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Abstract—An exponential growth in the literature in general
and the medical literature in particular raises a need for
effective intelligent analysis strategies and tools to provide
valuable insights to researchers about the current evolving
literature. While existing applications provide more specific
approaches to the problem, such as focusing on particular
genome or protein information, in this paper, the proposed
application provides effective and detailed analysis of PubMed.
The developed tool, named KoExPubMed, follows a more
generalized and holistic way by taking into consideration
different types of information such as authors, countries, genes,
and the interactions between them. The developed application
consists of four main components; (1) keyword search and
ID extraction, (2) PubMed article information and abstract
retrieval, (3) country and address extraction, and (4) gene
information extraction. In addition to the fundamental com-
ponents, the tool provides a variety of visualization options for
showing the extracted information and the related associations,
including line charts for densities and countries, chord charts
for collaborations of authors, network graphs for the genes
mentioned together, bubble charts for gene frequencies, etc.
By addressing the need for a generalized data mining tool,
we propose a comprehensive application which is capable of
employing data mining and machine learning techniques to
extract from PubMed knowledge valuable to researchers and
practitioners who are interested in closely investigating the
achievements of others.

Index Terms—literature analysis, knowledge extraction, gene
interaction, data mining, data visualization

This work is licensed under a Creative Commons Attribution International 4.0 License.
ASONAM 23, November 6-9, 2023, Kusadasi, Turkiye

© 2023 Copyright is held by the owner/author(s).

ACM ISBN 979-8-4007-0409-3/23/11...$15.00
http://dx.doi.org/10.1145/3625007.3629127

431

1. Introduction

The development in technology and techniques for in-
telligent data analysis since the last decade of the previous
century has facilitated effective knowledge discovery in data.
Previously, data repositories were merely used for data
storage and retrieval with limited processing beyond that.
Thanks to the emergence of various data mining techniques
and the developed of Application Programming Interfaces
(APIs) for retrieving content from existing open access
data repositories which have greatly influenced the way
researchers approach the investigated problems. When com-
bined with Natural Language Processing (NLP), it leads
to detect and extract more relevant and domain specific
knowledge for more rich and informative decision making
based on a wider coverage and perspective as compared to
the limited perspective which dominated in the previous era
when the process was possible only manually at a limited
scale. One of the most important and popular sources of
biomedical and healthcare research is PubMed [1]], which
is an open access search engine to access the MEDLINE
database [12] for publications on biomedical topics. Ac-
cordingly, it is the focus for the data extraction process
accomplished by the tool described in this paper.

Due to the enormous amount of available articles in
PubMed and the wide range of themes covered by these ar-
ticles, PubMed may be named as the most valuable resource
for researchers, mostly in multidisciplinary, interdisciplinary
and transdisciplinary research efforts which involved some
biomedical or healthcare flavor. Realizing this, several re-
searchers from computer science have been working on de-
veloping automated knowledge extraction tools to organize
and specify the PubMed searches in a more customized
manner for domain specific researchers and practitioner.
As the process mainly involves mining knowledge from
publications, there are several tools named PubMiner with
different features and functionalities. For instanve, Eom et.
al [9] proposed a text mining system named PubMiner that
used NLP on PubMed by training the model on Genome
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databases and protein datasets for gene information min-
ing. Another tool named PubMiner [10] was proposed to
extract tables and demographic sentences from PubMed
data by employing feature engineering and sentence mining.
Recently, Botsis et. al [S] proposed another tool named
PubMiner which can extract information like cancer type,
needed therapy, and cancer genomic information using NLP.

pubmed.mineR [{8] is a R package built on the idea
of PubMed mining for the relevance between terms with
pattern mining by creating association matrices for existing
terms and new terms to show their connections. BioReader
[6] is another PubMed based text mining tool that classifies
the extracted data into positive and negative classes based
on the their relevance to the topic. DEBBIE [13] is a
PubMed based open access text mining system that provides
specified information on biomaterial objects like implants,
cell scaffolds, etc. It uses the pipeline for relevant concept
recognition. GenCLiP 3 [14] is another recently proposed
web server that can mine data from PubMed for gene
network searching and analysis by extracting information
from publication abstracts collected from PubMed. As seen
in the literature, most existing mining applications working
on PubMed focused on specific genome information, or
other particular issues rather than providing the research
overview on a particular topic and the associated researchers
(70, [11].

