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Abstract: Educational institutions play a significant role in the community spread of SARS-CoV-2 in
Victoria. Despite a series of social restrictions and preventive measures in educational institutions
implemented by the Victorian Government, confirmed cases among people under 20 years of age
accounted for more than a quarter of the total infections in the state. In this study, we investigated
the risk factors associated with COVID-19 infection within Victoria educational institutions using
an incremental deep learning recurrent neural network-gated recurrent unit (RNN-GRU) model.
The RNN-GRU model simulation was built based on three risk dimensions: (1) school-related risk
factors, (2) student-related community risk factors, and (3) general population risk factors. Our data
analysis showed that COVID-19 infection cases among people aged 10-19 years were higher than
those aged 0-9 years in the Victorian region in 2020-2022. Within the three dimensions, a significant
association was identified between school-initiated contact tracing (0.6110), vaccination policy for
students and teachers (0.6100), testing policy (0.6109), and face covering (0.6071) and prevention of
COVID-19 infection in educational settings. Furthermore, the study showed that different risk factors
have varying degrees of effectiveness in preventing COVID-19 infection for the 0-9 and 10-19 age
groups, such as state travel control (0.2743 vs. 0.3390), international travel control (0.2757 vs. 0.3357)
and school closure (0.2738 vs. 0.3323), etc. More preventive support is suggested for the younger
generation, especially for the 10-19 age group.

Keywords: COVID-19; epidemiology; infection control; educational facilities; artificial intelligence;
deep learning; neural networks

1. Introduction

A novel coronavirus, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
was identified in December 2019. Due to its high virulence and transmissibility, SARS-
CoV-2 spread rapidly around the world over the next two years. By 12 October 2022,
618 million confirmed cases and 6.5 million deaths had been reported worldwide [1]. The
first case of COVID-19 in Australia was identified in Victoria on 25 January 2020 and spread
significantly in the following years [2].

Available reports indicate that children and adolescents appear to be less susceptible
to COVID-19 infection [3,4]. Data from the early phase of the COVID-19 pandemic demon-
strate that infection among children aged 0-19 years accounted for 2% of the total number
of confirmed cases in China, 1.1% in England, and 1% in Italy in 2020. The number of
confirmed cases in the United States increased significantly from 2021, accounting for about
13.3% for the age group 0-18 years [3-6]. To prevent the spread of the virus, it is important
to adopt preventive behaviours such as wearing face masks, which have been shown to
be effective in suppressing transmission and flattening the pandemic curve [7-10]. These
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measures are crucial even after vaccination, as they can increase the suppressive effect [7].
In addition to preventive behaviours, increased testing is essential to prevent the spread
of the disease in society. This approach can improve case detection, isolation of infected
individuals, and contact tracing [11-13].

Since 2020, the Victoria government had implemented a series of social restrictions
and preventive policies for kindergartens, primary schools, colleges, and universities
to prevent COVID-19 infection among students [14]. Schooling in Victoria has changed
substantially in the past years, according to research from Monash University [15]. Despite
several restrictive measures, the infection rate among children and adolescents in Victoria
is still higher than in other areas. The proportion of confirmed cases in people aged under
20 years (25.78%) was more than a quarter of the total number of infections in Victoria
from 11 October 2020 to 10 October 2022 [16]. Educational facilities have been reported to
contribute significantly to the community transmission of virus, which thrives in populated
environments [17]. The reasons for the significantly higher COVID-19 infection rates in
Victoria remain unclear. Consequently, it is crucial to identify measures to prevent the
spread of the virus in the 0-19 age group, particularly in regions with higher infection rates.
A more detailed analysis is therefore needed to understand the local intensity and severity
of COVID-19 and its impact on children and adolescents within Victoria.

With the development of artificial intelligence techniques, deep learning methods
are frequently used to simulate epidemiology modelling. The performance of the deep
learning approach relies on training data to build the simulation model rather than a
pre-defined mathematical model, which avoids unrealistic artificial hypotheses and rules
affecting the model’s performance [18]. In this study, we propose an increment learning
Recurrent Neural Network-Gated Recurrent Unit (RNN-GRU) model to simulate COVID-
19 infection within educational facilities to determine the impact score of risk factors during
the infection process. The RNN-GRU is an ideal method to simulate the infection of COVID-
19 with a proven continuous learning ability during the training process, considering the
different COVID-19 variants. It also presents a reliable performance to avoid the problems
of gradient explosion and gradient disappearance in the normal RNN model [19] with a
lower computation complexity structure of Recurrent neural networks long short-term
memory (RNN-LSTM) [20].

Therefore, this study aims to (1) establish an incremental deep learning RNN-GRU
model to simulate COVID-19 infection within educational facilities and (2) examine the
impact score of risk factors within educational facilities to provide insight into preventive
strategies against COVID-19 infection for the Victoria area.

2. Materials and Methods
2.1. Study Area and Data Collection

This study was conducted in the greater Melbourne area, Victoria, Australia. Data
were assessed from multiple sources. The COVID-19 infection data was extracted from
the Victoria government website [16]. This publicly available dataset records all infection
case information from 11 March 2020 to 10 October 2022 in Victoria, and includes the date
diagnosed, age group, postcode, source of COVID-19 infection, and local government area.
The source of COVID-19 infection included four categories: travel overseas, contact with a
confirmed case, acquired in Australia, and under investigation. For this study, we analysed
all COVID-19 cases in patients aged 0-19 years in Victoria, approximately 240,668 in total, as
this age group represents a significant proportion of the student population in educational
institutions [21]. The government COVID-19 preventive policy data was sourced from
the Coronavirus Victoria website (https://www.coronavirus.vic.gov.au, accessed on 8
December 2022) and the COVID-19 Government response tracker [22,23]. The University of
Oxford created the COVID-19 Government response tracker, which has collected COVID-
19-related policies since 1st January 2020 and covers more than 180 countries. This study
utilised Victoria’s individual COVID-19 preventive policy indicator in the COVID-19
infection simulation model.
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2.2. Data Pre-Processing

