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Medical imaging teaching is an image-based subject. During the learning process, students can improve their
professional ability and ability to analyze and solve problems by analyzing and studying a large number of medical
images. However, due to the limitation of medical imaging teaching resources in China, there are still problems in
the teaching of medical imaging such as outdated teaching facilities, backward teaching models, and lack of
practical experience for students. The components of the medical imaging teaching system in this study included
the equipment for data acquisition, data storage, data processing, and teaching interactive. The Internet of Things
(lot) and artificial intelligence technology were integrated into the medical imaging teaching process to build a
medical imaging recognition system. To help students better identify some images and integrate medical images
with their own professional knowledge could promote the further development of medical image teaching. In
order to verify the effectiveness of the model, 200 medical students from Guangxi University (Nanning, Guangxi,
China) were included and divided into the experimental and the control groups. After learning the same contents
in different learning formats, the performance of the experimental group that used the image library was found
to be significantly better than that of the control group that used traditional teaching method. The results found
that the Al and loT-based medical imaging learning platform could help medical imaging teachers and students to
obtain more medical imaging data and improve the utilization and sharing of teaching resources. It could also
realize intelligent analysis of medical images to assist teachers in tasks such as diagnosis, segmentation, and
classification, which could improve teaching efficiency and accuracy. Further, it could provide more application
scenarios and cases for medical imaging teaching, expanded teaching contents and vision, and enhanced the
relevance and practicality of teaching.
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Introduction and low efficiency for students [1, 2]. Medical

imaging teaching is image-based and needs to

Medical imaging is an important subject in analyze and extract information from images.
medicine, involving diagnosis, imaging, and other Printing images on film may cause distortion and
aspects. It requires students to master loss of information. Moreover, many images are
multidisciplinary knowledge and skills. However, similar and subtle differences may not be clear.
traditional teaching methods are teacher- Traditional teaching consists of three stages
centered, static, and limited in resources and including theory, experiment, and independent
cases, which may lead to poor learning outcomes learning. All of them use images as the main

58


mailto:li_zhenlun@outlook.com

Journal of Biotech Research [ISSN: 1944-3285]

2023; 15:58-65

contents, but the effect is not good [3, 4].
Artificial intelligence (Al) simulates human
thinking to solve problems with natural science
and philosophy knowledge, which can learn from
data and make decisions, and has applications in
many fields such as speech recognition and
image recognition. The Internet of Things (loT)
connects people and things through the internet,
and builds a communication network, which can
sense and transmit data quickly, and often
combines with artificial intelligence and big data
to build intelligent systems [5, 6]. Artificial
intelligence and machine learning can analyze
and identify medical imaging data to assist
physicians in diagnosis and treatment. In some
previous studies, the software to identify chest X-
ray images for new coronavirus infection was
developed. Functional magnetic resonance
imaging can explore the human brain structure
and function and reveal neural mechanisms,
which has been used to study Chinese language
processing and cultural differences. High-
resolution and high-sensitivity medical imaging
devices and technologies can improve the quality
and efficiency of medical imaging, which resulted
in the development of ultrasound-based
noninvasive blood flow imaging. Currently,
medical imaging technology is developing rapidly
in China. However, it is still lagging behind in
teaching [7, 8].

The teaching level of medical imaging is
improving recently. Some universities have
adopted flipped classroom model for medical
imaging teaching, which has improved students'
learning motivation. In addition, the number of
high-quality medical imaging instruments is
growing every year. Some universities are
integrating technologies such as the Internet of
Things and artificial intelligence into medical
teaching. However, the development is still in its
infancy stage, and some imaging education still
needs to be developed [9, 10]. In general,
medical imaging teaching in China is lagging
behind in facilities and modes that mainly
cultivate students’ image recognition and disease
judgement abilities without practical experience
and clinical cases [11]. Artificial intelligence and
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Internet of Things may help to build an intelligent
medical imaging teaching system, display
medical imaging information flexibly and vividly,
assist teachers in diagnosis and other tasks,
promote teaching innovation, stimulate
students’ active learning and exploration, and
cultivate students’ innovation and practice [12].
This study explored the applications of artificial
intelligence and Internet of Things in medical
imaging teaching. The results of this study might
be applied to improve teaching quality, teaching
efficiency, and students’ skills development. The
study also dealt with the technical principles and
methods of Al in medical imaging analysis, as well
as the opportunities, applications, and risks of Al
in medical imaging.