In this paper, we propose a novel application tool called
KoExPubMed for effective and customized knowledge ex-
traction from the PubMed repository. KoExPubMed has a
sophisticated user interface which allows users to properly
visualize the results. It applies a variety of machine learning
techniques for comprehensive analysis of PubMed content
to extract and convey different types of discoveries related
to publications, authors, genes, countries, etc.

2. KoExPubMed:
from PubMed

Knowlewdge Extraction

KoExPubMed has been developed as a standalone ap-
plication which is capable of extracting from PubMed data
relevant for any project within a domain covered by the
articles available in repository. The user is given the op-
portunity to specify certain parameters which will guide
the retrieval process and will help in narrowing down the
focus to the benefit of the user. This way, the outcome from
KoExPubMed will be concise and descriptive.

KoExPubMed is a native Windows application (.Net)
written in C#, developed based on Visual Studio, and uses
a MySql database at the backend to keep all the necessary
data in a relational database. The main characteristics and
features of the developed KoExPubMed tool are discussed
in the following subsections.

2.1. Summary of the novel characteristics

The KoExPubMed tool described in this paper contains
some novel characteristics compared to the counterparts
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the relevant researches on data mining from PubMed data.
The existing PubMed based data mining tools described
in the literature are mostly personalized to serve a narrow
community, i.e., they are focused on a particular gene based
information extraction, and apply limited set of visualization
techniques to convey the results. Some other works concen-
trated on specifying the relevance of the abstracts extracted
from PubMed for a specific biomedical and/or biomaterial
topic.

The KoExPubMed tool proposed in the paper has some
distinguishing novel features mainly focusing on (1) man-
aging keywords by allowing the user to specify the scope
for the target project without limiting the spectrum as it is
the case with the other projects described in the literature,
(2) extracting from PubMed abstracts relevant to the project
to be investigated, (3) extracting other relevant information
for the downloaded abstracts, (4) extracting from the down-
loaded text gene information and the connections between
different genes, and (5) extracting countries contributing
to the research topic by analyzing author affiliations and
generating country based contributions to the research topic.

2.2. List of functions and features

The functions and features of the

KoExPubMed tool are described below.

developed

Home Page:  As shown in Figure [} the homepage that
appears after running the application has some basic options
like creating a new project, opening an existing project,
saving projects, generating figures, accessing various options
in settings, and closing the application. The home page
also provides the following four major functions of the
application-

Keywords - managing keywords of the project and
extracting unique IDs of abstracts from relevant
publications,

PubMed - extracting all information from PubMed
by considering the unique IDs related to the key-
words from the previous step,

Becas - extracting gene information from the ab-
stracts using Becas and UniPort, and

Google Maps - extracting countries of the authors
of the publications retrieved from PubMed.

abxPuMed - comid recent
4 Create Project  Open |\ Setings | = Save

Home

Google mps

Extract authors addresses
from Goagle Map AP

b&zcas

Bxtract genes from sbstracts
using Becas and Unipart

Manage Manage

Figure 1. The Main Page of KoExPubMed



Keywords: The user can either create a new project or
open an existing project, and then the user may choose the
keywords option. When a keyword is added, the system
queries PubMed and gets related IDs for the abstracts con-
taining the keywords, show the count of the keywords and
the IDs of the abstracts. The user can also add and delete
keywords. Furthermore, the user can view the abstract IDs.
A sample example related to a Covid-19 project is shown
in Figure [2|

Kobubed - covid recert

4 Create Project % Open

Home 1D Extraction

)| Keywords | @Add  Delets F Extact
Keyword
covid-19

\Settings @ Save = Save as.. |l Generate Figures | B Close

@ viewi:

Count

» 27,651

Total unique 105 extracted: 27,651

Figure 2. The Keywords option of KoExPubMed

PubMed: As shown in Figure [3] this option is used to
extract from PubMed all relevant information related to the
investigated topic. It will process the abstract IDs obtained
from the keyword phase. For the queries on the IDs, it shows
the progress with processed IDs and the processed queries.
It will also give the user a complete error panel with the
categories- publication title, abstract, journal, date, keywords
and authors.

