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Abstract

Non-formal and adult education are now important parts of a holistic education system. They expand opportunities
for acquiring new professional skills, changing professional orientation, and developing personality. Our research
is aimed at finding ways to solve individual tasks of non-formal adult education in Ukraine, in particular: the
development of STEAM skills, creating opportunities for internally displaced persons to acquire new professional
skills. To achieve the research goal, it was decided to develop an educational program for teaching adults the
basics of 3D modeling and 3D printing. The article presents the content of the educational program “3D Print Lab.
Modeling Workshop” and the results of its testing in the system of non-formal adult education based on the Public
Union “Social entrepreneurship “Adult Education Centre “Pershyi”. The target group of the program is adults
who have no experience in 3D modeling and 3D printing, and beginners who want to expand their knowledge
and improve their skills in the basics of modeling products for printing. Special attention is paid to involving
internally displaced persons in training. The purpose of the educational program: to provide participants with
basic knowledge and to develop primary practical skills in 3D modeling and 3D printing. The total duration of
the educational program is 30 hours. The training includes 15 classroom sessions of 2 hours each. A project
approach was used in the learning process: students worked on individual projects and demonstrated the created
products at the last lesson. In addition, discussion of problematic issues was practiced, relying on the previous
experience of individual students. The program was implemented in the Public Union “Social entrepreneurship
“Adult Education Centre “Pershyi”. The experimental group consisted of 7 learners. The group was diverse in
age, education, and previous experience. However, all students had a common goal - to gain 3D modeling and
3D printing skills. 5 participants successfully completed the training. The results of the survey showed that the
students were satisfied with the program. At the same time, problems and limitations were identified that need to
be resolved.
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1. Introduction

An obligatory component of a modern person’s life is learning in its various types and forms, in particular
through formal, non-formal and informal education. The education system is aimed to create conditions
for this activity and, as a result, to ensure the educational needs of an individual and society. Within the
framework of this study, we highlight such tasks as: the formation of key competencies, abilities and
readiness for personal and professional self-realization in various fields of activity, for lifelong learning,
the development of scientific, mathematical, technical thinking and creativity. In solving these tasks, the
leading role belongs to formal education, which provides training, education and development of youth.
In the field of adult education, they are quite successfully solved thanks to non-formal education, which
is more flexible, in particular, allows to obtain specialized skills based on already existing competencies
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in a short period of time. Currently, active providers of non-formal education in Ukraine are public and
charitable organizations. For example, Public Union “Social entrepreneurship “Adult Education Centre
“Pershyi” (Zaporizhzhia, Ukraine) studies the educational needs of the adult population, develops and
implements relevant educational programs for adults, participates in the development of regulatory
documents that contribute to the development of adult education [1].

In the process of surveys, which are systematically conducted by specialists of the Adult Education
Centre “Pershyi”, it was found out in particular that persons who have been forced to change their
place of residence are interested in the formation and development of technical skills that will allow
them to expand the scope of finding a job. These include the skills of 3D modeling and 3D printing
using specialized software and equipment. Accordingly, the task was to develop and test an educational
program aimed at the formation of these skills of adults, as well as their acquisition of their first practical
experience.

The purpose of the article: to present the content of the developed educational program “3D Print
Lab. Modeling Workshop” and the results of its testing in the system of non-formal adult education
based on the Adult Education Centre “Pershyi”.

2. Literature review

The issues important for achieving the goals of our study are sufficiently thoroughly presented in
scientific publications, which emphasizes their relevance.

Researchers pay considerable attention to the problems of studying 3D printing as a modern industrial
technology, as well as its educational application as a means of teaching and creating clarity. Ford and
Minshall identified the following areas of use of 3D printing in education: teaching students about 3D
printing; teaching educators about 3D printing; as a support technology during teaching; producing
artifacts that aid learning; creating assistive technologies; support outreach activities [2].

The scientific works highlight such aspects as: STEM education [3, 4, 5, 6, 7, 8, 9]; approaches
to developing a 3D-Printing STEAM curriculum for high school, college, and university students
(10, 11, 12, 13, 2, 14, 15]; using modern methods and teaching aids (immersive technologies, virtual
reality, separate access to equipment, gamification) in the process of learning 3D printing [16]; using
3D printing technology in various STEM learning activities [17, 18, 19, 20, 21, 22].

At the same time, technological progress, social processes and the development of views on personality
lead to the need to systematically work on finding new and improving existing educational technologies
[23, 24, 25].

