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HAYYHAA CTATbA |

Ucnonb3oBaHue cpeactB 3D-moaennpoBaHusa npu
peanusauum nporpamMmmbl MaructpaTtypbl « PU3KYILTYPHO-
o3aopoBuUTesibHble obpa3oBaTesibHble TEXHONOrMn»

AN NoBbILLUEeHUA KayecTBa NoAroToOBKMU CTYAEHTOB

E. B. COBOJIEBA, T. H. CYBOPOBA, T. B. MALLWAPOBA, C. C. BbIKOBA

AHHOTALUA

lMpo6nema u uenb. NMogroToBka nefaroroB B obnactv uU3M4eckor KynbTypbl M crliopTa npegnonaraer nosnyveHve
MMM 3HaHWIA N HaBLIKOB B 06GMacTV NMpUMEHeHUsT (hU3KYNETYPHO-0340POBUTENBbHBIX 06pa3oBaTenbHbIX TEXHOMOMMI A4S
nponaraHabl NPUHLIMINOB 300POBOro 06pasa X13HuW, AOCTUXKEHUS U Nnoaaepkanus dusnyeckoro 6narononyyms. Cpeacrea
3D-mopenvpoBaHus MO3BOMSOT CcOo34aBaTh AOMOMHUTESNbHLIE YCIOBUS AN ONTUMU3auUMM (OMHAHCOBLIX PECYpCOoB,
COKpaLleHNsi BPEMEHM Ha MOAFOTOBKY M MEPENOAroTOBKY COOTBETCTBYHOLUMX CheumanuctoB. Llesb uccredosaHusi —
BbISIBIIEHNE BO3MOXHOCTEW MpUMeHeHus cpeacTtB 3D-moaenupoBaHust mMpu peanus3aumn nporpaMMbl MarmcTpatypbl
«DU3KYNLTYPHO-030,0POBUTENBHbIE 06pa3oBaTeNbHbIE TEXHOMOMMUY AN MNOBbILLEHUS KAYECTBa NMOATOTOBKU CTYAEHTOB.

MemoOdbI uccnedoeaHusi. MeToaonornsi OCHOBLIBAETCH Ha aHanv3e noteHuuana cpefcts 3D-mopenvpoBaHus Ans
peanusauum MHULMATUB U FOCYLapCTBEHHbIX MporpamMm B cdpepe m3nyeckon KynbTypbl U cropTa. B akcnepumeHTe
3a0encTBoBaHO 54 maructpaHTa hakynbreta negarorvkm U MCUMxororMm BATCKoro rocyadapCTBEHHOTO YHMBEpCUTETA
(Poccuiickaa depepaums). BeinonHeHa obpaboTka pesynbratoB paboTbl cTyaeHToB no 3D-mogenvpoBaHuio B cpeae
Tinkercad. WHTerpaumnsa 3D-TexHonornn B AMAAKTUYECKUIA NPOLECC BbINOMHEHA B pamMKax AucumnnuHbl «LlmdpoBble
WHCTPYMEHTbI MPOdECCUOHaNbHOM AesaTenbHOCTU». PaspaboTtaHo aBTopckoe TecTupoBaHue u3 30 BonpocoB. [pu
cTaTucTnyeckon o6paboTke AaHHbIX NCMOMNb30BaH Kputepun X2 (xu-kBagpar) MNupcora.

Pesynbmamaei. MarnctpaHTbl 3KCNEPUMEHTaNbHOW rpynnbl U3y4aloT OCHOBHbIE MOHATWS, HadHavyeHne 3D-TexHomorun,
nporpaMmMHoe obecneyeHne u cepsucbl Ans 3D-mopgenupoBaHus. Jlormka paboTbl Ha 3aHATMSAX MO AUCLMMIUHE,
onpegensowasd 0CcobeHHOCTb MH(OPMAaLMOHHOIO B3aUMOAEWCTBUSA: perucTpaunsi, udydeHume wuHTepdenca wu
PYHKLUMOHaNbHbIX BO3MOXHOCTEN MnaTtdopMbl, co3gaHve 3D-mMopenn yHMBEPCAnbHOIo XxapakTepa, MpOeKTMpoBaHue
n 3D-mogenvpoBaHuMe obbekTa C Y4€TOM cneuudumky noarotoBku, 3D-nevatb, 3almTa MNpoekTa M OLEHKA €ero
NPUMEHMMOCTU. BbISIBNEHbI CTaTUCTUYECKN OOCTOBEPHbIE Pa3Nnnynsi B Ka4ECTBEHHbIX U3MEHEHUSAX, NMPOU3OLLEALINX B
negarornyeckon cucteme (x< = 6,388; p < 0,05).

