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Abstract

Objective: The utilization of three-dimensional problem visualization as a novel
pedagogical approach to the instruction of medical informatics at the post-secondary
level. Methods: Use of a new method of 3D problem visualization training on the basis
of Google and Microsoft cloud platforms using InVersalius software Findings: A novel
approach to pedagogical practice within the context of medical disciplines was devised,
and the user interface of the InVersalius application was enhanced. The impact of the
implementation of a three-dimensional visualization methodology on the quality of
educational outcomes was evaluated. Novelty/improvement: This marks the
inaugural instance of utilizing a three-dimensional problem visualization methodology
founded upon InVesalius software, in conjunction with Google and Microsoft cloud
platforms, within the context of medical education.

Keywords: 3D problem visualization, medical education, Google and Microsoft cloud
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1.Introduction

The healthcare sector is rapidly evolving, and with it, the methods of teaching
future medical students are changing. Information technology (IT) is playing an
increasingly important role in modern medicine, so it is essential that medical students
have the skills to use it. Traditional methods of teaching IT, such as lectures and
seminars, are no longer always effective. Students require a more interactive and
practice-orientated approach to learning. One of the new teaching methods is the use of
3D models [1][2].
The utilization of three-dimensional physical models comprising diverse materials in
the field of medicine has a long historical precedent. In ancient China, bronze models of
the human anatomical structure were employed. In Europe, models crafted from
colored wax with intricate anatomical details were constructed for the purpose of
studying human anatomy. In the present era, models are typically produced from plastic
[3].
According to the results of numerous studies, 3D model has been shown to be effective
in terms of the learning skills and knowledge gained by medical students. Students who
work with 3D models are able to navigate their way through questions more quickly.
They also show great interest in using this technology [4][5].
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With the advent of computer technology in our lives, the direction of 3D computer
modeling began to develop [6].3D printers have made it possible to produce various
models for teaching medical students [7][8]. But the progress of information technology
implementation did not end there. He is penetrating deeper and deeper into education.
Improving it and making it cheaper [9][10].

The advent of new software applications that facilitate the construction of virtual
3D models based on computer tomography images and X-ray images [11], as well as
magnetic resonance tomography [12], has the potential to revolutionize the educational
experience of students. This study demonstrates the efficacy of an innovative approach
to teaching 3D problem visualization, and its suitability for imparting knowledge in the
field of medicine [7][8][13].

2. Materials and Method

In order to ascertain the efficacy of the three-dimensional method of problem
visualization in the context of medical education, an analysis was conducted on the
control sections of knowledge pertaining to human anatomy [9][10][14].

A preliminary learning model was constructed with the objective of assessing the
efficacy of student learning (Fig. 1).

Information technology

Clinical subjects

3D problem
visualization

Figure 1. Model of interrelation of medical disciplines and information technologies
by courses

The study involved a total of 616 students, comprising those from the Paediatric
faculty of the Tashkent Medical Academy, as well as students from the Tashkent State
Technical University named after I. Karimov, Department of Biomedicine, Bukhara
Medical Institute, and the Tashkent Pediatric Medical Institute.

The training method utilises a three-dimensional visualisation approach, whereby a
taskis created using magnetic resonance imaging (MRI) images and a cohort of students
from diverse academic backgrounds. Student groups were constituted on the Google
Classroom platform with the objective of elaborating a description of the
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aforementioned 3D model. The students produced a comprehensive report on the
pathology of the facility in question. The submitted reports were subjected to a process
of discussion and evaluation in order to ascertain their correctness. Concurrently, the
entirety of the information repository remained accessible for public discourse. Each
student was afforded the opportunity to express their opinion and propose a solution
to the problem. Other groups of students were instructed in accordance with the
conventional pedagogical approach. At the conclusion of the study, a comparative
analysis of the academic performance of the groups was conducted. The 3D models
were constructed by the students using the InVesalius software, which had been
adapted into the Uzbek language. In comparison to other applications, this one has a
simple interface and is straightforward to use.

3.Results

The use of this method has given a positive result, the students' knowledge has
increased not only in their field of study, but also cross-curricularly, as well as developed
skills in computer devices (Fig. 2).
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Figure 2. Skills in the use of ICT(PC)

The effectiveness of the method was determined by the formula of the Pearson
criterion:

k<f3, )
=2
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f5j — is empirical frequencies;
fr — is the theoretical frequency;
k — is the number of digits of the attribute.

