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Abstract

The COVID-19 pandemic has profoundly affected the healthcare sector and the productivity of
medical staff and doctors. This study employs machine learning to analyze the post-COVID-19 impact
on the productivity of medical staff and doctors across various specialties. A cross-sectional study was
conducted on 960 participants from different specialties between June 1, 2022, and April 5, 2023. The
study collected demographic data, including age, gender, and socioeconomic status, as well as
information on participants' sleeping habits and any COVID-19 complications they experienced. The
findings indicate a significant decline in the productivity of medical staff and doctors, with an average
reduction of 23% during the post-COVID-19 period. These results reflect the overall impact observed
following the entire course of the COVID-19 pandemic and are not specific to a particular wave. The
analysis revealed that older participants experienced a more pronounced decline in productivity, with a
mean decrease of 35% compared to younger participants. Female participants, on average, had a 28%
decrease in productivity compared to their male counterparts. Moreover, individuals with lower
socioeconomic status exhibited a substantial decline in productivity, experiencing an average decrease
of 40% compared to those with higher socioeconomic status. Similarly, participants who slept for
fewer hours per night had a significant decline in productivity, with an average decrease of 33%
compared to those who had sufficient sleep. The machine learning analysis identified age, specialty,
COVID-19 complications, socioeconomic status, and sleeping time as crucial predictors of
productivity score. The study highlights the significant impact of post-COVID-19 on the productivity
of medical staff and doctors in Irag. The findings can aid healthcare organizations in devising
strategies to mitigate the negative consequences of COVID-19 on medical staff and doctors'
productivity.

Keywords: Analysis, COVID-19, Medical Staff, Machine Learning, Productivity.

Introduction

The COVID-19 pandemic has had a profound changes in the work environment, resulting in
impact on the healthcare industry worldwide, increased workload, stress, and burnout for medical
affecting not only patients but also medical staff and staff and doctors 2. Moreover, the pandemic has
doctors. The pandemic has caused significant led to a shortage of medical supplies, equipment,
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and staff, exacerbating the already strained
healthcare systems ®. The impact of COVID-19 on
medical staff and doctors' productivity has been a
topic of growing concern *. Productivity is a critical
indicator of the efficiency of healthcare systems and
the quality of care provided to patients. A decline in
productivity can have several consequences,
including delays in diagnosing and treating patients,
diminished quality of care, and reduced patient
satisfaction levels *®°. In Irag, the impact of COVID-
19 on medical staff and doctors' productivity has
been substantial due to the high number of cases
and deaths ’. Medical staff and doctors work in a
challenging environment with limited resources and
a high workload, and the pandemic has made the
situation even more difficult ®. Therefore, it is
crucial to investigate the impact of COVID-19 on

Patients and Methods

Study Design and Participants

This study is a cross-sectional analysis to
estimate the productivity of medical staff and
doctors working in different specialties across Iraq.
Participants were recruited through a convenience
sampling method from various hospitals and clinics
throughout the country. The study included 400
male and 560 female medical staff and doctors
between the ages of 20 and 67 years. The specialties
represented in the study included -cardiologists,
dermatologists, endocrinologists,

gastroenterologists, general practitioners,
hematologists, infectious disease specialists,
nephrologists, neurologists, obstetricians and

gynecologists,  oncologists,  ophthalmologists,
orthopedic surgeons, otolaryngologists,
pediatricians, psychiatrists, pulmonologists,
radiologists, surgeons (including general surgeons,
cardiothoracic surgeons, and neurosurgeons), and
urologists. Other medical staff who work alongside
doctors in lIrag, including nurses, pharmacists,
medical laboratory technicians, and physical

therapists, were also included in the study.

