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Bl Herrera (2011 ) ##EHIE HEH E2AYRIE T EE05E J71A » — Ry (per-
formance analysis) * tELERIEE HERFHEEZ ~ K2 -~ IFEEFEHEIIER
HEARY 22T » 59— TR (science mapping) » B FEFI RS HLE
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science) IR » F KA Schubert B Maczelka (1993 ) F1Wouters Bl Leydesdorff
(1994) RHARIEEG T EE2Z2 B EAAE (immediacy effect) DURAFSFHIZRIRN
JETZ EIRFFERTIE (research front) SFEAMERREISAIINGE - H SR E (HEEE
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approaches ) DU &alGT EEF BG4 G522 (informetrics/webometrics ) S5758H ©
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(citation and cluster analysis ) ~ BFEET 845347 (scientometric distribution ) ~ FHEE 5
(history of science ) * BHEA/E (scientific collaboration ) ~ FHEEE |- 2RI ZGH4T
(theoretical studies on scientometrics ) * NE_Fult F RERYFRH S AIERE Ry HAtl 28
s iiE FAMER SO FEARIEIE « ARBH « RS TR &=
FPAG 0 E A G S R BRI HE R E R & THIEE - HRE
BEERAESTE o AERTHA (1978 2 1986 4F ) » B JTHAYGR K% » HEH [HIEL
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B T HIH Scientometrics BAT Rt DIATI 3T &G T 2RI » Egghe
(2012) RI53#T Journal of Informetrics IR LA 239 5 SCE » 15239 FFSCEHNLL
S8 Hrpg 4347 (citation analysis ) FTh-2EAUFERE (h-type indices ) 52 S ix
ZHIRE FRE - SR E FEREE A LI ERYERSC © [EAh » Egghe (2012)
Journal of Informetrics i1 | IR 30 T LS i #5 | P 30 R AT .
195 | R R AG S HE  - A1) e 2 BRI IR BEE - SRS
FRGREVHTIERENE FIRP RS - 75 | RGRIZ A HERS E n] 8 E2 2] Journal of
Informetrics IRAHTHIHITIZE Scientometrics » FIEEAEAEE 2 BRTYS [FHZ0ATHY 3
3L o HRFEITERS Journal of Informetrics 8% BRI —H36 (model-theoretic )
PUR #8155 (networking issue ) JFTHIEYER L 5 Scientometrics B & #F 2 2B
5% (case studies ) FYEH L °

T bt oA T B B i DAAR SO B TR A ARG T R EIERIISE - K
% S DU SRR T 7348 » 81 Chen » McCain » White B2 Lin
(2002) By EERERFTRAZ B 2 DER X 2F SR EAE - H 2SR niiAvREE
WG (scientific map ) © 38 MEMFFELL 1981 £ 2001 FEHHY Scientometrics TGRS
Fottoe &Rkt - BN |FHRBOE AR DL ERIZEZ SR - 2551403 0K - 1R 8
38 6 STRRIY LGS | RSG5 Pearson FHEH A8 (Pearson’s correlation coefficients )
FE AR LR |45 R ( co-citation matrix ) » SRR F %4343 (principal component
analysis ) 455 [FEFHAEITIRIZZ /34T (factor analysis) @ DU AT HIBIRIZR RS
BRIEZE o KR HTHORS R ILE T 25 (ERIEE - woRry =K1 5 flldn 4 R Bt
Biftgeriy5 | (citations in science studies ) ~ ERELEZZ1YEMESRIA (world and
national science performance ) ~ WS¢ HiUFFA (evaluation research outputs ) ° 38
T AR B G SR Bk o A s - RERY T A RES FR (i Se B R B, - DA —Ey
iE HE EEAET T AT TS BIRUAS SR iR -
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BRI EENTIE - #ER Leydesdorff (1997 ) R RyialzB 00 = b E 1" H A 555
RATROVER R O BRALE - &P - k2 R —EEEREE AR T T R
GARFERES - 534 - R EFFENE-E T - BGHEREEN R A
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o3 - A SRIGRRE RSO ER ER AR - R AR T SEE
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Steyvers, 2004; Zheng, McLean, & Lu, 2006 ) °
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2. Schoepflin B Glinzel (2001 ) ~ Glenisson 2 A (2005 ) #1DuttZ A (2003 )
FILRTNISEER IR o CERREEEGT & T HIE B W o Bl E ARG £ 524
HERT Y TR B9 C S5 R - AE TSR R B P AR SRR A BRI AR E A
R Rt @A~ B EERITRPRBCRSE 3R G S E D © B LEIEER
TE2005 T2 Bi5ERE » K2 HERF Scientometrics WITIRER SCER} - ARIFSTE
T #2007 5 Journal of Informetrics BT E] 2013 RV E G =2 IR - E
I AnEL R IEIE -

