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ABSTRACT:Despitethefastgrowthofintuitionisticfuzzypublications,onlyasmallpartofthesegroundbrea
k- ing researches have significantly impacted the field. The main purpose of this paper was to identify

and

investigatethel00mostcitedpublicationsintheintuitionisticfuzzyfield. Topicsearchbasedonthekeyword
“intuitionisticfuzzy”’intheScienceCitationIndexandSocialSciencesCitationIndexdatabaseswascon -
ductedtoidentifythel00mostcitedarticles.Bibliometricanalysismethodswereemployedtodescribethese
articlesfromdifferentangles,suchasthecitationamountandrate,distributionamongjournals,institutions
andcountries/regions,authorfrequency,andcitationdistributionovertime. Thispaperprovidesaninsight
onthecharacteristicsofthehighlycitedintuitionisticfuzzypublications. Theachievementsofthisstudymay
provideusefulinformationforresearchersinthefieldsrelatedtointuitionisticfuzzy.
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l. INTRODUCTION

With the increase in the complexity
and uncertainty of the socio-economic
environment, the difficulty of
decisionmakersindealingwithdecision-
makingproblemsisalsosignificantlyenhanced[1
17,118].Itisdiffi-
cultfordecisionmakerstodescribethedecision-
makingobjectaccuratelyandthenmakeaccurated
ecisions
[31,32].Intuitionisticfuzzyset(IFS),introducedb
yAtanassov[1,2],isaneffectivetechniquetodeal
withthe
decisionmaker’ssubjectiveuncertaintyandfuzzi
nessofknowledge[110].Asanextensionofthetrad
itional
fuzzyset[127],IFShasbeenwidelyusedinvarious
fields,suchascomputerscience[113],mathemati
cs,oper-
ationsresearchandmanagementscience,enginee
ring,andautomationandcontrolsystems[111,112
,114].
Atpresent,IFShasbecomeanimportantbranchoff
uzzymathematicsandithasbeenextendedtohesita
nt
fuzzysets(HFSs)[116,132],dualHFSs[123,122,
133],andsoon.TheresearchonlFShasevolvedrap
idlyover
thelastfewdecades.Alotofachievementsoftheres
earchonitstheoryandapplicationhavebeenmade
by scholarsaroundtheworld[125,126].
Given the extensive application of IFS and the
thousands of academic achievements that have
been
made,itisnecessarytomakeacomprehensiveover
viewofthecurrentresearchstatus.Inpreviousrelat
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ed
studies,YuandShi[119]investigatedthedevelop
mentaltrackoflFSbasedonbibliometricanalysis
methods. The positions of crucial literatures
are also determined via analyzing the citation
network. Yu et al. [120]
presentedascientometricreviewonlFSstudies.Vi
sualizationtechnologiesarealsoemployedtosho
wthe influential authors and influential
journals. It should be noted that the research
object of these two studies are all the
publications related to IFS included in Web of
Science. Although each article contributes
tothe development of this discipline, only a
small part of those groundbreaking researches
have significantly
impactedthefield. Therefore,identifyingandanal
yzingthecriticalresearchesareveryhelpfultound
erstand
thedevelopmentaltrackandtrendofthisdiscipline
Some research has been conducted on the
highly cited articles in various disciplines. For
example,
GarousiandFernandes[28]identifiedthetop100p
apersinthefieldofsoftwareengineeringbasedont
wo
indicators:totalcitationsandcitationrate.Elluleta
I.[27]presentedabibliometricanalysisandidentif
ied
thetop100highlycitedpapersinthefieldofemerge
ncyabdominalsurgery. Theformationanddevelo
pment
ofthekeyresearchtopicsinthisfieldarewellinvesti
gated.Tahimetal.[70]studiedtheevolutionaltren
ds
andcharacteristicsofthetop100highlycitedpaper
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sinfacialtraumasurgery.Recently,severalbiblio
metric analyses-
basedpublicationsappearedfocusedonthe100hig
hlycitedpapersinthefieldofspine[17,22,35]
orradiology,nuclearmedicine,andmedicalimagi
ng[10,38,57,58]. Tothebestofourknowledge,ho
wever,
therehasbeennoresearchfocusedonthemostcited
papersinthefieldofIFS.
Thestructureofthispaperisorganizedasfollows.S
ection2illustratesthebibliometricanalysismetho
ds and the document data. Section 3 presents
the research findings and discussions. Section
4 concludes this paper.