In particular, Nuissl, Sava, and Farkas note that despite a 30-year period of development, the adult
education system in the European Union has significant shortcomings that hinder the development of
democracy and social solidarity [26, p. 1]. Therefore, one of the important tasks is the development of
adult education, in particular non-formal education.

3. Case of public union “Social entrepreneurship “Adult Education
Centre “Pershyi”

In order to expand the range of educational services for the adult population of Zaporizhzhia, the
educational program “3D Print Lab. Modeling Workshop” was developed. The program was implemented
on the basis of the Public Union “Social entrepreneurship “Adult Education Center “Pershyi”.

3.1. Description of the educational program

The relevance of the educational program is due to the growing use of 3D printing and the need to train
specialists capable of performing complex technical tasks using modern technologies. 3D printing is a
promising technology that is actively used in industry, medicine, architecture, education, and art. The
ability to create physical objects from digital models provides new opportunities for prototyping and
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mass customization of industrial products, as well as for actualization the creative potential of modern
human. Learning the basics of 3D printing and modeling in 3Ds Max allows to obtain practical skills
that are in demand in the labor market, promotes the development of critical thinking and technical
creativity, and helps to psychologically relieve a person through creative activity.

The target audience of the program is adults who have no experience in 3D modeling and 3D printing,
and beginners who want to expand their knowledge and improve their skills in the basics of modeling
products for printing. Special attention is paid to involving people with the status of internally displaced
persons in training.

The purpose of the educational program: to provide participants with basic knowledge and to develop
primary practical skills in 3D modeling and 3D printing for the self creation of functional products.

Participants will achieve such learning outcomes:

« to understand the capabilities and principles of 3D printers;

+ to know the main types of materials for 3D printing and their properties;

« to have basic polygonal modeling techniques in the Autodesk 3Ds Max environment;
« to be able to create closed, ready-to-print 3D models;

« to be able to adjust the wall thickness and hollowness of models to optimize printing;
+ to be able to detect and correct errors in models for 3D printing;

« to be able to export models to STL format and work with slicer programs;

+ to gain experience in preparing and printing the first physical product.

The total duration of the educational program is 30 hours. The training includes 15 classroom sessions
of 2 hours each. The duration of the program is determined by the following factors:

« informal adult education programs are aimed at people who mainly have limited time resources,
therefore they are interested in gaining practical skills in a short time;

« this time is enough to form the initial skills of 3D modeling and 3D printing and consolidate
interest in this area of activity.

Content of the educational program:

Lesson 1. Introduction to 3D modeling and 3D printing: 3Ds Max interface; tools and toolbars; basics
of 3D printing (principle of operation, materials, types of printers).

Lesson 2. Basic objects and transformations: creation and modification of basic 3D primitives;
transformations (scaling, rotation, translation); exercises in creating simple shapes.

Lesson 3-4. Polygonal modeling. Introduction: introduction to polygonal modeling; conversion of
primitives to Editable Poly; basic polygonal modeling tools (vertices, edges, faces).

Lesson 5-6. Polygonal modeling. Practice: creation of more complex models using polygonal
modeling tools; concept of a “waterproof” model and checking the model for errors for printing.

Lesson 7. Preparation for 3D printing: practice using extrusion, cutting, and vertex merging tools;
introduction to geometry optimization for 3D printing (minimum wall thickness, support).

Lesson 8. Preparing a model for printing in 3Ds Max: working with modifiers (Shell, Boolean);
creating hollow models to save material; converting the file to STL format.

Lesson 9. Getting to know 3D printing software: introduction to the Cura slicer; setting print
parameters (layer height, print speed, infill).

Lessons 10-11. Creating an individual project: defining a specific model for self-printing; discussing
ideas and designing models.

Lesson 12. Practice preparing a model for printing: loading a model into a slicer; setting print
parameters for a specific model; creating supports for the model; printing a simple model to demonstrate
the process and result.

Lesson 13. Model quality control: checking the printed model for errors and defects; analyzing
possible printing problems (overheating, layer displacement, plastic sticking); rules for using different
types of plastic.
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Lesson 14. Preparing and finalizing the model for printing: optimizing the model and setting up
the slicer for final printing; checking the supports, correct positioning of the model on the platform;
launching the first models for printing.

Lesson 15. Completing the project and printing: final printing of the models; finalizing, connecting
parts (if any), correcting errors; summarizing the course, presenting the work.

