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Abstract

Background: Medical informatics (MI) is a multidisciplinary field in which researchers pursue scientific
exploration, problem-solving, and decision-making to facilitate the effective use of biomedical data,
information and knowledge for the improvement of human health. The purpose of this study is to identify
research fronts in the field of Ml and ultimately elucidate research activities and trends in this field.
Methods: This study used topic model to identify research topics in the field of Ml based on the latent
Dirichlet allocation method (LDA). And the topic cloud is utilized to visualize the research topics. For
identifying the research front topics, we proposed the indicators of identifying research front topics. In
addition, we investigated how front topics change over time, and divided them into five categories based
on the life cycle theory. Results: The data were collected from 35981 published journal abstracts between
2007 and 2016. In the topic distribution of MI, we found that the scope of Ml related research has become
increasingly interdisciplinary, particular for medical data analysis. Also, in the analysis of research fronts
of MI, we found that the use of natural language processing and medical text knowledge extraction play
an essential role for systematic analysis and indexing of the underlying semantic contents. Conclusions:
By categorizing the research fronts, the results shows that there are twelve growing, five stable and two
declining research fronts. We hope that this work will facilitate greater exploration of the method of
identifying the research fronts. Moreover, the findings of this study provide an insight on the research
fronts and trends in M.

Background

Medical informatics (MI) is a multidisciplinary field in which researchers pursue scientific exploration,
problem-solving, and decision-making to facilitate the effective use of biomedical data, information and
knowledge for the improvement of human health[1]. The objective of this study is to identify and analyze
the research fronts in the field of MI. Research fronts present the focus and difficulty domain of scientific
research. Obtaining the research fronts timely and accurately is of great significance for the country,
institutions and researchers.

There are various methods of detecting research fronts, which can be summarized from the qualitative
and quantitative perspective. In the qualitative, literature review and brainstorm are commonly used and
authoritative methods. Quantitative analysis is mainly based on bibliometrics. We can understand the
research status by analyzing the academic literature of a certain field [2]. Numerous quantitative analysis
methods have been utilized to study the research front issue, such as citation-related analysis [3—11] and
content analysis [12—-20]. With ample research results, citation analysis method started early, which can
be concluded into co-citation analysis [5-7], bibliographic coupling [10, 11], and direct citation [9].
Content analysis is useful for understanding the knowledge in the literature. It includes term frequency
analysis [15, 18], burst term analysis [12], and co-word analysis [17, 20].

The two methods are effective for detecting research topics. However, through the literature review, there
are two main problems in the research of front identification:
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W It's lack of recognizing indicators of research fronts, though the existing methods of detecting research
fronts depend on the accumulation of terms or citation.

W The existing methods neglect the semantic information between texts. Citation analysis and content
analysis method can't detect the research fronts semantically, and they neglect the semantic information
between texts.

With the rapid development of machine learning technology, examining large collections of literatures can
help researchers to understand crytic knowledge. Researchers have proposed some novel methods to
detect research fronts, such as topic model, neural network, support vector machine (SVM), the decision
tree. Among them, the topic model can extracts valuable potential topic distribution, through semantic
analysis of the full text. The most widely applied topic model is latent Dirichlet allocation (LDA) method
[21-23].

With purpose of identifying research fronts in the field of M, this study applied a topic model to
quantitatively investigate scientific articles published in 26 Ml journals. In addition, to elucidate research
activities and trends, the study explores the changes of research topics over time, and divided them into
five categories based on the life cycle theory. We hope that this work will facilitate greater exploration of
the method of identifying the research fronts.

Moreover, the findings of this study provide an insight on the research front topics and trends in Ml.

Methods

Data collection We chose the Web of Science™ as our data source and adopted the Web of Science
Category (WC) of Ml to retrieve the literature. From 2007 to 2016, there were 35981 records, when WC ="
Medical Informatics” (retrieved on January 3, 2017). We adopted abstracts as the analytical corpus.
Because the abstract of an article, which is regarded as a condensed representation thereof, has been
used to successfully identify and interpret the scientific themes of articles [24]. The topic model and
parameters setting The LDA is a generative probabilistic model applicable to collections of discrete data.
The basic idea is that documents are represented as random mixtures over latent topics, where each topic
is characterized by a distribution over words [25]. In fig.1, M is denoted as the total number of articles. N
is the total number of words in a article and K is the number of topics. We can view LDA as a
dimensionality reduction technique, but with proper underlying generative probabilistic semantics that
make sense for the type of data that it models. We used the R package topic models [26] to perform LDA
modeling employing the Gibbs sampling method. The LDA model has three key parameters, these are the
Dirichlet hyperparameters a and 3, and the number of topics K. The a can reflect the distribution degree of
documents on each topic. The smaller the g, the better the discrimination among topics [27]. The value of
ais related to the K value in the LDA model. The B can reflect the distribution degree of vocabulary in
each topic. The value of B can affect model granularity, which means the smaller the B, the more topics.
According to Griffiths (2004) and experience in the study, it suggested that the values are a= 0.1 and B=