3aknroveHue. OnpeeneHsl AnaakTUYeckne BO3MOXHOCTM 3D-CpeacTB: pa3BUTUE TBOPYECKOTO MbILLIEHWS, NMOBbILLEHNE
MOTMBaLMN N MO3HABATENbHOMO WHTEpeca, NpoBedeHMEe BUPTYyarbHbIX TPEHUPOBOK, aHanmu3 TEXHUKU YNPaKHEHWUNA.
BblgeneHbl 1 TPYAHOCTU: OTCYTCTBME KOMMIIEKCHBIX y4eBHbIX MaTepuanoB, COOTBETCTBYHOLUMX NPOUI0 NMOLATOTOBKY;
HeOCTaTOYHbIV MEPBUYHBIN YPOBEHb 3HAHUIN N HABBLIKOB B chepe LMdPOBbIX TEXHOMOMUNA.
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Using 3D Modeling Tools in the Implementation

of the Master's Program "Physical Education and Health
Educational Technologies" to Improve the Quality

of Student Training

E. V. SOBOLEVA, T. N. SUVOROVA, T. V. MASHAROVA, S. S. BYKOVA

ABSTRACT

Problem and aim. Training of teachers in the field of physical education and sports involves their acquisition of knowledge
and skills in the field of application of physical education and health educational technologies for the promotion of
principles of healthy lifestyle, achievement, and maintenance of physical well-being. 3D modeling tools create additional
conditions for optimization of financial resources, reduction of time for training and retraining of relevant specialists. The
objective of the study is to identify possibilities of application of 3D modeling tools in the implementation of the master's
program "Physical Education and Health Education Technologies" to improve the quality of students' training.

Research methods. The methodology is based on an analysis of the potential of 3D modeling tools for the
implementation of initiatives and state programs in the field of physical education and sports. The experiment involved
54 master's students of the Faculty of Pedagogy and Psychology of Vyatka State University (Russian Federation).
Processing of the results of students' work on 3D modeling in the Tinkercad environment was performed. Integration
of 3D technologies into the didactic process was carried out within the framework of the discipline "Digital tools
of professional activity". The author's testing of 30 questions was developed. The statistical data processing was
performed using the Pearson’s chi-squared test.

Results. The experimental group of master's students studies the basic concepts, the purpose of 3D technologies,
software, and services for 3D modeling. The logic of work in the discipline classes, determining the specifics of information
interaction: registration, studying the interface and functionality of the platform, creating a universal 3D model, designing
and 3D modeling an object taking into account the specifics of training, 3D printing, project protection, and assessment
of its applicability. Statistically significant differences in the qualitative changes that occurred in the pedagogical system
were revealed (x2 = 6.388; p < 0.05).

Conclusion. The didactic capabilities of 3D tools are defined: development of creative thinking, increased motivation and
cognitive interest, virtual training, and analysis of exercise technique. The following difficulties are also identified: lack of
comprehensive educational materials corresponding to the training profile; insufficient primary level of knowledge and
skills in the field of digital technologies.
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INTRODUCTION

UNESCO's Global Education Monitoring 2023 report states that learners' interests must always
be the central. Digital technologies are tools to support learning based on human interaction.
Particular attention is paid to ways to improve the quality of education, both in the area of universal
competencies and in the area of digital skills development [1]. Support for quality physical education
(QPE) is the main focus of the new UNESCO "Fit for Life" sports programme [2]. It involves training
under the guidance of qualified mentors and taking into account the latest achievements of science
and technology. QPE activities help students develop physical, social, and emotional skills to form
healthy, resilient, and socially responsible citizens. Russia is one of the co-founders of the already
mentioned UNESCO project in the field of physical education and sport "Fit for Life". The goal of the
initiative is to accelerate recovery from COVID-19 and support the inclusive and unified systemic
formation of international policy. Under the auspices of "Fit for Life", sports programs are being
implemented in the country aimed at supporting people's recovery from health-related crises.

The UNESCO Department of the Faculty of Global Processes of Moscow State University not only
actively joined the project, but also supports the initiatives of the Organization for Bioethics, Ethics
of Science and Digital Technologies [3]. That is, the department is developing fundamentally new
approaches to studying the world around us, which involve taking into account the achievements of
scientific and technological progress, including for preserving human health. The study and practical
application of these fundamentally new approaches are planned to be implemented within the
framework of training specialists in physical education and sports.

