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Abstract—The COVID-19 Literature Summary App, now live on 

the university website, was created for the primary purpose of enabling 
academicians and clinicians to quickly sort through the vast array of 
recent coronavirus publications by topics of interest. Multiple methods 
of summarizing and sorting the manuscripts were created. A summary 
page introduces the application function and capabilities, while an 
interactive map provides daily updates on infection, death, and 
recovery rates. A page with a pivot table allows publication sorting by 
topic, with an interactive data table that allows sorting topics by 
columns, as wells as the capability to view abstracts. Additionally, 
publications may be sorted by the medical topics they cover. We used 
the CORD-19 database to compile lists of publications. The data table 
can sort binary variables, allowing the user to pick desired publication 
topics, such as papers that describe COVID-19 symptoms. The 
application is primarily designed for use by researchers but can be used 
by anybody who wants a faster and more efficient means of locating 
papers of interest.  
 

Keywords—COVID-19, literature summary, information 
retrieval, snorkel. 

I. INTRODUCTION 
HE COVID-19 pandemic caused by the novel 2019-nCoV 
virus has highlighted a problem that a lot of data scientists 

have been grappling with during the past decade. There is so 
much information and data out there, it is no longer efficient or 
reasonable to expect a single expert in a field to read all of the 
papers, or even all of the abstracts of the papers, of a specific 
problem in the field [1]. After the virus began to spread at a rate 
unprecedented in 2020, there was a figurative explosion of 
papers on the topic. A simple search of the word “coronavirus” 
on Google Scholar leads to several hundred thousand papers. 
Suddenly, research articles are flooding major academic 
publication portals at an unprecedented speed, and every 
university had multiple teams churning out whatever COVID-
19 research they could. This is not necessarily a bad idea, as the 
desire to discover a vaccine, drug, or preventive measure was 
universally shared. However, the sheer amount of information 
that was and is being generated was impossible for any person 
to sort through in a reasonable amount of time. The 
announcement of a world pandemic by the World Health 
Organization (WHO) in early March [4] was followed by 
numerous publications, and by late March 2020, there were 
hundreds of scholarly papers on this topic on a single site for 
research papers [1]. Even the discovery of the vaccine has not 
slowed the deluge of papers being published, the papers that one 
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can get with a simple search of the word “coronavirus” now 
number over a million in Google Scholar.  

The first issue that arose when deciding a path forward for 
this project was whether to use supervised or unsupervised 
machine learning algorithms to sort the coronavirus 
publications. The advantages of supervised machine learning 
are the ability to define the classes of topics and the results. The 
disadvantage of supervised learning is that it can be time-
consuming to develop. Project personnel has to label the data, 
as well as supervise the process [6]. The advantages of 
unsupervised learning are that the machine can discover its’ 
patterns since no labels are given. It is also less cumbersome in 
terms of the time required to look at the enormous datasets [6]. 
In the end, a weak supervision machine learning algorithm was 
chosen, since the whole point of the project was to save 
researchers’ and clinicians’ time. This was agreed upon for 
several reasons, but primarily because it was desirable to have 
specific keywords included in the search for the abstract text 
sorting.  

II. METHODS 
For sorting the papers into categories, a machine learning 

system called “Snorkel” [11] was used to sort our data into 
various categories. In this case, the data were text data from the 
abstracts of thousands of papers. In Snorkel, some of the 
labeling functions were used to create quick text data sorting 
into groups based on keywords. A similar project is underway 
with medical records at the U.S. Department of Veterans 
Affairs [5]. Essentially, the abstract text was pulled from 
CORD-19, and then Snorkel was used to combine experts’ 
knowledge for semi-automatic label the whole dataset for 
further information pipeline to process. The result was the 
output of a table with binary variables for each category, which 
allows for easy sorting and of the papers, including links to the 
papers. This could be accessed in two ways from the 
application. The first is the pivot table, which allows us to sort 
papers by the columns in our pivot table. The second is the data 
table with binary variables (more on that later). It should be 
noted that while the user interface is interactive, the underlying 
data are pre-computed to save time for the users. The results the 
application users are shown are pre-computed with Snorkel. 
While fairly quick and efficient (relatively speaking), this 
processing would quickly consume computing space and cause 
considerable server slowdown if multiple calls were placed on 
the server at one time, thus the pre-computation of our results. 
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The map data are fetched by a command that runs every couple 
of hours, which limits the strain on the servers as well. Fig. 1 
gives a general overview of the application “pipeline,” showing 
how the computer and the researcher interact to create the data 
in the background before it is shown in the application. Snorkel 
is a method that is based on Python [7]. Python is a general 
computer language commonly used for mathematical 
processing [8].  