Table 1. Analysis of the effectiveness of the experimental results obtained

Tashkent State Technical University

Student's Experimental groups Control groups  Effectiveness
score
excellent 21 14 1,16
good 19 12
satisfactory 12 18
unsatisfactory 0 13
sum 52 57
average value 4,01 3,47
Tashkent Medical Academy
Student's Experimental groups Control groups  Effectiveness
score
excellent 29 15 1,15
good 24 18
satisfactory 25 38
unsatisfactory 0 8
sum 78 79
average value 4,05 3,51
Bukhara Medical Institute
Student's Experimental groups Control groups  Effectiveness
score
excellent 29 21 1,13
good 34 22
satisfactory 16 24
unsatisfactory 0 12
sum 79 79
average value 4,16 3,66
Tashkent Pediatric Medical Institute
Student's Experimental groups Control groups Effectiveness
score
excellent 41 24 1,14
good 35 41
satisfactory 20 9

unsatisfactory 0 22

sum 96 96
average value 4,01 3,47
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According to the results of Table 1, it can be seen that the effectiveness of students
of the Tashkent State Technical University is 16%, the effectiveness of the Tashkent
Medical Academy is 15%, and the effectiveness of the Bukhara Medical Academy is 13%.
The results of the experiment prove the effectiveness of the proposed new methodology
in comparison with the traditional teaching methodology. The efficiency of using the
new methodology is on average 14.6%, as a result of the implementation of the
developed methodology.

4. Discussion

Traditional assessment methods such as tests and exams are not always
appropriate for assessing IT skills [15][16]. More comprehensive assessment methods
such as portfolios, presentations and practical assignments should be used. The use of
new IT teaching methods can make the learning process more effective and interesting
for students [17][18]. As a result, future health professionals will be better prepared to
work in today's world where IT plays an increasingly important role [20] [2]. Here are
some examples of how new IT teaching methodologies are being used in medical
schools:

Harvard Medical School is using simulation training to help students learn how
to use electronic medical records;

The University of Pittsburgh uses game-based learning to help students learn
how to diagnose diseases;

The University of Toronto uses problem-based learning to help students learn
how to use IT to improve the quality of care;

The University of California San Francisco uses project-based learning to help
students develop mobile health applications;
Johns Hopkins University is using social media to create an online community for health
IT students [18][19].
New methodologies for teaching health IT are still under development, but they have
great potential to improve the quality of education for future health professionals [22].
The efficacy of medical education is contingent upon advancements in information
technology and the pursuit of novel pedagogical techniques, which represent the
primary objective of the educational endeavour. In comparison with the
aforementioned methods, the three-dimensional problem visualization method is the
most effective in terms of technological progress, thereby propelling medical education
into a new phase of development.

5. Conclusion

The results of the conducted research demonstrate the effectiveness of a new
approach to three-dimensional problem visualisation in medical education. Utilising
magnetic resonance imaging (MRI) images and a collaborative learning platform,
students from disparate educational institutions were able to successfully create and
analyse three-dimensional (3D) models of medical pathologies. The findings indicate a
notable enhancement in students’ knowledge, abilities, and overall academic
performance when compared to the outcomes of traditional teaching methods.
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The students exhibited enhanced comprehension of human anatomy and associated
medical disciplines.

The students have acquired valuable skills in the utilisation of computer devices and
software for the purpose of three-dimensional modelling.

A collaborative approach to learning fosters effective teamwork and communication
between students.

The utilisation of three-dimensional visualisation techniques was observed to engender
a heightened level of interest and motivation amongst the students, thereby facilitating
a more conducive learning environment.

The study underscores the potential of three-dimensional imaging to transform medical
education. By offering students engaging and stimulating learning experiences, this
approach can more effectively equip them to navigate the complexities of contemporary
healthcare. Further research is required to examine the long-term impact of 3D imaging
on student academic performance and to investigate its potential applications in other
medical disciplines.

6.Financial Disclosure/Conflict of Interest
The authors declare that there was no financial aid received and no conflict of interest
associated with this research work.