R. Xu notes that technical support for the process of teaching physical education is a defining
link between the theory and practice of teaching physical education [4]. New modern technologies
directly affect the quality and effectiveness of teaching physical education. For example, E. V.
Soboleva et al. raise the issue of the need to change the training programs for master's degree
teachers focused on working in the field of physical education and maintaining a healthy lifestyle [5].
The authors consider the potential of mobile technologies for the home, educational institutions, and
gyms. E. V. Soboleva et al. describe a sample training plan and offer specific practical assignments
for master's students. A. N. Ivleva suggests that 3D models can be actively used to create virtual
simulators [6]. These simulators will allow athletes to train in a virtual environment and improve
their skills without the risk of injury. Virtual simulators can also be used to test new exercises and
training programs. M. Franzo et al. reveal the possibilities of three-dimensional modeling in a virtual
environment for visualizing exercise technique [7]. Although the current federal standard stipulates
that professionally oriented events using modern interactive educational technologies are held in
universities during the implementation of the training program. There is still insufficient research
directly related to the inclusion of 3D tools in the training of specialists whose profile of activity is
related to the implementation of physical education and health educational technologies. As a result,
as noted by S. P. Evseev et al., many university graduates are not ready [8]: to evaluate existing/
develop their electronic educational materials for introducing children to physical education and using
developing forms of health work; to model scenarios and design virtual (three-dimensional) reality to
reduce the risk of injury and rehabilitation.

Research hypothesis — the inclusion of three-dimensional modeling elements in the training
program for specialists whose profile of activity is related to the implementation of physical
education and health educational technologies will contribute to improving the quality of their
professional training.

Thus, the aim of the work is to study the possibilities of using 3D modeling tools in the
implementation of the master's program "Physical Culture and Health Educational Technologies" to
improve the quality of student training.

Research objectives:

* to justify the possibility of including the study of 3D technologies in the content of the
discipline "Digital Tools of Professional Activity";

* to describe the options for using 3D graphics to achieve and maintain physical well-being,
reduce the risk of disease, and rehabilitation;

604



* to identify factors influencing the effectiveness of using 3D modeling tools to develop physical
qualities and support motor activity;

* to experimentally test the effectiveness of the proposed option for improving the content of the
master's program.

MATERIALS AND METHODS

Physical culture and health education technology is a method of implementing activities aimed at
achieving and maintaining physical well-being and reducing the risk of developing diseases (injuries)
through physical culture and health improvement. 3D modeling in the presented study is considered
a productive activity for creating 3D models of exercise machines, the trainees themselves, and the
training process, sports games, various forms of health-saving work (gymnastics, physical education
minutes, etc.). These models can be used to analyze the technique of movement and their changes
throughout the training period. They can also be used for comparison with models of other trainees
(athletes) for learning and improving the technique of performing an exercise.

The study and application of 3D modeling tools in the implementation of the master's program
44.04.01 - Pedagogical education, training profile "Physical Culture and Health Educational
Technologies" is carried out within the framework of the discipline "Digital Tools of Professional
Activity". In the first semester of the second year, students study the basic concepts and didactic
potential of 3D modeling to achieve and maintain physical well-being, reduce the risk of diseases,
and for rehabilitation. Master's students evaluate existing 3D modeling tools: Blender, 3D Paint,
Vectary, Tinkercad, and SketchUp. Evaluation criteria: ease of use, functionality, distribution policy
and cost, language, and convenience of the interface, saving in various formats, need for special
software, support for the implementation of the specifics of the training program. Tinkercad is used
to create 3D models - a free online modeling program that runs in a web browser. The set of tools
includes only the most essential ones.

The authors have developed a 30-question test (presented in the research program). Its questions
are compiled by the current standard for the training area, the fund of assessment tools for the
discipline, and are agreed upon and approved as part of the work program. The experiment involved
54 students of the Faculty of Pedagogy and Psychology of Vyatka State University. The average age
is 25 years (65% are men, 35% are women). All students are second-year bachelor's students. The
quality of training a specialist in the field of implementing physical education and health educational
technologies is determined by the availability of knowledge, skills, and abilities necessary for:
introducing children to physical education and using developing forms of health work; modeling
electronic educational materials (including exercise machines) and using them in professional
activities; designing virtual (three-dimensional) reality to reduce the risk of injury and rehabilitation.

Pearson's chi-squared test was used in statistical data processing.

LITERATURE REVIEW

C. Chen and X. Gao determine that modern society, characterized by the globalization of the
knowledge economy, puts forward social demands on higher education [9]. The development of
science and technology, based on information and biotechnology, determines special requirements for
higher physical education. C. Chen and X. Gao, training specialists in physical education and sports
at the level of higher education, involve adapting the content of disciplines to the pace and level
of development of information technology [9]. This is an important condition for professional self-
realization and the success of a university graduate.

H. Li et al. indicate that due to the increased attention of the population of most countries
to their health, physical education, and health education technologies, sports rehabilitation has
become an important area for a range of scientific studies [10]. T. Yuswanto, F. Solikhah, and N.
Ernawati present a systematic review of the assessment of the current impact of digitalization
on training in various branches of physical education, health, and sports [11]. For example, the
effectiveness of digital technologies for improving the quality of learning outcomes is analyzed. It
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also summarizes the existing data on the integration of digital tools in sports medicine fields and
identifies gaps or limitations in the existing literature. The authors also address ethical aspects
and the challenges of the phased implementation of digital innovations in sports. They emphasize
the importance of adhering to ethical standards when students strive for higher achievements and
when deepening specialization.