 

 
Fig. 1 The general overview of the COVID-19 literature mining 

application 
 

The application itself (in this case, the “application” refers to 
the user interface) was written in the coding language “R,” and 
the extended portion of that language meant for application 
building “R Shiny”. The computer languages used here were 
designed for the easy computation and visualization of data [9]. 
“R” and “R Shiny” are languages that use a lot of packages with 
very specific functions to create certain kinds of visualizations 
[9], [10]. “R Shiny” was designed primarily to be able to create 
a user interface with “R” [10]. Most of the base code is “C,” 
however, some of it is in other languages, such as JS [9], [10]. 
There was also some use of JS, HTML, and CSS, which 
allowed for better map formatting and interactivity. The 
backend of this is built on an R Shiny-server, which was used 
for ease of analysis. The data extraction for the interactive map 
with the number of cases by country was also built in R. All 
paper/text data came from CORD-19 [2]. In the backbone of the 
application, we integrated expert knowledge and several 
machine learning tools to build a semi-automatic updating 
pipeline. In this pipeline, experts and other application users can 
generate, examine, and modify annotation rules for generating 
a high-confidence dataset to train document classifiers. The 
document classifiers can generalize the pattern from the high-
confidence dataset to another dataset and then retrieve other 
relevant information or articles. The application itself then calls 
upon the data, which are stored on the server after processing, 
and R and R Shiny make up the user interface. The data tables 
created in R and R Shiny, allow for user interactivity, the 
feature that was considered paramount for the researchers 
involved in this project. This approach makes it easy to update 
the application – you need only to update your data in the server 
and reload the application. The ease of update was also 
considered an extremely important feature due to the pace of 
the research taking place. The data frame will sort the data live 
for the user, which allows for more flexibility in the options the 

user can select.  

III. RESULTS 
The main focus of this project is to build a portable, 

transferable, and labor force efficient information retrieval 
pipeline for further usage. In current information retrieval 
works, generation, a gold standard, is a time-consuming and 
labor-intensive task. Using the gold standard dataset to optimize 
the document classifiers is also another goal. In the backbone 
of the app, experts can start from a small dataset to summarize 
the context patterns, word patterns within abstracts for building 
labeling rules. They can also utilize other relevant metadata 
information, including country, name of institution, and name 
of the journal, for building constraints for each labeling rule. 
Experts can apply other NLP tools such as topic modeling to 
examine the performance of rules. All labeling rules are applied 
with Snorkel. Snorkel can compromise the conflicts among 
rules and aggregate results into probability [7]. Experts can 
examine the output and set the threshold for further evaluation. 
After evaluation, the high confidence datasets will be put into 
Document Classifiers for optimization. The final model can be 
used to retrieve other relevant information from another 
independent dataset. The final information will be presented by 
the app.  

From the researchers’ perspective, they want to quickly 
identify the highest relevant information for them to read. This 
is why we believe that effective sorting is another key point in 
this project. Effective sorting of the data and the ability to call 
on that sorting quickly was the essential endeavor of this 
project. For example, users might want only to view papers that 
are about COVID-19 symptoms. A column was established that 
allows the user to filter papers by the presence of symptoms 
mentioned in the abstract or the lack thereof, reducing the need 
for researchers to read through abstracts manually. Another 
example is if the epidemiologist in question is interested in 
studying the spread of COVID-19, they can sort with a button 
on the app page. The data frame and pivot tables allow for easy 
sorting of the data. The app results are promising. Snorkel 
seems to have sorted the papers fairly well, as far as the 
researchers can tell and the graphics of the application are fairly 
quick in their generation. If researchers are not satisfied with 
the current results, Snorkel will allow them to generate their 
results and, so long as formatting was carefully observed, 
researchers could still use the code for the front end of the 
application with their preferred data in their server.  

