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Comparison of Artificial Intelligence-based learning with the
traditional method in the diagnosis of COVID-19 chest
radiographs among postgraduate radiology residents

Ayesha Isani Majeed

ABSTRACT

OBJECTIVE: To compare Artificial Intelligence (Al)-based teaching with
traditional approachin chest radiographs to detect COVID- |9 pneumonia.

METHODS: This prospective experimental randomized controlled trial was
conducted at Pakistan Institute of Medical Sciences, Islamabad from July to
November 2021, following ethical approval. Forty postgraduate radiology
residents were randomly assigned into Group A (traditional teaching; n=20) or
Group B (Al-based teaching; n=20) using a lottery method. Group A engaged in
one-on-one sessions for COVID X-ray reporting, while Group B trained in Al-
deep learning methods. Pre-tests assessed baseline knowledge, and post-training
assessments compared learning outcomes. Statistical analysis using SPSS v25
included Independent sample t-tests and chi square test. Following initial
assessments, teaching methods were exchanged between groups for
comparison.

RESULTS: Out of 40 participants 60% were males and 40% were females, with
mean age of 27.45+|.7 years. Group-B showed significantly higher post-test
scores (9.40+0.598) compared to Group-A (7.75%1.118) (p<0.001). The
average improvement in scores was significantly higher in Group B based on the
change from pre-test to post-test scores (p<0.05). Significant score
improvements favored Group-B across all training years (p<0.05). Gender
analysis indicated similar score gains among males but significantly higher
improvements in femalesin Group B (4.09+ 1.868vs2.00+ | .414, p<0.05).

CONCLUSION: Al approach proves significantly more time and cost efficient
compared to traditional teaching methods in enhancing the ability of radiology
residents. This highlight the potential of Al to optimize medical education by
integration of Al technologies into radiology training programs, providing
efficient, scalable, and effective learning experiences.

KEYWORDS: Artificial intelligence (MeSH); COVID-19 (MeSH); Radiographs
(Non-MeSH); Traditional method (Non-MeSH); Visual Perception (MeSH);
Annotated image (Non-MeSH), Computer System (MeSH); Learning (MeSH);
Radiologists (MeSH).
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INTRODUCTION

he rapid integration of artificial

intelligence (Al) into healthcare has
revolutionized traditional approaches
to delivering medical services.' Today,
educators in medical fields advocate for
a fundamental shift in medical
education, emphasizing the transition
from "knowledge acquisition" to
"knowledge management and
communication" to effectively address

the challenges of the 21* century.” Over
recent decades, Al has significantly
impacted various aspects of healthcare,
including data collection, interpretation,
and image analysis, particularly in fields
like diagnostic radiology. Al
technologies have streamlined
workflows by automating tasks such as
image sorting, prioritization, and
detection of urgent cases, thereby
reducing the time radiologists spend on
routine activities.” Moreover, Al-driven
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computer programs have been
developed to aid in diagnosing
abnormalities and alerting radiologists
to potential issues, thereby minimizing
the occurrence of false negative
readings.*’

In response to the increased burden of
chest radiographs during the COVID-
19 pandemic, Al-based software
solutions have emerged to detect
COVID-19-related findings on both
radiographs and high-resolution CT
scans of the chest. These tools have
proven invaluable to radiologists,
alleviating workload pressures, saving
time, and enhancing diagnostic accuracy
by reducing the likelihood of
misinterpretations. Additionally, they
serve as effective educational aids,
facilitating the teaching of disease
diagnosis to radiology students.*

The rising expectations for medical
education, influenced by social media,
industry leaders, and healthcare
professionals, are driving the demand
for the integration of Al. Additionally,
escalating costs in medical education
and healthcare underscore the
necessity for Al to alleviate financial
burdens. Critics argue that the
traditional model of health education is
antiquated, costly, and excessively time-
consuming. Previous research has
highlighted Al's potential to personalize
learning, automate grading, and provide
intelligent tutoring.”® Various studies
have sought to develop a policy
framework for an integrated learning
approach that leverages personalized
interaction, respects patient privacy,
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and utilizes efficient Al techniques to
savetime.”"