KobPubed - o recent
4 Create Project % Open | & Setiings
Home PubMed Info Extraction

= Save @ Save as., |l Generate Figures I Close

Mission Briefing

#IDstoprocess: NA
#0nine queries fo execute: N/A

#Processed NiA Get readyll!

# Errors: NfA

Progress

Processed |Ds: NiA
Start Stop
Executed Queries: NiA

Erors
#Title Errors: NiA
#tADstract Erors: NA
#lournal Errors: NIA

#Date Errors: NiA
#Keyword Errors: NfA
#Author Ermors: NIA

#Not Found Errors: NiA

Figure 3. The PubMed option of KoExPubMed

Becas:  Figure [4] shows the functionalities of the Becas
option.Selecting Becas will lead to extracting the genes
from the abstracts extracted using two sources, namely
Becas [3]] and UniPort [4]] APIs. The user can set the contact
information. The system will show the progress with articles
and threads. It will also show the summary of the query
execution with the processed and pending articles.

Google Maps: KoExPubMed also offers the extractions
of the authors’ countries. As shown in Figure [5} Google
Cloud Maps Platform Geocoding API [2] is used for get-
ting address information from affiliations and for extracting
countries from addresses of the author. The system will find
the affiliations associated with the extracted publications,
then using the API it will extract the countries of the authors.
It will show the progress of the query execution, valid and
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KesPubhied - covid secent

4 Create Project % Open | Settings | Save @ Save as., |l Generate Figures B Close

Home Becas & Uniprot Info Extraction

Becas Contact Info
Email |
Tool: |PubMed

Set

Becas Surmmary

#Processed Articles:  NIA

Get Readyll
#Pending Artices: N/A

Start Stop

Figure 4. The Becas option of KoExPubMed

invalid addresses, and the number of records processed at
each round. The user can also export and import the address
cache.

KoBxPubiMed - covid.recent
# Create Project % Open ~ \ Settings @ Save & Saveas.. l GenerateFigures B¥ Close
Home Google Address Extraction

Cache Summary Google API Interaction

Populate from Database

Start Stop

#Afiliations in stack: 69,696
#valid Queries: 224
#nvalid Queries: 80,214

Progress: NIA

Database Country Inserter

Valid addrs. from cache:  NIA

Invalid adars. from cache:  NiA
#Addresses in cache:

80438
Export Cache

#Records/ Round (500 [2

Start Stop

Import Cache
Progress: N/A

Figure 5. The Google Maps option of KoExPubMed

Visualization: The application also provides various user-
friendly visualization options of the results. The visualiza-
tions are based on different characteristics of the search
results. There are some more generalized results like the
publication densities and countries as shown in Figure []
and Figure [/| The number of published articles in each year
is shown in a line chart. The user can select if the results
will be cumulative or not, if the latest year will be included
or not, if all articles will be counted or only the ones that
mention the genes, etc. The user can save the results with a
name and add/delete data files to include/exclude them from
the results.