To assess the level of achievement of learning outcomes by participants, the following activities are
planned:

« testing theoretical knowledge of the principles of 3D modeling, 3D printing, materials and
equipment settings;

« analysis of the quality of 3D models created by participants;

« analysis of the quality of objects printed on a 3D printer.

To assess the effectiveness of the program, the following activities are planned:

« assessment of the activity of participants during practical tasks and discussions;
« collection of feedback on the program, level of satisfaction with the training and achieved results
through a questionnaire.

3.2. Characteristics of course participants

The recruitment of students for the educational program was carried out by specialists from the “Adult
Education Centre “Pershyi”. To disseminate information, the media resources of the public organization
(social networks, messengers, official website) were used, as well as the media resources of the Charitable
Organisation “Open Space For Support “Right Here”.

A total of 7 students took part in the educational program, including 4 men and 3 women. The main
characteristics of the participants are given below.

Distribution by age categories (see figure 1): young age (25-45 years) — 4 people; middle age (46-65
years) — 2 people; elderly age (66-75 years) — 1 person.

0ld age (66-

75)
14.3%

Middle age Young age
(46-65) (25-45)
28.6% 57.1%

Figure 1: Distribution of participants by the age categories.

All students lived in Zaporizhzhia during the study. At the same time, 6 participants have the status
of an internally displaced person (see figure 2).

Education level and employment. The vast majority of participants have higher education (85.7%)
and are employed (71.4%). The distribution of participants by field of activity is presented in figure 3. In
addition, 2 students already had 3D modeling skills in the Blender environment.

At the beginning of the training, the students indicated the following personal goals: to learn 3D
printing for further professional activity (5 persons), self-development (1 person), deepening existing
skills (1 person).
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Tokmak
14.3%

Dnipro Melitopaol
14.3% 42.9%
Berdiansk
28.6%
Figure 2: Distribution of participants by the place of registration.
Pensionary
14.3%
Unemployed
28.6%
Education
14.3%

Services

(veterinary)

14.3% Industry
28.6%

Figure 3: Distribution of participants by the field of activity.

3.3. Results of the implementation of the educational program

The classes were held in accordance with the approved course program on the basis of the Public Union
“Social entrepreneurship “Adult Education Centre “Pershyi”.

14 practical classes and a final class with a presentation of printed models were held. During the
classes, the trainer explained the necessary theoretical aspects, demonstrated practical techniques of
3D modeling and 3D printing, organized a discussion of problematic issues for creative ideas. The use
of a project approach was important, when each student of the program worked on his own model and
presented it at the end of the training.

The first session included an introduction to the students, identification of their expectations from
the course, presentation of the goal, objectives and content of the educational program. During the
substantive part, the students were introduced to the concepts of 3D modeling and 3D printing, 3D
modeling software, the names of the main tools of the development and editing environment for 3D
objects. The session also examined the types of printers for 3D printing and the features of working
with them, safety rules during the printing process.

In the second session, the trainees examined the interface of the 3Ds Max program, its modifications
and settings, toolbars and individual tools.

The third session was aimed at developing practical skills in copying, grouping, reflecting objects on
the scene, polygonal modeling.

The fourth session was aimed at consolidating polygonal modeling skills. Using the example of
working with primitives, methods of modifying objects through their components were considered.

In the fifth lesson, the interns developed the first 3D model using splines and modifiers, and also
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translated it into an editable polygonal model. In practice, they consolidated their skills in working
with the constituent elements of a polygonal model.

The sixth session was devoted to expanding their knowledge of polygonal modeling. They examined
the Edit Geometry toolbar for vertices and edges of a 3D model.

In the seventh session, the interns got acquainted with the tools for modifying polygons as a structural
unit of a polygonal model, learned to apply and configure modifiers before printing the created model.

The eighth session was held to consolidate the skills of preparing a model for printing. They got
acquainted with the process of saving the developed models in the format of the slicer program,
considered possible settings and optimization methods.

During the ninth session, they considered the interface and capabilities of the Cura slicer software.
Using the example of downloaded models, they learned to configure the main parameters of the future
product, analyzed the dependence of the parameters on each other and their impact on the speed and
quality of printing.

In the tenth session, the interns selected templates for independent model creation, configured the
development environment for the physical dimensions of the future product, theoretically consolidated
the basic rules and mandatory requirements for modeling for printing on a 3D printer, and began
creating a model under the guidance of a trainer.

In the eleventh session, the interns completed the development of the model, checked the readiness
and correctness of the model for printing using modifiers. If there were any errors, they found and
corrected them. They saved the created model at a scale of 1:1 in the correct format.

