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Abstract. In modern conditions a comprehensive analysis of development trends
and their effectiveness in various areas of human activity increasingly requires the
analysis of data accumulated in numerous documents stored on the global network.
Such an analysis is based on annual results in many areas of research, time trends
and keywords. This analysis has certain peculiarities: it requires an analysis of not
always accurate numerical information, comparison of qualitative indicators, obtain-
ing both qualitative and quantitative characteristics, as well as the use of reference
information for researchers and decision makers in related fields. In this regard, in
recent years, a fuzzy assessment based on fuzzy mathematics is increasingly used in
all types of assessing the effectiveness of various activities. The paper deals with
conducting a bibliometric study based on the Extended Science Citation Index (SCI-
E) and fuzzy performance measures to understand research trends and areas of fo-
cus. This paper takes the relevant scientific papers in Web of Science database as the
research object, and analyzes the research trends with the help of bibliometrics. The
results show that the number of papers published in the world is on the rise. The
number of papers published in China and Iran is higher than that in other countries
and regions. However, the number of papers cited in the United States and Turkey is
higher than that in other countries or regions. Islamic Azad University is the largest.
The research topics focus on fuzzy sets, fuzzy logic, genetic algorithms and per-
formance evaluation. The research hotspots before 2011 included expert systems,
neuro-fuzzy systems, and pattern recognition. After 2011, the research hotspots be-
came neural networks, fuzzy sets, and machine learning.

Keywords: information and communication network, data processing system, on-
tology, model, analysis, scaling, class, relations.

INTRODUCTION

The fuzzy comprehensive evaluation method is gradually developed on the basis
of the fuzzy mathematics theory proposed by Zadeh in 1965 into a method for
comprehensive evaluation of difficult to define fuzzy targets [1]. The comprehen-
sive evaluation method is based on the membership degree theory of fuzzy math-
ematics. Qualitative evaluation is transformed into quantitative evaluation, that is,
using fuzzy mathematics to make an overall evaluation of things or objects re-
stricted by multiple factors. It has the characteristics of clear results and strong
systemic, can better solve the ambiguous, difficult and quantifiable problems, and
is suitable for solving various non-deterministic problems.

The application of the fuzzy comprehensive evaluation method in the field of
performance began in the 1980s. Lusk, EJ (1981) proposed a fuzzy method to
evaluate statistics of monitoring performance [2]. Deutsch, SJ et al. (1985) pro-
posed the use of fuzzy subsets to evaluate organizational performance indicators
[3]. Mon, DL et al. (1994) propose a general decision-making method for evaluat-
ing weapon systems using fuzzy AHP based on entropy weight [4]. Ishibuchi, H et al.
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(1999) discussed the performance evaluation of fuzzy classifier system for multi-
dimensional pattern classification problem [5]. Tsaur, SH et al. (2002) applies the
fuzzy set theory to evaluate the service quality of airline [6]. Chen, CT et al.
(2006) proposed a hierarchy multiple criteria decision-making (MCDM) model-
based oil fuzzy-sets theory to deal with the supplier selection problems in the
Supply chain system [7]. Kou, G et al. (2014) presents an MCDM-based approach
to rank a selection of popular clustering algorithms in the domain of financial risk
analysis [8]. Turskis, Z et al. (2017) proposed a new fuzzy hybrid multi-criteria
decision-making approach to solve personnel assessment problems [9]. Tseng,
ML, et al. (2018) proposed a generalized quantitative evaluation model based on
fuzzy Delphi method and analysis network process, which is used to consider the
interdependence between the metrics in the development and acquisition of sus-
tainable service supply chain management and the ambiguity of subjective met-
rics [10]. Lin, LK, et al. (2020) developed a novel hybrid fuzzy MCDM approach
to address this kind of MCDM problems in the fuzzy environment [11]. Based on
probability fuzzy theory and considering the uncertainty of chemical process,
Wang, YL, et al. (2021) proposed an optimization scheme of online operation per-
formance evaluation [12].

