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Background: Challenges to manage, mitigate, or prevent the COVID-19’s pandemics are
felt by medical, healthcare professionals and governing agencies. Health researchers conduct
survey among the citizens to capture their opinion on COVID-19. In such surveys like in
Hanafiah and Wan (2020), structural-zero (different from sampling zero) category occurs as
they question about perception, knowledge, and communication regarding COVID-19.
Materials: The data were collected in a survey conducted among Malaysians by Hanafiah
and Wan regarding COVID-19. The survey focused on people’s response about the public
communication, knowledge, and perception.

Methods: One of the four question categories in the survey is mutually exclusive with the
other three questions. Consequently, there will be no entry in that category. Such group is
called structurally zero category in the literature. The literature never probed the migrative
split to other categories of the unknown proportion belonging to the structural zero category.
In this article, the probability-based new and innovative method configures what proportion
in that mutually exclusive category and it is the essence of our method.

Results: The mutually exclusive nature of subquestions manufactured structural zero in their
data. A careful analysis of the data has created so far unknown probability concepts in the
literature, which we named as “Exodus probabilities” in this article. Its discovery and utility
are illustrated and elaborated with application in COVID-19. This methodology is also useful
in applications in engineering, epidemiology, marketing, communication networking, etc.
Conclusion: What is quite novel about the discovery of the exodus probability in this article
is the evolution of the concepts from the structural-zero category. In such situation, when
a category is eliminated, the proportions of the sample might have uncommunicatively
transited to other viable categories and our research question is all about configuring their
proportions. This is an innovative approach.

Keywords: public knowledge, perception, communication, sample space, dependent
probabilities, Venn layout, odds, odds ratio, survey outcomes

Introduction

It is quite needless to formally describe the pandemic COVID-19 (otherwise known
as coronavirus) ever since January 2020, the whole world is frightened by the viral
nature of this pandemic. The symptoms include but are not limited to loss of smell,
nasal congestion, body pain, cough, vomiting, sore throat, fever, breathing difficul-
ties, etc. These symptoms change over time. The virus spreads mainly through the
respiratory route after an infected person coughs, sneezes, sings, talks or breathes.
A new infection occurs when virus-containing particles exhaled by an infected
person. To reduce infection, staying at home, wearing a mask in public, avoiding
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crowded places, keeping distance from other, washing
hands with soap and water often and for at least 20
seconds, and avoiding touching the eyes, nose, or mouth
with unwashed hands are a few preventive practices. The
elderly (above the age 65) are in high-risk group to catch
Covid-19 virus. For all these preventive measures require
supporting working policies by moving some or all work
out of the office. For an excellent narration of initial and
later periods of the COVID-19 epidemic is given in.?

On 24th January 2020 in the Wuhan city (capital of the
Hubei province), China, an unknown virus was noticed
(Cohen, 2020). China reported to have seen 1287 coronavirus
cases and 41 among them have died.'” The reader is referred
to'? for an exposure of the virality of the COVID-19 so far as
its human-to-human transmission. Quickly, the nation
informed the World Health Organization (WHO). The
WHO decided to name it COVID-19 to the deadly virus
and warned all nations on earth about its pandemic virality.
In the initial phase, health professionals misunderstood that
the virus was non-communicable among humans but was
deadly only to animals."? This misunderstanding happened to
be quite disastrous to the world community. The reader is
referred to the following link to clear the misunderstanding:
https://www.researchgate.net/publication/340569667, DOI:
10.31124/advance. 12102816.v1.

On 25th March w020, a shocking surprise was felt by

China after noticing an estimated 81, 285 persons were
inflicted by COVID-19 and 3287 among them died with-
out any successful treatment. Frightened by this quick high
number of deaths, several nations warned their citizens not
to travel, quarantined the diagnosed COVID-19 cases in
their home or emergency shelters. Also, the nations
advised the citizens to maintain social distancing and
practice personal hygienic precautions as the COVID-
19’s incubation time ranged from 2 to 14 days between
the exposure and onset as the incubation time was guessed
(not medically proven).> As of 2nd March 2021, there
have been more than 114,441,348 COVID-19 cases world-
wide and at least 2,538,681 deaths have occurred already
(https://www.researchgate.net/publication/340569667,
DOI: 10.31124/advance. 12102816.v1 for more detail).
The numbers are wobbling and revamping daily. The

seriousness of the health hazards and the terror of mortal-
ity cannot be overstated. The daily norms of life were
crippled. The enjoyment, creativity, personal and national
growth reached near zero everywhere on earth. The reader
is referred to'® about the initial symptoms of the COVID-
19 and one of them is pneumonia-type feeling. The

pandemics called COVID-19 has been terrorizing and kill-
ing people. The patterns were unsolvable challenges to
researchers, healthcare and medical practitioners and
much more so to the governing agencies.