To better simulate the COVID-19 infection among Victoria students within educational
facilities, the risk that could lead to infection of COVID-19 was categorised into three
dimensions: school-associated risk factors, student-related community risk factors, and
general population risk factors (Figure 1). It is worth noting that the Victoria Government
has implemented a different vaccination policy for the education sector compared to the
public [24,25]. All staff in the education sector must be fully vaccinated by 29 November
2022, and a community COVID-19 vaccination programme was launched to improve
the vaccination rate among students. Meanwhile, there is no mandatory vaccination
policy for the public [24]. Therefore, the vaccination status for the education sector only
reflects the vaccination policy and status within the education sector, while the mandatory
vaccination policy and the number of vaccinated populations in the general population are
risk factors used to measure the progress of vaccination for the public. The detailed risk
factor information is presented in Table 1.

among Victoria student

School-associated
risk factors
| Prevention strategies I [

[ Risk factors summary for COVID-19 infection ]

! }

Student-related General population
community risk factors risk factors

for the educational

Immunization status
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Daily infection number
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Figure 1. Risk factors classification for preventing COVID-19 infection among Victoria student
within education facilities. The school-associated risk factors for COVID-19 infection encompass
the various factors and policies in the school environment or initiated by the school that influence
the infection among students. The student-related community risk factors refer to the factors and
policies that affect the COVID-19 infection among student outside of school time but are still related to
students through students’ social gatherings and daily life outside of school time. Lastly, the general
population risk factors include total COVID-19 infection case and general government policies for
the public within the Victoria area.

Table 1. Data dictionary for risk factors of COVID-19 transmission within educational facilities.

Dimensions

Risk Factors Description

School-associated risk factors

(Prevention strategies)

Facial covering
Testing policy

Facial covering requirement

Testing policy of a symptomatic person
School-initiated contact tracing following a

positive diagnosis

School operation status: open or closed

The policy that instructs people to remain at home and
not leave for non-essential purposes

Contact tracing
School closing

Stay at home requirements
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Table 1. Cont.

Dimensions

Risk Factors

Description

School-associated risk factors
(Immunisation status for the
educational service sector)

Vaccination policy for student
and teacher

Vaccination status in
educational facilities

Policies for vaccine delivery of the educators in
primary and secondary schools, tertiary education
students, and staff

Vaccination status for the educators in primary and
secondary school, tertiary education students and staff

Student-related community
risk factors

Parent workplace closure

Public event cancellation

State travel control
International travel control

Restrictions on gatherings

Public transport closing

Parent or relative’s workplace operation status: open
or closed

Public events cancelling status. This factor could lead
to a higher secondary infection within the
educational facilities

Restrictions on internal movement within the state
Restrictions on international travel

Social gathering restriction level: limit the number of
people who can gather in one public place at a

given time

Operation status: open or closed. Student commute to
school by public transport, which may infect them
with COVID-19 and lead a secondary transmission
within the educational facilities

General population risk factors

Daily infection number

Daily effective reproduction number

Public information campaigns
Containment Health Index
Government Response Index
Stringency Index

Mandatory vaccination policy
Population vaccinated number

Daily infection number within the Victoria area
Spreadability of COVID-19

COVID-19 public information campaign
Government containment health policy index
Government COVID-19 Response Index

Social restriction level

Mandatory vaccination policy for the general public
The number of vaccinated people in Victoria

For the data pre-processing, the patient data are grouped based on the diagnosis date,
age group, and other common attributes. The column-based data indicating the method of
COVID-19 acquisition and local government attributes are transformed into the row-based
data based on its unique attribute value. The data were further grouped into two separate
datasets for age groups 0-9 years and 10-19 years. The effective reproduction number (R;)
analysis was estimated based on the daily infected cases. R; measures the spreadability
of COVID-19 by using the number of human-human transmissions resulting from one
infected person [26]. An R; of 1 means, on average, an infected person will only infect one
person. All Ry quantiles (Q0.025, Q0.5 and Q0.975) were also included. Each row in the
grouped data represents the COVID-19-infected situation for that day (Figure 2).

2.3. Incremental Deep Learning RNN-GRU Model

In this study, we proposed an incremental deep learning RNN-GRU model. The model
provides insight into the COVID-19 infection among Victoria’s students within educational
facilities and will determine the impact score of risk factors during COVID-19 infection.

The traditional machine learning training method randomly splits datasets into train-
ing and test sets. The training set is used to establish the model and is validated using
the testing set. We believe this splitting method is unsuitable for the COVID-19 infection
pattern. Firstly, according to the World Health Organization, because of the coronavirus
incubation period, symptoms may take up to 14 days to appear [27]. In order words, the
number of daily infections of each row in our dataset can impact the infection cases in the
following 14 consecutive days. Secondly, there are currently 13 SARS-CoV-2 variants in
circulation, including Alpha, Beta, Delta, Gamma, and Omicron. Researchers have proven
that the Delta and Omicron have increased infection rates and transmissibility [28,29].
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Therefore, the one-off training method is not ideal for creating training and test sets for the
COVID-19 infection simulation.

i . Group 0-9 effective All group effective  Other risk factors
C_C)\"ID'19 C.ases = 1<t)cal reproduction number reproduction number
acquired method government area (Ry) related data (Ry) related data
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Figure 2. Sample dataset for the COVID-19 infection simulation model. The dataset includes the
daily number of infections in that age group, the method of acquisition, the local government area,
the effective reproduction number (Rt), and the policy indicator, etc.

Therefore, in our proposal model, we have introduced an incremental batch learning
method (Figure 3). This method used two separate datasets to represent the age groups 0-9
and 10-19 years. Each dataset was assigned into N small batches randomly. Each batch has
included 14 consecutive days of records for model training, which can avoid the impact
of random selection in the traditional splitting method. The first batch was used to train
the model, and the next N-1 batch was used for the incremental deep learning process
to update model parameters. The incremental deep learning process repeated M times
to ensure each data point had been involved in the training process. Incremental deep
learning continuously updated model parameters to simulate the infection of COVID-19
dynamically. We created 256 small batches for our dataset in the proposed model to keep
the CPU at the full workload level.