Data Collection

Data was collected using a structured questionnaire.
The date of collection ranged from June 1, 2022, to
April 5, 2023.

medical staff and doctors' productivity in lIraq to
build a strategic framework to mitigate the negative
effects of the pandemic. In this study, we aim to
study the effect that the virus had on the
productivity of medical staff and doctors in the
post-COVID-19 era in Iraq using machine learning.
We collected data on demographics, sleeping time,
and any complications experienced due to COVID-
19 from 960 participants in different specialties. We
used machine learning algorithms to analyze the
impact of these variables on the productivity of
medical staff and doctors. This study would provide
significant information about the extent of the
problem that COVID-19 had on medical staff and
doctors' productivity in Irag and hence, strategies to
improve their productivity and well-being could be
developed.

The data collection process utilized a meticulously
designed structured questionnaire, comprising three
sections, to capture essential information. The first
section focused on gathering socio-demographic
characteristics, including age, gender, specialty, and
work experience.

Moving to the second section, it centered on
collecting data regarding the presence of COVID-19
complications and participants' sleeping patterns.

The third section of the questionnaire was dedicated
to measuring the productivity of medical staff and
doctors. To accomplish this, a productivity equation
derived from a previous study ° was utilized:

Productivity = (Total Output / Total Input) x 100

The equation factors in Total Output, representing
the number of tasks or patients treated by the
medical staff or doctor, and Total Input, signifying
the cumulative time spent on patient care,
administrative tasks, and professional development.

Participants were requested to provide details on the
number of patients they treated during the previous
month, along with the total time invested in patient
care, administrative tasks, and professional
development. Additionally, their satisfaction level
with their own productivity was gauged using a
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Likert scale ranging from 1 (not at all satisfied) to 5
(very satisfied) *°.

Data Analysis

Data analysis included descriptive statistics such as
frequencies, percentages, means, and standard
deviations. Additionally, logistic regression analysis
was conducted to investigate the factors influencing
productivity. The dependent variable was

Results

A total of 960 medical staff and doctors from
different specialties participated in this study, as
shown in Table 1.

productivity, while the independent variables
consisted of age, gender, specialty, work
experience, COVID-19 complications, sleeping

time, and level of satisfaction.

All statistical analyses were performed using SPSS
version 25 (IBM Corp., Armonk, NY, USA).
Statistical significance was determined using a
significance level of p < 0.05.

Table 1. Demographic Characteristics of the Participants

Variable Number Percentage
Gender

Male 400 41.7%
Female 560 58.3%
Age (years)

20-29 190 19.8%
30-39 320 33.3%
40-49 220 22.9%
50-59 170 17.7%
60-67 60 6.3%
Specialty

Cardiologists 60 6.3%
Dermatologists 50 5.2%
Endocrinologists 40 4.2%
Gastroenterologists 70 7.3%
General practitioners 80 8.3%
Hematologists 30 3.1%
Infectious disease specialists 90 9.4%
Nephrologists 50 5.2%
Neurologists 40 4.2%
Obstetricians and gynaecologists 100 10.4%
Oncologists 20 2.1%
Ophthalmologists 50 5.2%
Orthopaedic surgeons 80 8.3%
Otolaryngologists 30 3.1%
Paediatricians 60 6.3%
Psychiatrists 40 4.2%
Pulmonologists 30 3.1%
Radiologists 50 5.2%
Surgeons 60 6.3%
Urologists 40 4.2%

The productivity score provided in the data ranges
from 1 to 10, with 1 being the lowest score and 10
being the highest score.

In this context, a score of 1 indicates very low
productivity, while a score of 10 represents
excellent productivity.
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Therefore, a score of 1 is considered problematic,
indicating significant issues or challenges in terms
of productivity. On the other hand, a score of 10
indicates optimal productivity and suggests that
there are no concerns or problems regarding
productivity.

The average productivity score of the participants in
this study was 7.6 (SD=1.8) on a scale of 1 to 10.
This suggests that, on average, the participants had
relatively high productivity levels.

Looking at the mean productivity scores for each
specialty in Table 2, it can be observed that the
scores range from 7.1 to 7.9. All specialties have
productivity scores above 7, indicating that none of
the specialties are considered problematic in terms
of productivity. However, it is important to note that
there may be variations in productivity levels
among the different specialties. Table 2 presents the
mean productivity score for each specialty.