With the in-depth research in the field of fuzzy mathematics, fuzzy evalua-
tion has very meaningful applications in various fields. This research conducts a
bibliometric analysis of the application of fuzzy evaluation in performance evalu-
ation, reveals the research status and trends of fuzzy evaluation in performance
evaluation, and hopes to provide references for researchers and decision makers
in related fields.

Scientific papers are the main carriers of scientific research results, which
can represent the scientific scale and productivity of groups or regions. At pre-
sent, bibliometrics has been widely used in many disciplines, and it is one of the
most active and rapidly developing professional fields of Information Science
[13—14]. Using the method of bibliometrics, we can describe, evaluate and fore-
cast the research status and development trend of the application of the fuzzy
evaluation method in performance evaluation through mathematical and statistical
methods.

This research is aimed at integrating fuzzy logic mathematics methods and
bibliometrics for understanding research trends and scientific areas of focus.

The structure of the paper is the following: section 2 describes research chal-
lenges. Section 3 shows data and methods for research. In section 4 the results are
presented and discussed. Section 5 presents conclusions and plans for future
work.

PROBLEM DEFINITION

At present, fuzzy evaluation is widely used in performance evaluation, and bibli-
ometric method can effectively summarize the research results and reveal its fu-
ture development direction. Therefore, this paper introduces the method of bibli-
ometrics to explore the inherent relevance and potential hot spots of the existing
literature of fuzzy evaluation for performance evaluation, uses statistical and
mathematical methods to quantify various evaluation indicators, and describes the
nature and direction of its research. By clustering, analyzing and visualizing the
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retrieved literature, the knowledge map is constructed to assist researchers to ex-
plore the research hotspots, evolution paths and development frontiers in related
fields. Bibliometric method is mainly based on quantitative analysis, and the re-
sults are more objective, which can provide some reference for researchers and
decision makers in related fields.

DATA AND METHODS
A. Data collection

We built our bibliometric collection on 13 February, 2021 based on the Science
Citation Index Expanded (SCI-E) and Social Sciences Citation Index (SSCI) da-
tabase in the “Web of Science Core Collection”. We chose SCI-E and SSCI as the
data source for two reasons. First, these two databases, the primary bibliographic
databases produced by Clarivate Analytics, provides comprehensive coverage of
the most important and influential research outputs from around the world. Sec-
ond, it includes detailed reference information, enabling us to trace the intellectual
development of our research. In this paper, fuzzy evaluation, performance and
other related words are used for subject retrieval, and the number of retrieval re-
cords is 9811.

B. Data analysis tools

VOSviewer, Microsoft Excel and Biblioshiny were used to perform data mining
(e.g. annual number of outputs, institutions outputs, keywords evolution and au-
thors), prepare figures, and visualize the data, respectively.

VOSviewer is a software tool for constructing and visualizing bibliometric
networks. These networks may for instance include journals, researchers, or
individual publications, and they can be constructed based on citation,
bibliographic coupling, co-citation, or co-authorship relations. VOSviewer also
offers text mining functionality that can be used to construct and visualize co-
occurrence networks of important terms extracted from a body of scientific
literature.

Biblioshiny is a shiny app providing a web-interface for bibliometrix. It
supports scholars in easy use of the main features of bibliometrix: data importing
and conversion to data frame collection, data gathering using Dimensions,
PubMed and Scopus APIs collection, data filtering, analytics and plots for three
different level metrics, analysis of three structures of knowledge.

RESULTS AND DISCUSSIONS

A. Temporal evolution of outputs

The annual output trend chart shows the development trend of the number of pa-
pers. Through the annual trend of the number of papers published, we can grasp
the changes of the heat of papers published in each period from the macro level.
The earliest study in the database was published in 1981. Before 1990, the num-
ber of papers published each year was less than 5. After 1991, it began to develop
slowly. After 2005, the number of papers published increased significantly. From
the average citation frequency in Fig. 1, there are two obvious peaks in 1991 and
2005. The number of citations increased significantly in the past two years, which
can obviously promote the development of the whole field.
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The regional analysis chart shows the distribution of documents in each country
or region. Through this analysis, we can understand the research and development
activities of the analysis objects in different countries, so as to find the main tech-
nology sources. As can be seen from Fig. 2, China has the largest number of pa-
pers, with 6229, more than twice as many as Iran, India and USA, which rank the
second, the third and the fourth. It can be seen from Table I that Denmark has the
most citations per article, reaching 70,08. China, Iran, and India, which have pub-
lished more articles, have average citations of 18,47, 18,04 and 14,43, which are
much lower than Denmark and Lithuania and USA.
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Table 1. Average article citations(regions)