50/K respectively [28]. Perplexity [29] is a standard measure of performance for statistical models of
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natural language and is defined as exp{-log P(wtest|})/ntest}, where wtest and ntest indicate the
identities and number of words in the test set, respectively. Perplexity indicates the uncertainty in
predicting a single word; lower values are better. In this paper, K was set by the perplexity of the topic
model, and when the value of perplexity is smallest, the value of K is optimal. Indicators of Identifying the
Research Fronts This study hypothesized that the topics derived from LDA model, which contain many
research front topics. So how can we detect them accurately and quickly? The paper proposed the
strength and novelty of topics as the indicators. Strength can reflect the high attention by researchers,
and novelty can reflect the latest studies. Strength of topic is the indicator to access the topics whether it
can be hot topics. In the process of calculating the topic strength, the supporting documents of a topic is
composed of the probability distribution of the documents. The probability value of a document can be
understood as the strength of the document. In general, topic strength is the sum of probabilities of the
overall supporting documents. The formula is following:

_ Tnod™

Se,. -

Formula (1)

S0y is the value of strength of one topic. M represents the total amount of documents. ek(m)represents the

weight of topic k in the document m. The weights are more high, the more important. Hence, we can
calculate the strength of the topic and plot the trends to illustrate the topic.

In order to analyze the novelty of the research topics quantitatively, the average publication time is an
important identification index. The more one topic publishes recently, the higher degree of the novelty.
Research fronts are the latest scientific findings and research issues, so they are more novel than other
topics. For giving more weight to highly probability documents, this paper calculated the average
publication time by capturing the top 50 documents in descending order of probability, and then
calculated these average publication time. The formula is following:

_ e

ng 50

Formula (2)

Vg, is the value of novelty of one topic. & ,(cm) represents the year of document m in topic k. The

strength and novelty of the topics were measured to determine whether they were research fronts.

Types of Research Fronts based on the life cycle theory

Braun et al. (2000) proposed the life cycle theory of the research field. He believed that the development
process of a research field can be divided into five stages, including the incubation period, early period,
expansion period, mature period and decline period [30]. The evolution of subject topics also follows this
rule. With the development of scientific research, research fronts go through a process of development,
maturity and decline. Based on the life cycle theory, this study classified fronts into emerging, growing,
stable, declining and exiting types, which shown in Fig.2.
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With the curve of literature, emerging fronts are newborn. In two adjacent time windows, a front topic
does not appear in the previous time window (T1), but it appears in the current time window (T2), and the
topic is considered an emerging front. On the opposite, exiting fronts are disappear in T2, which are
appearin T1. To explore the trends in nascent research we measured the growth rates of fronts, from T1
to T2 and categorize them as growing, stable, or declining. Growing fronts are those that have more
papers in our T2 period than the sum of all of their contributing fronts in the T1 period. Similarly,
declining fronts are those that are smaller than the sum of all their contributing fronts in the previous time
period. Moreover, stable fronts are those for which the sum of all contributing fronts changes little in the
adjacent time windows.

Results

Overall topic distribution

Fig.3 shows the t perplexity versus number of topics. Following the increase in topic number, the
perplexity of the model gradually decreases. When the number of topics is 62, the model has the lowest
perplexity, which is the best fit.

The LDA model can produce document-topic distributions 8, and topic-word distributions ¢, which are
difficult to understand intuitively the content of topics. Therefore, we utilize the wordclouds to visualize
the each topic-word distribution ¢, with the top 10 words in each topic. The sizes of words in wordclouds
was proportional to probabilities yielded by the topic model.

We believe that each topic is a bag of words related to semantic content. In each topic, the words with
higher probability reflect the content of the topic. Thus, we assign each topic a label or research subfield
based on the high probability words (see Fig.4 and Fig.5).

For example, T1 is associated with words such as image, tumor, MR, detection, CT, 3D... which are
generally related to tumor image detection. T7 includes words such as sleep, assessment, respiratory,
lung... these words are associated with the sleep monitoring analysis. We found some words such as
information, model, medical, health... which were used in many topics.

Moreover, the topic word distribution can reveal more details about what a particular topic focus on. For
instance, T11: Medical statistical model, which focus on reducing error of model. Analogously, T12K
Model prediction, which focus on the parameter setting of model.