Data Sources and Methods
IFSisaverypopularresearchtopicinthep
astdecades.Tensofthousandsofresearchpublicat
ionsappearin
aGoogleScholarsearch.Inordertoensurethestan
dardizationandqualityofresearchdata, WebofSci
ence
isusedtosearchrelateddocuments. Thesearchstra
tegyofthispaperforretrievinglFS-
relatedpublications was defined asfollows:
— TCl] (intuitionisticfuzzy);
- Timespan(] allyears.Databases[] (SCI[] EX
PANDED,SSCI).TheretrievaltimewasApril7,2017;
- TCwasreferredtoasthetopicsearch.

Atotalof1903recordsarefoundbasedontheabove
searchstrategy.Furthermore,theserecordsareran
ked

accordingtotheircitations. Thetop100recordsare
selectedforfurtheranalysis.Bibliometricanalysis
methods[33,115,124]areusedinthispaperforthea
nalysisofthetop100most
citedpublications.Thetotalcitationandcitationra
teofthesepublications,featuresoftheinfluentials
chol-
ars,journals,institutions,andcountries/regionsar
einvestigated.

1. RESULTS AND ANALYSIS
TheSClI(ScienceCitationIndex)andSSCI(Social
SciencesCitationIndex)returned1903papers.Th
e100most
citedpapersareshowninTablel.Themostfrequen
tpublicationyearwas2010with17publications.T
he
citationtimesrangedfrom2564for Atanassov[2]t
082forZhouandWu[131].Themostcitedpublicat
ionin
IFSwasAtanassov’s1986article[2]inFuzzySets
andSystems.Inthispioneeringachievement,thea
uthor
definedtheconceptoflFS,whichisageneralizatio
nofthetraditionalfuzzysetandprovedvariouspro
per-
tiesofIFS.Accordingtothestatisticalresultsfrom
WebofScience,thispaperwasnotcitedsince3year
S
afteritspublication,andthecitationrateisverylow
before2000.However,thisstudyhasbeenwidelyc
ited
inrecentyears,andtheyearwiththemostcitations
was2016,with539citations. Thesecondmosthigh
ly
citedpublicationwasthe1989paperbyAtanassov
andGargov[6],whichextendedthel FSandintrod
uced thenotionofinterval-
valuedIFS,inspiredbytheordinaryinterval-
valuedfuzzysets.Sinceitspublicationin
1989, ithasreceived826citationsandthemostcitat
ionsaregeneratedinthepastl0years.Rankedtheth
ird
placeisapaperwrittenby Xuandpublishedin2007
[90].Inthispaper,theauthorpresentedamethodfor
rankingtheintuitionisticfuzzyvaluesbasedonthe
scorefunctionandaccuracyfunction.Furthermor
e,the
authordevelopedaseriesofintuitionisticfuzzyag
gregationoperators,suchasintuitionisticfuzzywe
ighted
averagingoperator,intuitionisticfuzzyorderedw
eightedaveragingoperator,andintuitionisticfuzz
yhybrid.

Atanassov [2] 2564 1 85.47
Atanassov and Gargov [6] 826 2 30.59
Xu [90] 562 3 62.44
Xuand Yager [101] 546 4 54.60
Torra [74] 511 5 85.17
Maji et al. [53] 481 6 37.00
Szmidt and Kacprzyk [66] 467 7 29.19
Bustince and Burillo [14] 434 8 21.70
Maji et al. [52] 409 9 29.21
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Saadati and135 51 1350 76
Park [63]

Szmidt and135 52 964 92
Kacprzyk [68]

Xu [95] 133 53 2217 31
Mitchell [55] 132 54 12.00 85
Li [40] 129 55 2150 35
Xu and Yagerl28 56 18.29 47
[103]

Takeuti and125 57 391 100
Titani [71]

Ye [106] 124 58 17.71 50
Zeng and Lil24 59 12.40 82

89|Page




Int. Journal of Engineering Research and Application www.ijera.com
ISSN : 2248-9622, Vol. 8, Issue 2, ( Part -11) February 2018, pp.88-98

[128]