3. Egghe (2012) 8%y " Scientometrics @ AmIn B S MEFH T Journal of Informetrics
BRI | AR E BRI A RS RN R - R T
ARG AT B S R R R R B

oW

TERE A ZER 1 T8 BREAT 92 /T 3RAT » &S i A B S R R L
RIRIRALR « FREBEEERE SRS NEE THEEE - 8 FERAERGERE
BRI G0 KFR 0 0 BH—EZ280R S8 Dirichlet /3 pTEAL: - HiE kR
G Err R —EBE R E 8 3 EBGE I — (R e i rIRRE - 55
—HH  MRBEENERd » XA EN FEERES RO, 0, 1
HIRESRAE Ry S d EFE BRI 55— 82280k a i Dirichlet 53471 2
Ao w RS d RIS —EERRE - IRIBIE IR & 0, P HIS BN 158 « DURHE
S ERERRR GO PR « FRERAERGE E BRI 2 R Blei A
(2003 ) F1 Griffiths i Steyvers (2004 ) °

FEE TR ERAERB XN AASHEE R EA R - SHE
LDA I RAE R A2 80 A0, BHSUFEGNERNEE - HE—2
JEG A S I EEER N BRSR - HRHERT 2 E-M L (Expec-
tation-Maximization algorithm; Hofmann, 1999 ) $iE[|—FHOF16 » HISHESRE P
(wl9.,0) K » wXHEREGAFEFRE - (HEE Tk REg A4 R
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K (local maxima) » RefEpua il - §F 2 WH9eie i S iE 2 Ml sm A
Hrr Gibbs VA% (Gibbs sampling; Griffiths & Steyvers, 2004 ) ELAFHEGHELZE
ZBEFEEE R ER A Gibbs HUEE BIAHE R LD A AU A 22 85
¢k§FD Gd °©

() BATIER SRR L R Bl R P

AHFFEE FeiE WoS B EEY Scientometrics LA Journal of Informetrics 7R
T I HIAE o3 A s R A [ (2007 222013 418 RUPT AR SC » e FOE U
TRy Article FERSCER » BPFRHURINGRSCE R - Jehmd TIAT AB /el A&
K EBRADEIRE AB A BRGNS - AR R AL R & G CR
WXSLTEE !

A S CE RSN AR B Ry NES (lower case ) ~ ZEBRAEEERFIR
ELS(E - EBRIFHIEA (stop words ) SRR » B HIBRAYEAIRE DU L HIBRAAR
HrP S R T AR Smart RN ST - SAMUIMAGEE &
BRSO R EER I BRYEREE - B4 “information™ ~ “research™ ~ “analysis™
F o RyREEHET =B P E EEAVEAEE - U1 “co-citation” ~ “h-index” % + A
TN B TR B E T L (word stemming) » Jboh - KEEEHT— R
WAMEITHE R - F R (ORI SCERHEEEY 5% ) Bl 7 (VMR ERSCE RHE
EHIY 1% ) WERREIIMMER - DIERRFREE - IdCERARE - W EHER
HIRY - RERE AU G S e B o ARWFSE R R G ik de e T &R R B » R
tm Zf4: (Meyer, Hornik, & Feinerer, 2008 ) g8 L7 AZ »