Furthermore, the Recurrent Neural Network (RNN) is an ideal method to handle
sequential data and is able to memorise previous inputs and involve them in the next
model update iteration [30]. As one of the artificial neural networks, the RNN includes
three main layers (input layer, hidden layer, and output layer) to connect each other.
Each layer includes several neurons to process the data. The neurons are connected by
a weighted link, passing processed data from one neuron to another. In traditional deep
neural networks, feedback-forward neural networks and convolutional neural networks
(CNN) assume that output is independent of the previous input, while the output of RNNs
depends on the previous input within the same sequential data. The RNN has taken data
from previous input to influence the current input and output during the training process.
In this proposal model, we utilised Gated Recurrent Units (GRU) in the RNN to mitigate
the impact of short-term memory limits and vanishing gradient problems [19]. The GRU
structure contains a reset gate and an update gate. Its output is a combination of the
previous hidden state /;_; and new information from the current input X;. The reset gate
allows the network to retain or forget information from the previous hidden state /;_; [20]
(Figure 4 and Table 2). The value of the reset gate is between 0 and 1, with values close
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to 0 indicating that the previous hidden state #;_; should be forgotten, and values close
to 1 indicating that the previous hidden state h;_; should be retained. The update gate

determines whether the proportion of new information from the current input X; should
be passed to the hidden state.

Dataset has randomly assigned to N batches.
Each batch has included 14 consecutive days of COVID-19 and Policy indicator record

A

The training process

- will repeat M times for
the model creation.
Train @ Update @ Update @ Update @
Model No. 1 §> Model No. 2 If‘> Model No.3 |:> Model No. N

Y

Figure 3. Incremental batch learning method for COVID-19 infection simulation model. Each batch

included 14 consecutive days of records. The first batch of data was used to train model 1, while
subsequent batches were used to update model parameters.

Output: ¥;
Forecasts of new cases

Previous hidden - _ N
state h,_, - - ®

- New hidden

4
|
@ state h,
- . T
1- :
——
Z ®
Sigmoid : 1t W
v function t
-
Sigmoid K Tanh
function "1 function
: Pl : 1
Input: X: \ I j
Include one batch — ]
of data \ . .
% Reset gate ;s Update gate

Figure 4. Gate recurrent unit (GRU) structure. The sigmoid function used in the reset gate and update

gate of the GRU to decide the amount of information for forgetting and updating. The tanh function
is used to calculate the new hidden state h;_1.
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Table 2. Gate recurrent unit (GRU) formula.

GRU

Formula Function
Component
. Sigmoid function will transfer value into range of 0 to 1 to decide
Reset gate re=o(Wrx [, Xi) proportion of data for forget purpose
_ Sigmoid function will transfer value into range of 0 to 1 to decide
Update gate Ze = o(Wex [h, X4]) proportion of data for update purpose
ht = tanh(W * [i’t * ht—lxxt])
Output he = (1— Zp) % hy_q + Zs * ﬁt Update output-based results from reset and update gate

Yt = O’(WO *ht)

2.4. RNN-GRU Model Performance Evaluation

To build the RNN-GRU model, the performance of the incremental batch learning
process was evaluated by the mean squared error (MSE) to determine the number of
repeated times for the incremental learning process.

A2
MSE = ?:1 (Yl — Yl)
n

where Y; represents the observed number of COVID-19 cases in day i, while Y; is the
predicted number of COVID-19 cases in day i, and 7 is the total number of days.

To measure the simulation performance of the proposed RNN-GRU model, we have
compared it with several machine learning algorithms, which were trained by the tra-
ditional splitting method. The following performance indices were used to assess the
performance of the proposed model; mean absolute error (MAE), root mean squared error
(RMSE), and the coefficient of determination (R?).

MAE — Yiia|Yi — Yil
n

.2
g (Vi =Y
n

RMSE =

The R? was used to measure the fitness level of the actual value and predicted value.

A2

i (Y —Y;)
2

Y (Yi-Y)

RP=1-

where Y; represents the observed number of COVID-19 cases in day i, Y is the mean value
of actual COVID-19 cases, while Yi is the predicted number of COVID-19 cases in day i,
and 7 is the total number of days.

2.5. Impact Score Analysis for the Risk Factors

Despite great simulation ability of RNN-GRU model, there is not a comprehensive
understanding method to explain the results of neural networks [31]. To understand the
impact of risk factors in preventing the COVID-19 infection among students, we propose a
comprehensive impact score examination method in this study, the impact score index.

In the first step, for each risk factor feature x; in the test set Xy.s;, we perturb that
feature by using a random normal distribution (i1 = 0 and ¢ = 0.2) to generate a new test
set Xperturp- For the second step, instead of adding noisy data through random normal
distribution, each risk factor x; will be randomly shuffled to generate a new test set Xgy,, -
The effect of this perturbation or shuffling is defined by using RMSE. RMSE is a scale-
dependent measurement approach but is more sensitive to individual large forecast errors
than MAE [12]. In this study, each risk factor impact score is defined as follows:
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Total impact factor; = Wty * Impact factorpg,tmb +(1-

Daily confirmed covid-19 cases

Daily confirmed covid-19 cases

N 2
n . —
i=1 (Ylperturb or shuffling Yi[pqt )
n

Impact Score; =

where Y;,
the new predicted value based on the new test set Xertyrp OF Xpuffle-
To combine the results of the step 1 and 2, a weight attribute was assigned to

Impact Score , and Impact Scoreg,, Ffle which is defined as follows:

is the predicted value based on the original test set Xjest, and Ypmm or shuf fling is

pertur

mewb) * Impact factorg,, g,
3. Results
3.1. Descriptive Summary

A total of 943 days” COVID-19 data for age groups 0-9 and 10-19 in Victoria were
used in the study. Figure 5 presents the overall COVID-19 time series data for both age
groups in 2020, 2021, and 2022.
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70

D
o

n
o

IS
o

w
o

N
o

o

700

D
o
o

(92}
o
=

S
o
o

w
o
o

—— cases for age group 0-9
cases for age group 10-19

WW v"

w O T VYOOI W11 | ‘ Mv v \.lr'\ PAL
g ) o St o » AN AV I
PN S g @ %“'LQ S O oS
(b): Year 2021
—— cases for age group 0-9
cases for age group 10-19
\ I
ik
|
|
A
— _— S A, ’”\’-‘ﬂ
o &0 &l St e N o0
i S oo S o i ¥

Figure 5. Cont.
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Figure 5. Daily confirmed COVID-19 cases for age groups 0-9 and 10-19 in (a) 2020, (b) 2021, and
(c) 2022. The blue line shows the daily cases for the 0-9 age group, while the orange line shows the
daily cases for the 10-19 age group.