Regions Average Article Citations
USA 35,43
TURKEY 30,79
UNITED KINGDOM 26,74
SPAIN 25,06
CANADA 24,63
MALAYSIA 21,12
CHINA 18,47
IRAN 18,04
SOUTH KOREA 15,32
INDIA 14,43
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C. Research areas analysis

“Web of Science Research Areas” is assigned by Clarivate Analytics, and is used
to classify the research papers. Each paper can be classified into at least one re-
search area by the Web of Science database. The research areas of the publica-
tions revealed the main subjects related to the increasing scientific productivity of
fuzzy evaluation in performance research. This research areas involves more than
100. The 10 most productive research areas were Engineering, Computer Science,
Environmental Sciences Ecology, Operations Research Management Science,
Science Technology Other Topics, Automation Control Systems, Telecommuni-
cations, Mathematics, Energy Fuels, Business Economics (Fig. 3).

It can be seen from Fig. 4 that the number of papers published by Engineer-
ing and Computer Science is significantly higher than that in other directions,
with more than 4500 papers published by Engineering and nearly 4000 papers
published by Computer Science. Environmental Sciences Ecology, Operations
Research Management Science, Science Technology Other Topics, Automation
Control Systems, Telecommunications, Mathematics, Energy Fuels, Business
Economics the number of papers published is 400-900. The publishing trend of
Engineering and Computer Science is basically exponential.
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Fig. 4. Temporal evolution of the two most productive research areas: / — Computer
Science; 2 — Enginering
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D. Organization Analysis

The paper output chart of major institutions shows the ranking of institutions
based on their publishing status. This analysis can identify institutions with more
research results, and further analyze their research strength based on this. From
Fig. 5, it can be seen that Islamic Azad University, with 344 articles, ranked sec-
ond and third respectively, with 205 and 200 articles. Other institutions are less
than 200. It can be seen from Table 2 that Hong Kong Polytechnic University,
University Technology Malaysia and University Malaya have not published many
articles, but their citations are all above 25. It can be seen that these three schools
have a certain degree of influence.
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Fig. 5. Organization ranking (top 10)

Table 2. Average citations per item (organizations)

Organizations Sum of Times Cited | Averagecitationsperitem
HONG KONG POLYTECHNIC UNIVERSITY 4018 35,25
UNIVERSITI TEKNOLOGI MALAYSIA 3248 27,53

UNIVERSITI MALAYA 2600 26

INDIAN INSTITUTE OF TECHNOLOGY SYSTEM 4433 22,17
ISLAMIC AZAD UNIVERSITY 7584 22,05
UNIVERSITY OF TEHRAN 4173 20,31
CHINESE ACADEMY OF SCIENCES 1979 18,32
TON DUC THANG UNIVERSITY 1681 18,08
AMIRKABIR UNIVERSITY OF TECHNOLOGY 1409 15,83
NATIONAL INSI'\"II;EI:I"E;(HSET%I;\/ITECHNOLOGY 2418 14,57

Fig. 6 and 7 show the cooperation of major global institutions that use fuzzy
evaluation in the field of performance evaluation. Through the cooperation net-
work of institutions, it can be seen that Islamic Azad University is currently the
core institution of research in this field, and it has related research cooperation
with many universities, research institutes or enterprises around the world.
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la saligariv isfahan gy technol

ris gediming

northegirn univ

Fig. 7. Islamic Azad University cooperation network (a); Chinese Academy of Sciences
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E. Research focus and hot spot

Keywords provide important information about research trends, frontiers, and re-
veal research fields [15-16]. Table 3 shows the 20 most frequent words, among
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which the frequency of fuzzy logic reached 811 words. The scientific research in
Fig. 8 shows the changes in research hotspots. The research hotspots before 2011
included expert system, neuro-fuzzy system, and pattern recognition. After 2011,
the research hotspots became neural network, fuzzy sets, and machine learning.