During the twelfth session, the students loaded their models into the slicer. By changing the size and
print settings, they determined the speed and method of printing the models. Also, using the example
of the result of each participant, they examined why everyone has a different model printing time.

During the thirteenth session, the students looked at the 3D printer, analyzed its technical charac-
teristics, settings that can be made before starting work, as well as during the printing process. They
got acquainted with the plastics - filaments available for work. They looked at the finished products in
order to identify possible errors. The first independently developed model was launched for printing,
thanks to which the errors made were identified.

At the beginning of the fourteenth session, existing errors in the slicer were corrected by changing
the model parameters. Then, new models with different settings and sizes were launched for printing.

At the fifteenth session, the printing of the models was completed, and the finished products of each
participant were finalized. In the second part of the session, the interns presented their work, discussed
and evaluated the results, and formulated conclusions based on the results of their training according
to the educational program.

Most of the trainees successfully mastered the program and achieved the planned results. However,
two participants did not complete the training.

At the end of the training, a questionnaire was conducted to obtain feedback from the trainees. In
general, the respondents positively assessed the quality of the program and its content, the trainer’s
skills, training conditions, and the results obtained. Some trainees noted that the different levels of
the participants’ skills slowed down the learning process. The answers received and the trainer’s
observations allow us to reveal the following issues:

+ A small number of students, despite the recruitment campaign for the program. Therefore, there
is a need to form a positive attitude towards non-formal adult education and awareness of its
relevance in society.

+ The different level of training of the students complicated the educational process, since individual
trainees needed more attention from the trainer.

« Not all students were able to successfully complete the training due to objective (inconvenient
schedule for them) and subjective (complexity of the material, lack of interest) reasons.

So, we formulate the following recommendations for improving the program:
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+ when enrolling trainees, it is advisable to conduct a preliminary assessment of existing skills and,
depending on the results, form the composition of the groups;

« before implementing the program, it is imperative to test the models to identify shortcomings
and problems;

« to pay more attention to identifying and correcting errors in the models that prevent obtaining a
high-quality result during printing.

It should be noted that our research was of a purely applied nature. It was aimed at solving a specific
task, namely: to create opportunities for the formation of adults’ 3D printing competencies. The
recommendations formulated above will contribute to the improvement of the educational program.
At the same time, it is advisable to pay attention to the psychological and pedagogical aspects of the
research to overcome existing problems and limitations. In particular:

+ Adult students are sufficiently motivated to study the proposed material, as they choose the
program to develop their professional competitiveness. However, not all of them complete their
studies. Therefore, it is advisable to thoroughly analyze the motivation of program participants
and its impact on their performance, identify existing problems and formulate recommendations.

« It is quite difficult for non-formal education providers to form groups of adult students who have
approximately the same level of previous training and social characteristics. Therefore, the task
of minimizing the negative impact of such differences is relevant. To solve it, it is necessary to
focus on adapting STEAM learning methods for adult students.

« In the process of teaching 3D printing, collaborative learning techniques, problem-based learning,
and project-based learning can be used. It is advisable to investigate the effectiveness of their
application in conditions of non-formal education and a limited period of study.

4. Conclusions

In accordance with the research objectives, an educational program “3D Print Lab. Modeling Workshop”
was developed to form and develop adults’ STEAM skills by studying the basics of 3D modeling and 3D
printing. The total duration of the educational program is 30 hours. The main target group is internally
displaced persons. The main topics are considered: Introduction to 3D modeling and 3D printing; Basic
objects and transformations; Polygonal modeling; Preparation for 3D printing; Preparing a model for
printing in 3Ds Max; Getting to know 3D printing software; Creating an individual project; Model
quality control; Completing the project and printing. A project approach was used in the learning
process: students worked on individual projects and demonstrated the created products at the last
lesson. In addition, discussion of problematic issues was practiced, relying on the previous experience
of individual students. The program was implemented in the Public Union “Social entrepreneurship
“Adult Education Centre “Pershyi”.

The group consisted of 7 learners. The group was diverse in age, education, and previous experience.
However, all students had a common goal - to gain 3D modeling and 3D printing skills. 5 participants
successfully completed the training. The results of the survey showed that the students were satisfied
with the program. At the same time, problems and limitations were identified that need to be resolved.
To overcome them, it is advisable to apply the methodological apparatus of modern pedagogy. This is
the direction of our further research.
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