Number of Publications

Figure 6. The Visualization - Yearly Articles component of KoExPubMed

The country visualization results show the top countries
based on the authors affiliations. The user can choose all
the articles or only the articles that mention genes and the
number of top countries they want as the output; the system



Number of Articles
with Genes
8648
3811
1955
2453
1588
938
1010
1214
989
638
713
622
459

% of Articles with
Genes
27,58
37,80
21,59
29,78
31,80
25,71
29,73
37,09
32,51
22,66
30,19
32,86
27,65
33,20
28,99
29,16
28,68
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35,02
35,09

Country Number of Articles

United States
China

United Kingdom
Italy

India

Canada
France
‘Germany
Spain
Australia
Brazil

Iran
Switzerland
Japan
Netherlands
Turkey
Mexico
Singapore
Saudi Arabia
South Korea

31354
10082
9054
B236
4994
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3397
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3042
2816
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1660
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1511
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1258
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438
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4038
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Figure 7. Visualization - Top Countries.

will show them the list of countries based on the number
of articles published using the country of the authors. Some
articles can be counted in multiple countries if the research
reflects collaboration between authors who are affiliated
with different countries.

The user can also view the collaborations and affiliations
of authors, countries, etc. Figure |§| shows the bar chart visu-
alization of the collaborations of the authors. The results are
extracted based on the collaborations between the starting
year and final year entered by the user. The bar chart shows
the affiliations between authors from different countries for
the specified period. The supporting data table can also show
details on the year of publication, all authors, all articles, the
processed articles, affiliations and authors, etc. A similar
idea with chord chart on affiliations is shown in Figure [0} it
provides the strength of the collaborations to intensify the
collaboration outputs. The chord chart shows the density of
publication collaborations between different countries. The
chord color denotes the width of the chords. The darker
red it is, the wider the chord. The chord widths are based
on the number of abstracts between two countries of the
affiliations. The chord shows if there is at least one authors
who has affiliations with both countries at the endpoints, or
at least one author of the article has affiliation of one country
and another author of that publication has affiliation with the
second country.

Collaboration

hart
sum of i M

Figure 8. Visualization - Collaboration.

The gene data has the visualization option for showing
the genes that appear together most frequently. The graph
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Figure 9. Visualization - Collaboration.

will show which genes are frequently mentioned together
in the publications. The user can also generate the year
and country wise results. Figure [10| shows a sample output
for frequent genes for the Covid-19 project. Figure [IT] also
shows another gene based visualization result. The system
can create a network graph for the genes that are mentioned
together in the same abstract. The gene nodes mentioned
in the same abstract will be connected to each other and
the size of the node will be equivalent to the number of
mentions. A bubble chart can also be generated for the
most frequent genes mentioned in abstracts of articles and
the author affiliations as shown in Figure [T2] The user can
choose to view the overall results or results for each country
separately. Bubble color will be based on the country, which
means the genes mentioned in the abstracts affiliated with
the same countries will have the same bubble color and
the bubble label will mention the name of the gene. The
size of the bubble will be based on the number of articles
mentioning that gene. The user can also select how many
top genes they want to include and how many top countries
they want to add to the results.

Frequency based on Time

Gene

Figure 10. Visualization - Frequency based on time period.

Settings: The settings option provides a connection string
builder as shown in Figure [I3] The user can update the



Figure 11. Visualization - Network Analysis.

150

100

Freq

pabibb b a Ll b I.|

Gene

Figure 12. Visualization - frequency based on country.

project name; create a connection string by providing host
name, username, database name and password; test the
connection; install different configurations; and save the
connection.

4 Create Project % Cpen
Home

\ Setings @ Save @ Save as.. |l Generate Figures | Close

Setings

Title [covid_recent Save

ed

Manage

S

Manage

Connection String Buider

Host localhost
User [gabiuser

Database covid

Password 1234

Build

tion String |

Install Configuration

Test Save

Extract authors add)

resses Bxract genes from abstracts
from Gaogle Map AP

Manage using Becas end Uniport

Figure 13. The Settings component of KoExPubMed

3. Conclusion

KoExPubMed has been developed to fill a gap which
necessitated the need for a tool capable of automating the
processing of literature analysis based on certain prespec-
ified keywords for effective knowledge discovery which
cannot be accomplished by following a traditional process.
The simple user-interface of KoExPubMed is expected to
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increase its usage at a wide range from the research commu-
nity. This is supported by the comprehensive set of visual
results which could be retrieved by using KoExPubMed.
Such results will guide and increase the confidence of
researchers in the outcome/
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