Atanassov [3] 387 10 1433 69 Wang and Xin124 60 11.27 89
[77]

DeschrijverandKerre[23] 368 11 2831 22 Ye[l08] 123 61 2050 41

Xiaand Xu [87] 332 12 66.40 3 Xu [91] 123 62 13.67 75

Herrera et al. [34] P21 13 29.18 20 Chen and Lil21 63 4033 9
[16]

Boran et al. [9] 36 14 45.14 8 Xu [98] 119 64 14.88 67

Xu[92] 306 15 3400 13  Beliakov et al.116 65 2320 28
(8]

Szmidt and Kacprzyk [67] 295 16 19.67 44 Wei[80] 116 66 16.57 57

Wei [81] 287 17 4783 6  Wei[79] 116 67 1450 68

Liu and Wang [50] 2718 18 3089 15 Liuandlin[51] 112 68 28.00 23

Li and Chuntian [44] 2718 19 19.86 43 Wei[83] 112 69 2240 29

Atanassov [4] 2713 20 1241 81 Xu and Wangl12 70 12.44 80
89]

Li [39] 264 21 2400 26  Coker [18] 112 71 589 97

Deetal. [21] 263 22 1753 52 Tan[72] 109 72 2180 32

Atanassov [5] 253 23 1150 86  Li[43] 107 73 2140 36

Deschrijver et al. [25] 249 24 20.75 40  Xu and Yagerl07 74 2140 37
[104]

Xu and Yager [102] 243 25 30.38 17  Parketal. [61] 106 75 2120 39

Burillo and Bustince [11] 228 26 1140 87  Ye[107] 105 76 17.50 53

Xu [96] 222 20 3700 11  Lietal [45] 102 77 11.33 88

Grzegorzewski [30] 216 28 18.00 48  Gerstenkorn and100 78 400 99
Manko [29]

Zhao et al. [130] 208 29 3467 12 Ye[109] 98 719 19.60 45

Liang and Shi [48] 195 30 1500 66 Zeng and Li97 80 19.40 46
[129]

Dubois et al. [26] 190 31 17.27 54 Li[41] 97 81 16.17 58

Hung and Yang [37] 189 32 1575 61  Yuetal.[121] 96 82 24.00 27

Cornelis et al. [19] 186 33 1550 62  Bustince and94 83 470 98
Burillo [13]

Vlachos and Sergiadis [75] 182 34 20.22 42  Rodriguez etal.93 84 46.50 7
[62]

Wei [82] 170 35 2833 21 Lietal.[47] 92 85 15.33 63

Atanassov et al. [7] 167 36 1518 65 Xuetal [105] 92 86 15.33 64

Mitchell [54] 161 37 12.38 83 Wang[76] 91 87 13.00 77

Xu [97] 160 38 3200 14  Shabir and Naz90 88 18.00 49
[64]

Tan and Chen [73] 157 39 26.17 25 Wei and Zhao89 89 2225 30
[84]

Linetal. [49] 154 40 1711 56  Parketal [60] 89 90 1271 78

Bustince and Burillo [12] 154 41 733 95 Lietal.[46] 88 91 1257 79

De et al. [20] 153 42 956 93 Hung and Wu87 92 6.21 96
[36]

Wang et al. [78] 152 43 2171 33  Xu and Chen86 93 17.20 55
[99]

Park [59] 146 44 1217 84  Li[42] 86 94 1433 70

Xu [88] 145 45 16.11 59  Wei and Zhao85 95 2125 38
85]

DeschrijverandKerre[24] 142 46 1578 60  Xu[94] 84 96 1400 71

Xu [93] 141 47 17.63 51  Montero et al.84 97 933 9
[56]

Xu and Xia [100] 138 48 2760 24  Chenetal [15]83 98 1383 72

Shuetal. [65] 138 49 1380 74  Weietal [86] 83 99 13.83 73

Szmidt and Kacprzyk [69] 137 50 1054 90  Zhou and Wu82 100 1025 91
[131]
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Table 2: Journals with the Top 100 Cited Intuitionistic Fuzzy Articles.

