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Abstract

For many years, the journal evaluation system has been centered on impact indicators,
resulting in evaluation results that do not reflect the academic innovation of journals. To
solve this issue, this study attempts to construct the Journal Disruption Index (JDI) from
the perspective of measuring the disruption of each journal article. In the actual study, we
measured the disruption of articles of 22 selected virology journals based on the OpenCita-
tions Index of Crossref open DOI-to-DOI citations (COCI) first. Then we calculated the
JDI of 22 virology journals based on the absolute disruption index (D) of the articles.
Finally, we conducted an empirical study on the differences and correlations between the
impact indicators and disruption indicators as well as the evaluation effect of the disruption
index. The results of the study show: (1) There are large differences in the ranking of jour-
nals based on disruption indicators and impact indicators. Among the 22 journals, 12 are
ranked higher by JDI than Cumulative Impact Factor for 5 years (CIFS5), the Journal Index
for PR6 (JIPR6) and average Percentile in Subject Area (aPSA). The ranking difference of
17 journals between the two kinds of indicators is greater than or equal to 5. (2) There is
a medium correlation between disruption indicators and impact indicators at the level of
journals and papers. JDI is moderately correlated with CIF5, JIPR6 and aPSA, with corre-
lation coefficients of 0.486, 0.471 and — 0.448, respectively. D, was also moderately corre-
lated with Cumulative Citation (CC), Percentile Ranking with 6 Classifications (PR6) and
Percentile in Subject Area (PSA) with correlation coefficients of 0.593, 0.575 and — 0.593,
respectively. (3) Compared with traditional impact indicators, the results of journal disrup-
tion evaluation are more consistent with the evaluation results of experts’ peer review. JDI
reflects the innovation level of journals to a certain extent, which is helpful to promote the
evaluation of innovation in sci-tech journals.
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Introduction

At present, scientific and technological innovation has become a decisive factor in enhanc-
ing a country’s core competitiveness. As an important platform for researchers to exchange
academic achievements, the evaluation of sci-tech journals has a positive or negative influ-
ence on the value orientation of their published research achievements. However, since
Garfield (Garfield, 1972) put forward the idea that “citation analysis can be used as a tool
for journal evaluation” in 1972, mainstream evaluation systems have been based on cita-
tion indicators. However, there is a problem that can’t be ignored when evaluating journals
based on citation indicators, that is, citation indicators essentially represent the journal’s
influence, rather than its academic innovation. External emergencies (such as COVID-19)
can have a devastating impact on citation indicators (Fassin, 2021).

On June 28, 2022, JCR2021 was officially released. This is also the first time that pub-
lications related to COVID-19 are included in the calculation of the impact factors of jour-
nals. Among them, the impact indicators of journals in the fields of infectious diseases,
intensive care and public health have increased significantly. Zhang et al. (Zhang et al.,
2022) determined that among the 10 medical journals whose COVID-related papers con-
tributed the most to the journal impact factors, COVID-related papers contributed about
50% of the journal impact factors. This phenomenon has brought unprecedented challenges
to the existing evaluation system. If we continue to implement the evaluation system based
on citation indicators, it will continue to affect the development of academic journals and
even academic research and bring artificial obstacles to unpopular fields (Waltman & van
Eck, 2013) and disruptive research (Du et al., 2016).

As early as 2012, “The San Francisco Declaration on Research Assessment”’(DORA)
pointed out: do not use journal impact factors as an alternative indicator to measure the
quality of individual research articles (O’Connor, 2022). In February, 2020, the Chinese
Ministry of Education and the Ministry of Science and Technology also issued a notice
of "Several Opinions entitled Standardizing the Use of Relevant Indicators of SCI Papers
in Colleges and Universities and Establishing a Correct Evaluation Orientation", clearly
stating that innovation and actual contribution should be highlighted in the evaluation of
innovation ability and relevant indicators of SCI papers should not be used as the direct
basis for evaluation. On July 8, 2022, the European Union released the “Reform Research
Evaluation Plan” and proposed that the scientific community should reject the improper
use of journal and publication-based indicators in research evaluation and research evalua-
tion should be based on the use of quantitative indicators to support qualitative assessment.

On November 9, 2022, eight departments of China namely the Ministry of Science and
Technology, the Ministry of Education, the Ministry of Industry and Information Technol-
ogy, the Ministry of Finance, the Ministry of Water Resources, the Ministry of Agriculture
and Rural Affairs, the National Health Commission and the Chinese Academy of Sciences
issued the "the work plan of carrying out the pilot reform of scientific and technological
talent evaluation". The plan also pointed out the important problem of “set new standards”
after ““ break the four only” (paper-only, title-only, education-only and award-only ten-
dency) (Pan et al., 2022). Therefore, it is extremely important and necessary to find a scien-
tific and reasonable journal innovation evaluation method which has both theoretical value
and practical value. To solve this issue, this study attempts to construct the Journal Disrup-
tion Index (JDI) from the perspective of measuring the disruption of journal articles and
conduct an empirical study on the differences and correlations between the impact indica-
tors and disruption indicators as well as the evaluation effect of the disruption indicators.
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Concept and research status of the disruption index
Concept of the disruption index

Innovation is not a new concept. Already more than 1000 years ago, the concept of
innovation was mentioned many times in Chinese ancient books and records. For exam-
ple, in “the 50th Biography in the Book of Wei”, there is "reform and innovation" and
in "the Book of Zhou", there is also "innovation and renew the old". But it was not until
1912 that the Austrian economist Schumpeter (Schumpeter, 1992) first proposed the
basic connotation of innovation in his classic book “The Theory of Economic Devel-
opment: An Inquiry into Profits, Capital, Credit, Interest and the Business Cycle” and
believed that innovation is the “establishment of production function”, a new combina-
tion of production factors and production conditions in the production system, which
creates a precedent for innovation theory research.