(2) PR S

T RERR A 22 BHE B 3 3 TR AR 2RI DU R KR Y topicmodels 44 ( Griin
& Hornik, 2011 ) BEETMIEL » ANKHSERs SRR b 2 AR BRIAE RS RIR & B - RE AR
RATIZ B o 53R R 0.01 1.0 <

LDA fRAGETE T FRENHEE T - S SR s S R R -
Griffiths B Steyvers (2004 ) %R FH #2583 (posterior probability ) f ey 3-8
M8 - W FeRIFIHIRIEE (perplexity ) FHHEIBAIA AL » W ARIERRIAY B

L e R PSRBT 2+ HL 20t 2 L aHOE B M B T BT - (0 2kt
A REA - HARETT FEEIHER T - R TR A R T B SR SR S R - DL
B ERTREZSHIPDFIG X - SBIEA SO SMERSNIE, - BRIy E Y £ B R RET L R
TIERIERT » KGR 3 i B U A RE A B AR SCF AR IEIEWo SR ISR T iR &
B HEITE AT -

2 SmartRARATSIIS7 1B IR - ]2 http://jmlr.csail.mitedu/papers/volumeS/lewisO4a/all-
smart-stop-list/english.stop °

Sgpr e B EER A GE AS ISR - A B RRR AT B o IEREE R0 -+ iR
¥ FitopicmodelsE{FTHERAISO/T °
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STE EE (Blei et al., 2003) » 8/ NIRE PR R FR BRI BSOTAT » ARBFFERIA
R BEDUE i R TR B ESRRAN T
1 AR ER SRR AT amsCRERE o Ty -0 -
2 TR ERE R AR R R AT
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2.3 FFEEREEAIE -
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e 7 & ERER LA S - il EREAMEE SR GRS KT
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AURTREMEEITHER » PR I BESRE S R AR 1S5 SCE MRy 35 {8 = RERY LAY
W o a5 SR AR A RE A R RRRESTE 1 R INEE -

5 AISE N DLER AR SE Schoepflin B Glinzel (2001 ) ~ Glenisson % A (2005 ) ~
Dutt% A (2003) Fl1Egghe (2012) SEMFFe e IR HIE F/E - ARBRMIE A%
A SCEIT AR B RS CE RHE R E — R - AR ARWSE AT B A 3
R TR0 ABR B R SRR —E 1 - BN EE R e HBAE
G S AR BERE AR/ NRPLE - FHECHA Schoepflin B Glidnzel (2001 ) ~ Glenisson
% A (2005) ~ Dutt = A (2003 ) F1Egghe (2012 ) ZFESeRIHIFEER L T B &1 i
N EILREEA/N - Hatim EEER RS CEE NS ERREER - A5
HI5Z 58 3= B SR G IR 43 AR LRI R KV - RIRISE G 2 IRy
Pl H| DIBESRE R M LIS TR T T
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FRIIER - F—Fim I EEERE S T ER R EER R T
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7258 (symmetric Kullback-Leibler divergence ) (Rzeszutek, Androutsos, & Kyan,
2010) « ‘ERMEFEE FRESAHER - EM B EEXKLAER R0 K2
FE 2 RTK B R ETE KL 2 RS ETR « ARIFEEHI
EAAEFEZMEEAEEA KL 2R » S E S EIVERE - WEHHER
B ERRIRIEE -

(£) LT R

et% o 3HE Scientometrics FllJournal of Informetrics [ 7IAEE—4E0 1 RER%
HIRE o AWFFTRHH TR 3= BRI & 0 78 R A @ s DX £ RERRIE S Y
£ o PR A ERELE AT ER B B RABESR{E FORE I TR Ry BT AE
HIENTE - BRZEIVED - SIEHEMEIHTIAE 2007 F 2013 4/ - FEE B
KA EREE TR ST -

