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ABSTRACT

There is heavy usage of Internet-based information resource platforms due to the COVID-19 pandemic. If it can present the
search results as a list of groups of related terms and context, that would be ideal. An additional enhancement would be to display
information in the search results in a classified manner. Therefore, the research is proposing an effective and efficient information
retrieval system. The methodology adopted follows the conventional Information Retrieval (IR) system design except that Cosine
similarity and hierarchical clustering were introduced for search result ranking. The Average Precision of the proposed system
was compared with that of flat clustering such as K-means. The result of the evaluation shows that hierarchical clustering
improved in precision, being10% better than flat clustering result retrieval result. This led to greater usability, user experience,
and efficiency of the system.
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1. INTRODUCTION

The rapid and extensive development of information technologies has transformed contemporary industrialized societies into a
network of societies (called the Global Village. Learning and Speech Technology [2] are no exception to this megatrend. ICT
applications in the printing and publishing process have been meaningful additions to conventional procedures. [8]. [4] think that
in this modern age of technology, it can be presumed that all students have access to electronic resources “due to the simple fact
that most students can afford the internet”.

In the early 1800s, a shift began in the scientific community and by 1930 this trend had gained much popularity. Quantity
overpowered quality. In the 1960s, the Science Citation Index was created that measured not just how many papers an author
published, but how often those papers were cited by others [7].

Searching platforms have been accepted as a major tool used for information and educational purpose as they support the vision
and mission of indexing and cataloging. There is a heavy demand on these platforms because the number of searchers keeps
increasing in number and currently, COVID-19 has caused people to intensify their search for a cure, vaccines, and medical
palliatives. Therefore, rendering the search results as a list of groups of related terms and contexts would be ideal. An additional
enhancement would be to display information in the search results in a classified manner.

This work is aimed at proposing an effective and efficient way of organizing documents in an information retrieval system to
facilitate rapid retrievals. The Coronavirus, code-named COVID-19, is a pandemic that has affected the whole world. Information
searching and inquiry is on the high rise for solutions in terms of vaccines, cure, and palliatives. It is popularly agreed that the
internet makes information more accessible to people than conventional libraries.

The study focuses on the hierarchical clustering of documents within an information-searching system. It emphasizes the fact that
similar documents, in terms of context and content, may be grouped into clusters. A document can be in more than one cluster
depending on the relevance of the contents. Document clustering provides two major benefits; efficiency and quality usability. If
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clustering is performed before searching, it provides efficiency and makes searching very easy while it provides quality usability
when it is performed after searching, also as it is grouped similar results give ease of accessibility

2. RELATED WORKS

The first case of coronavirus was notified as cold in 1960 and by 2001, approximately 500patients were identified as having Flu-
like systems. Corona was treated as a simpleton fatal virus till 2002. Several cases of severe acute respiratory syndrome caused by
corona and more than 1000 patients were reported in 2003. This was the black year for microbiologists. For them to conclude and
understand the pathogenesis of the disease after a deep exercise they discovered it was coronavirus but a total of 8,096 patients
were confirmed as infected with the coronavirus. A “state of emergency” was declared in 2004 by the World health organization
and centers for dis- ease control and prevention. A different discovery study report in Hong Kong confirmed 50 patients with
severe acute respiratory syndrome while 30 of them were confirmed as coronavirus infected. COVID-19 was first identified and
isolated from pneumonia patent in Wuhan, china [11].

Among them are severe acute respiratory syndrome coronavirus (SARS-CoV) reported in November 2002 [19] and Middle East
respiratory syndrome coronavirus (MERS-CoV) reported in September 2012, which emerged in human population from animal
reservoirs and caused severe respiratory illness with high mortality rates [18]. Precautionary measures to contain the spread of this
virus are being practiced throughout the globe; which include social distancing, isolation and quarantine, frequent washing of
hands, national lockdowns, and travel restrictions.

On the 18th of April 2020 by 10:00 am CEST; Africa CDC reported, 19,895 confirmed cases, including 1,017 deaths and 4,642
recoveries, from 52 African countries, while two countries (Comoros and Lesotho) were still virus-free (CDC, 2020).
Interestingly, most of the identified cases of COVID-19 in Africa have been imported from Europe and the United States, rather
than from the original COVID-19 epic-center China [17]. When COVID-19 hit the continent of Africa, the economy was already
struggling, which could further amplify the economic crisis. Africa is a unique continent so a unique COVID-19 response needs to
be developed for Africa, where all these issues which make the continent more vulnerable and different from the rest of the world,
will be taken into consideration. Although, past experiences show that there is a scope for suppressing transmission of COVID-19,
provided governments and the public will change their behavior towards this virus as they did previously for Ebola, HIV, Polio,
and other outbreaks. However, Africa needs global support because it cannot confront this alone to step ahead of this pandemic
[17].