Since then, in order to explore the essence of innovation better, Henderson and Clark
(Henderson & Clark, 1990), divided innovation into four categories from the perspec-
tive of knowledge management: incremental innovation, architectural innovation, modu-
lar innovation and fundamental innovation. In 1996, Christensen and Bower (Bower &
Christensen, 1996) of Harvard Business School took the lead in proposing the “disrup-
tive innovation theory” and Christensen divided innovation into sustaining innovation
and disruptive innovation according to the different value networks on which innovation
depends and constituted a basic framework of disruptive innovation theory in his book
“The Innovator’s Dilemma”(Christensen, 1997). Therefore, disruptive innovation has
become an important paradigm in the field of innovation research.

Based on this theory, Huang et al. (Huang et al., 2013) proposed the ‘Disruption
Score’ and put forward that the emergence of disruptive research destroys the exist-
ing citation path and forms a new research paradigm. Funk and Owen-Smith (Funk &
Owen-Smith, 2017) proposed an index to measure technological disruption based on
the dynamic citation network of patents. This index reflects the degree of disruption
of new patents by measuring the impact of new patents on existing citation networks.
Wu et al. (Wu et al., 2019) published the article ‘Large teams develop and small teams
disrupt science and technology’ in Nature and proposed the Disruption index (abbrevi-
ated as D index, as shown in formula 1), which measures the disruption by calculating
the citation substitution of focus papers in the citation network (as shown in Fig. 1, the
single arrow indicates the citation relationship, with the end of the arrow connecting the
cited literature and the tip of the arrow connecting the reference). Based on this index,
Bornmann et al. (Bornmann et al., 2020a) conducted a study of disruptive papers pub-
lished in Scientometrics. Horen et al. (Horen et al., 2021), Sullivan et al. (Sullivan et al.,
2021), Meyer et al. (Meyer et al., 2021), Jiang and Liu (Jiang & Liu, 2023a) respectively
excavated disruptive papers in the fields of craniofacial surgery, pediatric surgery, syn-
thetic biology and energy security. This series of research makes it possible to make
innovative evaluation of scientific research papers and gradually mature.

NF_NB
D= —— Q)
Ny + Ny + Ny

In formula 1: N refers to the literature that only cites the focus paper (FP), Ny refers to
the literature that cite both the focus paper and at least one reference (R) of the focus paper
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Fig. 1 Classification of citation
types

NB

R <«—— FP <«—— NF

and Ny refers to the literature that only cite at least one reference(R) of the focus paper but
not the focus paper.

Data sources for studies related to the Disruption Index

With the development of computer technology and the rise of the Internet age, the emer-
gence of online citation databases has greatly pushed the boundaries of the exploration of
scientometrics and improved the ability of researchers who study scientometrics to con-
duct large-scale research. As an important field of science of science, the improvement
of the large-scale research capabilities has greatly enhanced the value in use and policy
significance of scientometrics. But in the first two decades of the twenty-first century, most
research was based on commercial citation databases which have the advantages of fast
data updating, sustainable operation and rich functions.

However, the current international mainstream commercial citation databases (such as
Web of Science and Scopus) usually do not allow researchers to make in-depth use of data
without any obstacles, nor do they allow researchers to redistribute the data obtained from
the database. This has brought great difficulties to scholars who pay attention to related
research to conduct achievement verification, multi-angle research and baseline compari-
son (Freese & Peterson, 2017; Vasilevsky et al., 2017). Shotton (Shotton, 2018) pointed
out that the authors of scientific papers provide the citation link data of the papers. When
authors need to use citation data, they should get them for free, but these data are hidden
in the hands of major publishing houses. This actually reflects the sharp conflict between
the intellectual property rights and data disposal rights of database vendors and the data
knowledge and autonomy rights of the academic community.

In this study, there are mainly two types of data that need to be obtained, namely jour-
nal index data and citation relationship data. Among them, journal index data can be eas-
ily obtained through JCR, but the workload of obtaining citation relationship data is quite
huge. Therefore, this study chooses to analyze the sources of citation relationship data used
in related studies based on the disruption index first. This paper investigates the citation
data sources and data acquisition methods of 29 articles that use the D index and related
variables to measure disruptive innovation. The chronological results are shown in Table 1.

@ Springer



3939

Scientometrics (2023) 128:3935-3958

$5900y uadQ

$5900Yy uad(Q-uoN
$5900Yy uadQ-uoN TAdIN

$$900y uadQ
K)ISI0ATU() BURIPUY

$5900Yy uadQ-uoN TAdIN

$5900y uadO-uoN TAdIN

KJISIOATU() BUBIPUT
1dvV

$$900y uadQ

BIERp SsouIsng

$$900y uadQ

eieq uedQ Sdv

SWLd000Td
90ULIIS JO QM

arodo
Q0UAIDS JO QM

90UDIIG JO QM

Q0UAIIS JO qOM

0UIDS JO qIM
109foad qnipn
eeq uedo OLdSN
Q0URIDS JO QM

eje uadQ O1dSN

¢1'ococ

8'0C0C

01'610C

9'610C

£€610C

£610C

7610C

€L10C

(9saury)) AIAIS
uonBWIOJU] pue Areiqry

SAIPNIS 20ULIOG 2ATIRINUENY)