7.References:

1. David Lucena-Anton, Juan Carlos Fernandez-Lopez, Ana I Pacheco-Serrano, Cristina
Garcia-Munoz, Jose A Moral-Munoz Virtual and Augmented Reality versus Traditional
Methods for Teaching Physiotherapy: A Systematic Review, Eur ] Investig Health Psychol
Educ.2022 Dec 2;12(12):1780-1792, https://doi.org/10.3390/ejihpe12120125

2. Constantinos Nicolaou, Constantinos Nicolaou, George KallirisTechnology-enhanced
Learning in Media Studies, Education Science, 2019,9(3), 196;
https://doi.org/10.3390/educsci9030196

3. Tim Vernon, Daniel Peckham, The benefits of 3D modelling and animation in medical
teaching, Journal of Audiovisual Media in Medicine Volume 25, 2002 -Issue 4
https://doi.org/10.1080/0140511021000051117

4. Badr, Y.A;; Abou El-Naga, A.H. A Hybrid Metaheuristic Approach for Automatic
Clustering of Breast Cancer. In Proceedings of the 2022 5th International Conference on
Computing and Informatics (ICCI), Cairo, Egypt, 9-10 March 2022; IEEE: Piscataway, N]J,
USA, 2022; pp. 392-399 https://doi.org/10.3390%2Fijerph20043240

5. Carlos M. Ardila, Daniel Gonzalez-Arroyave, Mateo Zuluaga-Gomez, Efficacy of three-
dimensional models for medical education: A systematic scoping review of randomized
clinical trials, journal Heliyon, Volume 9,Issue 2e13395February 2023,
https://doi.org/10.1016/j.heliyon.2023.e13395

6. Romain Nicot, Three-Dimensional Printing Model Enhances Craniofacial Trauma
Teaching by Improving Morphologic and Biomechanical Understanding: A Randomized
Controlled Study, Plastic and Reconstructive Surgery 149(3): p 475e-484e, March 2022,
https://doi.org/10.1097 /prs.0000000000008869

98


https://doi.org/10.3390/ejihpe12120125
https://doi.org/10.3390/educsci9030196
https://doi.org/10.1080/0140511021000051117
https://doi.org/10.3390%2Fijerph20043240
https://doi.org/10.1016/j.heliyon.2023.e13395
https://doi.org/10.1097/prs.0000000000008869
https://doi.org/10.1097/prs.0000000000008869

UtilitasMathematica
ISSN 0315-3681 Volume 122, 2025

7.Jung-Chul Park, Hyuk-Jae Edward Kwon, Chul Woon Chung, Journal of Educational
Evaluation for Health Professions, 2021, https://doi.org/10.3352/jeehp.2021.18.13

8.Saito, Y.; Sugimoto, M.; Morine, Y.; Imura, S.; Ikemoto, T; Yamada, S.; Shimada, M.
Intraoperative support with three-dimensional holographic cholangiography in
hepatobiliary surgery. Langenbeck’s Arch. Surg. 2022, 407, 1285-1289,
https://doi.org/10.1007/s00423-021-02336-0

9.Quesada-Olarte ].; Carrion R.E. Jr; Fernandez-Crespo R.; Henry G.D.; Simhan ]J;
Shridharani A.; Carrion R.E.; Hakky T.S., Extended Reality-Assisted Surgery as a Surgical
Training Tool: Pilot Study Presenting First HoloLens-Assisted Complex Penile Revision
Surgery. J. Sex. Med 2022,19, 1580-1586 https://doi.org/10.1016/j.jsxm.2022.07.010

10.Hu X.; y Baena ER. Cutolo F, Head-mounted augmented reality platform for
markerless orthopaedic navigation. IEEE ]. Biomed. Health Inform.2021,26, 910-921
http://dx.doi.org/10.1109/]BHI.2021.3088442

11.Ingrassia P.L.; Mormando G.; Giudici E.; Strada F; Carfagna F; Lamberti F,; Bottino A.
Augmented Reality Learning Environment for Basic Life Support and Defibrillation
Training: Usability Study.]. Med. Internet Res.2020,22, e14910,
https://doi.org/10.2196%2F14910

12.Chen C.; Zhang L.; Luczak T.; Smith E.; Burch R., Using Microsoft HoloLens to improve
memory recall in anatomy and physiology: A pilot study to examine the efficacy of using
augmented reality in education. J. Educ. Technol 2019, 12, 2,
http://dx.doi.org/10.18785/jetde.1201.02.