Materials and Methods

Design of medical image recognition system

The medical image recognition system was
designed by using Internet of Things technology,
artificial intelligence technology, and virtual
device system, which mainly included teaching
system, scoring system, question answering
system, and image library (Figure 1). The systems
could realize the functions of assisting students in
learning and assisting teachers in teaching [13,
14]. The image teaching system was based on the
image library, and through Al and loT technology,
the information in the image library could be
displayed to students in a virtualized and flexible
manner. Medical imaging learning required a lot
of learning, and most of the imaging materials
were similar with minor differences. The video
teaching system could significantly improve the
fun of students' learning. The core function of the
system was to intelligently identify the feedback
image information in medical images through Al
technology to help students better understand
medical image data. The system consists of three
main modules: artificial intelligence module, loT
module, and teaching management module. The
Al module was responsible for performing
operations such as preprocessing, feature
extraction, classification, segmentation,
detection, recognition, etc. on image data, and
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Figure 1. Medical image recognition system architecture.

generating corresponding teaching contents and
feedback according to the needs of teachers and
students. This module could also provide virtual
reality or augmented reality simulation
environments, allowing teachers and students to
learn image knowledge and skills more intuitively
and interactively. The IloT module was
responsible for connecting image devices in
different locations and transmitting and storing
image data through wireless network. This
module could also support multiparty video
conferences and discussions, allowing teachers
and students to collaborate and share image
information and teaching experience remotely.
Image library was a cloud-based storage
application that aimed to provide users with a
convenient way to store, manage, organize, and
distribute images.

The process of building an image library included
the following steps of (1) collecting image
resources from various sources; (2) using
software or tools to process, edit, compress, and
annotate image resources; and (3) choosing a
suitable cloud service or platform to store,
manage, and share image resources. In the
process of using the image library, users needed
to comply with relevant copyright laws and

Artificial
intelligence

Scoring

Internet of Things

Medical imaging teaching

Teaching system

system
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regulations and ensure that the image resources
being used were legal and authorized. Users also
needed to add watermarks or copyright
statements to the image resources created by
themselves to protect their intellectual property.
The process of building a video teaching system
included the following steps: (1) according to the
target audience and course structure,
determined the teaching goals and contents, and
designed the video teaching plan; (2) according
to the video teaching plan, chose suitable video
production software or tools, and collected the
required video materials, such as screen
recording, webcam recording, slide recording,
etc.; (3) used video production software or tools
to process, edit, compress, and annotate video
materials, and ensured that the video quality and
format met the requirements; (4) chose a
suitable video publishing platform or website,
and uploaded the videos to that platform or
website, and set the permissions, categories,
tags, etc.; (5) chose a suitable video learning
platform or website, and integrated the videos
with the interaction, feedback, assessment, etc.
functions on that platform or website, and
promoted the video teaching course to the target
audience. A video teaching system usually
consists of three main parts including video
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production, video publishing, and video learning.
The video production part is responsible for
collecting and processing video materials, and
editing, compressing, and annotating them. The
video publishing part is responsible for uploading
videos to suitable platforms or websites and
setting and managing them. The video learning
part is responsible for providing students with
the functions of watching and learning videos,
and providing interaction, feedback, assessment,
etc. functions.

The recognition of medical images mainly used Al
technology, and the basic principles of Al
technology for image recognition were shown in
Formula (1)-(4). The image recognition process
mainly included image data acquisition,
preprocessing, feature vector extraction, and
classification decision system construction.
Formula (1) was for preprocessing the image.

KL(data) = E log (Ej =E,_,log (M] (1)
q q(x)

where p(x)/q(x) was binarized image. The image
information was converted into digital
information, which KL(data) was the data valided
within the range of xp, otherwise it was a noise
point. KL(data) was the final acquired image data
[15, 16]. Formula (2) was mainly used for the
extraction of feature vectors. The KL(data)
feature information of the data hidden in the
whole set of data was extracted and were stored
in JSD(dataVector).

uLn ur
JSD(dataVector) =%p+q( P*%%%q*p(q* P;(JJ (2)

where p and g were two basic feature vectors.
Formula (3) was a weighted product of the
feature vectors, where p was considered as a
weight [17, 18].

