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Abstract. It’s been around two years from the outbreak of the coronavirus, 
thus labeled as Covid- 19, and there has been an explosion of literature 
being published by research scholars related to work done on Covid-19. 
Covid- 19 as a keyword has been mentioned in the titles of most of these 
papers. It was thought to analyse the number of papers and the titles of 
papers which include Covid- 19 in the title of the research papers. The 
various combinations of other words like, prefixes, suffixes, N-gram 
combinations with the keyword Covid- 19 in the titles of these papers were 
also analysed. The research publication repositories analysed were: IEEE 
Explore, ACM Digital Library, Semantic Scholar, Google Scholar, Cornel 
University etc. The domains of research publication title analysis were 
restricted to computer science / computer engineering related papers. As the 
term labeling the corona virus outbreak as Covid-19 was labeled in 2020, 
the timeline of title analysis was restricted from 2019 till December 2021.  
The term Covid-19 is also one of the most searched terms in most of these 
research repositories as is evident from the search suggestions offered by 
them. Considering the usefulness of Bag of Words and N Gram algorithm 
in analytics and data visualization, a methodology is proposed and 
implemented based on bag of words algorithm to do prefix and suffix words 
analysis. This methodology is working correctly to state different prefix and 
suffix words used by various researchers to demonstrate significance of 
their titles. 
Methodology based on N Gram analysis is found effective to find topic on 
which most of the researchers have done work. Word Clouds are generated 
to demonstrate different buzz words used by researchers in their respective 
paper titles. These are useful for providing visualization of the data if it is in 
big size. 

Keywords: Covid-19, Bag of Words, N Gram, Research Titles, Word 
Cloud, Tag Cloud 
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1 Introduction 
Covid-19 has dramatically affected each and everyone’s life worldwide. The 
economic and social disruption caused by the pandemic is shocking. Tens of 
millions of people are at risk of falling into extreme poverty. Millions of 
enterprises are facing existential threat. Almost every sector is affected by the 
Covid Pandemic. Similarly, work done by researchers in the domain of Covid-19 
and related domain has increased tremendously. It was thought to analyse the 
number of papers and the titles of papers which include Covid-19 in the title of the 
research papers. The various combinations of other words like, prefixes, suffixes, 
N-gram combinations with the keyword Covid-19 in the titles of these papers were 
also analysed. As the term labelling the corona virus outbreak as Covid-19 was 
labelled in 2020, the timeline of title analysis was restricted from 2019 till date. 
This paper is intended to analyze the research done by different people in this 
corona year under computer domain. To analyze the research title effectively, a 
combination of Bag of words and N-Gram algorithm. Bag of words algorithm is 
used to extract keywords from text which can be used for doing analysis further. N 
Gram algorithm is used to find frequency of sequence of words in a text. 
Titles containing “Covid” or “Covid-19” or “Corona” as a keyword were collected 
from different major digital libraries like ACM, IEEE, Semantic Scholar, Google 
Scholar etc. Analysis is done to identify keywords that are mostly preferred as 
suffix and prefix with keyword “Covid or corona”. N-Gram analysis on titles is 
done to analyze on which topic most of the researchers have done work. Word 
Clouds are generated to demonstrate different buzz words used by researchers in 
their respective paper titles to highlight significance of their research. 
 

1.1 Statistics of Papers from each Research Repository 

Table 1 – Statistics of number of Papers from each Repository 

Publisher Number of Papers

2018‐19 2019‐2020 2020‐21 

IEEE Computer Society of India 125 585 420 

ACM  58 597 300 

Cornel University  0 1 1190 

Semantic Scholar  36 8930 9560 

Google Scholar  1880 27600 81700 

Mendeley  517 185873 26553 
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The problem high dimension vector space is removed in [12]. Constant feature 
space is proposed based on standard alpha-bet. It has avoided the use of document 
vocabulary space and NLTK tools. It helped to reduce the dimension of vector 
space. In [13] a method is proposed to organize and reuse safety instructions using 
Ontology method. This method can be co-related with the method used for 
research papers titles analysis. 
Arabic Text Classification by using N gram method is illustrated in [14]. 
Frequency statistics are calculated using proposed method. In [15] authors have 
proposed a methodology for image classification using Bag of Words algorithm. 
Pooling and coding methods are proposed and evaluated for image features 
extraction. 
Image classification method using graph-based Bag of Words algorithm is 
proposed in [16]. Image representation using bag words algorithm is proposed by 
[17]. Authors have used Inverse Document Frequency (IDF) to optimize Bag of 
Words algorithm. 
Word Cloud are studied and extended by many authors in literature. Authors have 
created word cloud for smart-phone named “Pediacloud” for visualizing links 
between text and images [17]. Capabilities of Tag Cloud or Word Clouds [18] are 
elaborated in detail in [19]. 
 