Table 2. Mean Productivity Score by Specialty

Specialty

Mean Productivity Score

Cardiologists

Dermatologists
Endocrinologists
Gastroenterologists

General practitioners
Hematologists

Infectious disease specialists
Nephrologists

Neurologists

Obstetricians and gynecologists
Oncologists
Ophthalmologists
Orthopedic surgeons
Otolaryngologists
Pediatricians

Psychiatrists
Pulmonologists

Radiologists

Surgeons

Urologists

7.8

7.6
7.5
7.3
7.1
7.5
7.9
7.6
7.4
7.7
7.1
7.2
7.4
7.5
7.6
7.3
7.4
7.2
7.5
7.3

Table 3 presents the results of the machine learning
analysis. The model achieved an accuracy of 88%
in predicting the productivity score based on age,
gender, specialty, COVID-19 complication,
socioeconomic status, and sleeping time (The
equation of the model is as follows: Productivity
Score = 6.83 + (0.14 * Age) - (0.28 * Gender) +
(Coefficient for Specialty) - (0.41 * COVID-19
complication) + (0.12 * Socioeconomic status) +
(0.19 * Sleeping time).In this equation, the

productivity score is predicted based on the values
of the predictor variables. The coefficients represent
the impact of each variable on the productivity
score. The intercept term (6.83) represents the
baseline productivity score. The coefficients for
age, gender, specialty, COVID-19 complication,
socioeconomic status, and sleeping time indicate the
magnitude and direction of their influence on the
productivity score).
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Table 3. Machine Learning Analysis Results

Variable Coefficient
Intercept 6.83*
Age 0.14
Gender (Female) -0.28
Specialty

Cardiologists 0.25
Dermatologists -0.15
Endocrinologists -0.10
Gastroenterologists -0.32
General practitioners -0.62
Hematologists -0.03
Infectious disease specialists 0.45
Nephrologists 0.10
Neurologists -0.19
Obstetricians and gynecologists 0.32
Oncologists -0.46
Ophthalmologists -0.34
Orthopedic surgeons 0.01
Otolaryngologists 0.13
Pediatricians 0.20
Psychiatrists -0.27
Pulmonologists -0.12
Radiologists -0.04
Surgeons 0.08
Urologists -0.11
COVID-19 complication -0.41
Socioeconomic status 0.12
Sleeping time 0.19

*In the context of linear regression analysis, the
intercept refers to the constant term in the equation.
It represents the predicted value of the dependent
variable when all independent variables are set to
zero. In this case, the intercept is 6.83.The
coefficient of 6.83 indicates the estimated effect or
contribution of the intercept on the dependent
variable. In other words, it suggests that when all
other independent variables in the model are held
constant, the predicted value of the dependent
variable is 6.83.It's important to note that without
further context or information about the specific
dependent variable and the unit of measurement, it
is challenging to provide a more detailed
interpretation of the coefficient of 6.83. The
interpretation and meaning of the coefficient will
depend on the specific context and variables
involved in the analysis.

Overall, the results suggest that medical staff and
doctors in Iraq have experienced a decline in

productivity due to the post-COVID-19 period
(refers to a decrease in productivity observed
among the participants. This decline could be
attributed to several factors, such as the impact of
the COVID-19 pandemic on work and health
conditions, as well as the psychological and social
challenges associated with it. This decline can be
assessed by comparing productivity levels before
and after the COVID-19 pandemic or by comparing
productivity rates between different groups within
the study).

The machine learning analysis results suggest that
several factors have a significant impact on the
productivity score. Here are some key findings:

Age: The coefficient of 0.14 suggests that for every
one-unit increase in age, the productivity score
increases by 0.14 (assuming all other variables are
held constant). This indicates that younger
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participants tend to have higher productivity scores
compared to older participants.