K3orouyoag, pue

90UQIDS UOT)EWLIOJU] I0J UOT)

-BI00SSY 9y} JO SFUIPaadoId

SOLIOWOIURANOS

UOTOBWLIOJU] ©] 9 [BUOISAJOI

a3uey) [e100§

pue 3ursesaIo, [esrsojouyos],

AmjeN

Q0UQIDG JUSWSEUBTA

s10)oe,] Surousnyuy si| pue

xapu] uondnisiq paaoxduy
Q) JNOqe YoIeasay ayJ,

s19ad Aq syuswissasse

M SJUBLIBA JOJRIIpUT

[e12A9s JO uosLredwod Ay,

{PIeA APUSSIoAUO0D $10)
-eoIpuI Xopul uondnisip oIy

BUIYD 01

paAow K31} 1938 PISBAIOUT

Apueoyrudis ssauaAandni
-SIp OTWApPEOR SISHUAIS

(6100) Te 10 M

£q pesodoid AjreurStio xopur

uondnisip ay) Jo JueLIEA

pasoxdur ue Suisn Aq s)nsax

[NJSuTURSW :SOLIOWOIUAIOS

ur paysijqnd sxoded aandnisiq

MOPUIM UOTIEIID JO YISUQ[
uo spuadop xopur uondnisiq

SQoueApE

[eo1S0[0UYD3) PUE JYIIUIOS

JO QINSEOW B SB Xopur
uondnisip oy Sunyuryiey

KSorouyod) pue
Qouards 1dnIsip swea) [[ews
pue dojoAap swea) a3Ie]

93uey) [esr3o[ouyday, Jo

QINSBAA YIoMION OTweuA(q YV

(0T0T “'Te 30 nry) nry

(q0z0t
“[e 30 uuBWuIOg) UteWuIOq

(610T “Ie 19 0BYZ) ORYZ

(e0T0T
“[e 10 UUBWUIOY)UUBWUIOq

(610T ‘SePIRL
29 UuRWUIOY)uURWUIOY

(120T “Te 10 ueny) ueny

(610T “T8 39 M) DA\

(L102T
YPIUS-UdMQ 29 Jun,g) yung

POYIQIA SS90y

22In0§ ele(

oy, Suystand

Tewrnof

J[onIy

IoyINy ISIL]

xopur uondnisip 9y} 0} pAJe[aI SPOYIAW UONISINDOE PuE $I0INOS BIEP ‘YoIeasy | d|qeL

pringer

As



Scientometrics (2023) 128:3935-3958

3940

K3ojouyoag, pue
90UQIDS UOTBWLIOJU] I0] UOT)

{UoTRISY
KreurdiosIpouoy ueyJ, 9An
-dnisi 210\ yoIeasay uon

(d120T

$5000y uedQ DOVIN 01°Tcoc -BIO0SSY/ AU} JO STUIPAAI0IJ  -B10qQe[[0D) ATeur[dIdsIpIOIL ST ‘qIZOT ‘BITOT “'[e 30 NI NIy
syadxo £q s1oded
so1sAyd o1 syuowrugisse
QUOISOIIU YIIM ssaudATydnI
§$200y uadQ ereq uado SdV -SIp SULIMSBaW SI0YROIpUL (1202 “SaPPL
-UON TAdIN QOURIOG JO GO 81202 SOLIJOULIOJU] JO [BUINO[  [BIJASS JO AJIPI[EA JUISIOAUOD) 29 UURWUIOY) UUBWUIOY
(esouIy)) 901AI0S  xopuf uondnisi] JO MOPUIA Q1202
umouwyun Q0UAIOG JO QoM 6'120T UOTJRWLIOJU] PUe AJRIqIT  QWIL], 9[qRIS Y} UO YIIeasdy “Ie 39 ‘oBr] ‘uays ‘nry) nry
sreuanof
K1931ns onerpad 2109 ur
(1207 “1B 1R s1aded aandnisip 3sowr 00|
ss200y uadQ  Suery 7) 1eselep Ayred-pary 8 120C K1931ng oneipdd jo euanor  doj oy, :swSipered Sunjiys (1707 T8 12 UBAI[[NS) UBAI[NS
(A3o1010) UT
(610 stodeq oAndnisiq-1SON 001
$$900y uad(Q e 12 npy) 1eserep Ayred-pay], 9'120C K3o1o1) 9y, :onQ) smeys 2y} SuiSuey) (1207 “Te 32 pisnyy) prsnyy|
$107—S61 :sreuinol £1931ns
orwapese ur suonedrqnd
$$900y uadQ PINqNd €1207 A1931ng jo reuinof ueorowry  oAndnisip 3sow oo doj oYy, (10T “Te 390 BII0d9g) B1I009g
uor xopul uondnisip (1207 ‘T8 1R
$$900y uad(Q-uoN 1asejep Ayred-pay 1'120T -BULIOJU] B 9(J [RUOISJOI] a as1aal1 03 Tesodoid v JIopsopAa) JJIopsapAa]
[OTBIsaI SWEd)-[[ews 1202
$5900y uadQ-uoN TAdIN 90UQIOS JO qOM 11202 SOLIJOWOJUAIOS Jo 1omod oAndnisip oy uQ  ‘uueWIUIOY 29 OLIOSQ) OLIOSO
SOOUQIOSOINAU
WOIJ 90UIPIAY (SO[ONIE JO
Juondnuisip, ay) 9ouonyur
KJISIOATU() BURIPUT QOURIOG JO GO 1'120T SOLIJOWOJUAIOS UOTJEIOQE][0D YOIeasal sa0(] (120T “Te 30 nk) nk
POYISIN SS90y Qomog el owil], Sulysiqng [euInor JronIy IoyIny 11