In 2020, the daily confirmed COVID-19 cases for the age group 0-9 increased during
July and August, reaching a peak at 35 cases on 7 August 2020, while a steeper increase
was observed for the age group 10-19 during the same period peaking at 71 cases on 29
July 2020. For 2021, surges in COVID-19 infection mainly happened between September
and December, with the highest daily cases of 346 for the age group 0-9 on 20 October
2021 and 734 cases on 31 December 2021 for the age group 10-19. On the other hand,
daily confirmed COVID-19 cases presented a significant rise in early 2022, followed by
a decreasing trend until October 2022. The number of daily cases reached a record high
of 1932 and 3574 cases for age groups 0-9 and 10-19 years in 2022, respectively. Overall,
COVID-19 infection among people aged 10-19 years (130,323) was higher than among
those aged 0-9 years (110,345).

3.2. RNN-GRU Model Performance Evaluation

Figure 6 presents the RNN-GRU model training performance during the incremental
batch learning process. The infection of COVID-19 among Victoria students for age groups
0-9 and 10-19 has been simulated. With increasing training repeating times, the MSE has
decreased gradually for both age groups 0-9 and 10-19 (Figure 4). The MSE remains at
the same level after 20 times, which is below 0.001 level for both age groups. Therefore,
the proposed RNN-GRU model will establish by repeating incremental training of the
COVID-19 dataset 20 times.

To measure the simulation performance of the proposed RNN-GRU model, in this
study, we compared RNN-GRU model with several machine learning algorithms, which
were trained by the traditional splitting method. Table 3 presents a clear accuracy improve-
ment using the RNN-GRU model for age groups 0-9 and 10-19. Overall, the RNN-GRU
model has achieved the best results on all three merits and presents a clear improvement in
simulation accuracy.
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Figure 6. Mean Squared Error (MSE) for incremental batch learning method. The Mean Squared
Error (MSE) represents the simulation error of the model for the age groups 0-9 and 10-19, while the
training repetitions represent the number of repetitions of the training process used to determine the
number of training iterations in the simulation model.
Table 3. Results of model evaluation for groups 0-9 and 10-19.
0-9 Years 10-19 Years
Model 2 2
R RMSE MAE R RMSE MAE
RNN-GRU 0.9796 0.2777 0.0601 0.9796 0.2809 0.0634
Kernel Ridge 0.8649 0.3795 0.0965 0.9461 0.3256 0.0853
Ridge regression 0.7879 0.4249 0.1446 0.9244 0.3543 0.1130
Bayesian Ridge 0.7818 0.4279 0.1380 0.9223 0.3568 0.1202
Gradient Boosting Regressor 0.7538 0.4410 0.1622 0.9161 0.3637 0.1181
Lasso regression 0.7478 0.4437 0.1508 0.9156 0.3643 0.1241
ElasticNet 0.7415 0.4464 0.1524 0.8781 0.3992 0.1498
XG Boost Regressor 0.7409 0.4467 0.1512 0.8735 0.4029 0.1221
Random forest 0.3751 0.5567 0.2781 0.7233 0.4901 0.1963
Support vector regression 0.2311 0.5863 0.2956 0.7089 0.4963 0.2047

3.3. Impact Score Analysis for Risk Factors of COVID-19 within Educational Facilities

The RNN-GRU model has achieved a great simulation result compared with other
machine learning models. In our proposed comprehensive impact score examination
method, the Wy, 1,,,p is set as 0.5. Table 4 presents the impact score of dimensions, while
Figure 7a,b present the impact score of the risk factor for age groups 0-9 and 10-19,
respectively. Of the three dimensions, the general population risk factors have achieved
the highest normalised impact score (38.12%) among age groups 0-9 and 10-19, followed
by the school-associated risk factors (33.29%). The general population risk factors and
school-associated risk factors were significantly higher than the student-related community
risk factors (28.59%) (Table 4). For the age groups 0-9 (Figure 7a), the contract tracing
(0.2771) that was initiated by the school has contributed the highest normalised impact
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score in school-associated risk factors, while the testing policy (0.3340) was the most critical
factor for age groups 10-19 (Figure 7b). The stay-at-home requirements have shown
minor effectiveness among both age groups (0.2727 and 0.332). Within the student-related
risk factors in the community, the significance of the risk factors presented between the
age groups 0-9 and 10-19 years is different. A different method than the stay-at-home
requirement, the restriction on gathering was designed to limit the number of people who
could gather in one public place at a given time. This has been found to be the most
influential risk factor in the age group 0-9, while it dropped to the least influential factor
in the age group 10-19. Meanwhile, the contributions of the state and international travel
control increased from the age group 0-9 to 10-19. Parent workplace and public transport
closure did not present clear impacts in the analysis. For the general population risk
factors, the public information campaigns showed the lowest contribution score in the age
group 0-9, while it jumped into the most influential risk factor in the age group 10-19. The
opposite change was found in the mandatory vaccination policy, and population vaccinated
risk factor. Both risk factors showed a significant contribution in the age group 0-9, while
the contribution in the age group 10-19 dropped rapidly. The containment health and
government response indexes did not clearly contribute to the impact score analysis.

Table 4. Impact score of dimensions for age groups 0-9 and 10-19.