Y. Lee et al., after analyzing 229 articles published between 2005 and 2022, determined that in
the scientific community on physical education methodology, different terms are used to describe the
same phenomenon [12]. For example, eSports or competitive video games. This inconsistency makes
it difficult to comprehensively study sports in a digital environment. The study lays the foundation for
further research and discussions at the intersection of sports and technology. J. Zheng and D. Mason
believe that the professional sports industry has achieved great success in the information society,
actively attracting traditional media for business development and revenue growth [13]. However,
the emergence and spread of new media technologies have radically changed the media landscape.
According to the authors, we should talk about a much more complex cross-media environment.

The new space: determines the evolution of the professional sports industry; actualizes the issues of
mastering innovative digital tools by physical education specialists to achieve professional success.

J. Zheng and D. Mason emphasize the importance of the theoretical basis of the cross-platform
ecosystem, the formation of which should occur at the stage of training specialists.

V. Handel et al. conducted a critical analysis of the literature and web pages up to May 2022 in the
field of using digital and gaming technologies to improve the quality of training specialists in the field
of physical education and sports medicine. The authors identified 81 results and 44 illustrations [14].
They combined them into six categories: inclusion of game elements in training; the relationship
between game and educational and cognitive activities; digitalization of teaching; teamwork; solving
spatial problems; receiving rewards for participation in activities. The analysis showed that the
integration of game learning and digital technologies in the process of physical training helps to
increase student motivation due to rewards, cooperation, and creativity. However, such integration
imposes new requirements on the content of academic disciplines and their pedagogical support.

A. Vai et al. indicate that technological advances, including multimedia educational resources, are
actively being introduced into the field of education [15]. The authors suggest using the capabilities
of TikTok social networks to increase the interest and motivation of students of the Faculty of Physical
Education when writing scientific papers.

C. Herrera-Ligero, J. Chaler, and I. Bermejo-Bosch summarize that rehabilitation is a direction in
the field of sports medicine, which is becoming increasingly popular in the world [16]. The need was
identified for a unified set of actions by international organizations (the European Union of Medical
Specialists (UEMS) and the International Society of Physical Medicine and Rehabilitation (ISPRM))
and educational institutions involved in the training of relevant specialists. When assessing physical
condition, the authors recommend using not only self-assessment questionnaires and traditional
clinical examinations, but also high-tech assessment methods: motion analysis systems, 3D
modeling, virtual reality, digital simulators, and wearable devices (chest belt, action camera, etc.).
According to the conclusions of C. Herrera-Ligero, J. Chaler, and I. Bermejo-Bosch, future specialists
should be trained to use such tools and technologies within the framework of relevant educational
programs for undergraduate and graduate students [16].

A. Kiefer and D. Martin address the scientific community dealing with problems in sports and
physical education practices about the need to introduce new digital technologies into traditional
methods (training, assessment, risk management, rehabilitation) [17]. The authors conclude that
society is moving into an era when drawings and papers are no longer needed. 3D modeling, in
addition to being a volumetric representation and working with an object inside, is a new principle,
and it is applied not only to metal. This includes, for example, health-medicine, bone augmentation,
artificial tissues, organs, polymer products, and of course, metal. M. Geisen et al. indicate that
accurate movement analysis is necessary for sports training [18]. The authors present a new
approach to identifying differences in movements, using data from suit sensors for visual comparison
of joint positions in the form of a three-dimensional skeleton model with reference values. I. S.
Petlenko et al. perform a comparative assessment of the effectiveness of standard methods and
technologies of 3D visualization in surgical treatment [19].
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A. V. Yarikov et al. consider the possibilities of 3D printing for reconstructive neurosurgery.
The authors prove the effect of new technologies using the example of creating high-precision
implants [20]. I. Cikajlo and M. Pogacnik developed a 3D virtual environment pick-and-place
task (10 cubes) used to treat tremor [21]. T. Kanyilmaz et al. evaluate the effects of exercises
in a 3D VR environment on dizziness, static and dynamic balance, functional mobility, anxiety,
and depression in rehabilitation participants [22]. A. Ozdil, G. Iyigun, and B. Balci complement
their studies by evaluating the effectiveness of 3D (volume) vestibular rehabilitation therapy
to improve gait, balance, and information processing speed in patients [23]. A. Jouini, M.
Elloumi, and F. Chaieb use 3D modeling to solve problems related to ball registration from video
recordings in game situations on sports courts [24].