(ponunuoo) | sjqey

pringer

A s



3941

Scientometrics (2023) 128:3935-3958

K)ISIOATU() BURIPU]

$$900y uadQ

$$900y uadQ

§5900y uadQ

$5900y uadQ-uoN TAdIN

$5900y uadQ

0UAIOG JO QM £ce0T

(610

“Ie 30 1) 1oserep Aured-paryy, €T00C

DVIN [aa\re

eje uadQ SV 7'TT0T

QOUIDS JO QOM 11°120C

(610¢

“Te 10 np) 10serep Kied-pry, 01°120T

uonei3ajuy a3pa[mouy] jo
An0ads1og oy woiy s1adeq

JO ssauyedIpey pue AjLreu

-1idrostpIojuy o) usaM)aq
drysuone[ay 9y} uo yoIeasay

uoneWLIOJU|
[BOTUYD]], PUB dYNUIIDS I0f
£191008 BUIYD) 9Y) JO [RUINO[
s[euInof A103Ing
[819910[0)) Ul suonedIqng
[eyuawdooAd(T pue AT
-dnisiq 3504 001 dog, oy,
XQpU] dLIoWONqIg MAN V
PIODSIp pue
UOIOUUOISIP WOI) 9FIOW
QOUQIDS UT SUOTIORITP MIN

wnoay
29 UOJ0D) Y} JO SASBASI(]

SOLIJOWLIOJU] JO [eUINOf

ordwrexa [eo

-undwa ue se ssouoandnisip
Jo syuewaInseawr Adnnu
yim sxoded ren3ar pue
QuoIsa[I Jo uostredwod
AL :$oLIdWON[qIq Ut ut
-[oJeW [BONSIIBIS JO QoUW

SAIPNJS SOUIDG dAnRINURN() -I0j1ad pue o3esn parpddy

({SOTwrRUAp AIeuonnjoad

10 sjuodo[oAap [eo1I0ISIY

JO SIOJEDIPU] (BJEp QOUSIOS

-J0-qom 3uIsn uone[no[ed
1oy} pue sado1rpur uondnisi(g

(r10T-¥S61)

K1931ng TeIoRjOIUBID) UL SUOT)
-eor[qng 2Andnisi(y ISOJA YL,

SOLawLIoJU] JO JewInof

K1331ng
[eIOBJOTURI)) JO [RUINO[

(220T “Te 32 nAT) nk

(220T 1B 19 B11929¢) ©1I239g

(zzoT “1e 19 ury ury

(1202
“Te 10 uuewNIg) UuRWNIg

(1207 ‘uuewuiog
29 JJI0psopAT) JIOPSIpA

(120T ““Te 10 UGIOH) URIOK

POYIQIA SS90y

901nog BIR(Q QW] Surysiqng

[ewnor NIy

JoyINy ISI{

(ponunuoo) | sjqey

pringer

As



Scientometrics (2023) 128:3935-3958

3942

(esouny)) 901AI0S

s1odeq A3o[o1A

uo paseq ApmS V :JONO
PUE XopU] MIIASY 199]
“xopuy uondnisig AN[OSqY

$s000y uadQ 100D T€T0T uoneuLioju] pue 1eIqry uoamidg diysuone[ay oy, (9€ToT ‘nry 29 Sueny Suerp
K1moag A31oug
JO p[a1] 2y} 10J uonen[eAq
uoneaouu] aAndnisi pue
§s000y uadQ 150D 1"€20T Aniqeuressng sisk[euy oLewornqrg v (egzOT My 7 Suery) Suerf
Sunuojed ur soouAIYIp 93y (€202
$$900y uadQ eieq uado OLASN 1°€20C KOT[0q YoIeasay — :9SIN0D 9If 9Y) PUe UONUAAU]  “'[e 39 Sroquajey]) Sroquojey]
sannua 93pajmouy uo
A3ofouyoag, paseq Jojedrpur uondnisip
(1207 “TB R PUE 90USIOS UOHRWLIOJU] [oA0U ® AQ sySnoIyealq
$s900y uadQ  Suery 7) jeseyep Ayred-payJ, 01°2207 10} UOTIBIDOSSY AU} JO [BUINO[ oynuards Jurkjnuend) (€207 “'Te 10 Suepy) Suep
so[onIe SUTUUIM-9Z11J [9GON
6102 Q) WOIJ 9OUIPIAD :XpUl
ssoooy uadQ  “Te 30 1) 19seiep Avred-pay g, 8'720T SOLIIOWOIURIOS aandnistp oy Sunisiaay (7207 “Te 30 Suery) Suery
K3ojowreyydo ur
A3orowreyydo s9[one aAandnisip-isowr 00|
sse00y uadQ PoINqNd 7202 [ejuewtzodxy pue [edtuI)) o} Jo SIsATeue ornoWONqIg (720T “Te 10 1o1Rq) [oI18d
xapu] 2andnisiq paziundQo
uo paseq surewo dyroadg
ur sjuere], [eorSo[ouyoa],
(esauryD) pue oynuarog urpuelsinQ
1opidg Q0UIOS JO QIM GTT0T Qoua31[[Iu] JO [RUINO[ Jo 1910981 UO Apmg (2207 ‘T8 392 Suos) Suog
POYISIN SS90y Qomog el owil], Sulysiqng [euInor JronIy JoyINy ISI{

(ponunuod) | sjqer

pringer

A s



Scientometrics (2023) 128:3935-3958 3943

Among the 29 research papers, 13 papers used commercial databases and 17 papers
used open data. The main commercial database of 13 research papers using commercial
databases is Web of Science, but the methods of obtaining them are different. Among
them, the three research teams headed by Wu, Li and Bornmann separately mainly relied
on the citation data resources provided by Clarivate (from Clarivate, MPDL and Indiana
University respectively), while Song obtained them through web crawlers. The source of
WOS data is not stated in the text. Among the 17 papers using open data for research, there
are many types of open datasets/libraries used, namely USPTO Open Data, ORCID, APS
Open Data, Third-party dataset, MAG, PubMed, etc.