Age Group Total
Dimensions Risk Factors Group Group  Sum of Risk Sum of
0-9 10-19 Factors Dimensions
Contact tracing 0.2771 0.3340 0.6110!
. . Testing policy 0.2734 0.3375 0.6109
hool- f
Se Z’lfreffesnot‘igﬁes‘:rztik i;‘g)tors Facial Coverings 02721  0.3350 0.6071 3.0872 (23.77%) 2
& School closing 0.2738 0.3323 0.6061
Stay at home requirements 0.2716 0.3305 0.6022
School-associated risk factors VaCdnaﬁonCIl’OhCyhfor student 02758  0.3341 0.6100 s
(Immunisation status for the v an 'teac er 1.2159 (9.52%)
educational service sector) aCClI‘l?thl’l Stat,“ﬁ m 0.2727 0.3332 0.6059
educational facilities
State travel control 0.2743 0.3390 0.6133
International travel controls 0.2757 0.3357 0.6114
Student-related community Public event cancellation 0.2764 0.3337 0.6101 3.6534 (28.59%)
risk factors Restrictions on gatherings 0.2772 0.3308 0.6080 ' oo
Public transport Closing 0.2748 0.3314 0.6063
Parent workplace closure 0.2720 0.3324 0.6043
Daily infection number 0.2755 0.3365 0.6121
Mandatory vaccination policy 0.2782 0.3319 0.6101
Stringency Index 0.2740 0.3359 0.6100
General population Public information campaigns 0.2720 0.3366 0.6086 48714 (38.12%)
risk factors Population Vaccinated 0.2766 0.3316 0.6082 ’ e
Total Effective reproduction number ~ 0.2728 0.3349 0.6077
Containment Health Index 0.2756 0.3319 0.6075
Government Response Index 0.2745 0.3327 0.6072

1 The risk factors within the dimension are in descending order based on total impact score; 2 Normalised total
impact score of dimensions. Note: Total normalised risk factor of School-associated risk factors is 33.29%.
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Figure 7. (a) Impact score for age group 0-9. (b) Impact score for age group 10-19. The impact score
is calculated using the proposed comprehensive impact score review method based on the RNN-GRU
model to decide the effectiveness of risk factors in preventing COVID-19 infection. The risk factors
are listed in descending order within each risk dimension. The school-related risk factors (prevention
strategies, immunisation status for the education sector) are listed first, followed by student-related
community risk factors, and general population risk factors.
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4. Discussion

This study examined the impact score of risk factors of preventing COVID-19 infection
within educational facilities in Victoria using an incremental deep learning RNN-GRU
model. Compared to other machine learning methods, the model simulation performance
was excellent in terms of R?, RMSE, and MAE criteria. Employing the incremental batch
learning method brings a continuous learning ability to the simulation model and is ideal for
handling increasing COVID-19 cases and variants in current society. Three key dimensions
were established, namely, school-associated risk factors, student-related community risk
factors, and general population risk factors.

The study shows that within the prevention strategies subgroup of the school-associated
risk factors, contact tracing initiated by the school and testing policy contributed the most
to the total impact score among both age groups. This finding is consistent with previous
studies [12,13], which indicated that contact tracing programs and testing policies can be
highly effective in swiftly preventing infections on campuses and in the community. As
one of the earliest applied preventive strategies, the requirement for facial covering was
another contributor to the impact score. Evidence suggests that the use of appropriate facial
covering effectively prevent COVID-19 infection by interrupt the transmission of SARS-
CoV-2 in both hospital settings and the community [9,10]. One previous study in North-
East Nigeria [32] suggests a decreased risk of SARS-CoV-2 transmission among healthcare
workers using N95 marks. According to the simulation results presented in Table 4, the
impact score associated with school closure appears to be a relatively small contributor
to the overall impact of school-related factors in the Victoria region. It has been reported
that school closures have limited effectiveness in reducing SARS-CoV-2 transmission and
preventing COVID-19 infection compared with other social restrictions [5]. Furthermore, a
recent study also found that school closures did not help control the epidemic based on data
from the virus outbreak in mainland China, Hong Kong, and Singapore [33]. Specifically,
our simulation results revealed that school closure had the third highest impact score within
the dimension of preventive strategies for the age group 0-9 years but was not a major
contributor for the age group 10-19 years. This finding is consistent with previous research
showing that younger children have an increased risk of SARS-CoV-2 transmission than
other age groups [34]. Moreover, the simulation results suggest that the vaccination policy
for students and teachers has the potential to reduce the incidence of COVID-19 among
the student population. Prior clinical evidence demonstrates that COVID-19 vaccination
not only prevents severe symptoms of the virus but is also an important tool for reducing
the infection rate [35]. Overall, our analysis of impact scores indicates effective contract
tracing programs, mandatory face covering requirements, comprehensive testing policies,
and vaccination requirements in the education sector have a significant association with
the prevention of COVID-19 infection in educational settings. Additionally, school closure
presents a different effectiveness level in preventing SARS-CoV-2 transmission between
students in age groups 0-9 and 10-19.

For the general population risk factors, public information campaigns are an unig-
nored risk factor. The public information campaign ensured that students were aware
of the pandemic virus and accepted COVID-19 vaccines [36]. Its contribution increased
significantly in the age group 10-19. A study in Saudi Arabia found a noticeable difference
regarding knowledge of COVID-19 prevention between different ages of students through
secondary school and university participants [37]. The government stringency index is
the measurement indicator for government COVID-19 social restrictions. Social restriction
effectively slowed the spread of the virus, as evidenced by the increase in infection dou-
bling time [38]. The daily infection number and mandatory vaccination policy significantly
contributed to the total impact score.

Lastly, the student-related community risk factors focus on the factors and policies
that affect the COVID-19 infection rate among students outside of school time but are
still related to students through students’ social gatherings and daily life. The state and
international travel control contributed the highest impact score. The previous travel
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control in Bhutan, South Asia [39], indicated that stringent border control and in-country
travel had prevented direct entry and widespread transmission of SARS-CoV-2 in Bhutan.
However, the contribution of state and international travel control in the age group 0-9 was
much lower than in the age group 10-19. Furthermore, common social restriction policies,
including restrictions on gatherings and public events were reported to effectively reduce
public mobility and infection rate by slowing the spread of SARS-CoV-2 [40]. Based on
the analysis of the general population risk factors, and student-related community risk
factors, our study suggests that appropriate COVID-19 public information campaigns,
travel control, and social restrictions have a significant association with reducing COVID-19
infection rates in educational settings by slowing the spread of SARS-CoV-2. However,
social restriction could lead to social and emotional loneliness and mental health issues
among students, which needs to be managed [41].

