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Abstract: Relevance. In the learning process, it is necessary to pay attention, first of all, to those methods in which listeners
identify themselves with the educational material, are included in the studied situation, are encouraged to take active actions,
experience a state of success and accordingly motivate their behavior.

Aim. The purpose of our experimental study was to determine the possibility and effectiveness of using active and interactive
forms in teaching technical disciplines.

Methods. Scientific methods were applied such as working with documents, comparative analysis, literature review,
questionnaires, statistics, etc.

Results. In the results of experimental work, the indicators of students are given for three years in three subjects: theoretical
mechanics, practical mechanics and modelling.

Conclusion. In the conclusion, conclusions are given on this topic.

Keywords: innovative approach, teaching methods, technical subjects, interactive ways of teaching.

Introduction

Innovative technologies are those that involve not so much the mastery of the discipline as the formation of
competencies, for which they use active and interactive teaching methods. Such technologies include, for
example, information and communication technologies (involving computer science in the study of technical
disciplines), student-centered technologies (developing natural data of students, communication skills), didactic
(using new techniques, methods in the educational process), etc.

From the first meetings with students, teachers of technical disciplines should provide a concrete understanding
of the goals of studying the discipline, the contribution of this discipline to the formation of competencies. For
this, the educational program should provide for the most part a problematic, research nature of education,
motivating future graduates to acquire the required competencies. It is customary to single out several basic
methods of organizing classes used by teachers in their field [4]. The passive method is a form of interaction
between the teacher and the student, in which the teacher is the main actor who controls the course of the lesson,
and the students act as passive listeners. We do not believe that the passive method should be completely
abandoned. The question is in the ratio, in the share of passive methods in the entire process of cognition. This
method shouldn't take over.

An active teaching method is the organization of the educational process, which promotes a more active than
with a passive method, interaction with the teacher. If passive methods presupposed an authoritarian style of
interaction, then active ones presuppose a democratic style. At the same time, the teacher “has to revise the
traditional teaching methodology, when the classroom has only the usual blackboard and chalk” [41].

Interactive method. Today it is not enough to be competent only in one's own field and be able to transfer a
certain amount of knowledge to students. Currently, the teacher needs to organize the process in such a way as to
involve the students themselves in obtaining knowledge, which is facilitated by active, and even more -
interactive teaching methods. It is known that learners can more easily understand and remember the material
they have learned through active involvement in the learning process. The interactive method is the "closure™ of
students to themselves. The main thing is the communication of students with each other in the process of
acquiring knowledge. The role of the teacher in interactive classes is reduced to the direction of students'
activities to achieve the objectives of the lesson. Interactive learning is primarily interactive learning.

There are many forms of active and interactive learning, let us recall only some of them: creative assignments,
lectures with a mistake, brainstorming, conferences with presentation of reports and discussion, educational
discussion, teaching using computer programs, case method. The case method can be presented as a complex
system, which includes other, simpler methods of cognition. It includes modeling, systems analysis, problem
method, thought experiment, simulation, classification methods, game methods that play their roles in the case
method [22]. The acquisition of competencies is based on performance. This means that the very possibility of
assimilating knowledge, skills, abilities depends on the activity of students. It is the task of the teacher of a
higher educational institution to organize this activity correctly.

1861


mailto:k.j.rustamov82@gmail.com
mailto:skomilov1974@mail.ru
mailto:djumaev1959@mail.ru
mailto:woxsanam1990@gmail.com

K.J. Rustamov, S.I. Komilov, Kh.Dj. Djumaev, M.R.Tadjikhodjayeva, Sh.Abdukarimova

Materials and Methods

Literature review. Problems of teaching methods in educational process, self-development, innovative and
interactive ways of teaching were studied by representatives of various areas of science in the works of following
researchers: in mechanics: T. Askarhodjaev [2], K.Rustamov [2, 32, 33, 15], F. Aymatova [2], G. Husenova [2],
in social sciences and IT: L.A.Burnyasheva [4], B. S. Gershunsky [9], V.V.Petrusinskiy [27], E.J.Galimova [7],
N.R.Rustamova [15, 34, 35, 36, 37, 45], D.M.Yunusova [45], I.N.llhamova [45], K.l.Daulanova [45],
E.A.Genike [8], A.M.Gornostaeva [12], J.Kovalevskaya [20], N.l.Kudryashev [21], C.L.Rubinsteyn [31],
G.A.Golovin [11], S.S.Kashlev [18, 19],V.A.Slastenin [39],0.B.Voronkova [44], N.N.Rostovcev [30],
A.K.Artemov [1], O.1.Davydova [5], N.F.Efremova [6], Dzh.Gilford [10], I.A.Lerner [23], E.A.Savina [38], O.
Kulibina [24] and others. Problems interactive ways of teaching in technical subjects were studied by: L.V.
Buderetskaya [3], L.T. Raevskaya [28], E.M. Rogova[29], Yu.G. Tatur [41], I.S. Ishbaev [14], A.D. lvanova
[16], Z.S. Kutrunova[22], S.V.Maksimova [22], A.A.Voronov [22], L.V. Tereshina [42] and others.