Variants of the disruption Index

After Wu proposed the D index, many scholars have improved it and carried out fur-
ther applications and researches according to specific application scenarios (as shown in
Table 2). But from Table 1, we can find that no matter which indicator variant actually
depends on the three parameters Ny« Ny and Ny. Therefore, only three relevant parameters
of the focus paper can be obtained to complete the measurement of disruption of the focus

paper.

Concept and calculation method of journal disruption index

From the above review of the research on the D index, we can find no scholarly evalua-
tion of disruptive innovation in journals yet. Therefore, this paper chooses to identify the
disruption of research papers by measuring the degree of substitution of research papers
(focus papers) for references and then evaluates the disruption of journals by constructing a
new index for evaluating journals through academic disruptive innovation rather than aca-
demic influence—Journal Disruption Index (JDI, as shown in formula 2).

_ X/ In(Dz; + 1)

n

JDI @

In formula 1: n is the number of” article’ type papers in the journal and Dz, is the D, of
the ith paper in the journal, which indicates the absolute disruption of the paper.

First of all, it should be noted that D, is called the absolute disruption index but it is not
the absolute value of the D index. The main reason for using this expression is to follow
the expression of the indicator proposer in its original context. Secondly, in the calcula-
tion process of JDI, the reasons for choosing D, instead of D index and other variants for
calculating the disruption index of paper are as follows: (1) Among the three parameters
needed to calculate the disruption of a paper, the disruption of a paper is reflected in N
only and the influence of N, on the results of disruption evaluation should be strengthened.
(2) Since there may be large differences between Ny and the research topic of the focus
paper (e.g., a bibliometric paper which cites a research paper on a natural science topic is
cited by a subsequent bibliometric paper), the effect of N, on the disruption index is sup-
posed to be appropriately smaller than the other two types of citations. (3) The degree of
disruption of science of any article should be non-negative with a tacit acknowledgement
of the scientific validity of the conclusions of all research papers. Finally, the reason for
adding 1 in the calculation process is to prevent the calculation problem when D, is 0.
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As for the evaluation effect of D,, Liu et al. (Liu et al., 2020) have verified it by jour-
nal papers and selected milestone papers of American Physical Society (APS). As shown
in Table 3, D, is better than the original D index in identifying disruptive innovations.
Therefore, it is more appropriate to use D, for disruptive innovation evaluation of research
papers in a comprehensive view.

Empirical research
Research object

Most scholars believe that because the D, index is not an interdisciplinary index with the
function of interdisciplinary evaluation, so this paper only studies the journals involved in
virology, a single discipline. In 2016, there were 34 journals of virology in Web of Science.
As the measurement of disruptive innovation is mainly aimed at research papers and there
is no disruptive innovation attribute in the review literature, this study excludes journals
whose papers account for less than 50% of the total published papers and those whose cita-
tion relationship is not included in COCI. (Acta Virologica, Advances in Virus Research,
AIDS Research and Human Retroviruses, Annual Review of Virology, Antiviral Therapy,
Current Hiv Research, Future Virology, Intervirology, Journal of Neurovirology, Retrovi-
rology, Reviews in Medical Virology and Virology). A total of 22 journals were eventually
included in the study (as shown in Table 4). In addition, this study also selected Faculty
Opinions and the “High-quality Journals Classification Catalogue” published by China
Association for Science and Technology as the peer review results to compare with the
disruptive evaluation results.

Data acquisition and processing

After full consideration based on a survey of related research, this study chooses to use
the main database of OpenCitations called COCI as the data source for this study to obtain
citation relationship data. OpenCitations is an independent not-for-profit infrastructure
organization dedicated to publishing open bibliography and citation data through the use
of semantic technologies. It originated from the proposal of the Initiative of Open Citations
(140C) in 2017.

The purpose of this initiative is to promote structural, separable and open citation data.
Structural means that the data representing each publication and each citation instance is
represented in a common machine-readable format and can be accessed programmatically.
Separable means that citation instances can be accessed and analyzed without access to the
original documents (such as journal articles and books) in which the citation was created.
Open means data can be freely accessed and reused.

Table 3 Average percentile

ranking of disruption index for Dataset Rela_Dy (%) bz (%) D (%)
APS papers, ERL and MllC'StOIlC APS 50.0 50.0 50.0
papers with different algorithms
PRL 39.1 37.8 535
Milestone 11.5 4.1 32.1
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Table 4 Journals in virology in 2016