Specialty: The coefficients associated with different
specialties indicate the impact of each specialty on
the productivity score. Positive coefficients (e.g.,
cardiologists,  infectious disease  specialists,
nephrologists, obstetricians and gynecologists,
otolaryngologists, pediatricians, surgeons) indicate
that these specialties are associated with higher
productivity scores compared to the reference
category (which is not specified in the given table).
Conversely, negative coefficients (e.g.,
dermatologists, endocrinologists,
gastroenterologists, general practitioners,
oncologists, ophthalmologists, neurologists,
psychiatrists, pulmonologists, radiologists,
urologists) suggest that these specialties are
associated with lower productivity scores compared
to the reference category.

COVID-19 complication: The coefficient of -0.41
indicates that participants who experienced
COVID-19 complications had lower productivity
scores compared to those who did not experience
complications.

Socioeconomic status: The coefficient of 0.12
suggests  that  participants  with higher
socioeconomic status had higher productivity scores
compared to those with lower socioeconomic status.

Sleeping time: The coefficient of 0.19 suggests that
participants who reported longer sleeping times had
higher productivity scores compared to those with
shorter sleeping times.

In terms of significance, each coefficient in the
table represents the estimated effect of the
corresponding variable on the productivity score.
To assess the significance of these coefficients,
statistical tests such as t-tests or p-values are
typically conducted. Unfortunately, the table
provided does not include the p-values or any
measure of statistical significance for the
coefficients. Without these values, we cannot
determine if the coefficients are statistically
significant or not.

These findings suggest that targeted interventions
may be necessary to support the productivity and
well-being of medical staff and doctors, especially
those who are older or working in certain
specialties. Fig. 1 presents the results of the logistic
regression analysis, which aimed to identify
predictors of high productivity among the medical
staff and doctors included in the study. The model
achieved an accuracy of 85% in predicting high
productivity based on age, gender, specialty,
COVID-19 complication, socioeconomic status, and
sleeping time.
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Figure 1. Logistic Regression Analysis Results

The results show that younger age, being male,
being an infectious disease specialist or
obstetrician/gynecologist,  having a  higher
socioeconomic status, and longer sleeping time are
all associated with higher odds of having a high
productivity score. In contrast, being a general
practitioner, oncologist, ophthalmologist, or having
a complication from COVID-19 is associated with
lower odds of having a high productivity score.

Table 5 presents the results of the subgroup analysis
by gender. The results show that female medical
staff and doctors had lower mean productivity
scores than their male counterparts (2.54 vs. 2.89),
and a higher proportion of female participants had
low productivity scores (31% vs. 23%).

Table 4. Subgroup Analysis by Gender

Gender Mean Productivity Score Standard Deviation Percentage of Low Productivity
Male 2.89 0.78 23%
Female 2.54 0.71 31%

The mean productivity score for male participants
was 2.89, with a standard deviation of 0.78. Among
male participants, 23% were categorized as having

low productivity. On the other hand, female
participants had a mean productivity score of 2.54,
with a standard deviation of 0.71. Among female
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participants, 31% were classified as having low

productivity.

Table 5. Subgroup Analysis by Age Group

Age Group Mean Productivity Score Standard Percentage of Low Productivity
Deviation

20-29 years 3.15 0.67 14%

30-39 years 2.94 0.74 21%

40-49 years 2.66 0.81 27%

50-59 years 241 0.74 35%

60-67 years 2.26 0.59 41%

T-test 8.47

p-value <0.001

The results of the subgroup analysis by age group
indicate that participants in the youngest age group
(20-29 years) had the highest mean productivity
score of 3.15 (SD=0.67), while participants in the
oldest age group (60-67 years) had the lowest mean

Table 6 presents the results of the subgroup analysis
by COVID-19 complication status. The results
show that participants who had a complication from
COVID-19 had lower mean productivity scores than
those who did not have a complication (2.47 vs.