13.Acharya S.; Alsadoon A.; Prasad PW.C.; Abdullah S.; Deva A., Deep convolutional
network for breast cancer classification: Enhanced loss function (ELF).J. Supercomput
2020, 76, 8548-8565, https://doi.org/10.1007/s11227-020-03157-6.

14.Arif M.; Niessen W.J.; Schoots 1.G.; Veenland ].F, Automated classification of
significant prostate cancer on MRI: A systematic review on the performance of machine
learning applications. Cancers 2020, 12, 1606,
https://doi.org/10.3390/cancers12061606

15.Devarriya D.; Gulati C.; Mansharamani V.; Sakalle A.; Bhardwaj A., Unbalanced breast
cancer data classification using novel fitness functions in genetic programming. Expert
Syst. Appl 2020, 140, 112866 http://dx.doi.org/10.1016/j.eswa.2019.112866 .

16.Salhi, Said, Thompson, Jonathan, An overview of heuristics and metaheuristics.
InThe Palgrave Handbook of Operations Research; Salhi, Said, Boylan, Jonathan, Eds;
Palgrave Macmillan: Cham, Switzerland, 2022; pp. 353-403
https://doi.org/10.1007/978-3-030-96935-6 11.

17.Gonzalez-Patino D.; Villuendas-Rey Y.; Argiielles-Cruz A.]J.; Camacho-Nieto O.; Yafiez-
Marquez C. AISAC: An Artificial Inmune System for Associative Classification Applied
to Breast Cancer Detection. Appl. Sci. 2020, 10, 515
https://doi.org/10.3390/app10020515.

99


https://doi.org/10.3352/jeehp.2021.18.13
https://doi.org/10.1007/s00423-021-02336-0
https://doi.org/10.1007/s00423-021-02336-0
https://doi.org/10.1016/j.jsxm.2022.07.010
http://dx.doi.org/10.1109/JBHI.2021.3088442
https://doi.org/10.2196%2F14910
http://dx.doi.org/10.18785/jetde.1201.02
https://doi.org/10.1007/s11227-020-03157-6
https://doi.org/10.3390/cancers12061606
http://dx.doi.org/10.1016/j.eswa.2019.112866
https://doi.org/10.1007/978-3-030-96935-6_11
https://doi.org/10.3390/app10020515

UtilitasMathematica
ISSN 0315-3681 Volume 122, 2025

18. Madani M.; Behzadi M.M.; Nabavi S., The Role of Deep Learning in Advancing Breast
Cancer Detection Using Different Imaging Modalities: A  Systematic
Review.Cancers2022,14, 5334, https://doi.org/10.3390/cancers14215334

19.Wang X.; Ahmad I.; Javeed D.; Zaidi S.A.; Alotaibi EM.; Ghoneim M.E.; Daradkeh Y.I;
Asghar ].; Eldin E.T, Intelligent Hybrid Deep Learning Model for Breast Cancer
Detection. Electronics 2022, 11, 2767, https://doi.org/10.3390/electronics11172767.

20.Aljuaid H.; Alturki N.; Alsubaie N.; Cavallaro L.; Liotta A., Computer-aided diagnosis
for breast cancer classification using deep neural networks and transfer learning.
Comput. Methods Programs Biomed. 2022, 223, 106951,
https://doi.org/10.1016/j.cmpb.2022.106951 .

21.Chatterjee, S.; Biswas, S.; Majee, A,; Sen, S.; Oliva, D.; Sarkar, R. Breast cancer detection
from thermal images using a Grunwald-Letnikov-aided Dragonfly algorithm-based deep
feature  selection  method. Comput. Biol. Med. 2022, 141, 105027,
https://doi.org/10.1016/j.compbiomed.2021.105027 .

22.Ahila A, Poongodi M., Bourouis S.; Band S.S.; Mosavi A.; Agrawal S.; Hamdi M., Meta-
heuristic algorithm-tuned neural network for breast cancer diagnosis using ultrasound
images. Front. Oncol. 2022, 12, 834028 https://doi.org/10.3389 /fonc.2022.834028.

100


https://doi.org/10.3390/cancers14215334
https://doi.org/10.3390/electronics11172767
https://doi.org/10.1016/j.cmpb.2022.106951
https://doi.org/10.1016/j.compbiomed.2021.105027
https://doi.org/10.3389/fonc.2022.834028