L. Monezi et al. consider the possibilities of using 3D technologies for team games, in particular
basketball [25]. The authors conclude that 3D technology in basketball allows players to analyze their
form and technique in virtual space, helping to improve performance and prevent real injuries. A. N.
Ivleva explores the features of 3D fitness in adaptive physical education as a method for correcting
speech disorders in students [6]. I. V. Mikhailova et al., using the example of the activities of the
Russian State Social University, substantiate the need to change the training program for master's
students in the field of physical education to meet the challenges of the modern digital society [26].
S. P. Evseev et al. raise the issue of the need to use innovative technologies to modernize additional
professional education in adaptive physical education [8]. E. A. Mamaeva et al. define the didactic
potential of 3D technologies in teaching, both from the perspective of the teacher and from the
perspective of the student [27]. The authors describe how three-dimensional modeling contributes
to the formation of popular universal competencies, socialization, and career guidance. 3D modeling
for the teacher provides tools that can be used to activate knowledge, increase interest, and take
into account the individual needs and interests of students. 3D space as a virtual environment for
information interaction allows you to study a number of processes and phenomena at a qualitatively
new level that are inaccessible in real practical experience. For example, a model of a spaceship, an
animated jump of a hero in a game world, and a human skeleton.

M. Franzo et al. indicate that innovative digital technologies can help specialists in various areas
of sports medicine [7]. For example, in diagnostics and rehabilitation, in the analysis of movements
and sports results. The authors propose a real-time visualization model - a 3D virtual model of
the anatomical components of a subject performing specific exercises. J. Maksimovi¢ and N. N.
Lazi¢ determine that the inclusion of digital technologies in the teaching of physical education
lays the foundation for internal improvements [28]. Digitalization of sports, support for physical
activity, and development of students are global trends. Physical education teachers should develop
competencies that will enable them to implement digital technologies in sports and rehabilitation
in accordance with the requirements of a modern digital society [29]. At the Academy of the State
Fire Service of the Ministry of Emergency Situations of Russia, it was found out during the study
that the analysis of the technique of performing exercises in 3D projection improves the qualitative
formation of motor skills [30]. The performed analysis of the literature allows us to conclude that:
the study and application of 3D modeling tools for solving practical problems of a specialist in the
field of implementing physical education and health educational technologies is an important step
in the training of sought-after and highly qualified specialists; the use of 3D modeling to solve
problems in the field of implementing physical education and health educational technologies has
certain methodological and organizational problems.

RESEARCH PROGRAM

At the first stage of the study, the analysis and generalization of scientific and methodological
literature on the issues of training specialists in the field of implementing physical education and
health educational technologies was carried out. A comparative analysis of the curricula of university
educational programs was carried out regarding the inclusion of 3D tools in sports, rehabilitation,
training, and promotion of a healthy lifestyle. It was established that: health-improving physical
culture, which considers human health concerning the level of their physical activity and lifestyle,
is a vital priority in the digital society; the use of digital tools, including 3D tools, contributes
to the implementation of the labor functions of a specialist. For example, in the development
and implementation of scientific and methodological approaches to organizing work to preserve
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children's health and design a health-preserving educational space. 30 questions were compiled for
monitoring (before and after the experiment): 10 questions for each indicator. Indicators according
to the working program of the discipline. Indicator 1. Design of individual and joint educational and
cognitive activities (defines goals, requirements for results). Examples of questions:

1.1. List the tasks that can be solved using the APC in the implementation of educational physical
education and health programs.

1.2. Choose a program for the presentation of the experimental conclusions in the table and
their visual demonstration for students with disabilities. Answer options: text editor, spreadsheet
processor, graphic editor, publishing system, computer-aided design system.

Indicator 2. Design of individual and joint educational and cognitive activities (uses justified
content, forms, methods, and techniques). Examples of questions:

2.1. Compose 5 questions/tasks for an interactive quiz based on the results of a physical education
and health event.

2.2. Select an example of a formal information model that a specialist in physical education and
health education activities (trainer or mentor) can create independently: a physical health passport, a
means of supporting virtual reality, a hardware and software complex, or a digital educational platform.

Indicator 3. Uses modern technologies that support inclusivity to achieve the goals of professional
activity. Examples of questions:

3.1. Describe the software for managing an experiment to study the cardiorespiratory system.

3.2. Which of the following applies to compact wearable gadgets designed to accurately monitor
human physical activity: fitness trackers, Bluetooth, a smart umbrella, and an external battery.

The correct answer to an open-ended question was estimated at 2 points. For a closed-ended
question, 1 point. As a result of the initial diagnostics, each graduate student scored from 0 to 90
points. To determine the level of professional training, the following levels were introduced: "Low"
(from 0 to 39 points (inclusive)), "Average" (from 40 to 80 points (inclusive)), and "High" (more than
or equal to 81 points). Their interpretation is in the research results. A control (27 master's students)
and an experimental (27 master's students) group were formed.

At the second stage of the study, the theoretical and accumulated empirical experience was
systematized in terms of the problem posed. An assessment of platforms and programs for 3D
modeling was performed. Based on the criteria previously specified in the research methods, the
Tinkercad service was selected.