3 Word clouds / Tag Clouds Visualization of the Titles 
Word clouds/Tag Clouds are useful for representing textual data so that 
visualization will be better. It is useful for provid-ing attention to data and 
keywords if data is in big size. Word Clouds or Tag Cloud, are useful in decision 
making and for critical observation [19]. By writing scrappers in python using 
Beautiful Soap libraries, paper titles were successfully ex-tracted related to Covid. 
Extracted titles are stored in file database. Title’s pre-processing is done to remove 
punctuation marks, stopwords etc. Keywords are extracted by applying bag of 
words algorithm. Combinations of keywords are ex-tracted further by using N 
Gram algorithm. Python scripts were written to extract 2-, 3- or 4-gram text from 
the extracted titles. This process is demonstrated in Fig.2 
 
Visual representation of different keywords used by researchers in their titles is 
shown by drawing word clouds [18] as given in Fig.3(a) and Fig.3(b). 

 
Fig. 2.Visualization of Research Titles using Word/Tag Cloud 
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Fig. 3. (a) Word Cloud for Cornel University Repository; (b) Word Cloud for Google 
Scholar Repository. 
 

4 Prefix and suffix word analysis and visualization 
 

 
Fig. 4. Methodology followed for Prefix and Suffix Analysis 

 
Bag of Words algorithm is used for text processing and extracting features from 
documents. For analyzing the titles of the research papers stating Covid-19, Suffix 
and prefix word analysis is done to understand author’s tendency of using key-
words before and after “Covid”. For doing this analysis, a methodology based on 
Bag of Words algorithm is proposed as depicted in Fig.4 above. 
 
Further analysis of frequently used prefix and suffix words with ‘Covid-19’ in 
different research titles is shown in Table-2. It can be observes that maximum 
researchers have used ‘pandemic’ or ‘outbreak’ words to show significance of 
their titles. Some have done research on spread on fake news with respect to 
Covid. 
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Table 2 –Frequently used Suffix and Prefix with “Covid” Keyword 
Most Frequently Used Suffix  Most Frequently Used prefix 

pandemic Impact
epidemic Context
outbreak Review
pneumonia Novel
treatment Response
infection Prevention
Research Effects
fake news Model

 

5 Tree Map Visualization of the Titles 

 
 

Fig. 5.Tree Map for N Gram Visualization on Google Scholar 
 
Tree maps are used to visualise data using rectangles of different sizes and 
colours. Size of triangle signifies its contribution towards whole dataset. These 
results show that on which parameter of corona, maximum research work is done. 
To draw Tree Map, N Gram analysis is applied to extract combination of various 
keywords used in research titles. Tree map is drawn on Google Scholar Database 
shown in Fig.5. 
 

6 Comments and Discussion 
N gram analysis has shown that Covid-19 pandemic word is used by most of the 
researchers among different publication repositories. Computer Specific 
researchers have used words like Fake news detection or sentiment analysis or 
classifica-tion in their titles. These publications may be objectively considered and 
critically reviewed whether they as truly contribut-ing to the body of knowledge or 
are just following the hype of using popular keywords in the Title of the paper and 
thus piggybacking on the keyword Covid-19. 
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7 Conclusion 
Along with major social or economic disruption, analysis is done to find how 
Covid has affected research domains and the titles of research papers being 
communicated by researchers. In Year 2019-20, maximum papers were reflected 
with the title on Covid-19 under all major publishers. N-gram analysis was done 
as well to check which words are frequently pre-ferred by researchers in their title. 
Observation using Prefix and suffix analysis, suggests more than 70% researchers 
have used Pandemic, Outbreak prefix in their research paper titles. Visual 
Representation is possible using Word Clouds or Tag clouds or Tree maps. For 
using these visualization techniques correctly, Bag of Words and N gram 
algorithm can be used for required keyword extraction. 
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