H(X) ==Y, pilog, p 3)
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I(a)= |O(ai)logzL (4)

p(ai)

Formula (5) was a summary of the professional
knowledge of medical imaging. Since medical
imaging involves knowledge in multiple fields, it
has a variety of contents. Therefore, the
database of medical imaging expertise S; in this
study consisted of a basic database and an
incremental database AS;. Formula (6) and (7)
were the operations on the medical image
database data with the purpose to transform the
data in the medical image database into the rules
required for Al model training.

DataBase, =S, +AS, (5)
S, =S, +AAS, (6)
& (1) =4S,(1)-S(t) (7)

The core algorithms of the Al training model
constructed in this study were Formula (8) and
(9). The function of Formula (8) was to match
medical image information with the rule
database. The function of Formula (9) was to
display the matching information in a flexible way
to improve students' interest in medical imaging
teaching [19, 20].

(1) =3 2 [60) ®
d, =Pr +Pr' =Prf +f (NM,,) (9)

In order to make medical imaging information
more expressive, the loT technology was
integrated into the Al system, so that the results
of Al matching were not displayed in abstract
data, but in various forms. The results of Al
analysis were passed into the loT system. The
core principles of the loT processing system were
shown in Formula (10)-(13). Formula (11) was
used to generate a specific information
presentation form.
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t-1
Pri-G=)a-G-INFO, (13)

i=0

The system consisted of three main parts
including data acquisition, data processing, and
data output. The data acquisition part was
responsible for obtaining raw image data from
different image devices including X-ray machines,
CT, MRI, and converting them into standard
formats such as DICOM format. The data
processing part was responsible for performing
operations which included preprocessing,
feature extraction, classification, segmentation,
detection, and recognition on image data, and
using deep learning and computer vision
algorithms and models such as convolutional
neural networks, recurrent neural networks,
generative adversarial networks, etc. for training
and inference. The data output part was
responsible for presenting the results obtained
by the data processing part to the users in a visual
or textual form and providing corresponding
explanations and suggestions.

Research objects

200 students from Jiangxi Medical College of
Nanchang University (Nanchang, Jiangxi, China)
were included in this study as the research
objects.

Statistical analysis

SPSS software (IBM, Armonk, New York, USA)
was employed for the statistical analysis of this
study. The independent-samples t-test was used
to identify whether there were significant
differences between the experimental group and
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the control group on various assessment
indicators. The P value less than 0.05 was defined
as a significant difference.

Results and discussion

System verification

In order to ensure the reliability of this study, the
participants performed similarly in the three
aspects of daily grades, final exams, and
intelligence levels. The participants were divided
into experimental and control groups, and the
basic information of the students including
converted data of usual grades, final grades, and
intelligence levels was shown in Table 1 [21-22].
Different teaching methods were applied in
different groups with the experimental group
adopted the teaching plan combining the
teacher's teaching and the medical image
recognition system constructed in this study and
the control group adopted the traditional
teaching plan. The teaching contents were kept
confidential to all students. Interviews and
written tests were conducted on each group one
day after the end of the teaching. The students’
performance of each group was shown in Table
2. The results showed that the students in the
experimental group scored higher than that in
the control group in terms of the accuracy of case
analysis, identification of symptoms, and correct
judgment of diseases, which demonstrated that,
to a certain extent, the medical information
identification system built in this study could help
students better for a good understanding of the
expertise implicit in medical images [23, 24]. A
guestionnaire survey on the teaching quality
among the students was conducted as well. The
results of the survey were shown in Table 3 with
the experimental group rating higher than the
control group in terms of students' interest,
depth of knowledge understanding, memory
status after one day, students' learning initiative,
and willingness to learn. The results from this
study indicated that the medical information
recognition system based on Al and loT
technologies could significantly  improve
students' learning effects and students' learning
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Table 1. Specific information of the students in the experimental group and the control group.

Category Usual performance
Experimental group 95
Control group 94.35

Final grade Intelligence level
91.2 79.5
91.4 79.4

Table 2. The performance (score points) of the experimental group and the control group.