Some screenshots can demonstrate portions of the app. In 
Fig. 2, the front page of the app, we have a brief welcome 
message and the names of the creators of the app, along with a 
very brief summary of the methodology we used. This is also 
the page that allows for the researcher to download our data, 
which are all publicly available, though ours is cleaned. Fig. 3 
is the abstract summary page and shows a sample pivot table. 
Other pivot tables can be formed by selecting more options; 
however, a simple example was desired due to coloration and 
size limitations. The pivot table can also be used for more 
visual-based results, such as a heatmap. Fig. 4 is the summary 
of current COVID-19 infection, death, and recovery statuses for 
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each country. This gives a general overview of the spread of the 
virus and the current status of most countries with regard to 
infection and death rates. Fig. 4 should not be confused with 
Fig. 5, which is a map of the number of papers from each 
country. The creators of the app elected to keep the paper 
numbers separate to avoid confusion and several programming 
issues due to the structure of the data. Fig. 6 is our final figure. 
This shows the data table portion of the application. As you can 
see, there is a clear focus on the abstracts and text display in this 
part of the app. In full-screen viewing, this allows for much 
easier viewing than in the pivot table. It is a straightforward 
system to deliver a quick overview of thousands of papers to 
keep researchers up-to-date.  

This app allows the user to search for multiple variables at 
once in both the data frame and the pivot table. The data frame 
was included for ease of viewing the abstracts. It allows for a 
more expanded view of the text. The pivot table allows for the 

addition and deletion of columns if you have a specific focus 
area. The pivot table also allows for some basic stats to be 
generated on-screen about the data, so it seemed prudent to 
include both. This includes basic statistics and a heatmap. The 
addition of the interactive world map and the map of papers 
serve to give the user an overview of what is going on in terms 
of the overall coronavirus and publications involving the virus. 
It also allows the viewer to see where the majority of the 
research is coming from. This may give them an idea of which 
country’s research they wish to look at first. It might allow for 
a focus on the newly emerging regional variants of the virus that 
have been the recent focus of the news as the research emerges. 
In future modifications of the application, we hope to be able to 
link the map Fig. 5 to our data table, which would allow for ease 
of access in a very user-friendly way. The application is 
accessible to the public [3] and uses the CORD-19 database [2].  

 

 
Fig. 2 The Front Page of the Application 

 

 
Fig. 3 Abstract Summary Page 
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Fig. 4 Summary of the Worldwide State of COVID-19 

 

 
Fig. 5 Plot of Number of COVID-19 Articles by Country 

 

 
Fig. 6 Data Table Summary of COVID-19 Papers 
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IV. DISCUSSION AND LIMITATIONS 
We developed an application to enable the sorting of 

thousands of coronavirus papers. In the Coronavirus App, users 
can access our user interface to sort through the papers until 
they get sufficient papers on the topic of their interest. We 
expect this effort will assist researchers and clinicians in staying 
abreast of coronavirus research by reducing the papers to a 
more manageable number for reading purposes.  

The design of the application also plays an important role in 
aiding the users in their search for topic-specific papers. The 
landing page gives an overview of the application, data, and the 
creators of the application. It was created in response to the 
relatively few options for searching papers in the databases 
themselves. Most databases that are encountered have very few 
filtration options that are based on the research topics of the 
papers themselves. Google Scholar, for instance, allows only 
sorting by date, relevance to the search text, patents, and the 
number of citations in other publications. Our application’s 
second page has a pivot table that allows the sorting of the paper 
by multiple characteristics, and the user can customize the filter 
by themselves (e.g., users can understand how many papers are 
discussed with vaccine and antibody-dependent enhancement). 
This is useful for specific inter-correlated topics. Additionally, 
we have a page that gives a geographical overview of where the 
papers were written, which can help contextualize the research. 
For example, researchers can use this map to infer which 
countries across the world are the highest in infections for 
COVID-19. The page with the data table allows the user to sort 
the papers by their binary categories. There is also a page that 
gives the user a general overview of death, recoveries, and 
infections in each country, which can be useful in comparing 
countries' relative infection rates.  