Identification of research fronts

Following the extraction of 62 topics, we calculated the strength of each topic, the results of which are
shown in Fig.6.

In Fig.6, the height of the bar represents the strength of topics and the dotted line is the average of
strength across the 62 topics. The average strength is 2.17. There are 22 topics with a strength value

Page 5/19



higher than the average. Topic 4, which is “Medical text knowledge extraction,” has the highest strength
value of the set.

With regard to novelty, we created a boxplot to visualize the values. In Fig.7, the boxplot contains one
rectangle, a dotted line, and two borderlines. The spacing between the different parts of the box indicates
the degree of dispersion spread and skewness in the data. In addition to the points themselves, they
provide a visual estimate of various L-estimators, notably the interquartile range, mid-hinge range, mid-
range, and trimean.

To calculate the novelty of the 22 topics that had strengths higher than the average. In view of these
findings, topics 3, 4, 8, 19, 20, and 34 were more novel than the others were, because they remained active
until 2015.

When we considered both the strength and novelty values, we found that research fronts had higher
strength than the average and a publication time within the most recent 5 years of our study period. Using
this definition, we identified 19 research fronts in M.

Classification of research fronts

In this study, the corpus was divided into two time windows: T1 (2007-2011) and T2 (2012-2016). The
topic growth rate was then calculated, and the results are shown in Figure 8. Each sphere in the figure
represents a topic, and the size and height of the sphere represent the growth rate of the topic.
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Table 1

The types of Research Fronts

Type No

Growing 1

19
21
22
31
34
48
54
58
Stable 9
17
41
45
53

Declining 24

46

Topic label

Tumor image analysis

Algorithm on medical data mining
Medical text knowledge extraction
Health care application

New medical pattern based on web
Disease classification method

Medical system and software

Health information system evaluation
Disease survival model
Computer-assisted diagnosis of disease
Semantic analysis of clinical knowledge
Medical big data platform

Community health service

Clinical decision support

Medical informatics methods and techniques
Electronic medical records

Machine learning algorithms in medicine
Medical data integration

Disease risk prediction

Discussion

In the topic distribution of MI, we found that the scope of Ml related research has become increasingly
interdisciplinary, particular for medical data analysis. There are 16 topics concerned with medical data
analysis. With the ability to deal with large volumes of both structured and unstructured data from
different sources (T58), big data analytical tools (T41, T53, T3) hold the promise to study outcomes of
large-scale population-based longitudinal studies, as well as to capture trends and propose predictive
models (T12, T46) for data generated from electronic medical and health records (T45). A unique
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opportunity lies in the integration of traditional MI with mobile health (T8) and social health (T59),
addressing both acute and chronic diseases in a way that we have never seen before [31].

In the analysis of research fronts of MI, we found that the use of natural language processing and
medical text knowledge extraction (T4) play an essential role for systematic analysis and indexing of the
underlying semantic contents (T54). Mining electronics health records (EHRS) is a valuable tool for
improving clinical knowledge and supporting clinical research (T17), for example, in discovering
phenotype information.

More importantly, genetic test and analysis (T10) will help to screen out patients who are more likely to
develop related disease [32]. Further studies on these high-risk patients (T46) based on tumor images
analysis (T1) may provide insight into the rate of disease development. In order to assist disease
diagnose (T48) and support clinical decision (T17), a combination of medical images as well as medical
records (T45), demographics, and lab test results is key to characterize the structure, function, and
progression of diseases (T24). This requires the implementation of effective and optimized querying
systems (T22) [33] in order to reduce the computational complexity of handling these data. In addition,
evaluation of health information system (T31) focuses on the quality management and evaluation of the
system,such as those on the effect on health services [34, 35].

Our study has several limitations, mostly due to the complex nature of our research subject. One
limitation is that we have limited ourselves by only considering sources, which are indexed by WoS.
Therefore, our approach did not include a few Ml journals, which are not covered by ISI. The LDA method
itself imposes several limitations. The text mining method still depends on important choices of
parameters; the attribution of labels to groups is also a matter of expert opinion, and needs substantial
human intervention. The number of the topics can be chosen to be either smaller or larger. This depends
on just how “loosely and generally” one wishes to define such a heterogeneous and complex field of
study and application as MI. We set K value by perplexity of LDA model, however Chang et,al(2009)
shown that surprisingly predictive likelihood (or equivalently, perplexity) and human judgment are often
not correlated, and even sometimes slightly anti-correlated [36].