At the third stage of the study, the main conclusions and recommendations for the use of 3D
tools for scientific and methodological support of the training process of specialists in the field of
implementation of physical education and health educational technologies were formulated.

RESEARCH RESULTS

During the analytical work, the authors found that information activities on the design of a three-
dimensional object in the implementation of physical education and health educational technologies
have their specifics, which involve the use of models not only in pedagogical activities, but also
for promoting a healthy lifestyle, developing physical activity, reducing the risk of injury, and
rehabilitation. Sports simulators and devices for analyzing athletes' movements have become an
integral part of physical education and sports. However, these products cannot be created without
3D modeling, which allows mentors (trainers) to bring their ideas to life. 3D modeling in the
implementation of physical education and health educational technologies begins with the design
of simulators using software that allows you to design each element of the device. The created
3D models can be used to test prototypes and evaluate the ergonomics and effectiveness of the
simulator. This speeds up the design process and allows you to create more accurate and thoughtful
devices. The creation of 3D models is also necessary for creating devices for analyzing students'
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movements. These devices track a person's movements and generate data that can be used by
coaches or physical therapists to analyze technique and prevent injuries. According to the approved
work program, master's students study topics in the following sequence:

1. Theoretical aspects of the use of digital tools in the professional activities of specialists in the
field of physical education;

2. The use of digital tools in the activities of physical education teachers as a priority area in
international and federal projects;

3. Hardware and software systems, their use in physical education;

4. The use of mobile devices in the implementation of the master's program to improve the quality
of professional training of students;

5. Digital services to support modern educational technologies:

5.1. Automation of calculations and data processing;

5.2. Digital tools for working with timelines;

5.3. Portfolio as a means of developing professional and personal competencies;
5.4. Multimedia storytelling, game interactive resources.

Each block includes questions and tasks for independent work. Thus, it was decided to supplement
the work program content (item 5) with the study of 3D modeling elements. The master's students of
the experimental group studied the basic concepts of 3D modeling, tools, and software, and worked
on websites with 3D human models:

1. Body Visualizer (https://bodyvisualizer.com/) — a website where you can choose a male or
female model, select a body type, and a viewing angle.

2. Sketchfab (https://sketchfab.com/search?q=anatomy&type=models) - paid and free 3D
models. You can rotate any model.

3. Anatomy360 (https://anatomy360.info/anatomy-scan-reference-dump/) - the site is engaged
in the promotion of 3D references that can be rotated and change the lighting. But, there is also a
free section with references taken from different angles. To access them, you need to register.

4. Human biodigital (https://human.biodigital.com/) — a resource for doctors, where, among other
things, you can study muscles and skeleton by rotating a 3D model. There are male and female
models. Registration is required.

Next, the experimental group undergraduates briefly reviewed different types of software:
Blender, 3D Paint, Vectary, Tinkercad, and SketchUp. But they studied the Tinkercad service and
its features in detail:

* ease of use: the interface is clear and allows you to create 3D models by redrawing and
connecting basic geometric shapes;

e export: models can be exported in STL format for 3D printing or OBJ for use in other 3D
modeling programs;

e availability: the service is available through a web browser, which does not require software
installation;

* training resources: include a variety of training materials, video tutorials and projects that help
users master the various functions of the platform;

* the presence of a community of like-minded people: there are a large number of participants
in information interaction. They develop their projects and ideas, which contributes to the
exchange of experience and inspiration.
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Tinkercad application areas:

1. Education. Used in schools and universities to teach the basics of 3D modeling, engineering,
and programming.

2. Hobbies and creativity: helps hobbyists create and implement their projects.
3. Rapid prototyping: engineers and designers quickly create and test prototypes of their products.

Step 1. Go to the website and register (https://www.tinkercad.com/). To get to the registration
page, click "Registration" in the upper right corner. Then select "Create a personal account".
It is possible to register via Google. The main page of the site appears, where you click on the
"Create" button and select "3D project". Go to this page, and a working platform for creating
projects opens for you.

Step 2. Before working in the program, understand the interface and controls.

*  "mouse wheel" is responsible for zooming in and out of an object;

* "left mouse button" allows you to select the part of the object you need to work with;
* "right mouse button" allows you to rotate the object in all XYZ areas;

* Shift + "right mouse button" allows you to move the object in space.

The left panel contains: a button with a house drawn on it, allowing you to return to the initial
position of the camera; a button that allows you to center the camera on the selected object; the key
combinations "+" and "-" perform the same functions as the mouse wheel. There is a cube above
the panel. This tool is designed to move the camera along all axes. To use it, move the mouse cursor
over the cube. It will display the area in which you can move the camera in blue. By clicking the left
mouse button on the area, the camera will change its position. To the right of the interface area is
a menu that allows you to drag and drop figure templates, then work and modify them on the work
plane. Next, pay attention to the top menu. Above the work area are functions that are designed
to modify the figure. This horizontal panel contains tabs that can also be used with hot keys.
Methodological recommendation - leave them for independent study by students.