Fig. 9 shows the thematic map, the horizontal axis represents centrality, and
the vertical axis represents density. The meanings of the four quadrants are as fol-
lows:

o the first quadrant (upper right corner): motor themes, both important and
well developed;

e the second quadrant (upper left corner): highly developed and isolated
themes, which have been well developed, but are not important to the current
field;

o the third quadrant (lower left corner): emerging or declining themes, edge
themes, there is no good development, may have just emerged, or may be about to
disappear;

o the fourth quadrant (lower right corner): basic and transversal themes,
which are very important to the field, but have not been well developed. Gener-
ally, refers to basic concepts.

Fig. 9 shows that the subject of “fuzzy logic” belongs to basic research, and
“genetic algorithm” and “classification” belong to well-developed and very im-
portant research field.

Table 3. The TOP 20 most frequent keywords

No Keywords Frequency
1 fuzzy logic 811
2 anfis 260
3 fuzzy sets 224
4 performance evaluation 207
5 fuzzy sett heory 181
6 topsis 178
7 genetic algorithm 163
8 fuzzy control 146
9 classification 135
10 fuzzy 133
11 neural networks 129
12 artificial neural network 120
13 sustainability 115
14 uncertainty 114
15 clustering 112
16 ahp 111
17 fuzzyinferencesystem 111
18 fuzzyclustering 110
19 optimization 110

20 Particles warm optimization 106
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F. Results and analysis

The number of papers published in the world is on the rise. The number of papers
published in China and Iran is higher than that in other countries and regions.
However, the number of papers cited in the United States and Turkey is higher
than that in other countries or regions. Islamic Azad University is the largest. The
research topics focus on fuzzy sets, fuzzy logic, genetic algorithm and perform-
ance evaluation. The research hotspots before 2011 included expert system,
neuro-fuzzy system, and pattern recognition. After 2011, the research hotspots
became neural network, fuzzy sets, and machine learning.

CONCLUSIONS

Based on Bibliometric software, this paper systematically analyzes the research
papers published in SCI-E and SSCI databases about fuzzy evaluation for per-
formance evaluation, summarizes the trend of papers, the research situation of
research institutions and regions, and research hotspots, etc.

We presented a comprehensive overview of the fuzzy evaluation in the per-
formance research field based on the bibliometric analysis. This method is mainly
based on published outputs and their citations.

1. This study has designed more than 100 research areas, and only the two
fields of engineering and computer science are developing fastest. In the future,
more attention should be paid to the cross-development of other areas.

2. There are needed to pay attention to international cooperation, especially
organizations with a high volume of articles and high frequency of citations.
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3. On the basis of attaching importance to basic research on “fuzzy logic”,
there is needed to pay more attention to the development of “genetic algorithm”
and “classification”.

To some extent, the hot spots and trends of this research are influenced by
the key words, database and clustering algorithm.

There are still many areas to be improved in this study, especially in the cita-
tion network analysis, which will be further studied in order to provide better de-
cision-making reference for relevant personnel in the field.
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AHAJII3 1 OIJIs1]] HEUYITKOI OIIIHKH AIAJBHOCTI / 11, 1O, 1. Su, L. To,
JI. T'mo6a