There are a few limitations to this study. Firstly, although the COVID-19 confirmed
patient data collected was from the Victoria government website, considering the numerous
unreported and asymptomatic cases, these data may not be representative of the actual
COVID-19 confirmed cases in Victoria. Secondly, the results of our study were based only
on data collected in Victoria, which may limit their generalisability to other contexts. We did
not consider risk factors and cases of infection outside the Victoria region, which may affect
the external validity of our findings. Therefore, the results may not be applicable elsewhere.

5. Conclusions

In summary, a COVID-19 infection simulation analysis using the incremental deep
learning RNN-GRU model, based on the dataset from 11 March 2020 to 10 October 2022,
was conducted to evaluate the impact score of risk factors for COVID-19 infection within
educational facilities in Victoria. The incremental batch learning method has proven a
continuous learning ability during the training process, which will be an ideal training
method to simulate COVID-19 infection considering the different infection rates of SARS-
CoV-2 variants. An RNN-GRU model has provided a reliable simulation performance in the
sequential data compared with other machine learning models in the performance analysis.

The simulation results indicate that the general population and school-associated risk
factors have contributed significantly to COVID-19 infection simulation process within
educational facilities for age groups 0-9 and 10-19. For the school-associated risk factors,
the simulation results showed a significant association between school-initiated contact
tracing, face covering requirements, testing policies, and vaccination requirements with
COVID-19 infection and the slowing of SARS-CoV-2 transmission within educational
facilities. Moreover, within the student-related community risk factors, international and
state travel policies and mandatory vaccination policies could effectively prevent direct
entry and widespread transmission of SARS-CoV-2 for both age groups 0-9 and 10-19.

Based on the simulation results, it is recommended to establish an effective and swift
contact tracing and test system within educational facilities to prevent further transmission
of SARS-CoV-2. Wearing facial coverings within educational facilities is highly recom-
mended. It is one of the cost-effective methods to reduce the infection rate by slowing
the spread of SARS-CoV-2. Finally, our data analysis highlights the need for increased
prevention support for the younger generation in Victoria, particularly the 10-19 age group,
as a higher incidence of COVID-19 infections was identified in the period 2020-2022.

Author Contributions: Conceptualisation, S.L., O.A., K.A,, TLE. and D.T.; methodology, S.L.; soft-
ware, S.L.; validation, S.L., O.A., K.A., TLE. and D.T,; resources, S.L., K.A. and D.T,; data curation,
S.L., K.A. and D.T.; writing—original draft preparation, S.L.; writing—review and editing, S.L., O.A.,
K.A,, TLE. and D.T;; visualisation, S.L.; supervision, O.A., K.A., TLE. and D.T. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.



Healthcare 2023, 11, 860 15 of 16

Informed Consent Statement: The data used in this study were obtained from open-source reposito-
ries and did not require informed consent from participants. Therefore, no participants were directly
involved in this study and no personally identifiable information was used.

Data Availability Statement: The data for this study are available from the Victoria government
website (https:/ /www.coronavirus.vic.gov.au/victorian-coronavirus-covid-19-data, accessed on 8
December 2022).

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

World Health Organization. Weekly Epidemiological Update on COVID-19—12 October 2022. World Health Organization.
Available online: https:/ /www.who.int/publications/m/item /weekly-epidemiological-update-on-covid-19 (accessed on 11
February 2023).

Australian Government Department of Health and Aged Care. First Confirmed Case of Novel Coronavirus in Australia.
Australian Government Department of Health and Aged Care. Available online: https://www.health.gov.au/ministers/the-hon-
greg-hunt-mp/media/first-confirmed-case-of-novel-coronavirus-in-australia (accessed on 10 December 2022).

Lee, P-L; Hu, Y.-L.; Chen, P-Y.; Huang, Y.-C.; Hsueh, P-R. Are children less susceptible to COVID-19? |. Microbiol. Immunol. Infect.
2020, 53, 371-372. [CrossRef] [PubMed]

Yuki, K.; Fujiogi, M.; Koutsogiannaki, S. COVID-19 pathophysiology: A review. Clin. Immunol. 2020, 215, 108427. [CrossRef]
Nikolopoulou, G.B.; Maltezou, H.C. COVID-19 in Children: Where do we Stand? Arch. Med. Res. 2021, 53, 1-8. [CrossRef]
McCafferty, C.; Cai, T.; Borgel, D.; Lasne, D.; Renolleau, S.; Vedrenne-Cloquet, M.; Bonnet, D.; Wu, J.; Zaw, T.; Bhatnagar, A.; et al.
Pathophysiological pathway differences in children who present with COVID-19 ARDS compared to COVID -19 induced MIS-C.
Nat. Commun. 2022, 13, 2391. [CrossRef] [PubMed]

Li, E; Liang, W.; Rhodes, R.E.; Duan, Y.; Wang, X,; Shang, B.; Yang, Y.; Jiao, J.; Yang, M.; Supriya, R.; et al. A systematic review and
meta-analysis on the preventive behaviors in response to the COVID-19 pandemic among children and adolescents. BMC Public
Health 2022, 22, €1201. [CrossRef]

Lai, S.; Ruktanonchai, N.W.; Zhou, L.; Prosper, O.; Luo, W.; Floyd, J.R.; Wesolowski, A.; Santillana, M.; Zhang, C.; Du, X.; et al.
Effect of non-pharmaceutical interventions to contain COVID-19 in China. Nature 2020, 585, 410-413. [CrossRef] [PubMed]
Howard, J.; Huang, A.; Li, Z.; Tufekci, Z.; Zdimal, V.; van der Westhuizen, H.-M.; von Delft, A ; Price, A.; Fridman, L.; Tang,
L.-H.; et al. An evidence review of face masks against COVID-19. Proc. Natl. Acad. Sci. USA 2021, 118, e2014564118. [CrossRef]
[PubMed]

Wang, J.; Pan, L.; Tang, S.; Ji, ].S.; Shi, X. Mask use during COVID-19: A risk adjusted strategy. Environ. Pollut. 2020, 266, 115099.
[CrossRef]