Step 3. Creating a universal project that involves the use of knowledge in pedagogy/psychology.
For example, participants were offered instructions for creating a Bloom's Cube.

Step 4. Create a 3D model taking into account the specifics of the training. In this case, the Apple
Watch. It was chosen by the graduate students as an option for one of the most popular brands of
"smart" watches that allow you to maintain a healthy lifestyle.

4.1. Modeling the dial. To do this, find an image of the dial on the Internet and save it to your computer.

4.1.1. Convert the downloaded image to "*.svg" format. To do this, use the online converter
https://image.online-convert.com/ru/convert-to-svg. Download the image in "*.svg" format. In
Tinkercad, select the "Import" action and add your image.

4.1.2. As you can see, the internal buttons are transparent. To fix this, do the following: insert a
rectangle inside the watch at the very top edge. It will serve as a background for the buttons. To do
this, select the "Cube" figure and place it in the working area of the dial with the left mouse button.
Stretch it to fit the dial. Adjust the size. Do not forget to change the orientation of the space to make
sure that the button is attached to the dial. Methodological recommendation: give the graduate
students time to look at where the rectangle is located, at the change of orientation, and the color.

4.1.3. Similarly, add the second button. To do this, select the "Round roof" figure.

4.2. Creating a strap. Select the "Ring" figure in the right menu. Click on it with the left mouse
button. Move the "mouse" - place the figure in the work area. Adjust the size using the "auxiliary"
squares. Don't forget to change the orientation; the dial should fit the strap. You can change its color.
To do this, left-click on the ring. In the section that appears, click "body" and select the color you
like. Following these rules, you can change the color of any part.
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Step 5. Modifying the design. Try to create your unique watch design using figures. Evaluation
criteria: use at least 2 different figures; change the color of the dial and the color of the added
figures. Additional task: demonstrate how your watch will look on your hand; for this, you
can use the "Cylinder" figure. Don't forget to change the color of the cylinder. Methodological
recommendation: make sure that all parts of the figure are grouped.

Step 6. Preparation for printing. Click the "Design" button and the "Download for 3D printer" item.
Select "Save *.stl:". Now you have a ready-made file to send to the printer.

Step 7. Creative task. Master's students thought out and implemented their model of didactic
purpose. For example, a rowing machine, a Smith machine, a school gym with equipment, a
swimming pool, and a human skeleton.

Step 8. Presentation of a 3D model of didactic purpose with a justification to implement physical
education and health educational technology. That is, they described educational situations in which
the model could help a digital school mentor.

Participants in the control group also studied electronic and digital services for physical education
and sports. For example, they studied the simulators of the "Stabilan-01-2" system. The last of
them is a software complex based on biofeedback for improving motor skills and accelerating the
development of complex coordination movement skills. Simulators: "Balls", "Figures on the cross",
"Building pictures", "Three balls", "Hunting", "Ski slope", "Tetris", "Arkanoid", "Labyrinth", "Flying
cubes", "Rectis", "Skeet shooting", "Rectis" with optokinetic stimulation. The set of simulators also
includes a set of stabilographic computer games performed by the method of biological feedback
(BFB), of varying degrees of complexity for the rehabilitation and restoration of motor functions. They
independently created a multimedia educational resource for the promotion of a healthy lifestyle.
However, they were not involved in practical work on 3D modeling. Then, control testing was carried
out again, and the levels of professional training of graduate students were determined again.

High level - a specialist in the field of physical education and health educational technologies
understands and actively applies the capabilities of digital tools, in particular 3D graphics, to diversify
the developmental forms of health work, involve children in physical education, model scenarios, and
design virtual reality to reduce the risk of injury and rehabilitation. The master's student can critically
evaluate ready-made hardware and software solutions, electronic educational resources, and model
their own within the framework of the implementation of work functions.

Average level - a specialist in the field of physical education and health educational technologies
understands, but does not always actively apply the capabilities of digital tools, in particular 3D
graphics, to diversify the developmental forms of health work, involve children in physical education,
model scenarios, and design virtual interaction space. The master's student can critically evaluate
ready-made hardware and software solutions, and electronic educational resources. When creating
their models (materials), they make some minor mistakes.

Low level - in some cases, due to the specifics of training, a specialist does not understand and
does not correctly use the capabilities of digital tools to diversify developing forms of health work,
introduce children to physical education, model scenarios and design virtual reality to reduce the
risk of injury and rehabilitation. The master's student makes serious mistakes in critically assessing
ready-made hardware and software solutions, EOR. Without the help of a mentor, he is not able to
design his materials (models).

Information on the level of training before and after the experiment is presented in Table 1.