Many surveys have been conducted internationally
(like the one by® to capture the facts and fears among the
public). Because some of the questions were worded in
such a way, they created what is called structural-zero
(different from the sampling zero) category with respect
to the perception, knowledge, and communication about
the COVID-19 pandemics by the respondents of surveys.
A research question that can be posed is that there might
have been a proportion in the disappeared category if the
written questions were to be not mutually exclusive, but it
did not happen. Such missing proportions in the survey
due to the mutually exclusive questions ought to have
migrated to other viable categories. Is there a method to
appraise the proportions who might have transited from
the fourth (structurally zero) category to other three ten-
able categories? This question is answered in an innova-
tive modus operandi in this article using a recent survey
data on COVID-19.

Public Communication, Knowledge, and

Perception

A survey® was performed on the pandemic COVID-19
among the Malaysians to examine their public perception,
knowledge, and scientific communication of its virality. The
public knowledge is often connected with the risk to survive.
The perception is based on more of cultural or gender bias.
The Science communication is a skill due to education to
effectively disseminate information in the public domain.
A follow-up article by’ also raised the awareness of possible
epidemic trajectories (due to the COVID-19’s second wave).
The awareness is a necessity after the Malaysia’s Movement
Control Ordinance (MCO) was lifted. During 24th January to
21st February 2020, in Malaysia, the first wave of COVID-19
occurred. The second wave began on 27 February 2020. The
Malaysian government announced an MCO, which had been
extended already three times by two weeks each time. This
article (PMID 32617314) discusses the trajectory in detail
about the trajectory in various countries. The reader is
referred to'***121417 for recent epidemiological and pub-
lic health developments on collected data, including the
Malaysian data that are analyzed and interpreted in this
article.

1444 o

Dove!

Journal of Multidisciplinary Healthcare 2021:14


https://www.researchgate.net/publication/340569667, DOI: 10.31124/advance. 12102816.v1
https://www.researchgate.net/publication/340569667, DOI: 10.31124/advance. 12102816.v1
https://www.researchgate.net/publication/340569667, DOI: 10.31124/advance. 12102816.v1
https://www.researchgate.net/publication/340569667, DOI: 10.31124/advance. 12102816.v1
https://www.dovepress.com
https://www.dovepress.com

Dove

Shanmugam and Singh

Table | Survey Data on Malaysians Knowledge About COVID-19°

Knowledge A (Agree) | B (Disagree) | AB (Neither)
COVID-19 is a contagious disease that causes symptoms in lungs and airways like coughing, sore | 0.989 0.008 0.003

throat and difficulty breathing. (True), K1

COVID-19 is caused by a bacterium called SARS-CoV-2 and can be treated with antibiotics. 0.171 0.182 0.647

(False), K2

COVID-19 is a disease caused by a virus that previously only infected animals but now infects | 0.702 0.141 0.157

humans. (True), K3

COVID-19 is a pandemic disease which means it was not making people sick previously, but now | 0.685 0.121 0.194

has spread all over the world. (True), K4

There is currently no approved vaccine to prevent COVID-19. (True), K5 0.935 0.040 0.025

The outcome of their online anonymous survey is
summarized in Table 1 through 3. It is these data that
provided basic motivation to prepare this article. In the
survey, there were five, six, eight questions posed to the
respondents in knowledge, perception, and communication
categories. For each question, a respondent answer either
(A)agree, (B)disagree, or (4B)neither. Notice that the pos-
sibility for (4B)is void. Consequently, the option(AB)is
nullified and became a structurally zero category. The
reader is referred to® for more detail on structural zero.
The structural zero category arises in a situation in which
it is impossible to have a response. The literature distin-
guishes the difference between the structural zero and
sampling zero scenarios[’, for details]. In other words,
a proportion in this structurally zero category ought to
have transited to one of other three categories: (4)agree,
(B)disagree, or (AB)neither. What are such percentages
who might have done the exodus from the structural zero
category to the three tenable categories?