Journal Number of cit-  Article quantity  Article JCRQ
able documents proportion
(%)
AIDS 398 278 69.85 Ql
Antiviral Research 206 194 94.17 Q1
Archives of Virology 445 428 96.18 Q3
Cell Host & Microbe 211 119 56.40 Ql
Current Opinion in Virology 128 113 88.28 Ql
Food and Environmental Virology 42 39 92.86 Q3
Influenza and Other Respiratory Viruses 65 56 86.15 Q3
International Journal of Medical Microbiology 78 70 89.74 Q2
Journal of Clinical Virology 536 205 38.25 Q2
Journal of General Virology 339 316 93.22 Q2
Journal of Medical Virology 294 270 91.84 Q3
Journal of Viral Hepatitis 122 101 82.79 Q2
Journal of Virological Methods 235 231 98.30 Q4
Journal of Virology 982 940 95.72 Ql
PloS Pathogens 685 651 95.04 Q1
Southern African Journal of HIV Medicine 22 20 90.91 Q4
Viral Immunology 80 64 80.00 Q4
Virology 360 350 97.22 Q2
Virology Journal 208 187 89.90 Q3
Virus Genes 124 121 97.58 Q4
Virus Research 266 246 92.48 Q3
Viruses-Basel 338 195 57.69 Q2

To achieve these goals, the COCI database treats each reference as an independent data
entity (Heibi et al., 2019). The advantages of this kind of data storage mode are: (1) it
allows descriptive attributes to be assigned to citations; (2) all information about each cita-
tion can be found in one place, because this information is defined as an attribute of the
citation itself; (3) citations become easier to describe, differentiate, count and process; (4)
it is easier to analyze by using bibliometric methods.

COCI now contains more than 77 million bibliographic resources and more than 1.463
billion citation links (as of January 2023) across all scholarly subject areas. According to
an independent analysis published in 2021 by Martin-Martin (Martin-Martin et al., 2021),
the coverage of OpenCitations is now approaching that of the two major proprietary cita-
tion indicators, Web of Science and Scopus. Compared with the commercial database Web
of Science, COCI has achieved a certain balance in terms of accessibility and domain
coverage.

OpenCitations provides quadruple access to all data in COCI: (1) query via SPARQL
endpoint; (2) retrieve using REST API; (3) search using OpenCitations search inter-
face; (4) available on Figshare based on CSV, N-Triples and Scholix data dumps. The
provision of multiple acquisition methods can meet the needs of various types of users
in different usage scenarios and effectively relieve the network load pressure of the ser-
vice provider. Among them, the most suitable for large-scale data calculation is to use
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the data updated to Figshare and download it to the researcher’s local area for in-depth
research (as shown in Fig. 2).

After obtaining the downloaded data from Figshare, it needs to be processed accord-
ingly so that researchers can use it efficiently. Take the processing of the CSV format
downloaded data set stored on Figshare as an example. The file of this format is a plain
text file containing a data list, which is usually used to exchange data between different
applications. The special value of this format lies in solving data storage, transmission,
sharing, etc. between different application environments, rather than direct utilization.
Considering the resource scale of the COCI dataset, transforming the data resources
in this format into a local database is more conducive to researchers’ measurements of
disruption at all levels.

Due to the file storage settings of Figshare, the dump file of the COCI dataset on Fig-
share is divided into multiple CSV format files labeled with time series. Using the data
import tool of visual database management tools such as Navicat can complete the conver-
sion of data sets from multiple scattered files to a single database. If the hardware environ-
ment used in the research does not support visualization operations, the same purpose can
also be achieved by directly using local database software such as SQLite or programming
languages with database manipulation functions such as Python (based on sqlite3 lib).

After completing the basic data format conversion, this study chooses to slice the entire
database into multi-dimensional and multi-level data according to attributes such as cita-
tion creation time, journal sources and authors and reasonably indicators the data tables
(as shown in Fig. 3). This can save the time spent in the follow-up process of measuring
the disruption of the focus paper and further optimize the measurement process. Consider-
ing the data scale and the performance requirements of actual research, the above model
is more suitable for a single researcher or a small team to carry out the small-scale meas-
urement of disruption work. If the researcher’s institution can provide high-performance
equipment, it will be a better choice to use an in-memory database such as Redis for data
processing. High-performance equipment can also provide possibilities for interactive
research operations (Light et al., 2014).
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After proper processing of the acquired COCI database, we can use local data for the
measurement of disruption. In the COCI database, a total of 7 fields are provided for
researchers to use (as shown in Table 5). After the researchers select the focus paper, they
can construct ‘Journal’ and ‘Article’ tables based on the journal collection information
obtained from JCR and the COCI database and then calculate the three parameters N, Ny
and Ny of the focus paper based on the DOI number of the focus paper and the ‘Citing’,
‘Cited’ and ‘Creation’ fields in the COCI database. After obtaining the three parameters of
the focus paper, the calculation formula of the paper/journal disruption index can be used
to obtain the disruption index at the paper level and journal level respectively. The specific
data entity relationship diagram of the local database is shown in Fig. 4.

Comparative indicators

In order to ensure the accuracy of the measurement results of papers’ innovativeness using
the disruption index, researchers need to measure after the focus paper has experienced a
period of citation accumulation. In this regard, Bornmann and Tekles (Bornmann & Tekles,
2019a) believes that no matter which discipline’s disruptiveness is measured, a 3-year cita-
tion accumulation cycle is necessary. In Liu and her collaborators’ research results of (Liu
et al., 2021b) on the stability time windows of the disruption index in various disciplines,
the stability time windows of biology, biochemistry and immunology, which are most rel-
evant to virology, are 4 years after publication. Therefore, in the process of calculating JDI
in this paper, in order to ensure the validity of the results, the citation time window of the
focus paper is selected as 5 years (from 2016 to 2020). In addition, in order to reflect the
relationship between journal influence and academic innovation, several important jour-
nal evaluation indicators need to be selected for comparison. The comparative indicators
selected in this paper are:

(1) Cumulative Impact Factor for 5 years (CIFs). CIFs is obtained by dividing the sum of
the citation frequencies recorded in the COCI library from 2016 to 2020 by the num-
ber of research papers published in the journals. In Eq. 3, g;, represents the number
of citations of the ith research paper in the journal in the year t and n is the number of
research papers published in the journal.

