPtop 5%

India. 599 9 1.50%

Italy 530 16 3.02%

Canada 463 25 5.40%

Germany 435 35 8.05%

Taiwan, China. 338 10 2.96%

France. 291 11 3.78%

Netherlands. 249 10 4.02%

Brazil. 193 5 2.59%

Japan. 184 9 4.89%

Switzerland 171 15 8.77%

Saudi Arabia. 170 2 1.18%

Pakistan. 164 1 0.61%

Iran. 146 5 3.42%

Singapore 142 22 15.49%

Belgium. 137 4 2.92%

Malaysia. 125 10 8.00%

Turkey. 122 4 3.28%

Sweden. 122 0 0

Greece. 115 8 6.96%

Finland. 110 2 1.82%

Scotland. 104 6 5.77%

Denmark. 102 1 0.98%

Norway. 100 4

4.00%

Figure�3�presents�the�distribution�of�highly-cited�papers� in�big�data�science�mapping.�The�

highest�number�of�highly-cited�papers�are� the� three�clusters�of�C2,�C3,�and�C8,� followed�by�

C5,�C6,�and�C7.�The�number�of�highly-cited�papers�of�cluster�C2,�C3,�and�C8�are�more� than�

30� papers,� and� the� rate� of� highly-cited� papers� of� the� three� clusters� are� 4.6% ,� 5.3% ,� and�

10.9%,�respectively.�C3�and�C8�have�a�significant�research�quality,�especially�cluster�C8.�Table�

2�has�presented�the�main�keywords�of�these�important�clusters.�The�main�keyword�of�cluster�

C2� is� cloud� computing,� the� main� keyword� of� C3� is� the� Internet� of� Things,� and� the� main�

keywords� of� C8� are� Industry� 4.0� and� Internet� of� Things.� This� means� that� these� topics� are�

important�areas�of�China's�attention�and�have�certain�research�advantages.�In�addition�to�the�

three�clusters,�cluster�C5,�C6,�and�C7�also�include�a�lot�of�highly-cited�papers,�but�the�rate�of�

highly� cited�papers� of� these� clusters� are� relatively� low,� and� their� rates� are� 2.4%,� 3.8%,� and�

4.5%,� respectively.� These� clusters'� topics�mainly� involve� social�media� and� big� data� analysis,�

including�machine�learning,�deep�learning,�data�mining,�etc.�
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Conclusion and Discussion

The� study� shows� that�China� is� one� of� the�most� important� countries� in� big� data� research�

and� China's� research� covers� almost� all� areas� of� big� data� research.� In� terms� of� research�

output,� China� is� the� country� that� published� the� most� papers� in� big� data� research.� In�

particular,� the�number�of�papers� in�China�and� the�USA� far� exceeds� that� of� other� countries.�

Furthermore,� China� and� the� USA� are� also� the� two� countries� with� the� highest� number� of�

highly-cited�papers.�Although� the� number�of� China's� papers� is�more� than� that� of� the�USA,�

both� the� number� of� highly-cited� papers� and� the� rate� of� highly-cited� papers� (PPtop� 5%)� is�

greater�in�the�USA.�In�short,�China�has�high�research�output,�but�the�research�performance�is�

relatively�low.�In�terms�of�knowledge�structure�with�science�overlay�mapping,�the�topics�with�

the�most�papers�from�China�mainly�focused�on�cloud�computing,�the�Internet�of�Things,�and�

social�media.�However,� research� topics�with� a�higher� rate� of� highly-cited�papers� are�mainly�

distributed�in�cloud�computing,�big�data�medicine,�and�Industry�4.0.These�topics�are�also�the�

dominant�areas�of�China's�big�data�research.

��� The� study� discloses� China's� research� contribution� in� combination� with� bibliometrics�

indicators� and� science� overlay� mapping.� First,� we� propose� a� construction� framework� of�

highly-related� publications� data� sets.� This� framework� focuses� on� cleaning� and� filtering�

irrelevant� or� weakly� relevant� publications� data� via� citation� relationships� and� the� maximum�

connected� algorithm.� Secondly,� the� Leiden� algorithm� is� selected� to� cluster� the� citation�

network�for�big�data,�and�VOSviewer�is�used�to�map�the�big�data�science�structure.� In�order�

to� better� show� the� distribution� of� China's� big� data� research,� we� utilized� science� overlay�

mapping� to� visualize� the� status� quo� of� China's� research� in� big� data.� This� method� can� not�

only� analyze�China's�performance� in�big�data� research�as� a�whole,�but�more� importantly,� it�

Figure 3 the�overlay�mapping�of�highly-cited�papers�on�big�data�in�China

S. CHEN ET AL.
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can� also� analyze� China's� research� contributions� in� some� important� sub-fields� of� big� data.�

Additionally,� considering� the� importance�of� the� first� author� and� corresponding�author,�only�

the� first� author� and� corresponding� author� are� counted� in� the� number� of� papers� and�

highly-cited�papers�when�calculating�research�contributions.�This�approach�can�also�reveal�a�

country's�research�contributions�more�accurately.
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