Aim of research

Long-term observations of the educational process revealed an increasingly weaker mathematical training of
applicants, a lack of independence and interest in learning, a desire to look for an answer on the Internet for any
reason, inability to concentrate, fear of public speaking and a lack of tolerance for the statements of others. All
this stimulated the search for some new approaches to working with current students.

In the learning process, it is necessary to pay attention, first of all, to those methods in which listeners identify
themselves with the educational material, are included in the studied situation, are encouraged to take active
actions, experience a state of success and accordingly motivate their behavior. For example, a discussion in small
groups gives each participant a chance to bring something of their own into the discussion, feel independence
from the teacher, show leadership qualities, and repeat the material. And while the new perspectives on learning
are not accepted by all teachers as a guide to changing their own teaching patterns, finding interactive ways to
interact with the group, research evidence that using active approaches is an effective way of learning cannot be
ignored.

The purpose of our experimental study was to determine the possibility and effectiveness of using active and
interactive forms in teaching technical disciplines. The research objectives were as follows:

for three years, monitor the results of intermediate certifications in several technical disciplines in a number of
groups;

in several groups, gradually from year to year, increase the share of active and interactive approaches both in
lectures and in practical and laboratory classes;

conduct traditional classes in technical disciplines in one group;

to carry out a comparative analysis of the results of intermediate certification in groups with a large share of
active methods and in the group of traditional education for three years;

gather information as far as possible on the main best practices. Classes in all groups were taught by the same
teacher.

Methods

Based on the objectives of the study, the groups of directions "Engineering of technological machines"
(undergraduate profile) were selected, with which the authors of this article worked. We used active forms of
interaction in teaching such disciplines as "Theoretical Mechanics”, "Practical Mechanics”, "Modeling".
Theoretical mechanics is studied in the third semester, students take an exam and coursework with grades.
Practical mechanics is given in the fourth semester, as a result, students should receive credit. The course
"Modeling" is taught to bachelors of the third year of study, intermediate certification is a test.

Several methods were selected.

The brainstorming method was used mainly in the lecture. Lectures necessarily contained problematic questions,
the answer to which was proposed to be found by this method. In theoretical mechanics, for example, it was
necessary to determine the number of unknown reactions of supports in statics, to formulate the concept of a
vector-moment or the order of solving problems. In the course of technical mechanics, at the first acquaintance
with the groups, it was proposed to calculate the class of a given group, to simulate a group of the 4th class,
followed by a performance in front of the entire audience, in which it was necessary to justify their choice. In a
lecture on the discipline "Modeling", after explaining the classification of types of modeling, it was proposed to
characterize the virtual modeling program, which reproduces on a computer the process of flowing around an
object with any liquid or gas (which was demonstrated by a slide show). It was necessary to answer the
questions: real or mental model, dynamic or static, discrete or continuous, etc.

The creative assignment method helped develop students' research skills. Students received such tasks after
getting acquainted with the basic approaches to formalization and modeling of balance and movement of
material bodies. For example, in theoretical mechanics in the problems of the "Statics" section, freshmen were
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asked not only to calculate the reactions of connections, but also to find their dependence on the type of
connections. After a little research, they should conclude about the benefits of certain supports. In the sections
"Kinematics" and "Dynamics", students solve the same problem using different methods, which broadens their
horizons, helps to repeat the material and forms problem solving skills. In technical mechanics, it was necessary
to carry out a comparative analysis of methods for solving statically indeterminate problems. Beam-bar
structures were proposed for consideration, the solution should be carried out by the energy method and the
method of comparing deformations and justify the advantages of one method or another.

Case-study method is a proposal to a group of a specific situation in order to find a solution, justification of this
decision with a detailed analysis of the search for a solution. It became possible to use the case method in
teaching technical disciplines for work in small groups. Activity in small groups is one of the most effective
strategies, as it gives all students the opportunity to participate in work, practice cooperation skills, interpersonal
communication (in particular, the ability to actively listen, develop a common opinion, resolve differences that
arise). For example, freshmen who started to study theoretical mechanics were offered tasks such as “Two loads
of masses m1 = m kg and m2 = 3m kg, connected by a weightless inextensible thread, must be lifted and moved.
One worker suggested lifting the load by grabbing the first load, the second worker suggested holding on to the
second load when lifting, and the third said that it doesn't matter which weight to hold on to, it would not break
the thread between the weights. Who is right? In what situation is less likely to break the thread, if in any case
the same force F is applied to the corresponding load for lifting? " At the beginning of the lesson, the principles
of work in a group were discussed: the lesson is not a lecture, general work is supposed with the participation of
each student in the group; all participants are equal regardless of age, social status, experience; each participant
has the right to their own opinion on any issue; there is no place for direct criticism of the individual (only an
idea can be criticized).