Table 5 The meaning of each field of COCI

Field Meaning

OCI Open citation identifier for the citation
Citing DOI of the referring entity

Cited DOI of the referenced entity

Creation Date of Publication of Citing Unit

Timespan The interval between the publication date of the cited entity and the publication date of the
citing entity

Journal _ Sc  Records whether the citation is journal self-citation (citing and cited entities are published in
the same journal)

Author _ Sc  Record whether the citation is author self-citation (the citing and referenced entities have at
least one co-author)
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Average Percentile in Subject Area (aPSA). In 2015, the InCites database gave the exact
percentile (Percentile in Subject Area, PSA) of the citation frequency of each paper in
its respective subject area. The definition of percentile here is: the pth percentile repre-
sents that p% of the data items are less than or equal to this value. aPSA is the average
PSA of all papers in a journal, and the smaller the value, the greater the influence of
the journal. This indicator converts the exact percentile of the citation frequency of
the citable literature published by the journal into a journal evaluation indicator, which
can be considered as an accurate percentile indicator (Liu et al., 2021a). In formula 4,
PSA, represents the PSA of the ith research paper in the journal and n is the number of
research papers published in the journal.
n

apsa = 20N @
Journal Index of Percentile Ranking with 6 Classifications (JIPR6). Arrange all papers
in ascending order of PSA to determine 6 percentile segments, namely (0, 1%], (1%,
5%1, (5%, 10%], (10%, 25%], (25%, 50%], (50%, 100%] and the Sp of papers in each
section are set to 60, 50, 40, 30, 20, 10 respectively (Bornmann & Mutz, 2011). The
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average Sp value of journal papers is the JIPR6 of the journal. In formula 5, Sp; is the
Sp obtained from the ith research paper of the journal, and n is the number of research
papers published in the journal.

Z? Sp;
n

JIPR6 = )

Statistical processing methods

In this study, IBM SPSS STATISTICS 25 was used for statistical processing. After using
SPSS to conduct Kolmogorov—Smirnov normality test on the data, we find that the data
of each indicator is not normally distributed. Therefore, the Spearman correlation test was
used for the correlation analysis among the indicators.

Results and analysis

Comparison of journal rankings based on the disruption index and citation
indicators

The 22 journals were sorted according to JDI, CIF5, JIPR6 and aPSA (in reverse order) and
the results are shown in Table 6. Among the 22 journals, 12 (accounting for 54.5% of all
journals) are ranked higher by JDI than CIFs, JIPR6 or aPSA (in reverse order). There are
17 journals (accounting for 77% of all journals) with a gap of 5 or more between the JDI
ranking of the journals and the rankings of the journals’ CIFs, JIPR6 or aPSA (in reverse
order). This shows that there is a significant difference between the evaluation results of
journals based on traditional citation indicators and the evaluation results of journals based
on the innovation of research papers published in journals.

Correlation analysis of each index

The results of the Spearman test on the correlation between journal indicators are shown
in Table 7. It can be seen from Table 6 that the innovation indicator JDI is moderately cor-
related with the citation indicators CIF5, JIPR6 and aPSA and the correlations are 0.486,
0.471 and -0.448 respectively. The selected citation indicators CIF5, JIPR6 and aPSA are
highly correlated and the correlation coefficients are all close to 1. The Spearman test
results of various indicators in journal research papers are shown in Table 8. It can be seen
from Table 7 that D, is moderately correlated with the citation indicators CI, PR6 and PSA
and the correlations are 0.593, 0.575 and — 0.593 respectively.

Comparison of evaluation results based on the disruption index and peer review
Article level
As the most authoritative peer-reviewed database in the global biomedical field in the

past 20 years, faculty opinion integrates the joint efforts of more than 8000 international
authoritative experts and is a knowledge discovery tool for evaluating published research.
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Table 7 Spearman cor.rele}tion DI CIF, JIPR6 aPSA

test between JDI and citation ;

indicators DI 1.000 0.486 0.471 — 0.448
CI5 1.000 0.991 —-0.971
JIPR6 1.000 —0.981
aPSA 1.000

tot betwetn Dy and citation D a PRS PSA

indicators of research papers D, 1.000 0.593 0.575 — 0593
CI 1.000 0.978 — 1.000
PR6 1.000 -0.978
PSA 1.000

Table9 Average D, (.)f Iall focus Object Average D,

papers and faculty opinions

indexed papers All Focus Papers 0.0655
Faculty Opinions Accepted Papers 0.5685

Faculty Opinions reviewers are all leading experts in the fields of life sciences and medi-
cine and provide comments, opinions and validation of key papers in their fields. The qual-
ity and rigor of the reviewers means that researchers can ensure the quality of their recom-
mended papers. In this study, the 22 journals contained a total of 5566 research papers
(focus papers) of which 140 were included by Faculty Opinions. The average D, of focus
papers and Faculty Opinions accepted papers is shown in Table 9. The average D, of Fac-
ulty Opinions included papers is much higher than that of all focus papers.