() SRR

AWFFRILETSEIY 1,755 FE3mSCEHRL » Scientometrics Ml Journal of Informetrics
B Ry 1374381 2 o 25 AR 5 Y B8 6 Bl 25 T 6 i SC B R 4 1 s e
2013 4 Scientometrics ¥l Journal of Informetrics FfRHATIHEST R SCBLE 2
#2007 LIRS 0 BEARE Journal of Informetrics 7F 2007 8 R 31 fRim L
2013 - iRk 93 fEam S+ EREFY3ME - BRI R - HEHGH R BT S X E
W5 IiEE -

MM{ZOO

ﬁ 175 W Scientometrics

42 150

= o5 w Journal of
100 Informetrics
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IR RS
1 Scientometrics#eJournal of Informetrics &4 & i X ¥ &
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RGESCF IR BR IR - ABFFENE 1,755 5 SO 2ORHlECH 1,147 T 5
i AR M RERRE H B R SO FERISAR (frequency count) © i3
MERGRER Y R T BRI - ARBR IR P a0 F 8 -
AR THR R LA R Ry 521100 2 [ - G320 EE - FrSEIRRIERE Y
EDA LB SEE Ry 10 9 683 .46 Ry » 250 EEBERANRFE L FIHEFES R
[ 2 o (Kt » AR A NG T R AR - (R AR E Ry 10 -

mean value of perplexity
2
*?

[=))
o]
N

33 FERUU U SO JOUNE SOUOE SUOSSUONSOUOE SOUSE SUOFSURS-SUUE UL OURE SO SO IOUOEIOUOE SRS OO S

680— ..... TR S S OO SO N O O (- T
R L N R e R e e
5 10 15 20 25 30 35 40 4550 55 60 65 70 75 80 85 90 95100
number of topics

B2 &AEEREERALTFHMA

() NG RS

5t 2 BB A TSGR RS - fEAMsET B E R
L El B AT R S SR 8R4 IR GE B 10 » FIFR G SURITERIRRS] - &8 = RERy
RS SCRF TR F R BB SR S R R e oL+ B8 ARG O FRE AT A B
SCEBI IR 1 RIFR 2 -

5% | 2 W LrlRE BB G SR E S, » RIRERREIS A EREEE -
2 FHERE By R © Topic 1 BLRMRAYBIHT R S AR SRR NGRS G R -
HIE ST B I EH] (patents ) #URBFSEE R + Topic 2 HIlZ HATHHE B2
MY h ZE U FE AR BRI SR EAE R E A 5 Topic 3 B2y A4- A AEIRER b rybe R g
24 ; Topic 428 BT 2428 (journal impact factor ) FYEHHISE 5 Topic 56
BRI R ER T SO R TE A 2 7 B B S SE R i B B e 5 Topic 6 W R
BHEm U (review ) FEA AR E HHAVGERE 5 Topic 7HIHZE(RE (impact
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Topic 3  Trends of DDT research during the period of 1991 to 2005.
Increasing dominance of English in publications archived by PubMed.
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Do second-order similarities provide added-value in a hybrid approach?
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Analyses of Research Topics in the Field of
Informetrics Based on the Method of
Topic Modeling

Sung-Chien Lin

Abstract

In this study, we used the approach of topic modeling to uncover the possible
structure of research topics in the field of Informetrics, to explore the
distribution of the topics over years, and to compare the core journals. In order
to infer the structure of the topics in the field, the data of the papers published
in the Journal of Informetrics and Scientometrics during 2007 to 2013 are
retrieved from the database of the Web of Science as input of the approach of
topic modeling. The results of this study show that when the number of topics
was set to 10, the topic model has the smallest perplexity. Although data
scopes and analysis methods are different to previous studies, the generating
topics of this study are consistent with those results produced by analyses of
experts. Empirical case studies and measurements of bibliometric indicators
were concerned important in every year during the whole analytic period, and
the field was increasing stability. Both the two core journals broadly paid
more attention to all of the topics in the field of Informetrics. The Journal
of Informetrics put particular emphasis on construction and applications of
bibliometric indicators and Scientometrics focused on the evaluation and the
factors of productivity of countries, institutions, domains, and journals.