Group Number of Accurate analysis Identify Correct diagnosis of
respondents of cases symptoms disease
Experimental group 100 97.34+2.76 97.76 £3.42 94.54 £3.99
Control group 100 66.21 +11.25 63.23 +1.42 76.54 £3.12
Table 3. Teaching quality evaluation results.
Category Experimental group (100) Control group (100) T P

Student interest 10.21+0.23 6.21+0.21 223.620 <0.05
Depth of knowledge 8.76 £ 0.53 5.33+1.23 31.365 <0.05
Memory after a day 7.33+1.75 6.43£0.12 6.283 <0.05
Learning initiative 8.65+1.4 4.08 £0.31 38.509 <0.05
Willingness to learn 7.84+1.54 5.12+0.23 21.394 <0.05

interest. It could also help students gain better
experience and more learning experience in
classroom learning. All of those results made the
knowledge have certain theoretical feasibility
and practical feasibility [25, 26].

Development strategies of medical imaging
teaching

(1) Students were the main body of the
classroom

Currently, the medical imaging teaching in China
is mainly one-way teaching, adopting the
teaching mode of teachers teaching and students
listening. However, medical imaging teaching is
subject-specific. The traditional teaching mode
can only allow students to master basic
knowledge, but it cannot cultivate students'
practical experience. Therefore, in classroom
teaching, the teacher should encourage students
to become the main body of the classroom, let
students lead the classroom, give students more
chances to show, let students expose their own
problems, so as to find and solve problems in the
classroom, and truly improve students' practice
ability. Traditional medical imaging teaching is
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mainly based on multimedia software such as
PowerPoint slices, which can only be used to
display medical images. However, due to the
quality of projection equipment, students cannot
see the details of the images clearly, which is not
conducive to the development of students. By
using the medical image recognition system as a
teaching aid to integrate the medical image
recognition system into classroom teaching, it
will let students actively participate in learning
[27, 28].

(2) Encourage interactive learning

The medical image recognition platform based
on the loT and Al technologies provided an
interactive learning interface. Students could ask
questions and find answers on the medical image
recognition platform. In addition, this platform
also provided a self-test port, which could better
test students' practical ability. Students and
teachers could communicate and discuss through
this platform, and students could also exchange
ideas with each other through this platform. As a
teaching aid, this platform not only played a role
in the classroom, but also a role after class, which
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could greatly improve the shortcomings of the
traditional teaching mode and improve the level
of medical imaging teaching [29, 30].

(3) Provide rich teaching resources

Due to the lack of teaching resources, the
traditional teaching mode restricts the
development of students' practical ability. In
order to solve this problem, the medical image
recognition system based on Al and |oT stored a
large amount of medical image information,
which was openly provided to users. In addition,
this platform also stored a large number of video
and audio teaching files, so that students could
access the latest teaching resources. Students
could learn about the latest medical imaging
images on this platform and could consult the
interpretation of this image, which was not only
a learning platform for students, but also an
academic communication platform.

Conclusion

Traditional teaching is mainly divided into three
links including theoretical teaching, experimental
teaching, and independent learning. In these
three stages, medical images with pictures as
carriers are the main teaching content. However,
displaying medical images in the form of pictures
will cause problems such as picture distortion
and information loss. Therefore, the teaching
effect of traditional medical image teaching is not
ideal. Due to the limitation of medical imaging
teaching resources in China, there are problems
in the teaching of medical imaging such as
outdated teaching facilities, backward teaching
models, and lack of practical experience for
students. This study integrated loT and Al
technologies into the medical imaging teaching
process to build a medical imaging recognition
system, which could help students better to
identify some images and integrate medical
images with their own professional knowledge
and to promote the further development of
medical imaging teaching. The medical image
recognition system developed by this study used
Al technology as the underlying architecture to
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train Al algorithms through a large amount of
data and used the loT technology to display the
results of Al classification in a visualized form.
The results showed that the medical image
recognition system demonstrated remarkable
results in improving students' learning
enthusiasm and learning effect. The results
suggested that the development of medical
imaging teaching should follow the strategies of
(1) students become the main body of the
classroom; (2) encourage interactive learning; (3)
provide rich teaching resources.
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