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Abstract.

Relevance is determined by reforming the content, methods, forms, technologies of engineering education, which
is based on the competence approach and necessitates such diagnostic techniques that would effectively manage per-
sonality-oriented pedagogical interaction, objectively and reliably assess the level of mastery of components of educa-
tional and professional programs by future mechanics, technicians, technologists.

Obijective: to develop a methodology for designing and assessing the complexity of individual learning tasks as a
step-by-step procedure based on the analysis of the conditions of the proposed educational action and indicators of the
novelty of its implementation by a student of technical college.

The research methodology is based on the unity of activity, system, personality-oriented and technological ap-
proaches, which has allowed to develop a student-centered, algorithmic (focused on the structure of educational activi-
ties) method of constructing individual tasks for assessing educational achievements of technical college students.

Results: (on the basis of the theory of gradual formation of mental actions), indicators of the description of educa-
tional actions in sequence of their formation are allocated (the form of representation of the contents of an approximate
basis of action to the performer — the presence of the operation of the transformation of the object in the approximate
basis — the form of representation of the object of action — the form of transformation of the object of action — the degree
of novelty of the action performed for the student); examples of constructing a system of individual learning tasks of
students are given.

Conclusions: the need to formalize the procedure for assessing the complexity of individual learning tasks of stu-
dents by using indicators of the approximate basis of action, executive part and novelty of action for their differentiation
from the simplest to complex, highly intelligent.

Keywords: complexity of educational task, student, theory of formation of mental actions and concepts, estima-
tion, method.

Introduction. The rapid growth of innovation cations, information, nuclear, nanotechnology, mi-
processes in the economy and industry, the introduc- crotechnology, biotechnology, engineering, etc.) ne-
tion of interacting high technologies (telecommuni- cessitate significant modernization of vocational ed-

ucation, including engineering and technical, and
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giving this process a systemic character. Based on
the ideas of the competence concept, the technology
of training the specialists should change signifi-
cantly, the main criterion of which should be the
quality of professional pre-higher education. Natu-
rally, updating the content of technical education,
methods, tools, forms, technologies of mastering
modern knowledge by students should be accompa-
nied by the development of such diagnostic tech-
niques that would effectively manage personality-
oriented educational process, objectively and relia-
bly assess the level of students' mastery of the disci-
plines of the educational and professional program
(Artiushyna et al., 2015).

These positions update the study of didactic prob-
lems on the principles, methods, tools for assessing
students' knowledge. The study of tools and practices
of multilevel control of educational achievements of
future specialists in technical specialties is especially
important and expedient. This is primarily due to the
complexity of technical facilities and systems, fea-
tures of modern professional activity of mechanics,
technicians, the need for purposeful development of
creative and technical potential of students and, ac-
cordingly, systematic reliable evaluation of their aca-
demic achievements (Titova, et al., 2019; Pash-
chenko, 2014).

At the same time, pedagogical science has not yet
developed detailed theories and technologies that
can reliably assess the level of mastery of future me-
chanics’, technicians’ professional skills, abilities,
other complex competencies, defined by educational
standards and learning outcomes. The lack of rea-
sonable, (understandable to the general pedagogical
community) valid diagnostic methods in some way
affects the pedagogical practice. In particular, the
tests used today to assess the level of professional
competence of graduates are often composed intui-
tively, without a clear analysis of the actions that a
specialist should have according to learning out-
comes. In addition, the level of complexity of the
test task is said more than it is determined in prac-
tice: currently there is a lack of specific, practically
grounded methods that can objectively assess the
complexity of the educational (and, therefore, test)
task and, consequently, the test as a whole.

Therefore, the problem of developing a methodol-
ogy for constructing individual tasks for assessing the
academic achievements of future specialists in tech-
nical specialties is extremely relevant for both peda-
gogical theory and educational practice.

Sources. According to many scholars, the leading
didactic characteristic of the educational task is its
complexity. Some researchers attribute the complexity
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of the task to the number of operations to solve it, other
scientists, professing the provisions of psychological
theory of activity, suggest calculating the complexity
of the educational task taking into account levels of
thinking and learning (Luzan et al., 2021).