Conclusions

The goal of this work is to identify research fronts in the field of Ml and ultimately elucidate research
activities and trends in this field. Using quantitative methods to conduct in-depth mining of research
fronts can provide valuable information for the interpretation of fronts. The method of categorizing fronts
based on the life cycle theory emphasizes the novelty of fronts. In future work, we will integrating multi-
source data to identify and analyze research topics using the LDA model and further optimize the
parameters of the topic model.
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A graphical model of the LDA
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Research fronts classification based on the life cycle theory.

Page 14/19



2000

Perplexity

1800

1600

Perplexity

1400

1200

1000 ! I ! I ' I ' I ' I ' 1 ! I ' I ' ] L
0O 10 20 30 40 50 60 70 80 90 100

Num of Topics
Figure 3

Perplexity versus number of topic

Page 15/19



llll.’lllll' MRI
l m.lg

drlﬂ-lmn ﬂ'

T1: Tumor image anabysis

relinical

future system

(RO
Inl‘urnut ion
acerssmenl  ae=iy
heallly =t

T6: Health mformmation
evaluation

EE“‘G“F;
model

data testing
rellecibon TIFPOHE

T11: Medcal statistical
model

whepnr Fandemicel

clinieal

trealment
eiect  brial

wplimal

Wlimrner

T16: Clmscal trzal

prrlsrmame

e waih
e Teatures

elassilication
T

nenral
P_!:,meﬁ datasel

T21: Duscase classification
method

“mode] CAD

[ S —

data

Bayesian jjed

T26: Data model

Figure 4

Ih-lma —
Lm.tgmg

[

Color Oculi

T2: Retina mage analysis

a-_-si-";s"inif"l_ll

sleep

Elentily ==
lung rﬁ{urg_lrgr:h

T7: Sleep monstonng

prﬂllﬂmn

ally i
model

parameter_

hip
bl

T12: Model prediction

s i Arrel el

decision

['Illlll?al
L]
palu-nl

[

T17: Chmical decision
support

““"'.:..n“f';r‘g.“
syste
Jnli-rllrv

tool user

T22: Medical svstem and
software

CAD [ m[“l
imileg riain
pmslale

vihsreeial

cancer

T27: Tumor montoring

Word clouds for Topic 1-30.

p('rl'umlnnrr

algnrllll m

ol i
n.-lrlﬂ al

sdugihe
T3: Algonthm on medical
data mmmg

healh

life ohjectives
hevieres 7

= User

I{almnﬂle

TE: Health care
apphcatson

[.- predictber --I--hri
nostie

Iag elimbeal
measures

rerrriniien iy

pexfirmence

T13: Dhagnostic
performance svaluation

||uulih (bﬂd.[-
Medlcal

Inl‘unnallum

T18: Medical data coding
quahty

real g T
ime device

Bﬂﬂbﬂl"

ll‘ll\'ll
el st ‘r grid

T23: Wearable devices

T Jiffe
h alth

ﬂl"‘llgh I‘“I‘!k

T28: Health nsk
assessment

older
seareh
semantic  |siamedical

information
“hedical
clinical 1ex

T4: Medical text
knowledge extraction

l:nmmun |h

{‘Ht‘lllh
T poliey

SCryires

T%: Commmunity health
SErVICE

5y Tlwalbi
warsing [l eraey
ity

ethic

medical 575

T14: Medical humanities
reseanch

e

mental ~ Web
smakimg  lyaseqd
plira.t Ium

ol lrrﬁniqm's

T19: New medical pattem
based on web

rralas  ramewoerk
sadutions Sy s1EMAS
i e tow hmslangirs

healtheare
platForem gy s
architecture

T24: Medical data
integration

selemlmsdrai b
adverse 1o«
P Y

dru

l—'—“

safety

aluals

wpEriral
peiesmiial

T29: Drug evaluation and
regulation

Page 16/19

rlirrsl
salislfaction

allitudes =i
]JI‘I'I‘E‘“I‘[I

-

compuler
L ] I"II.III"GEH

T5: Computer anxicty of
nursing staff

sequence DYA
adertlen plone

healtheare
simding g gretbn
le::lﬂlog:]os

T10: Gene clommg and
sequence analysis

Treal menls

ae Medical
designs
rillersry . ik alrm

“= trials

T15: Chnical tnial design

beluvior hased
hﬂlh

inlrn t'nlinmi
[

patient  feglores

T20: Intervention for
healthy population

“role  tissue

elleeis ll

T25: Cell environment
anakysis

detection

T30: Electrographse sagnal
anakys:s



it fimbeal
syslems
heallerare  dablli
information
wuhity  impbementation
evalualion
Trmmsrws k.