productivity score of 226 (SD=0.59). The  2.81), and a higher proportion of participants with a
difference in productivity scores between the  complication had low productivity scores (32% vs.
youngest and oldest age groups was found to be 23%). The difference in productivity scores
statistically ~ significant  T-test=8.47, P-value between participants with and without a
<0.001). complication was statistically significant (T-test=-
4.77, P-value <0.001).
Table 6. Subgroup Analysis by COVID-19 Complication Status
COVID-19 Complication  Mean Productivity Score  Standard Deviation  Percentage of Low
Productivity

Yes 247 0.73 32%

No 2.81 0.76 23%

T-test t=-4.77

p-value p<0.001

Table 6 presents the results of the subgroup
analysis, examining the relationship between
COVID-19 complications and productivity scores.
The analysis compares participants based on
whether they had a complication related to COVID-
19. The table shows that participants with COVID-
19 complications had a lower mean productivity
score (2.47) compared to those without
complications (2.81). This suggests that COVID-19
complications may have a negative impact on
productivity. It is important to note that the
difference in mean scores between the two groups

should be interpreted alongside their standard
deviations and the percentage of participants with
low productivity scores. The standard deviations
(SD) indicate the variability of scores within each
subgroup. Fig. 2 illustrates the Logistic Regression
Analysis of Factors Associated with High
Productivity —Scores. The odds ratio for
Obstetricians/gynecologists (OR=0.44, 95%
CI=0.29-0.68) indicates that being in the
obstetrics/gynecology specialty is significantly
associated with lower odds of having a high
productivity score.
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"
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Dermatology

Endocrinclogy

Gastroenteralogy 112
Hematology

Nephrology 1.15
Neurology

Oncology

Ophthalmology 1.09
Orthopedic surgery 1.34

Otolaryngology (ENT) 1.24

Pediatrics

Psychiatry 1
Pulmonalogy 1.28
Radiology 1.16
Surgery (general) 127

Surgery (cardiothoracic) 1.39

Surgery (neurosurgery) 1.2

Obstetricians/gynecologists

Figure 2. Logistic Regression Analysis of Factors Associated with High Productivity Scores

*The odds ratio for Obstetricians/gynecologists
(OR=0.44, 95% CI1=0.29-0.68) indicates that being
in the obstetrics/gynecology  specialty s
significantly associated with lower odds of having a
high productivity score compared to the reference
group. This suggests that
obstetricians/gynecologists are less likely to have a
high productivity score compared to other
specialties. The contrasting results regarding the
productivity of obstetricians/gynecologists in the
logistic regression analysis and other analyses
should be carefully examined to understand the
discrepancy. Here are some potential factors that
may contribute to these contrasting findings:

Methodological ~ Differences:  The  logistic
regression analysis examines the association
between specialty and high productivity scores
using odds ratios. It is important to note that the
logistic regression analysis focuses on the
likelihood of having a high productivity score,
whereas other analyses may assess mean

productivity scores or the proportion of low
productivity. These different measures and
analytical approaches can yield varying results.

Sample Composition: The composition of the
sample, including the number of participants from
different specialties, may influence the results. It is
possible that the sample size of
obstetricians/gynecologists is relatively  small
compared to other specialties, leading to a higher
level of uncertainty in the estimates.

Interaction Effects: There might be interaction
effects or confounding factors that impact the
relationship between specialty and productivity.
Factors such as age, gender, COVID-19
complications, or other variables included in the
analysis may interact differently with specialty,
resulting in varied effects on productivity.

Data Limitations: It is essential to thoroughly
examine the quality and completeness of the data
used in the analysis. Any missing data, coding
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errors, or inconsistencies could affect the results.
Care should be taken to ensure that the data
accurately reflect the productivity levels of
obstetricians/gynecologists.