Most importantly, human coronaviruses targeting vaccines and antiviral drugs should be de- signed that could be used against the
current as well as future epidemics. Many companies are working on the development of effective SARS-CoV-2 vaccines, such
AsastraZenica which needs a third shot called booster [16], Modena Therapeutics, Inovio Pharmaceuticals, Novavax, Vir
Biotechnology, Stermirna Therapeutics, Johnson & Johnson, VIDO-InterVac, GeoVax-BravoVax, Clover Biopharmaceuticals,
CureVac, and Codagenix. Since these vaccines still require 3-10 months for commercialization there is a need for rapid human
and animal-based trials. They should ban people from using wild animals and birds as a source of food. A strategy to rapidly
diagnose SARS-CoV-2 in a suspected patient has also required aside the development of the most efficient drug. Therefore, as
PCR-based testing is expensive and time-consuming, an accurate and rapid diagnostic Kit or meter for the detection of SARS-
CoV-2 in suspected patients is required. It is appreciable that the Chinese health workers have efficiently controlled the outbreak
in china and limited the mortality rate to less than3% only. The therapeutic strategies used by Chinese healthcare authorities
should also be followed by other countries [12].

According to [13] shows preparing the next generation of African Healthcare Workers and Scientists: In this work, we have
developed a search ranked system based on hierarchical clustering and shown that the techniques can improve system usability
and efficiency. Depending on the objective, clustering can be performed either before the search to cluster similar documents or
after the search to cluster similar results.

Several researchers [1] have done the improvement of the efficiency of information retrieval systems using the clustering
technique with a focus on document categorization within the corpus, before the search, based on their similarity. However, little
has been done on improving the usability of the system by categorizing the results of the retrieved information after a search.

This research improved the usability of the information retrieval system using hierarchical clustering techniques. The result of
information retrieval is categorized based on the similarity derived by the cosine similarity algorithm. The implication is that once
the result is categorized using the proposed technique, they are displayed and ranked according to their relevance. The proposed
work is validated by comparing with flat clustering and human-judged rank documents, and the result shows that the proposed
solution outperformed flat clustering by 10%.
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Table 1. Computation of Average Precision of hierarchical clustering and K-means
clustering ranks of document retrieval results

Hierarchical K-Means
Expected
Rank Accurately © o Cli)/i- | Accurately © ” Cli)/i-
ranked? (i) 1 ranked? (i) 1
1 1 0 0 1.00000 1 0 0 1.00000
2 0 1 1 1.00000 0 1 1 1.00000
3 1 1 2 0.50000 1 1 2 0.50000
4 1 2 3 0.66667 1 2 3 0.66667
5 1 3 4 0.75000 0 3 4 0.75000
6 1 4 5 0.80000 1 3 5 0.60000
7 1 5 6 0.83333 1 4 6 0.66667
8 1 6 7 0.85714 1 5 7 0.71429
9 1 7 8 0.87500 1 6 8 0.75000
10 1 8 9 0.88889 1 7 9 0.77778
11 1 9 10 0.90000 1 8 10 0.80000
12 1 10 11 0.90909 0 9 1 0.81818
13 1 11 12 0.91667 1 9 12 0.75000
14 1 12 13 0.92308 1 1 0.76923
0 13
15 0 13 14 0.92857 0 1 0.78571
1 14
16 1 13 15 0.86667 1 1 0.73333
1 15
17 1 14 16 0.87500 1 1 0.75000
2 16
18 1 15 17 0.88235 1 1 0.76471
3 17
19 1 16 18 0.88889 1 1 0.77778
4 18
20 1 17 19 0.89474 1 1 0.78947
5 19
21 1 18 20 0.90000 1 1 20 0.80000
6
22 1 19 21 0.90476 1 1 0.80952
7 21
Summation (S) 17.9608 15.7733
4 4
p' =0.047619 * S ‘ | 0.85528 | ’ 0.75111

3. METHODOLOGY

The cluster hypothesis offers an alternative to latent semantic indexing which is slow. Since there are many fewer clusters than
documents, finding the closest cluster is fast; and since the documents thatching a query are all similar to each other, they tend to
be in the same clusters. While this algorithm is not exact, the expected decrease in search quality is small. [10].

The approach follows conventional Information retrieval (IR) system design methodology except that we introduced a similarity
matrix and hierarchical clustering at the result ranking stage which makes it differ from the conventional IR framework. [9].

The similarity matrix is a collection of all the inter-document similarity values for all the journal articles involved in the study. In
our case, we shall have a 100 by 100 matrix.