Methods
Exodus Probabilities: New Probability

Expressions

In conjunction with the stated research aim in the previous
section, let the sample space consists of three mutually
exclusive possible categories:S = {4,B,4 N B}in the
Venn diagram. See'® for the definition and properties of
the Venn diagram. An answer to any (knowledge, percep-
tion, or communication) question is associated with the
options of selecting only anyone of the three mutually
since Pr(4B) = Oby the default
of  structural other  words, Pr(S) = 1.
Also,1 — Pr(4 UB) = Pr(ANB) = 1 — Pr(4) — Pr(B)due
to the law by DeMorgan’s['®, for details] and the structural
zero factPr(4 NB) = 0. The reader is referred to the

exclusive categories
zero. In

classic book by'® for the fundamental concepts and rules
of probability in the interpretations of scientific data. We
now introduce a probability type measure in (1).

Pr(4) — Pr(A N B)
1 —Pr(4NB)

=04 ()

Because the laws state an intersection probability is less
than the marginal probability (that
isl > Pr(4) > Pr(4N B) > 0), we notice thatl > 6; > 0.
Hence, we formally define the exodus odds in the defini-
tion 1 below to refer the odds of transiting from
a structural-zero event.

Definition 1. The exodus odds of transiting from the struc-
turally zero category,4 N Bto the category 4 is
Pr(4) — Pr(4AN B)
1 — Pr(4)

05
1 -0y

= ( )

Likewise, we define its complementary exodus odds
for transiting from a structurally zero category, 4 N B to

the categoryB. Analogous expression is

Pr(B) —Pr(ANB)
1 —Pr(4NB)

B

which possesses properties like what exists for (1). By
combining both expressions, we notice that

_ Pr(4) — Pr(B)

0 T_PrAnE) 5 2

where

B)_Pr(B’)—QB_Pr(;I)—Q;I
C1-6;  1-0;

Pr(AN

is a proportionality statement and it yields an imbalance
measure between the events 4 and B
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A=—{6+(1-05)Pr(B)} + {05 + (1 — 0) Pr(4)}
3)

We name 63 and 03 the exodus probability to 4 and B
respectively. In conjunction with the exodus probabilities,
realize that

P(ANB)=1—P(4) — P(B) P(ANB) = P(A)

=1-P(4), 1 —P(B) = P(ANB) = P(B)

because

P(ANB) = Plempty) =0

Furthermore, we notice from (1) that Prﬁ% =Pr(4NB)

implying that (1 — 6;) Pr(B|4) + % =1
Consequently, the conditional probability could be

written as

Pr(4) — 6 -
APrd) = 6] _ Pr(B|4) o
[1 — 65]Pr(4)
What is known is that the unconditional probability is
than  the That

is, Pr(B) < Pr(B|A). Hence, we can assess how much an

lesser conditional  probability.

impact of knowing that4has occurred on speculating the
likelihood of B and such an impact is

{Pr(4) —Pr(ANB)} —6;,{1 —Pr(ANB)} 5
~ (1—0,)Pr(4) oA
= Pr(B|4) — P(B) %)

An analogous expression to quantify the impact of know-
ing that B has occurred on speculating the likelihood of 4
and such an impact is

{Pt(B) — Pr(ANB)} — 03{1 — Pr(A N B)}

(1 - 05) Pr(B)
— Pr(4|B) - P(4) (©)

=054

Definition 2. The transiting exodus odds from the structu-
rally zero category,4 N Bto the category,Bis
Pr(B) — Pr(AN B)
1 — Pr(B)

O
1-0;

= ( )

We now could define the exodus odds ratio of transiting
from the structurally zero category,4 N Bis then

Pr(B), Pr(4) —Pr(4NB), o
o) (pe(@) — e g)) — O%s-Ratioyn
= (H) @)

When the odds ratio, Odds_Ratioyp is more than one, the
exodus odds to the category,

A is more likely than its counterpart category, B from
the structurally zero category, 4 N B.

lllustration with Malaysian Survey Data
About COVID-19

We now illustrate the derived expressions of Section 2
using the survey data about the Malaysians’ perception,
public knowledge, and scientific communication on the
COVID-19. See Tables 1-3 for the observed proportions
in each category given in.® There were five, six, and eight
questions in the survey covering the respondents’ percep-
tion, knowledge, and communication about the COVID-
19. Some of the questions are true and others are false.
The truth or falseness of the questions were not revealed to
the respondents. The entries in the table are the propor-
tions who agree (disagree) with the question. The
eventsdandBdenote respectively the agreement and dis-
agreement by the respondents.