The time for discussion of the task and solution was limited to 30—40 minutes. After that, a representative of
each group made a short message in accordance with the listing of issues that needed to be covered. The
questions included not only the result of the solution, but also the analysis of the process of finding a solution.
After the presentation of all groups, the teacher summed up the results, indicating the common mistakes, and
made conclusions.

The method ""Computer simulation' was used in teaching the discipline "Modeling in engineering". Students,
for example, were offered tasks on modeling a technological process using visualization tools. It was proposed to
diagnose the transient process when starting the device, and then, by the selection of parameters, to optimize the
transient process. The group was divided into subgroups of 2 students. The following goals were set: 1)
familiarization with the instrumental applications of the Scilab software package, obtaining the skills of initial
work with the Xcos visual modeling system; 2) computer study of the dynamic properties of the object. As an
example, the simplest closed-loop system for regulating the liquid level in the flow with negative feedback was
proposed, including a control object (OU) in the form of an inertial link of the 1st order with delay and a control
device (CU) representing a Pl-controller (see Fig. 1 ). The flow level h is regulated by changing the position S of
the adjustable gate.

Students should create a system model from the corresponding blocks in the application palette, investigate the
transient process, select such transfer coefficients, integration time constants that would reduce the transient
process time and the amplitude of oscillations when starting the level control system. Parameters kp - the gear
ratio of the regulator; Ti - integration times were tuning. h3 - set flow level. Modeling of the process began with
drawing up a differential equation and obtaining the transfer functions of the control object (Wo (p)) and the
control device (Wp (p)). After working in the program according to the obtained schedule of the transient
process, it was necessary to make sure that the specified tuning parameters of the controller kp and Ti were
correct. Choosing the parameters, we optimized the transient process.

Testing method. The department has developed sets of test tasks on computers, containing hundreds of tasks in
sections of general technical disciplines. They are offered to students to check the assimilation of the material
after passing some sections of technical disciplines during the semester. These tasks require some research and a
rather lengthy calculation. In the computer class of the department, testing on certain topics helps to master the
educational material.

Thus, such professional competencies as PC-1, PC-2, PC5, PC-6 are formed, which are necessary, for example,
for the qualification of bachelors of the direction "Engineering of technological machines".

General cultural competences should also be formed in the study of technical disciplines. The ability is logically
correct, reasoned to build oral speech (OK-2), culture of thinking, goal setting, self-development, advanced
training (OK-1, OK-6), organizational skills, teamwork. To develop the skills of competent oral speech and
overcome the fear of public speaking, for example, in the process of studying the course "Practical Mechanics",
each student is invited to prepare an essay and make a presentation on the chosen topic. Students are introduced
to the rules for creating slides for a presentation and the timing of the presentation. Here are several topics of
reports related to future professional activities in the field of mechanical engineering:
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» methods and means of protection against vehicle vibrations;
« industrial safety;

« vibration and protection against it;

* vibration damping.

Results

In our universities in Uzbekistan, in the assessment process, a one-hundred-point assessment of the results of
intermediate certification is used. Below are some of the results. Average mark in the group for the course work
in theoretical mechanics (in groups where the share of active and interactive methods increased annually): 1st
year - 73.2 points, 2nd year - 77.4 points, 3rd year - 78 , 2 points. Approximately the same dynamics can be
traced in the exam grades in practical mechanics. Average score for the test in practical mechanics: 1st year -
77.9 points, 2nd year - 80.7 points, 3rd year - 89.4 points. In the group with a predominance of passive teaching
aids, the results over the course of three years remained approximately the same: 71-74 points for coursework,
72-76 for practical mechanics. Average score in the group for a test in modeling in technology: 1st year - 69.7
points, 2nd year - 77.6 points, 3rd year - 79.7 points. Figure 1 shows the average results for the last three
academic years compared to the 2020-21 academic year (dominated by the passive teaching method) in some
technical disciplines.

Scores os students for three years
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Fig. 1. Row 1 - Theoretical Mechanics, Row 2 - Practical Mechanics, Row 3 —Modelling
CONCLUSION

Thus, one can state an improvement in learning outcomes in all disciplines, but changes in practical mechanics
are especially noticeable, where the average score for 3 years was 82.7, and in relation to the average value, the
increase in the third year was 8.7%. And although the results for other disciplines are more modest, it can be
assumed that the use of active and interactive approaches in teaching makes it possible to more effectively
approach the fulfillment of the requirements of federal state educational standards. The use of innovative
technologies requires significant methodological work from the teacher: preparation of cards, assignments,
slides, manuals. All this contributes to a higher level of assimilation of educational material. In addition, this can
be achieved by solving non-standard problems, by participating in intra-university, city and regional Olympiads,
for example, in theoretical mechanics, in which students of our university actively participate. The main results
in the formation of general cultural competencies are as follows: students have become more active in the
educational process, have acquired the skill of working in a team. In the future, it is planned to spread the
experience of using new teaching methods to such disciplines as "Mechatronics” for masters, "Analytical
mechanics", "Strength of materials".
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