To achieve this, we take the term-document matrix to document—document matrix approach, thus;
i. We apply the proximity matrix to all pairs of documents

ii. Creates the document-document matrix, which reports similarities/distances be- tween objects (documents)
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iii. The diagonal is trivial (identity)

iv. As proximity measures are symmetric, the matrix is a triangle.
Thus;

Given: a set of documentsD = d;... . d,of objects;

The goal is to compute the similarity function sim: (D) x (D)! R

Hierarchical Clustering:

A complete hierarchical clustering algorithm by [14] shall be adopted to cluster the matrix. Assuming a set of N items to be
clustered, and an N by N distance (or similarity) matrix, the basic process of hierarchical clustering goes thus:

i. Start by assigning each item to its cluster, so that if there exist N items, you now have N clusters, each containing just
one item. Assume the distance or similarities of the clusters equal the distance or similarities between the items.

ii. Find the closest (most similar) pair of clusters and merge them into a single cluster, so that now you have one less cluster.
iii. Compute distances (similarities) between the new cluster and each of the old clusters.
iv. Repeat steps 2 and 3 until all items are clustered into a single cluster of size N.

Since we chose single-link clustering in this dissertation, we considered the distance between one cluster and another cluster to be
equal to the shortest distance. If the data consist of similar clusters, we consider the similarity between one cluster and another
cluster to be equal to the greatest similarity from any member of one cluster to any member of the other cluster. Step (iii) may be
represented thus:

Single-link:
To obtain the initial partition:

@ single-link:
For each couple of documents i and j such that d(i,j) < threshold :

. if i and j are not yet in a class, create a new one;

. if i and/or j are already allocated, merge all the documents of the class containing i (resp. j) with those of the class
containing j (resp. i);

(b) partial hierarchical classification:

After this step, the number of classes may be greater than the number of clusters wanted.

So, as long as the number of classes is greater than the predefined one, we can:

. compute class representatives;
. compute distances between every pair of classes (triangular matrix);
. merge the two closest classes. [14]

The threshold value is chosen so that the number of documents assigned at the end of the step is greater than half the total number
of documents.

4. RESULTS AND DISCUSSION

This involves the practical demonstration of the solution of document hierarchical clustering. The system development and
implementation are done using Python Programming. Python is chosen because of its versatility in a scripting language such as
machine learning. In addition, Jupyter Lab - a Python coding environment was used within the Anaconda framework:
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Figure 1:1 Data-frame presentation of the dataset
Table 1. Comparison of 10 recorders of expected, hierarchical clustering and K-means clustering ranks
of document retrieval results
Rank Expected Ranked Result Hierarchical-based K-Means Ranked
(LO) Ranked Result Result (L2)
(L1)
1 The Human Sodium lodide The Human Sodium lodide The Human Sodium lodide
Symporter as a Reporter Gene for =~ Symporter as a Report Symporter as a Report...
Studying Middle East Respiratory
Syndrome Coronavirus
Pathogenesis
2 | Pathogenic characteristics of Programs might representa Programs might represent a
persistent feline enteric coronavirus cost-efficient oppo... cost-efficient oppo...
infection in cats
3 Access to AIDS medicines stumbles Access to Access to
on trade rules.
4 Rapid Genome Sequencing of RNA Rapid Genome Sequencing Rapid Genome Sequencing
Viruses of RNA Viruses of RNA Viruses
5 Structural basis for viral 54€2- Structural basis for viral5'- Value of Pharmacy-Based
PPP-RNA recognition by human PPP-RNA recognition. Influenza  Surveil- lance
IFIT proteins a€” Ontario, Canada,
2009
6 Stability of Middle East Respiratory  Stability of Middle East Stability of Middle East
Syndrome Coronavirus in Milk Respiratory Syndrome ... Respiratory Syndrome ...
7 Structural basis for human Structural basis for human Structural basis for human
coronavirus attachment to sialic coronavirus attachment coronavirus attachment
acid receptors
8 ' Common and unique features of Common and unique features Common and unique
viral RNA-dependent polymerases  of viral RNA-depend... features of viral RNA-
depend...
9 Innate immune responses and Innate immune responses Innate immune responses
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regeneration in the mouse olfactory
mucosa induced by intranasal ad-
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Figure 1.2: Result of Porter stemming algorithm [5]

I_I:

Figure 1.3: Showing top clusters of the 200-articleDendrogram

The idea is that since documents that are retrieved at the top of a list are more important than the documents towards the bottom,
average precision assigns more weight to the errors made toward the top of a ranking than the errors towards the bottom.
Therefore, the structure of hierarchical plays an advantageous role in such a way that there is a high probability that the closest
document is ranked next to a document on the retrieval result list.

5. CONCLUSION

This study sought to propagate a semantic web — web of data by presenting a dendrogram (taxonomy) for 200 articles on COVID-
19. On design and implementation of the study, 1,426 articles were downloaded but 200 were serialized, and stemmed, an average
of fifteen terms were selected from each journal article. Based on our objectives, an information retrieval system was developed
which defers the traditional IR by applying the cosine similarity function to determine the similarity between documents as well as
adopting hierarchical clustering for retrieved result ranking. The bigger picture is that people tend to be more concerned about the
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retrieved documents and the relationship between successive documents on the result list.
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