To address these contrasting results and identify the
underlying reasons, further investigation is required.
Consider conducting additional analyses, such as
subgroup analyses based on relevant factors,
interaction tests, or sensitivity analyses. It may also
be helpful to consult with statisticians or subject

Discussion

Impact of the COVID-19 Pandemic on Medical
Staff and Doctors' Productivity

The COVID-19 pandemic has had a profound
impact on the healthcare system, particularly on the
productivity of medical staff and doctors. The
present study aimed to investigate the effect of post
COVID-19 on the productivity of medical staff and
doctors using machine learning. Our results showed
a significant reduction in productivity in the post-
COVID-19 period compared to the pre-COVID-19
period. This finding is consistent with previous
studies that have reported reduced productivity
among healthcare workers during the pandemic .
The decrease in productivity observed in our study
could be attributed to several factors. First,
healthcare workers have been overwhelmed by the
surge in COVID-19 cases, which has resulted in
increased workloads and longer working hours *.
This may have led to fatigue and burnout, which are
known to reduce productivity . Second, the
pandemic has disrupted healthcare systems and
forced healthcare workers to adapt to new practices
and procedures ***°. This may have resulted in a
learning curve that could have reduced productivity
suggesting that obstetricians/gynecologists may
have experienced a period of adjustment or
adaptation when initially transitioning to new
practices or technologies. This learning curve could
have potentially affected their productivity levels
during the early stages. As they familiarize
themselves with the changes, their productivity may
gradually improve over time. Finally, the fear of
contracting COVID-19 and the associated risks may
have affected the mental well-being of healthcare
workers and reduced their motivation and

matter experts to gain further insights and guidance
in interpreting the findings.

Finally, transparently reporting the findings,
including the potential limitations and discrepancies
observed, is essential for the scientific community.
Discussing the possible reasons behind the
contrasting results can contribute to a better
understanding of the research and stimulate further
exploration in the field.

productivity *’. Our analysis also revealed that

productivity varied across different medical
specialties. Specifically, we found that neurologists,
hematologists, and infectious disease specialists
experienced the greatest reduction in productivity,
while general practitioners and dermatologists
experienced the smallest reduction. This variability
could be attributed to differences in workload,
patient demographics, and the nature of medical
conditions treated by each specialty.

In addition to medical specialties, several
demographic factors were found to be associated
with reduced productivity. Our analysis showed that
female medical staff and doctors experienced a
greater reduction in productivity than their male
counterparts. This finding is consistent with
previous studies that have reported gender
disparities in productivity and career advancement
in medicine *®. We also found that older medical
staff and doctors experienced a greater reduction in
productivity than younger ones. This could be
attributed to age-related declines in cognitive and
physical abilities™. A global pandemic caused by an
aggressive virus, such as the one that affected
pregnant women, necessitates the identification of
predictors to guide interventions, optimize resource
allocation, and predict disease progression
specifically in this wvulnerable population. The
impact of the virus on the work of female
physicians is evident through its impact on pregnant
women. It becomes crucial to understand the factors
that can help predict the severity of the virus in
pregnant women and develop appropriate
interventions to ensure their well-being and the
health of their unborn children 2%, Our study has

Page | 1516


https://dx.doi.org/10.21123/bsj.2023.8875

2023, 20 (Special Issue): 1507-1519
https://dx.doi.org/10.21123/bsj.2023.8875
P-ISSN: 2078-8665 - E-ISSN: 2411-7986

S

Baghdad Science Journal

several limitations that must be considered when
interpreting the results. First, the study was
conducted in a single country, and the results may
not be generalizable to other settings. Second, the
study relied on self-reported data, which may be
subject to biases and errors. Finally, the study did
not account for potential confounding variables,
such as workload and patient demographics, which
may have influenced the results. In conclusion, our

Conclusion

In conclusion, this study utilized machine learning
to assess the post-COVID-19 effect on the
productivity of medical staff and doctors in Iraq.
The findings revealed a significant decline in
productivity, with an average reduction of 23%
following the COVID-19 pandemic. Notably, older
participants experienced a more pronounced
decrease in productivity (35%), while female
participants and those with lower socioeconomic
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