Giiner, H.R; Hasanoglu, I.; Aktas, F. COVID-19: Prevention and control measures in community. Turk. J. Med. Sci. 2020, 50,
571-577. [CrossRef]

Hossain, A.D.; Jarolimova, J.; Elnaiem, A.; Huang, C.X.; Richterman, A.; Ivers, L.C. Effectiveness of contact tracing in the control
of infectious diseases: A systematic review. Lancet Public Health 2022, 7, €259-€273. [CrossRef]

Wang, X.; Du, Z,; James, E.; Fox, S.J.; Lachmann, M.; Meyers, L.A.; Bhavnani, D. The effectiveness of COVID-19 testing and
contact tracing in a US city. Proc. Natl. Acad. Sci. USA 2022, 119, €2200652119. [CrossRef] [PubMed]

COVID-19 Advice for Schools. Available online: https:/ /www.education.vic.gov.au/school/Pages/coronavirus-advice-schools.
aspx (accessed on 10 December 2022).

Research. Monash Education. Available online: https://www.monash.edu/education/research (accessed on 12 December 2022).
Victorian COVID-19 Data. Coronavirus Victoria. Available online: https://www.coronavirus.vic.gov.au/victorian-coronavirus-
covid-19-data (accessed on 8 December 2022).

Tan, W. School closures were over-weighted against the mitigation of COVID-19 transmission. Medicine 2021, 100, e26709.
[CrossRef]

Lyu, S.; Lee, V.C.S,; Liu, G. An Intelligent Hybrid Cloud-Based ANP and Al Model for Development Site Selection. In Intelligent
Systems and Applications; IntelliSys 2022; Lecture Notes in Networks and Systems; Springer: Cham, Switzerland, 2022; pp. 84-102.
[CrossRef]

Song, Y.; Li, L.; Peng, Y.; Liu, D. Lithium-ion battery remaining useful life prediction based on GRU-RNN. In Proceedings of the
2018 12th International Conference on Reliability, Maintainability, and Safety ICRMS), Shanghai, China, 17-19 October 2018;
pp. 317-322.

Zainuddin, Z.; EA, P.A.; Hasan, M.H. Predicting machine failure using recurrent neural network-gated recurrent unit (RNN-GRU)
through time series data. Bull. Electr. Eng. Inform. 2021, 10, 870-878.

Enrolment: School Age Requirements and Age Exemptions. education.vic.gov.au. Available online: https://www2.education.vic.
gov.au/pal/enrolment/guidance/school-age-requirements (accessed on 8 December 2022).

Coronavirus (COVID-19) Information. Victorian Government. Available online: https:/ /www.vic.gov.au/coronavirus-covid-19
-information (accessed on 10 December 2022).


https://www.coronavirus.vic.gov.au/victorian-coronavirus-covid-19-data
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19
https://www.health.gov.au/ministers/the-hon-greg-hunt-mp/media/first-confirmed-case-of-novel-coronavirus-in-australia
https://www.health.gov.au/ministers/the-hon-greg-hunt-mp/media/first-confirmed-case-of-novel-coronavirus-in-australia
http://doi.org/10.1016/j.jmii.2020.02.011
http://www.ncbi.nlm.nih.gov/pubmed/32147409
http://doi.org/10.1016/j.clim.2020.108427
http://doi.org/10.1016/j.arcmed.2021.07.002
http://doi.org/10.1038/s41467-022-29951-9
http://www.ncbi.nlm.nih.gov/pubmed/35501302
http://doi.org/10.1186/s12889-022-13585-z
http://doi.org/10.1038/s41586-020-2293-x
http://www.ncbi.nlm.nih.gov/pubmed/32365354
http://doi.org/10.1073/pnas.2014564118
http://www.ncbi.nlm.nih.gov/pubmed/33431650
http://doi.org/10.1016/j.envpol.2020.115099
http://doi.org/10.3906/sag-2004-146
http://doi.org/10.1016/S2468-2667(22)00001-9
http://doi.org/10.1073/pnas.2200652119
http://www.ncbi.nlm.nih.gov/pubmed/35969766
https://www.education.vic.gov.au/school/Pages/coronavirus-advice-schools.aspx
https://www.education.vic.gov.au/school/Pages/coronavirus-advice-schools.aspx
https://www.monash.edu/education/research
https://www.coronavirus.vic.gov.au/victorian-coronavirus-covid-19-data
https://www.coronavirus.vic.gov.au/victorian-coronavirus-covid-19-data
http://doi.org/10.1097/MD.0000000000026709
http://doi.org/10.1007/978-3-031-16078-3_5
https://www2.education.vic.gov.au/pal/enrolment/guidance/school-age-requirements
https://www2.education.vic.gov.au/pal/enrolment/guidance/school-age-requirements
https://www.vic.gov.au/coronavirus-covid-19-information
https://www.vic.gov.au/coronavirus-covid-19-information

Healthcare 2023, 11, 860 16 of 16

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

COVID-19 Government Response Tracker. Homepage. Available online: https://www.bsg.ox.ac.uk/research/covid-19
-government-response-tracker (accessed on 1 December 2022).

Promoting COVID-19 Vaccine Access for Students Aged 12+. Available online: https://www.education.vic.gov.au/Documents/
about/department/covid-19/vaccinations/student-vaccine-pack/Students- Vaccine-Stakeholder-Pack.pdf (accessed on 11 Febru-
ary 2023).

Coronavirus (COVID-19) Victoria. Coronavirus Victoria. Available online: https://www.coronavirus.vic.gov.au/ (accessed on 12
February 2023).

Liu, Y,; Rocklov, J. The effective reproductive number of the Omicron variant of SARS-CoV-2 is several times relative to Delta. J.
Travel Med. 2022, 29, taac037. [CrossRef] [PubMed]

World Health Organization. Health Topics. World Health Organization. Available online: https:/ /www.who.int/health-topics/
(accessed on 1 December 2022).