Journal title Journal titlelF (2015) 5-1F TP TC
(abbreviation)

Fuzzy Sets and Systems FSS 2.098 2.376 20 7585

Information Sciences INS 3.364 3.683 13 1800

Expert Systems WithESWA 2.981 2.879 9 1169

Applications

Knowledge-Based Systems KBS 3.325 3433 7 898

Pattern Recognition Letters PRL 1.586 2.002 7 1232

Computers & Mathematics withCMWA 1.398 1.873 5 1169

Applications

Applied Soft Computing ASCO 2.857 3.288 4 568

International Journal oflJIS 2.05 2.483 4 856

Intelligent Systems

European Journal of OperationalEJOR 2.679 3.109 3 722

Research

IEEE Transactions on FuzzyTFS 6.701 7.198 3 940

Systems

International Journal oflJAR 2.696 2.655 3 704

Approximate Reasoning

International Journal of JUFKBS 1.0 1.004 3 421

Uncertainty Fuzziness and
Knowledge-Based Systems

Applied Mathematical AMM 2291 2.4 2 211
Modelling

Chaos, Solitons & Fractals CSF 1.611 1.628 2 251
Fuzzy Optimization andFODM 2.569 2.57 2 273
Decision Making

International Journal of GenerallJGS 1.677 1.244 2 674
Systems

Journal of Computer and SystemJCSS 1.583 1.598 2 387
Sciences

Mathematical and ComputerMCM 1.366 1.602 2 252
Modelling

Control and Cybernetics cC 0.3 0.773 1 135
Group Decision and Negotiation GDN 1.312 1.394 1 84

IEEE Transactions on SystemsTSMC 6.22 6.184 1 107

Man and Cybernetics Part B
Cybernetics

International Journal of CIS 0.391 0.639 1 83
Computational Intelligence

Systems

International Journal of SystemslJSS 1.947 1.837 1 167
Science

Journal of Symbolic Logic JSL 0.51 0.517 1 125
Microelectronics Reliability MR 1.202 1.285 1 138
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aggregationoperator[90].Thispublicationhasbe
enconsistentlycitedsince2008,andatotalof562p
apers have cited thispublication.
TakeutiandTitani[71]istheoldestpublicationint
hetop100.Themostrecentpublicationwaspublis
hed
byRodriguezetal.[62],andlookedatthestateofthe
artandfuturedirectionsofHFSs. Theauthorspoint
ed out that special attention should paid to the

newest publication
wasthe2013paperwrittenbyChenandLi[16]Inthi
spaper,theauthorsfirstpresentedtheinterval -
valuedhesitant preference relations based on
the combination of hesitant fuzzy preference
relations and interval-
valuedHFSs.Someaggregationoperatorsforaggr
egatinginterval-
valuedhesitantfuzzyinformationarealso

coming HFS-based proposals. The second presentedinthisstudy[16].

Table 3: Countries/Regions of Origin of the 100 Most Cited IFS Articles.

Country/region No. Country/region No.
China 56 Sweden 1
Spain 9 Saudi Arabia 1
USA 7 Pakistan 1
Poland 7 Italy 1
Bulgaria 6 Iran 1
Taiwan 5 Greece 1
India 5 Germany 1
South Korea 4 France 1
Belgium 4 Czech Republic 1
Turkey 2 Canada 1
Israel 2 Australia 1
= 4
w

Number
<2
2~6

1 6~50

B >50

Figure 1: Global Geographic Distribution of the Highly Cited Publications in IFS.

Table 4: Institutions with the Top 100 Cited IFS Articles (n (I 2).

Institution Country No. of articles in top 100 No. of citations
Southeast University China 9 1324
Chongging University ArtsChina 8 1058

and Sciences
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Fuzhou University China
lona College USA
Bulgarian Academy ofBulgaria
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Technology
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Table 5: Authors Who Contributed [ 2 of the 100 Most Cited IFS Articles.