Journal level

Since 2019, in order to promote the construction of a science and technology journal system
that is in line with the world’s scientific and technological power and to facilitate the high-
quality development of Chinese science and technology journals, the Chinese Association
for Science and Technology has been guiding and supporting its national societies to pub-
lish a graded catalog of high-quality journals for domestic and foreign science and technol-
ogy journals in various disciplines in accordance with the principles of "peer review, value
orientation and homogeneity", so as to provide reference for scientific and technological
workers and research institutions in publishing papers and academic evaluation. This study
selected 13 Chinese SCI journals in the two fields of mechanical engineering and environ-
mental science for verification (relevant indicators are shown in Table 10 ~Table 11). It can
be found that the average JDI of T1 journals in each field is higher than the average JDI of
T2 and T3 journals. The JDI of some journals with lower ratings is higher than that of jour-
nals with higher ratings, which may be due to the different sub-disciplines of the journals
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Table 10 Comparison of relevant indicators of journals in the field of mechanical engineering

Journal Journal Grad-  JDI JIF JCI
ing

Friction Tl 0.061 5.29 1.16

Chinese Journal of Mechanical Engineering T1 0.0475 1.824 0.51

China Ocean Engineering T1 0.0102 0.835 0.32

Frontiers of Mechanical Engineering T2 0.0101 2.448 0.44

Table 11 Comparison of relevant indicators of journals in the field of environmental science

Journal Journal JDI JIF JCI
Grading

Ecosystem Health and Sustainability T1 0.1104 2315 0.53
International Soil and Water Conservation Research T2 0.1275 3.770 0.97
Advances In Climate Change Research T2 0.1177 3.967 0.75
Frontiers of Environmental Science & Engineering T2 0.0457 4.053 0.72
Chinese Geographical Science T2 0.0423 1.854 0.42
Ecological Processes T2 0.0288 1.642 0.36
International Journal of Sediment Research T2 0.0199 2.571 0.71
Journal of Mountain Science T3 0.0108 1.550 0.36
Journal of Arid Land T3 0.0075 1.899 0.48

and the differences in the evaluation habits of experts belonging to different societies that
grade journals.

Conclusion
JDI is moderately correlated with traditional journal citation indicators

In this paper, 22 journals in virology are selected for measurement and the results show
that JDI has a certain degree of correlation with the selected citation indicators. We believe
that the reason for the correlation between the evaluation results of the two different sys-
tems is that the technological threshold breakthroughs brought about by disruptive inno-
vations have driven the booming development of related research, bringing about a large
number of retrospective citation identifications, which are manifested at the level of cita-
tion indicators as an increase in the frequency of citations.

JDI is significantly different from traditional journal citation indicators

This journal evaluation method makes innovative evaluation of journals with the aid of the
measurement of disruption of paper from the level of knowledge structure. There is a big
difference between the evaluation results of journals based on JDI and impact indicators.
This evaluation method brings new research ideas to the field of journal evaluation, which
may help relevant institutions and scholars to get rid of the constraints of impact factor
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and promote the sound development of scientific research, sci-tech journals and academic
ecology.

JDI reflects the innovation level of journals to a certain extent

By referring to the peer review results of the Faculty Opinions and the high-quality journal
classification catalogue published by China Association for Science and Technology, this
study found that both the D, and JDI reflected the innovative differences among different
measurement samples, both at the journal level and at the paper level. Therefore, JDI can
be used as a reference index to evaluate the innovation level of journals.

Limitations and prospects
Lack of the gold standard for comparison

Bornmann and Leydesdorff pointed out that comparing indicators with peer evaluations
has been widely recognized as a way of validating indicators (Bornmann & Leydesdorft,
2013). At present, the academic community generally believes that peer review, makes up
for the defect that bibliometric evaluation cannot evaluate the content of journals and is
the best way to achieve innovative evaluation. However, existing studies have shown that
reviewers’ cognitive bias (Truex et al., 2009) and emotional bias (Serenko & Bontis, 2011)
will have a significant impact on the evaluation results. In addition, if there are too few
experts participating in peer review, the evaluation results may not be reliable (Serenko
& Bontis, 2011) and if there are too many experts, it will not be easy to organize (Liu &
Guo, 2020). Therefore, the evaluation effect of JDI still needs to be compared with a gold
standard.

The application details of JDI need to be further explored

With the continuous development of interdisciplinary research, the interdisciplinary attrib-
utes of journals and published research results are becoming stronger and stronger. How-
ever, considering that the D index and related improvements (D,) do not have the function
of interdisciplinary evaluation, the JDI created based on this index is also not suitable for
interdisciplinary evaluation of journals in different disciplines. For the evaluation applica-
tion of JDI in the interdisciplinary field, the author will carry out further research in the
follow-up. In addition, Ruan et al. (Ruan et al., 2021) pointed out that the more references
the focus paper has, the more difficult it is for the focus paper to replace all its references
and be cited by subsequent research papers. If the number of references in the focus paper
is too small, it is likely to bring a bias to the calculation of the D index. Bornmann et al.
(Bornmann et al., 2020b) argued that the D index should only count research papers with
at least 10 citations and 10 references. But so far, there is no empirical research to verify
the impact of the number of references on the D index. Therefore, solving this problem is
crucial to enhancing the usability of JDI.
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There are still problems to be improved in data acquisition and processing

In this study, open citation data was used to calculate JDI, avoiding the link of directly
obtaining citation data from the database, effectively reducing the difficulty of obtain-
ing large-scale citation data (Narock & Wimmer, 2017) and ensuring the repeatability of
the research. The method of index calculation based on citation relationship refers to the
automatic calculation program of D index based on Web of Science established by Ley-
desdorff and Bornmann. (Leydesdorff & Bornmann, 2021). Therefore, this study also has
the problem of missing references and citations without DOI. This affects the accuracy of
the evaluation results based on journal innovation to a certain extent. In future research,
more accurate measurement results can be obtained through the joint use of multiple data
sources.
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