The hypotheses were accepted: Hq: the level of professional training of master's degree students
in the experimental group is statistically equal to the level in the control group; H1: the level in
the experimental group is higher than the level of the control group. For a = 0.05, chrit is equal
to 5.991. We get: X2pps.1 < X2crit (0-105 < 5.991), and X2ops. 2 > X2crit (6388 > 5.991). Let's
analyze the dynamics by training levels:

1. The number of specialists whose level of training is defined as "High" in the experimental group
increased by 11% (from 3 teachers to 6).

2. The number of students whose level of training is defined as "Average" in the control group
increased by 3%. In the experimental group, the dynamics are 24%.
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3. The number of students whose level of training is defined as "Low" in each group changed
qualitatively. But in the control group, the number of participants with a "low" level decreased by 7%.
In the experimental group, by 44%.

Table 1 Results of using 3D modeling tools in the implementation of the program to improve the
quality of students' training

Level of training

Groups

Experimental (27 master’s students)

Control (27 master’s students)

Before the experiment

After the experiment

Before the experiment

After the experiment

High 3 (11%) 6 (22%) 3 (11%) 4 (15%)
Average 6 (22%) 15 (56%) 7 (26%) 8 (29%)
Low 18 (67%) 6 (22%) 17 (63%) 15 (56%)

Therefore, the improvement in the quality of professional master's training in the direction of
"Physical Culture and Health Educational Technologies" can be considered non-random. It is due to
information interaction and manipulation in a three-dimensional virtual environment.

DISCUSSION OF RESULTS

The research materials correspond to the priority areas of UNESCO [1] and the Russian education
system in terms of training specialists in the field of physical education and sports medicine [3].
The findings on the potential of 3D technologies for training relevant highly qualified specialists
complement the findings of J. Maksimovié, N. N. Lazi¢ that the inclusion of digital technologies
in teaching physical education lays the foundation for internal improvements [28]. It has been
confirmed that 3D modeling supports physical education teachers in developing competencies, the
use of which will facilitate the introduction of digital technologies in sports classes and rehabilitation
activities. The presented study is an addition to the works of:

* a team of scientists, E. V. Soboleva et al., who presented an option for changing the training
program for master's students in the field of physical education using mobile technologies [5];

* authors E. A. Mamaeva et al., who examined in detail how three-dimensional modeling
contributes to the formation of sought-after universal competencies of graduates, socialization,
and career guidance [27].

As areas for the development and clarification of the results formulated in this work, we can propose:
adding an alternative software solution for 3D modeling, both individually and in a team; at the
organizational level - transferring the discipline to the second semester of the first year, so that graduate
students can apply the resulting 3D models in schools, fitness clubs, and rehabilitation centers.

CONCLUSION

The study describes the information activities of master's students whose training profile is the
direction of "Physical Culture and Health Educational Technologies", suggesting that graduates of
the program will be able to: engage in educational activities; promote a healthy lifestyle, physical
education, and sports at a high level. The first circumstance determined that the master's students
did not just study the tool for 3D modeling. They also developed a model for didactic purposes
with its help and thought out educational situations in which the 3D model could support the
implementation of the teacher's work functions. The second circumstance determined the inclusion in
the activities of master's students of work with services offering ready-made 3D models - anatomical
elements. In addition, the projects obtained during development in Tinkercad — master's students
could print on a 3D printer and apply in practice.
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The revealed didactic potential of 3D modeling tools: development of creative thinking, increase
in motivation and cognitive interest of students, conducting virtual training, and analysis of exercise
techniques. Based on the results of working with 3D modeling services, master's students identified
the following didactic rules:

1. Determine your priorities. The choice of a 3D modeling tool largely depends on the goals of your
professional activity. For example, if you just want to illustrate a figure in three-dimensional space,
then 3D Paint will be enough for you.

2. Study the ratings and recommendations. It is also useful to read the opinions of users who have
already used this software or platform. Their reviews will help you understand whether it is worth
trying this site.

3. Familiarize yourself with the capabilities of the service/software. It is recommended to study
reviews dedicated to specific software to learn about its functions. You can also install the service to
test its capabilities to understand whether it will meet your needs.

4. Check the interface. It is important that the interface is intuitive and convenient. If the interface
does not meet these requirements, other options should be considered.

The following positive effects from the introduction of 3D modeling in the training of master's
students were identified: development of students' creative thinking, increased motivation and
cognitive interest, virtual training, and analysis of exercise technique. The master's students
noted the following difficulties that complicate the study and use of 3D modeling tools in the
implementation of physical education and health educational activities: lack of comprehensive
educational materials corresponding to the training profile; insufficient primary level of knowledge
and skills in the field of digital technologies. A significant result of the study is the description of
the structure of the discipline "Digital tools of professional activity" in accordance with the trends in
international education in the field of physical education and sports.
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