The COVID-19 pandemic has
accelerated the adoption of online
teaching and remote work, prompting
widespread acceptance and integration
of digital technologies. This shift has not
only reshaped education and work
dynamics but also accelerated the
incorporation of Al into various facets of
life. Researchers have developed Al-
based tools for detecting COVID-19-
associated pneumonia through the
interpretation of chest radiographs.
Studies have documented Al's
promising role in achieving high
accuracyin thisarea.'”"

Given the high level of expertise
traditionally required in radiology for
detecting COVID-19 pneumonia on
chest radiographs, this study was
planned to compare the effectiveness of
Al-based learning methods with
traditional methods among radiology
residents. It evaluates and compares the
academic performance and learning
outcomes of residents in the Radiology
Department of Pakistan Institute of
Medical Sciences, a tertiary care facility
located in Islamabad, Pakistan.

METHODS

This prospective experimental
randomized controlled trial was
conducted in the Radiology Department
of Pakistan Institute of Medical Sciences
(PIMS) Islamabad, Pakistan, from July
2021 to November 2021, following
approval from the Institutional Ethical
Review Board (ERB letter No. Fl-
1/2015/ERB/SZABMU/594). The
sample size was determined according
to the methodology outlined by Suresh
and Chandrashekara (2012), "* aligning
with the study's research objectives.

All postgraduate residents of Radiology
Department (both MD and FCPS),
Pakistan Institute of Medical Sciences,

PIMS Islamabad were eligible to be
included in the study. Residents working
in other institutes/departments,
students who have already taken the
course on Al and those leaving training
before completion of the study were
excluded from the sample population.

Forty postgraduate students were
recruited for the study after obtaining
informed consent from each
participant. Initially, these students
were grouped based on their year of
training, resulting in four groups.
Subsequently, a lottery method was
employed to randomize these groups
into two groups, A and B, each
comprising 20 students.

In Group A, residents participated in
traditional one-on-one teaching
sessions for COVID X-ray reporting.
This approach involved joint review of
chest radiographs by students and
supervisors, where students presented
their findings and received immediate
feedback from experienced
radiologists. Feedback was
systematically collected through
structured questionnaires distributed
among senior doctors, focusing on
progress, satisfaction levels, and overall
performance.

On the other hand, Group B underwent
training in deep learning, a specialized
branch of Al, for detecting COVID-19
pneumonia. Using Al-equipped
software, students independently
analyzed chest radiographs, identifying
abnormal areas with annotation tools
and selecting corresponding diagnoses
from provided options. After
completing their interpretation, the
software displayed an Al-annotated
image of the radiograph, highlighting
abnormal findings in various pathologies
with color-coded indicators. Students
compared their initial interpretations
with Al-generated insights to identify
and correct errors. The software

Pre-intervention
assessment for the

Group A (One to
One learning on

operated without time constraints,
providing feedback only after the
student completed their interpretation,
allowing for iterative practice and skill
refinement.

Following random allocation, all
participating radiology trainees
underwent an initial assessment (pre-
test) to ensure they understood the
parameters and fundamentals of
identifying COVID-19 pneumonia on
chest X-rays (figure |). This assessment
aimed to evaluate their knowledge of
radiological terminology such as ground
glass opacification, consolidation, and
pleural effusion, which were crucial for
subsequent testing.

After training, residents' responses
during the identification of COVID-19
pneumonia cases on chest radiographs
were analyzed to assess the
effectiveness of learning methods,
comparing traditional one-on-one
teaching with Al-based approaches.
During the process, points were
awarded for each finding. Each correct
identification earned one point, with a
maximum of 10 points per resident,
facilitating a clear comparison between
the groups. The accumulated total
points of both groups were compared
using a t-test. Following the t-test, the
role of Al in medical education was
evaluated and compared with the
traditional one-on-one teaching
methodology. Data analysis was
performed using SPSS version 25,
including statistical tests to identify
significant differences in learning
outcomes between the two groups.
The p-value of < 0.05 was considered
significant.