Author Institutions Country No. ofPosition on author list (no. of
articles  articles)
Xu Sichuan University China 20 First(16),second(3),third(0),
fourth (1)
Wei Sichuan Normal University China 8 First (8)
Li Fuzhou University China 8 First (8)
Bustince ~ The Public University ofSpain 6 First(3),second(2),third(1)
Navarra
Atanassov  Bulgarian  Academy  ofBulgaria 6 First (6)
Sciences
Kacprzyk  Warsaw  University — ofPoland 5 Second (4), fourth (1)
Technology
Ye Shaoxing College of ArtsChina 4 First (4)
and Sciences
Yager lona College USA 4 Second (4)
Szmidt Polish ~ Academic  ofPoland 4 First (4)
Sciences
Roy Indian Institute ofIndia 4 Second (1), third (3)
Technology
Park Pukyong NationalSouth Korea 4 First(1),second(1),fourth(1)
University
Kerre Ghent University Belgium 4 Second (2), third (2)
Deschrijver Ghent University Belgium 4 First (3), second (1)
Burillo The Public University ofSpain 4 First (1), second (3)
Navarra
Zhao ChonggingUniversityofArtsa China 3 Second (3)
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ndSciences
Xia Beijing Jiao TongChina
University
Biswas Indian Institute ofIndia
Technology
Torra Institution of Investigation andSpain
Intelligence
Artificial
Tan Central South University  China
Park Pukyong NationalSouth Korea
University
Mitchell Elta Systems Ltd Israel
Martinez ~ University of Jaen Spain
Maji Indian Institute ofIndia
Technology
Kwun Dong A University South Korea
Hung National Hsinchu TeachersTaiwan
College
Herrera University of Granada Spain
De Midnapore College India
Cornelis Ghent University Belgium

3 First(1),second(1),third(1)
3 Second (3)

2 First (1), third (1)

2 First (2)

2 Second (1), fourth (1)
2 First (2)

2 Second (2)

2 First (2)

2 Second (1), third (1)
2 First (2)

2 First (1), fifth (1)

2 First (2)

2 First (1), second (2)

The average citations per year were
also included to describe these highly cited
documents. Another
rankinglistofthese100articlesbasedoncitationrat
eisalsoshowninTablel.Atanassov[2]wasagaini
n
thefirstplace,withanaverageof85.47citationsper
year.Followingwerethe2010paperbyTorra[74](
85.17
citationsperyear)onHFSsandthe2011paperbyXi
aandXu[87](66.40citationsperyear),whichprop
osed a series of hesitant fuzzy information
aggregation operators and discussed their
applications in decision making.

These top 100 most cited articles were
published in 25 different journals. The most
number of publica- tions appeared in Fuzzy Sets
and Systems (20), followed by Information
Sciences (13), and Expert Syst. Appl. (9). The
total ranking list according to the number of
articles (TP) in the top 100 is shown in Table 2.
Some other indicators such as the impact factor
(IF) (2015), 5-year impact factor (5-1F), and
citation numbers (TC) are also used to describe
these journals. Fuzzy Sets and Systems did not
only publish the most highly cited papers but
also had the most citations (7585). IEEE
Transactions on Fuzzy Systems had the highest
IF (6.701) and 5-1F (7.198).The country/region
that contributed the most papers in the top 100
was China, with 56 highly cited
papers.FollowingwasSpainwithnine.Table3sho
wstherankinginlFSfieldbycountry/region.Figur
el
showstheglobalgeographicdistributionofthehig
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hlycitedpublicationsinlFS.Thecontributionsofd
ifferentinstitutionsinl FSstudieswereinvestigate
dandtheinfluentialonesthat
havemorethantwohighlycitedpapersareshownin
Table4.SoutheastUniversityinChinacontributed
nine
publicationswith1324citations,followedbyCho
nggingUniversityArtsandSciencesinChinawith
eightpapers, Tsinghua University in China with
seven papers, and PLA University of Science
Technology in China with SiX
papers.Authorswhocontributedtwoormoreofthe
100mostcitedlFSarticlesareshowninTable5. Xuf
rom
SichuanUniversity,China,wasthemostproductiv
eauthorwith20highlycitedpublications. Asshow
nin Table 5, most of the authors work in China
and Spain, although some scholars work in
Bulgaria, Poland,
India,SouthKorea,Belgium,andlsrael.

1. CONCLUSIONS

Althoughcitationanalysisisnottheonly
waytoevaluatethequalityofascientificpublicatio
n,itisaneffec tive tool to help the scientific
community determine the influential authors,
journals, and articles. In this
study,weidentifiedandstudiedthe100mostcitedl
FSarticles.Someimportantandinterestingresults
were
obtained.Thisanalysisprovidedaninsightintothe
historicaldevelopmentsintheintuitionisticfuzzy
field.
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