The application has several limitations, however. First, the 
loading speed is a little slow in real-time. The data in the server 
are not all automatically updated and may not be current up to 
the minute. Some of the variables may overlap, and, of course, 
our sorting may not be completely accurate. The application 
also does not rate the “value” or “importance” of the articles. 
The articles are all equally likely to show up, despite differences 
in sample size or limitations of that particular set of 
experiments. Another challenge might be integrating more 
article sources. The formatting for that might be more involved 
in terms of combining the text data. Overall, the general 
pipeline idea could be expanded to other topics with far too 
many research papers to ever feasibly read, however, this has 
certain caveats. The Snorkel sorting still requires some 
supervision and not an insignificant amount of time to use [7]. 
Certainly, it cuts down on time spent making the example 
dataset, but this still needs human involvement for it to work. 
The application user interface can be easily modified for other 
projects, provided the researchers are familiar with “R”. The 
data itself is freely available, even if the papers are not. Both 
the back and front-end of the application could be improved, as 
is discussed below. However, the tool is still an excellent one if 
sorting COVID-19 papers is the desired outcome. 

For continuing to improve this application, we consider 
applying some NLP technologies to mitigate the limitations. 

The first direction is combining ontology and weak supervision 
machine learning methods to rank the relevance of abstracts. 
Ontologies are a group of pre-defined control vocabularies that 
can use to retrieve a specific topic from documents. Based on 
this idea, we can consider each ontology as a classifier for 
determining a specific topic. Also, ontology is very specific to 
a given topic and should not affect other ontologies. We can 
consider each ontology-based classifier is independent of the 
other. If a signal of a given ontology is more intense than others, 
we can determine that this article has greater relevance to a 
specific topic than others. The potential limitation of the 
previous idea is each document can have multiple topics, which 
lead to conflicts of ontology. The weak supervision framework, 
Snorkel, is a skill in solving this problem. Snorkel will give a 
high-rank for a document because of low proportion conflicts 
between ontologies and vice versa. Thus, we can get a relative 
rank for a given of documents. Another potential benefit of 
using this framework is humans can update ontology and realize 
how the update affects the relevance. This can avoid black-box 
machine learning and reduce the re-training time for current 
NLP technologies. Additionally, there could be some 
improvements to our visualizations. A button that allowed 
researchers to click on a country in one of our maps would link 
up to a collection of the articles from that country on either the 
data table, the pivot table, or both. This would be difficult to 
implement in terms of making it real-time feasible, but doable. 
The paper summary map and the COVID-19 World Map could 
have also been combined. However, the researcher team felt it 
prudent to keep the maps separate, as combining the deaths and 
papers numbers may have been confusing or misleading. There 
might be ways to improve the speed of the data tables or the 
pivot tables, as well. Though pre-generating every option for 
each table seemed to be considered, it was rejected in favor of 
real-time generation, both due to time constraints and the fact 
that it may not have improved overall efficiency. The map for 
the number of papers and the paper data should have likely 
came from the same data pull from the server. The pivot table 
visualization had some other minor issues as well; namely, the 
code in the package had to be hand-edited to fit ADA 
requirements, given that the package source code was 
completed some time ago and updates to it have ceased. The 
pivot table package also has base code in an extinct computer 
language, making it incredibly difficult to modify in the 
modern-day.  

Overall, the application worked as designed and sorted 
coronavirus articles by keywords in their abstracts. There are a 
few places for improvement, however, the application is more 
than just a nifty research tool for use in the ongoing research on 
COVID-19. It could also be considered a proof of concept of 
sorts. The pipeline could easily be used for other kinds of 
research and the researchers hope that it be considered. The 
pipeline shows a relatively easy, relatively researcher-friendly 
way to sift through the thousands and thousands of articles on 
any number of topics. With a few clicks in the source code of 
the user interface, it could also be edited to whatever the 
researcher desires to show a visual of. In essence, the creators 
are not just proposing a way to sift through coronavirus papers 
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but a way to help sift through academic papers on nearly every 
subject.  

V. CONCLUSION 
In conclusion, an application was created that displays 

Coronavirus articles sorted by abstract keywords. The 
application is meant to assist researchers by providing them 
with articles relevant to their topic area of interest and removing 
the papers that are not related. The application allows the user 
to interact with their display, allowing them more flexibility in 
their search options than most databases would traditionally 
provide directly. While the application is primarily designed for 
researchers and clinicians, it is available for use by anyone 
interested in using it to get a quick grasp of the state-of-the-art 
research about the pandemic.  
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