To explore alternative teaching
approaches, Group A and Group B
were subsequently switched: Group A
experienced Al-based teaching, while
Group B received traditional teaching
methods. No additional scoring was

Group B (One to
One learning on

COVID- 19 X-rays)

understanding and

identification of different
parameters related
COVID-19 pneumonia
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Pre-intervention
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COVID-19 X-rays)
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learning on
COVID- 19 X-rays)

learning on
COVID- 19 X-rays)

Figure |: Flow chart demonstrating the methodology

141

KMUJ 2024, Vol. 16 No.2



Comparison of Artificial Intelligence-based learning with the traditional method in the diagnosis of COVID-19 chestradiographs among postgraduate radiology residents

conducted post-intervention, as the
study objectives were considered
achieved with the initial assessments
and comparative analysis of learning
outcomes.

RESULTS

The data is evenly distributed around
the mean with approximately equal
frequencies of values on both sides. Out
of 40 participants, 24 (60%) were males
and |6 (40%) were females. Mean age
of study participants was 27.73%=1.71
years, ranging from 25 to 33 years
(Table I).

Table Il summarizes the comparison of
pre-test and post-test scores in both
group A and group B, showing
significant improvements in post-test
scores for both groups (p<0.001I).
Mean post-test score in group B was
9.40+0.59 as compared to 7.75%=1.12
in group A (p<0.001). The comparison
indicated that the average improvement
in scores was significantly higher in
group B (p<0.05) based on the change
from pre-test to post-test scores (Table

1hy.

The comparison of improvement in
pre- and post-test scores based on year
of training revealed that participants in
the 1" and 3" years had significantly
higher mean differences in test scores,
while those in the 2™ and 4" years
showed similar average difference
scores (Table V).

The comparison using a Chi-square test
indicated similar improvement in scores
among males in both groups
(2.73%+1.280vs. 3.89%1.616, p>0.05).
However, among females, the

weaknesses, providing personalized
learning experiences. Furthermore, Al
is more effective than clinicians in
assessing medical students'
performance.” Siemens G,et al.'®
documented that Al systems reduce the
time between learning and evaluation,
offering instant feedback that helps

students identify areas for improvement
and facilitates iterative learning.
Compared to traditional approaches, Al
also consumes less time. Varma R, et
al.'s research showed a significant 32%
increase in multiple-choice test scores
(2.24t02.96,p < 0.001) using CIRCSIM
(cardiovascular Integrated Real-Time

Table I: Comparison of age distribution between traditional teaching
and deep learning methods

Frers Minimum Age Maximum Mean age Star.lda?rd
(Years) Age (Years) (Years) Deviation
Group A (n=20) 25 31 27.45 1.504
Group B (n=20) 25 33 28.00 1.892
Overall (n=40) 25 33 27.73 1.710

Group A received traditional one-on-one teaching sessions,Group B: received training in deep learning (Al-based)

Table Il: Comparison of pre-test and post-test scores between traditional
teaching and deep learning methods

Group Test Score Mean Standard Deviation P-value
Group A Pre- test Score 5.20 2.093

-0 0.000
(n=20) Post test Score 7.75 1.118
Group B Pre- test Score 5.40 1.957

-0 0.000
(n=20) Post test Score 9.40 0.598

Group A received traditional one-on-one teaching sessions,Group B: received training in deep learning (Al-based)

Table 1lIl: Comparison of pre-test and post-test score improvement between
traditional teaching and deep learning methods

Group Mean -:_::zr;::zent n Standard Deviation | P-value
Group A (n=20) 2.55 1.317
0.005
Group B (n=20) 4.00 1.717

Group A received traditional one-on-one teaching sessions,Group B: received training in deep learning (Al-based)