The simultaneous occurrence of the event AN B is
therefore nullified and hence, the category 4 N B is struc-
turally zero category. The proportion that would have been
in the category 4 N B if the category were to be not
structurally zero type ought to have migrated to 4, B, or
AN B category. What are such exodus proportions in their
transit? That is what explained in this section. For this
purpose, the expressions (1) through (7) are computed and
stated in the Tables 4-6 below for the Malaysians’ knowl-
edge, perception, and communication, respectively.

In Table 4 through 6, we notice that 63 in (1) is
negligible in almost all knowledge, perception, and com-
munication questions but is significantly high only in the
false knowledge question, COVID-19 is caused by
a bacteria called SARS-CoV-2 and can be treated with
antibiotics (K2) and in the communication question, I do
not understand details about COVID-19 because they are
too technical and complicated (C3).

On the contrary, in Table 4 through 6, we notice that 03
in (2) is moderate only in false question. The COVID-19 is
caused by a bacteria called SARS-CoV-2 and can be
treated with antibiotics (K2) and true question: I do not
understand details about COVID-19 because they are too
technical and complicated (C3) but is quite high in other
all perception, knowledge, and communication questions
of COVID-19.
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Table 2 Survey Data on Malaysians Perception About COVID-19°

Perception A (Agree) | B (Disagree) | AB(Neither)
| believe COVID-19 is a very deadly disease, Pl 0.790 0.116 0.094
I am worried about me and my loved ones getting sick with COVID-19, P2 0.963 0.028 0.009
| am worried about spreading COVID-19 to others, P3 0.944 0.036 0.020
| am worried about the impact of COVID-19 on my work, livelihood and the economy, P4 0.961 0.027 0.012
| am able to reduce my risk of getting COVID-19 by avoiding crowded public areas, keeping my | 0.991 0.005 0.004
hands clean, and not touching my face, P5
The closures of areas of congregations such as schools and places of worship are an extreme and | 0.164 0.086 0.750
unnecessary measure to control the spread of COVID-19, P6

Table 3 Data on Malaysians Communication About COVID-19*
Communication A (Agree) | B (Disagree) | AB

(Neither)

| obtain most of my information on COVID-19 from friends, family and social groups on social media | 0.668 0.151 0.181
(WhatsApp, Facebook, IG, Twitter, TikTok), C2
| do not understand details about COVID-19 because they are too technical and complicated, C3 | 0.116 0.209 0.675
I am more likely to understand and prefer to receive info about COVID-19 on video rather than 0.430 0.335 0.235
articles or static visuals/infographics, C4
| have received a lot of quality information on COVID-19 on social media, C5 0.773 0.149 0.078
| have received a lot of questionable information/fake news on COVID-19 on social media, Cé6 0.779 0.139 0.082
| am eager to share information that | think can help us reduce the risk and spread of COVID-19, C7 | 0.798 0.152 0.050
| check information | receive on social media with sources such as health andgovernment agency 0.879 0.098 0.023
websites and science news outlets before sharing/forwarding to others, C8
The communication | have received about COVID-19 has strongly influenced how | think about the | 0.945 0.047 0.008
disease and what | do to protect myself, my loved ones, and my community, C9

Note: *For some reason, the item Cl is not reported in. Adapted from Mohd Hanafiah, Khayriyyah; Wan, Chang Da (2020): Public knowledge, perception and
communication behavior surrounding COVID-19 in Malaysia. Advance. Preprint. https:/creativecommons.org/licenses/by/4.0/.°