T31: Health information
syatem evaluation

Fhospital
care
quatny Patient

T36: Care for patients

a"mllﬂl inn
mpEy bl
metl
aoileyd

RFIN
protwrl i furmation

T41 Medical informatics
methods and techmques

N chronic
pallcnl_s

Irvalment
arterial
heart risk

T46 Discase risk
prediction

[TTE Y

g‘"l luud

museclée”

infurmation MG

movemenl

T51: Monon detection
and analysis

urlu.ll 3D

rgicnl

il‘lll'ﬁllls

T58: Robotics in surgery

'ijr sl em HIV

medlcal
J"g““ﬂ.’,‘_

T61: Medical diagnostic
sysiem

Figure 5

T32: Bromedical
wnformatics

thermal
lacilities

T37-Healthcare facilites

wrirslies ‘Iﬂl"ﬂ!ll
rFip Privacy

pl‘(l(:['.ﬁs
L Iaptrirar ey

secure

asthemtical b

T4l Prvacy protechwon

for healthy users

pressure

A menl

blood

raﬂlur flow

T47: Blood pressure
monsormg

nprrmiml

g genes

I-I-ll'l-d...

biological

T52: Gene expression
and disease

mnllivariale
conariales

parameri S
recognilion
prapartional  imputation
latent  Cox

[

T57: Medical statistics

health™"

Ilﬂ[“iallal
o data

T62: Epademiological
survetlance analysis

Word clouds for Topic 31-62.

time potential
digital

avoid —

long surface

T33: Neural signal
analysis

i elTect
mmrnﬂ

Elevtrostatic
Lmperomel ric
evperises
punlse TCw
ddetection Proporibe

T38:Electrochemical

information analysis

]

fetal
o infamls

('hlllll'(!‘ll
“IIIIH."I'I

mimalal  feraliheary

T43: Maternal and child
health care

mmpull'r

dlﬂe"i"é'a_ﬂ
== disgnose.

T48: Computer-assisted
diagnosis of disease

prrlarmanae
Teatwres nearal

elassilication
prrlcties e

lewrning dalasel

el [ -

T53Machme learnmg
algorithms in medicine

Inl‘nrmnliim

“data

wioing Media

T58: Medwcal big data
platform

qun nal Wi

T34: Discase survival
model

—_ [IE=TTS

ﬂurl'm:e
Chmesrg
TCM ‘e
Sy ek

Ti% Tradimonal Chinese
medicine analysis

lrarnbng astmjerr ke
¢ leaching
educational
shdenl  Versing
.

T44: Online (electronic)

medical education

neEMme dferenes
stimulation

slrial o
evaluated
e Lemdrbeular

standard
It sl

T4% Electrophysiological

mformatwon analysis

t'lmlca.l

T54: Semantic analysis of
clinical knowledge

he.llth"";]'r
suclal
iea Web_

T5%: Behaviors in the
context of social media

Page 17/19

—— stall
wireless

umil Care
network
rneng
communicalion
L T Y

T35: Sensor wireless
COMMUNICAton

nu-lluuh s risk
seore
pmpomiil\

petestial alimaliom
treatment
[l L)

T40: Effscacy evaluanon

sl
health aas
elindesl patiewt  ENR

electronie
medical  records

information

T45: Ebectronic health
records

clinical age
design
total PGI.I'IIPIII.' e |

T50:Chnical experimental
design

fmmmnrk
tlllllllllg.}

stamalards

Sinomed

T55: Medical ontology

research

padirea
healthy [uzey
"

brain”
St EEG

Ta Electroencephalo
-gram analysis



—.I

| = e 1 |
: pommme - | |} 1r
= e B

I
= o oot
“ s I I S
| _. |||||||||||||||| ._ B
| == - |
—— prommemmnennnene] 1 b
[ — T e E— T y L
N e m— —— N ¥ L
_ 8 e e T
) e m— 1
_ 2 przses R = smnsses i
" .| F---3 - 1 -
“ I -
| e — S | | prsssses T
(I — e | .
_ ] et
| s
I — — _ |- eemmeeee 1
[
= S L O D e
_ g1 1 r
T 5

Ve S _ T _ T T

yibuans m m 9L0Z  pLOZ  zZLOZ  0L0Z  800Z 9002
2 =
L 45} IB8 A

T31 T36 T45 T48 T54 T58

Topic

T22
Page 18/19

T19

T3 T4 T8 T8 Tis

T
Boxplot of novelty.

Figure 7



12

ot T8 o T21

-
—

T2 T3

T58

Growth rate

o
Ti1 Ti4 o
0.2 T8 TEO
"o © ';” Ta1 °
o @
” T24 T40
o
-0.2
Figure 8

The growth rate of research fronts.

Page 19/19