Table IV: Comparison of year-wise improvement in test scores between
traditional teaching and deep learning methods

improvement in scores differed
significantly, with Group B showing a Year of Grou Mean improvement in Standard P-value
significantly higher mean difference in Training P Test Score Deviation
pre- and post-test scores compared to
Group A (4.09+ 1.868 vs. 2.00% | 414, . Group A (n=>5) 3.80 0.387
0.05) [Tabl 1™ Year 0.005
p<0.05)[Table V]. Group B (n=5) 6.00 1.000
DISCUSSION Group A (n=5) 3.40 0.894
2" Year 0.066
Al-based learning for radiology Group B (n=5) 4.40 0.548
residents has demonstrated superior
results compared to traditional rd Group A (n=5) .80 0.837
methods, offering immediate feedback T 0.035
' g Group B (n=5) 3.40 1.140
and allowing students to progress at
their own pace. According to Andersen Group A (n=5) 1.20 0.447
th
and Ponti,” Al-driven platforms can 4" Year 0.143
analyze students' strengths and Group B (n=5) 2.20 1.304
Group A received traditional one-on-one teaching sessions,Group B: received training in deep learning (Al-based)
KMUJ 2024, Vol. 16 No.2 142
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Table V: Comparison of gender-based improvement in scores between
traditional teaching and deep learning methods

Gender Group Mean Standard Deviation P-value
Male Group A (n=15) 2.73 1.280

—4 0.065
(h=24) Group B (n=9) 3.89 1.616
Female Group A (n=5) 2.00 1.414

—16 0.044
(h=16) Group B (n=11) 4.09 1.868

Group A received traditional one-on-one teaching sessions,Group B: received training in deep learning (Al-based)

Computational Simulation; a computer-
based simulation program), a
computer-based simulation program,
alongside didactic teaching” which
supports our findings. Another study
found a 70% improvement in the
evaluation of imaging interpretation,
including transthoracic
echocardiograms, when compared to
human assessment.”

Somaliland and Malaysia have
implemented effective initiatives to
integrate Al, aiming to enhance the
training of healthcare professionals in a
cost-effective, time-efficient, and
impactful manner. *"*

Past research emphasizes the need for
more interventions in the education
system to promote Artificial Intelligence
in Education (AIED).” The specific
impacts of Al in education remain largely
unexplored.” Al software can adapt
teaching methods to suit individual
student needs, effectively identifying
areas of weakness and promoting
student self-awareness in specific
subjects. An important benefit of
integrating Al in education is its potential
to eliminate bias, ensuring equitable
treatment of all students regardless of
their background. In radiology, Al
datasets provide a vast number of
images for student training, surpassing
the quantity available in human-curated
libraries or personal collections.

The findings of this research should be
interpreted considering its inherent
limitations. Firstly, the relatively small
sample size may restrict its
generalizability to a broader population.
Secondly, since the results are based on
chest radiographs, any variations in the
quality of these images could impact the
study outcomes. Additionally, as the
study was conducted at a single
institution, factors specific to that

institution and potential biases cannot
be disregarded, potentially limiting
applicability across diverse educational
settings. Furthermore, the study
focused exclusively on one department,
overlooking variations in educational
needs and outcomes across different
disciplines.

While the research explores the
innovative use of Al-based teaching
compared to traditional methods, these
constraints advise caution in applying
the findings to a broader educational
context. It is recommended that similar
research be conducted on a larger scale
across different departments and
institutions to gain deeper insights into
Al-based teaching.

CONCLUSION

This study highlights Al's pivotal role in
medical education, particularly in
training radiology residents to diagnose
COVID-19 pneumonia from chest
radiographs. Al-based learning provides
immediate feedback, personalized
experiences, and superior error
correction compared to traditional
methods, enhancing diagnostic skills
effectively. The findings underscore Al's
potential to optimize medical education
through integration into radiology
training programs. However, caution is
necessary due to the study's limitations
in sample size and single-institution
focus. Future research should explore
Al's broader impact across diverse
educational settings and medical
specialties to fully leverage its potential
in global healthcare training.
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