Table 4 Exodus Probabilities for Knowledge on COVID-19

Table 5 Exodus Probabilities for Perception on COVID-19

All data analytic results in Table 4 through 6 sug-
gest that the impact of knowing 4 on the likelihood of
B in (5) is negative in the false knowledge question:
COVID-19 is caused by a bacteria called SARS-CoV-2
and can be treated with antibiotics (K2) and the true
knowledge question: COVID-19 is a pandemic disease
which means it was not making people sick previously,

but now has spread all over the world (K4), in the

Question | 6;in | O5in | 6.5 | 85_;in | OddsRatioy Question | ¢ in | 0 in Sion | %5 Odds_Ratios
M @ |inG) | © on (7) (M | @ |in(S) |in(6) |on()
K1 0.008 | 0991 | 0.003 | I.4E-14 | 6.543E-05 Pl 0.128 | 0872 | 0023 | 0 0.021
K2 0515 | 0484 | —0.168 | 13E-16 | 1.132 P2 0.028 | 0972 | 0015 | —4E-I15 | 0.001
K3 o167 | 0832 | 0006 |0 0.040 P3 0.037 | 0963 | 0011 | 3.1E-15 | 0.002
K4 0.150 | 0.849 | —0.024 | 0 0.031 P4 0.027 | 0.973 | 0.011 |0 0.001
K5 0.041 | 0958 | 0.011 | —2.8E-15 | 0.001 P> 0.005 | 0.995 | 0.001 |0 3E-05
P6 0344 | 0.656 | —0.254 | I.8E-16 | 0275

perception question: The closures of areas of congrega-
tions such as schools and places of worship are an
extreme and unnecessary measure to control the spread
of COVID-19 (P6), in the true communication ques-
I do not understand details about COVID-19

because they are too technical and complicated (C3).

tion:

For all other questions, the impact has been positive
but mild.
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Table 6 Exodus Probabilities for Communication on COVID-19

Question | 6;in | zin | §;_3 03z in | Odds_Ratio;p
M | @ |[inG) |(©) on (7)
2 0.184 | 0.816 | 0.002 —7.1E-16 | 0.051
c3 0.643 | 0.357 | —0.065 | O 3.246
C4 0.438 | 0.562 | 0.277 —1.9E-16 | 0.606
C5 0.162 | 0.838 | 0.071 0 0.037
Cé 0.151 | 0.849 | 0.056 0 0.031
c7 0.160 | 0.840 | 0.103 —8.2E-16 | 0.036
cs8 0.100 | 0.900 | 0.071 I.23E-15 | 0.012
c9 0.047 | 0.953 | 0.035 —2.5E-15 | 0.002

Interestingly, the impact of knowing B on the likeli-
hood of 4 in (6) is negligible, consistently in all questions
of knowledge, perception, and communicative categories.
The exodus odds ratio in (7) of transiting from the struc-
tural event 4 N B is only in false knowledge question:
COVID-19 is caused by a bacterium called SARS-CoV-2
and can be treated with antibiotics (K2) and in the true
communication question: I do not understand details about
COVID-19 because they are too technical and complicated
(C3). For all other questions in knowledge, perception, and
communication categories, the exodus odds ratio is less
than one. The exodus odds to the event 4 is more likely
than its counterpart exodus odds to the event B from the
structurally zero category, 4 N B.

Discussion

This research article has introduced new concepts called
exodus probabilities from a structural-zero category. The
structural zero is unavoidable if the surveys consist of two
mutually exclusive questions or options. For such
a scenario, this article derived new probability expressions
(not seen in the journals or books so far). With the avail-
ability of the new expressions in this article, we have
successfully interpreted and sorted out how the
Malaysians have felt about the COVIDS-19 in a recent
survey. A respondent could not be counted in both places.

Recommendations for Future Research
Work

The intent and purpose of data collection is to find out the
underlying model for the collected data, and the interpre-
tation of data analysis results of COVID-19 is to under-
stand/capture the trend of this pandemic and be prepared
to prevent its future occurrence of the pandemic. What else
is more important now in year 2020 than finding more

correct way to model and understand the COVID-19 data?
Imagine if you, us, or someone we know got unfortunately
COVID-19 virus, but there is no scientific knowledge
about COVID-19, even when they have collected data
but have no idea what the data do really mean. This
manuscript adds relevant knowledge. This is not true. We
mentioned the sample size, how the data are collected in
the paper. The lab science research leads to needed vacci-
nation to control COVID-19. Our work is all medical
modelling and data analysis. In this article, we echo an
opinion that modelling and/or data analysis is quite helpful
and valuable in the pursuit of prevention or control
COVID-19.
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