Australian Government Department of Health and Aged Care. COVID-19 Disease and Symptoms. Australian Government
Department of Health and Aged Care. Available online: https:/ /www.health.gov.au/health-alerts/covid-19 /symptoms (accessed
on 1 December 2022).

Yan, L.; Talic, S.; Wild, H.; Gasevic, D.; Gasevi¢, D.; Ilic, D.; Deppeler, J.; Corrigan, D.; Martinez-Maldonado, R.; Trauer, J.
Transmission of SARS-CoV-2 in a primary school setting with and without public health measures using real-world contact data:
A modelling study. J. Glob. Health 2022, 12, 05034. [CrossRef]

Chung, J.; Kastner, K.; Dinh, L.; Goel, K.; Courville, A.C.; Bengio, Y. A recurrent latent variable model for sequential data. Adv.
Neural Inf. Process. Syst. 2015, 28.

Gao, J.; Lanchantin, J.; Soffa, M.L.; Qi, Y. Black-box generation of adversarial text sequences to evade deep learning classifiers. In
Proceedings of the 2018 IEEE Security and Privacy Workshops (SPW), San Francisco, CA, USA, 24 May 2018; pp. 50-56.
Stephen, R.I; Olumoh, J.; Tyndall, ].; Adegboye, O. Risk Factors for COVID-19 Infection among Healthcare Workers in North-East
Nigeria. Healthcare 2022, 10, 1919. [CrossRef]

Esposito, S.; Principi, N. School closure during the coronavirus disease 2019 (COVID-19) pandemic: An effective intervention at
the global level? JAMA Pediatr. 2020, 174, 921-922. [CrossRef]

BBhuiyan, M.U.; Stiboy, E.; Hassan, M.Z.; Chan, M.; Islam, M.S.; Haider, N.; Jaffe, A.; Homaira, N. Epidemiology of COVID-19
infection in young children under five years: A systematic review and meta-analysis. Vaccine 2021, 39, 667—677. [CrossRef]
[PubMed]

Vitiello, A.; Ferrara, F.; Troiano, V.; La Porta, R. COVID-19 vaccines and decreased transmission of SARS-CoV-2. Inflammopharma-
cology 2021, 29, 1357-1360. [CrossRef]

Schoch-Spana, M.; Brunson, E.K.; Long, R.; Ruth, A.; Ravi, S.]J.; Trotochaud, M.; Borio, L.; Brewer, ].; Buccina, J.; Connell, N.; et al.
The public’s role in COVID-19 vaccination: Human-centered recommendations to enhance pandemic vaccine awareness, access,
and acceptance in the United States. Vaccine 2020, 39, 6004-6012. [CrossRef] [PubMed]

Al-Hazmi, A.; Gosadj, I.; Somily, A.; Alsubaie, S.; Bin Saeed, A. Knowledge, attitude and practice of secondary schools and
university students toward Middle East Respiratory Syndrome epidemic in Saudi Arabia: A cross-sectional study. Saud;i J. Biol.
Sci. 2018, 25, 572-577. [CrossRef] [PubMed]

Tran, T.H.; Sasikumar, S.N.; Hennessy, A.; O'Loughlin, A.; Morgan, L. Associations between restrictions on public mobility and
slowing of new COVID -19 case rates in three countries. Med. J. Aust. 2020, 213, 471-473. [CrossRef] [PubMed]

Tamang, S.T.; Lhendup, K.; Dorji, T. Control of travel-related COVID-19 in Bhutan. J. Travel Med. 2021, 28, taab137. [CrossRef]
Kharroubi, S.; Saleh, F. Are Lockdown Measures Effective Against COVID-19? Front. Public Health 2020, 8, 549692. [CrossRef]
[PubMed]

Singh, S.; Roy, D.; Sinha, K.; Parveen, S.; Sharma, G.; Joshi, G. Impact of COVID-19 and lockdown on mental health of children
and adolescents: A narrative review with recommendations. Psychiatry Res. 2020, 293, 113429. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://www.bsg.ox.ac.uk/research/covid-19-government-response-tracker
https://www.bsg.ox.ac.uk/research/covid-19-government-response-tracker
https://www.education.vic.gov.au/Documents/about/department/covid-19/vaccinations/student-vaccine-pack/Students-Vaccine-Stakeholder-Pack.pdf
https://www.education.vic.gov.au/Documents/about/department/covid-19/vaccinations/student-vaccine-pack/Students-Vaccine-Stakeholder-Pack.pdf
https://www.coronavirus.vic.gov.au/
http://doi.org/10.1093/jtm/taac037
http://www.ncbi.nlm.nih.gov/pubmed/35262737
https://www.who.int/health-topics/
https://www.health.gov.au/health-alerts/covid-19/symptoms
http://doi.org/10.7189/jogh.12.05034
http://doi.org/10.3390/healthcare10101919
http://doi.org/10.1001/jamapediatrics.2020.1892
http://doi.org/10.1016/j.vaccine.2020.11.078
http://www.ncbi.nlm.nih.gov/pubmed/33342635
http://doi.org/10.1007/s10787-021-00847-2
http://doi.org/10.1016/j.vaccine.2020.10.059
http://www.ncbi.nlm.nih.gov/pubmed/33160755
http://doi.org/10.1016/j.sjbs.2016.01.032
http://www.ncbi.nlm.nih.gov/pubmed/29686521
http://doi.org/10.5694/mja2.50822
http://www.ncbi.nlm.nih.gov/pubmed/33043444
http://doi.org/10.1093/jtm/taab137
http://doi.org/10.3389/fpubh.2020.549692
http://www.ncbi.nlm.nih.gov/pubmed/33194950
http://doi.org/10.1016/j.psychres.2020.113429
http://www.ncbi.nlm.nih.gov/pubmed/32882598

	Introduction 
	Materials and Methods 
	Study Area and Data Collection 
	Data Pre-Processing 
	Incremental Deep Learning RNN-GRU Model 
	RNN-GRU Model Performance Evaluation 
	Impact Score Analysis for the Risk Factors 

	Results 
	Descriptive Summary 
	RNN-GRU Model Performance Evaluation 
	Impact Score Analysis for Risk Factors of COVID-19 within Educational Facilities 

	Discussion 
	Conclusions 
	References