Keywords: Analyses of research topics; Informetrics; Topic modeling

SUMMARY

Introduction

This study used the method of topic modeling to analyze important research
topics in the field of Informetrics and the development in recent years. Using
texts of a collection of documents as input and the topic modeling method, we
generated sets of statistical parameters consisting of a set of possible topics as
well as topic mixtures for all documents in the collection. In this study, the
texts of papers published from 2007 to 2013 in Scientometrics and Journal of
Informetrics, which are core journals in the field of Informetrics, were used as
data source. The topic model resulted from the study was provided for analysis of
the examined field. This study investigated the following problems:
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1. Identify important topics studied in the field from 2007 to 2013. Discuss
the feasibility of applying the topic modeling method to this kind of studies;

2. Understand the distributions and developments of topics in the field of
Informetrics;

3. Compare the distributions and developments of topics in Scientometrics
and Journal of Informetrics.

Methods

The method of topic modeling which describes the word generation process
of text in a document, is based on a statistical model (Blei, Ng, & Jordan, 2003;
Griffiths & Steyvers, 2004). It assumes that every word w in a document d is
generated by a topic z, which is sampled from the topic probabilistic mixture
0, of the document d, as well as the corresponding word probabilistic mixture
¢Z of the topic z, which can be used to select a word from a vocabulary.
Furthermore, to describe the possible word generation process in a document
collection, we need two sets of parameters: the first set of parameters (6,) is the
probability determining the selection of topics for each document. The second set
(9,) determines which word will occur when a specific topic is chosen. Several
algorithms have been proposed to infer those unknown parameters of topic
models. The parameter inference algorithm used in this study is Gibbs sampling
proposed by Griffiths & Steyvers (2004).

To infer parameters of topic models, texts were collected and prepared first
before being applied with the algorithm. In this study, data of the papers were
retrieved from the citation database WoS (Web of Science). The search criteria
were 1) paper type was “Article”, 2) publication year was from 2007 to 2013,
and 3) the source was either “Scientometrics™ or “Journal of Informetrics”. Texts
in the fields TI (title) and AB (abstract) of a paper were merged into on piece of
text for topic modeling. All punctuations, numbers and stop words in the texts
were removed and all words in the remaining texts were transformed into lower
case using the functions provided by the R statistical analysis software package
“tm” (Meyer, Hornik, & Feinerer, 2008). We also counted the occurrences of
all word tokens in the document collection, and the common words (appearing
in more than 5% of the documents) and rare words (appearing in less than 1%
of the documents) were deleted to reduce computational resources. Finally,
the frequency counts of word tokens occurring in each document were used as
input for another R package “topicmodels” (Griin & Hornik, 2011) to infer the
statistical parameters of topic models.

In terms of interpreting the inferred topic model, we defined “core words”
and “typical papers” for each topic in this study. The core words of a topic were
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those words with the highest probability of this topic. Typical papers for a topic
were those papers which the examined topic had the highest probability among all
topics. When the inference of topic model for the document collection completed,
both the word probability for each topic, ¢, and the topic probability for each
document, 6, , were sorted in descending order. The core words and the typical
papers for each topic were obtained at this point. In this study, 10 core words and
10 typical papers were selected for each topic.

The probability of topics in a set of papers can be calculated by averaging
the probabilities of the corresponding topics in all the papers in the set. For
example, to analyze topics occurred in the field of Informetrics from 2007 to 2013,
the average of topic probabilities of all papers in the entire collection was used.
If a specific topic had the highest average probability in the entire collection, the
topic could then be considered as the most important one in the field. Therefore,
we would rank all topics occurred in the whole field by comparing the average
probabilities in the total collection. In the similar way, we could calculate the
probability distributions of topics in a certain journal or in publications from a
certain year by averaging the topic distributions of all papers published in the
journal or in the certain year.