AHoTamisi. Y cydacHHX yMOBaX BCeOIUHMI aHaui3 TEHICHLIH PO3BUTKY JFOJCHKOL
IISUTBHOCTI B PI3HHX Tally3siX 1 OLIHIOBaHHS 1X eeKTHBHOCTI qenaii Oinblie morpe-
OyioTb aHali3y MJaHWX, HArpOMa/UKEHHX Yy YHCJICHHHMX JIOKYMEHTax, IO
30epiratoThcsi B I100anbHI Mepexi. AHami3 3aCHOBaHO Ha PIYHHX 3BiTax IPo
HaNpsIMU  JIOCJIIJDKEHb, YaCOBMX TEHACHIUSX, KIIOYOBHUX CIIOBaX 1 Mae IEBHI
ocobnuBoCTi: moTpedye He 3aBKAUM TOYHOI 4YMCIOBOI iH(oOpMALii, MOpPiBHIHHS
SKiCHUX TIOKa3HUKIB, OTPHMaHHS SIK SKiCHHMX, TaK i KUIbKICHHX XapaKTEPUCTHK, a
TaKO)X BHKOPHCTAaHHS JOBIAKOBOI iH(opMmamil M AOCTIAHUKIB 1 0ci0, sKi
MPUAMAIOTh PIlIEHHS B CYMDKHHX Taly3sX. Y 3B’S3Ky 3 IIMM B OCTaHHI POKH
HEUITKY OIIHKY, II0 IPYHTYEThCS HA HEUITKIK MaTeMaTHIli, Jeali JacTie BUKOPHU-
CTOBYIOTh y PI3HOMAaHITHHX BHIAX OLIHIOBaHHS €()EKTHBHOCTI 0araTboxX BHUIIB
nisttbHOCTI. [IpoBeneno 6i0mioMeTpUYHE TOCTIHKEHHS HA OCHOBI CHCTEMH pO3-
OIMPEHOro iHAeKkcy HaykoBoro ImryBaHHS (SCI-E) 1 HediTkux KpuTepiiB
e(EeKTHBHOCTI I BUBYCHHS TEHICHIII PO3BUTKY Ta HAmpsMiB AOCTiMKeHHS. Sk
00’€KT JOCIiIPKEHHSI BUKOPUCTAHO BiMOBIIHI HAyKOBi cTaTTi 3 06a3u manux Web of
Science, a TeHOEHLII OOCTI[KEHb IPOAHATI30BAHO 32 JOIMOMOTOK METONLY
0ibmiomerpii. Pe3ynpraTi mOKa3yroTh, MO KUTBKICTh cTaTeH, AKi MyONiKyIOTHCS B
cBiTi, 30impmIyeThes. Crarei, omyOnikoBanux B Kwurai Ta Ipani, Oinbme, HiX B
IHIIUX KpaiHax 1 perioHax CBiTy. YTIM KiulbkicTe mmrToBaHHX pobit B CHIA i
Typeuuuni Oinbplma, HiK B IHIMKUX KpaiHax abo perioHax cBiTy. lcmamcekuit
yHiBepcuTeT Asax omyOmiKyBaB HaiONbIIy KUTBKICTH cTaTeil y cBiTi. Temu
JIOCIIJPKEHHSI 30CEPE/KeHI Ha HEUITKUX MHOXKHHAX, HEUITKIH JIOTII, TeHETHIHOMY
QITOPUTMI Ta OI[IHII IPOAYKTUBHOCTI. «[ apsunMm» HampsiMaMH JOCIiPKEHb 110
2011 p. Oymm excmepTHI CHCTEeMH, HEHPOHEWITKI CHCTEMH i pO3IMi3HaBaHHS
obpasiB, a micist 2011 p. cTanmm HeHpoHHI Mepexi, HEUiTKI MHOXHHH 1 MallnHHE
HaBYaHHSL.
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AHAJIM3 ¥ OB30P HEYETKOM OIEHKHW JEATEJBHOCTH / 1. 101, 11. Sx,
II. T'o, JI. Tno6Ga

AHHOTAanus. B cCOBpeMEHHBIX YCIIOBUSIX BCECTOPOHHHI aHAJM3 TEHIEHIHWI pa3BuU-
THSI YEJIOBEUECKOW IEATEIbHOCTH B Pa3IMYHBIX cepax U UX dPPEeKTHBHOCTH BCE
Goutbiie TPeOYIOT aHaIM3a IAHHBIX, HAKOIUICHHBIX B MHOTOYHMCIICHHBIX JOKYMEHTaX,
XpaHSIUXCA B T100aTbHON CeTU. AHAIM3 OCHOBAH Ha TOJOBBIX OTYETaX O HamlpaB-
JIEHUSIX UCCIIEZIOBAHUM, BPDEMEHHBIX TEHACHIUSX, KIIOYEBBIX CIOBAX, U UMEET OIlpe-
JIeNICHHbIE 0COOCHHOCTH: TpeOyeT He BCera TOYHOW YUCIOBOW HH(MOPMALIUH, CPaB-
HEHUsI KAa4deCTBEHHBIX IIOKa3aTelel, IOMy4eHHs KaK KaueCTBEHHBIX, TaK U
KOJIMYECTBEHHBIX XapaKTEPHCTHK, a TAKXKE MCIIOIb30BAHMS CIIPAaBOYHOH MH(pOpMa-
WX JJI HCCIIeoBaTeNel U JINL, IIPHHIMAIOIINX PEHIeHHs] B CMEXHBIX o0nacTsx. B
CBSI3H C 3TUM B IIOCJIEAHNE TO/BI HEUETKasl OIIEHKa, OCHOBAHHAsI HA HEUETKOH Mare-
MaTHKe, BCE Yallle HCIOJIB3YeTCsl BO BCEX BUJAX OLlEHMBAHUS d(PEKTUBHOCTU pa3-
JUYHBIX BHJOB AesATENbHOCTH. [IpoBeneHo OMOIMOMETpHYecKoe MCCIe0BaHHE Ha
OCHOBE CHCTEMBI PaCIIMPEHHOr0 nHAeKca HayyHoro untupoBanus (SCI-E) u neuer-
KUX KpUTepuil 3p(HeKTHBHOCTH 11 U3YUCHHS TEHACHLIUM Pa3BUTUS U HAIPABJICHUN
uccienoBaHusd. B xauecTBe 00bEKTa MCCIIEIOBAHMS HCIONIB30BAHEI COOTBETCTBYIO-
[IMe Hay4dHbIe cTaThu U3 0a3bl naHHBIX Web of Science, a TeHIEHINHN HCCIIETOBaHUI
MPOAaHATU3UPOBAHEI C IOMOIIBIO MeTo/a Oubnnomerpun. Pe3ynbTaTsl HOKa3bIBAIOT,
YTO KOJIMYECTBO CTaTel, IMyOIMKyeMbIX B Mupe, yBenmuuBaercs. Crareil, omyonu-
koBaHHBEIX B Kutae n Vpane, Gonbie, yeM B Ipyrux CTpaHax M pernoHax mupa. B
TO e BpeMsi, KommdecTBo nutupyemsix pabor B CIIA u Typuuu, Gonbie, 4em B
JpYTHX CTpaHaX WM pernoHax mupa. Mciaamckuil yHuBepcHTET A3ajl OITyOIMKOBa
Hanbomblllee KONUYECTBO cTaTeil B Mupe. TeMbl HcClIe0BaHUS COCPEAOTOUEHBI Ha
HEYETKUX MHOXECTBAX, HEUETKOH JIOTHKE, TCHETHIECKOM alTOPUTME U OIEHKE IPo-
M3BOIUTENBHOCTH. «[ OpsunMmy» HampaBieHHIMHU ucciienoBanuii 10 2011 r. Obutn
HKCIICPTHBIE CUCTEMBI, HEHPOHEUETKHIE CUCTEMBI U paclio3HaBaHue 00pa3oB, a 1mocie
2011 r. cTanu HEHPOHHBIE CETH, HEYETKHE MHOXKECTBA M MAIIHHHOE 00ydIeHHe.

KioueBble cjioBa: nHOPMATNOHHO-KOMMYHHKALIMOHHAS CETh, CHCTEMa 00paboT-
KM JIaHHBIX, OHTOJIOTHS, MOJIENIb, QHAIIM3, MAcIITAOUPOBAHKE, KJIACC, OTHOILICHHUS.
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