The disparity of two topic distributions in difference paper collections
can be measured with the symmetric Kullback-Leibler divergence (Rzeszutek,
Androutsos, & Kyan, 2010). When the two distributions are equal, the measure
of symmetric Kullback-Leibler divergence between them is 0. If there are big
differences between the two distributions, the measure will be larger than 0.

Results

In this study, a total of 1,755 papers were selected, including 1,374 papers
from Scientometrics and 381 papers from Journal of Informetrics. The texts (the
titles and abstracts of the papers) were prepared and 1,147 word tokens were
extracted. Estimating through the leave-one-out method, the minimal average
perplexity is 683.46 while the number of topics was assigned to 10. Therefore, we
set the number of topics to 10 in this study. The followings are these 10 inferred
topics:

® Topic 1: studies of technology innovation and knowledge communication
networks based on the techniques of patent analysis;

@ Topic 2: theoretic studies and applications of the h-type indices;

® Topic 3: growth and trends of academic productivity;

@ Topic 4: empirical studies related to journal impact factor;

® Topic 5: performance evaluation and ranking for research institutions,

including productivity and quality;
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Topic 6: issues of scholar publishing, such as paper review;
Topic 7: measures and applications of bibliometric indicators;
Topic 8: studies of scientific collaboration;

Topic 9: influence of demography and characteristics of scientists on their
performance and the social relationships among scientists;

® Topic 10: domain analysis, including the studies of topic identification

and scientific maps.

Some findings from analysis of the resulting topic model show in follows:

The topic distributed in the entire field was fairly balanced from 2007 to
2013. The probabilities of all topics in the entire collection were almost the same.
However, Topic 1 and Topic 4 were slightly larger than the others.

The topic distribution in 2008 was different from those measured by
the symmetric Kullback-Leibler divergence in other year. It was because the
probabilities of Topic 1 and Topic 2 in 2008 were significantly different from
those in other years.

The topic distributions in the last 3 years were very similar and they were
different from the topic distributions in the first 4 years. The changes of Topic
3, Topic 6 and Topic 7 contributed to the different topic distributions. The
probability distribution of the Topic 3 in the earlier 3 years was about 0.11, but
in later 4 years it was only 0.10 or less. There was a clear downward trend.
Conversely, the probability distributions of the Topic 6 and the Topic 7 were less
than 0.09 and 0.10 in the first 4 years and were raised to 0.10 and 0.11 in the later
years.

Journal of Informetrics and Scientometrics both published various topics
in the field of Informetrics. But the Scientometrics published a wider range of
topics. Scientometrics had slightly higher probability distributions on Topic 1
and Topic 8 and it also preferred Topic 3, Topic 4 and Topic 5. The Journal of
Informetrics had obviously higher probability distributions on Topic 2, Topic 7,
Topic 4, and Topic 10.

Discussion

According to the results, this study makes the following conclusions:

1. Although the data scope and the methods used in the analyses are not
the same, the results of this study are still consistent with those of previous
studies. For example, Topic 3 can be assigned into the class “bibliometric
theory, mathematical models and formalisation of bibliometric laws” provided
by Schoepflin & Glinzel (2001), and Topic 6 and 9 are parts of “sociological
approach to bibliometrics”.

2. Each topic in the field of Informetrics has received considerable attentions,
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especially practice-based research such as the applications of patent analysis and
journal impact factor.

3. Because there is only little difference between the topic distributions in
last three years, this field was more stable than before.

4. Through comparing the topic distributions of the two core journals, we
can observe that these journals published all topics in the field of Informetrics.
However, Journal of Informetrics has special focus on the construction and
applications of various bibliometric indicators. Scientometrics has put attention
on the evaluation of academic productivity of countries, institutions, fields and
journals.
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