In the scientific work (Naimushyna and Stary-
chenko, 2010), devoted to the development of tech-
nology for estimating the complexity of educational
tasks in Physics, it is proposed to take into account
the following factors of complexity (when calculat-
ing): technical complexity (number of actions in
solving  problems); cognitive  complexity
(knowledge of formulas, laws, processes, creative
application of knowledge, etc.); additional complex-
ity (volume of text, system of equations, unusual
problem, proportions, redundant data, etc.). It is not
difficult to see that this approach is quite complex
for practical application, and quantitative estimates
of the significance of factors are plausible.

The algorithm for evaluating the structure and
process of the educational task is substantiated in the
dissertation of G. Kyryllova (2001). Here, the com-
plexity of the educational task is proposed to be cal-
culated by the following formula:

TD= (T, K, H, Nh, Na, Nz, Nw),

where the task difficulty function (TD) depends
on time (T), number of attempts (K), frequency of
decision making (H), number of erroneous decisions
(Nh), number of correct decisions (Na), number of
objects and operations (Nz, Nw).

Thus, the technology of estimating the complex-
ity of the educational task of the just mentioned
method is based on serious experimental work re-
garding accumulation of statistical data on the re-
sults of pedagogical measurements (task time, num-
ber of erroneous and correct decisions, etc.), which,
in our opinion, reduces its practical significance.

We are impressed by the approach to solving this
problem by scientists (Demin, 1990), who associate
the complexity of technical objects with the design
features of parts, assemblies or machines. The main
positions of this theory are represented in the follow-
ing provisions:

- the concept of "complexity" expresses the fact
that the object (system, subject, phenomenon, ob-
ject) consists of systems, subsystems, parts of sys-
tems, elements. The name itself (complexity) fo-
cuses primarily on the quantitative composition of
the object;

- "difficulty" is a subjective reflection of the com-
plexity of the object, its characteristics in terms of
educational and cognitive activities. The difficulty is
determined by the properties of the object under
study;
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- the carrier of the difficulty is the educational ob-
ject;

- when selecting the content of training, it is nec-
essary, first of all, to take into account objective di-
dactic conditions, which determine the difficulty of
technical objects to study (the presence of complex
parts in the object; accessibility of the object for in-
spection; density of parts, etc.).

The method of determining the difficulty of edu-
cational objects by taking into account the didactic
conditions that hinder the educational and cognitive
activities of learners, of course, can be successfully
applied where students are offered to study the de-
sign of real technical devices, machines and equip-
ment. However, it does not take into account the pe-
culiarities of instructional materials (task condi-
tions), the form of presentation of the object of edu-
cational and cognitive activities, the proposed trans-
formation operations, the degree of novelty for the
student of the action performed, and so on

Thus, in pedagogical theory there is still no clear
answer to the question: in what sequence, by what
criteria or indicators to determine the complexity of
educational activities, develop control tasks and, ac-
cordingly, evaluate the results of implementation.

The research methodology is based on the unity
of activity, system, personality-oriented and techno-
logical approaches, which provided an opportunity
to develop student-centered, algorithmic (focused
on the structure of educational activities) method of
constructing individual tasks for assessing educa-
tional achievements of engineering students. The ac-
tivity approach made it possible to consider the edu-
cational process as a complex multilevel activity,
consisting of individual cognitive actions and oper-
ations, characterized by the transition from external
practical action to internal mental action (Galperin,
1957; Talyizina, 1975). The personality-oriented ap-
proach allowed to introduce parameters of novelty
of components of action for the student to indicators
of complexity of the educational task. According to
the requirements of the system approach, a set of in-
dicators has been identified that reflects the student's
mastery of the approximate basis of action,
knowledge and skills of the actual implementation
of operations to transform the object. This method-
ology determines the main task of the studied phe-
nomenon — to develop a system of individual learn-
ing tasks that can systematically and consistently
bring future engineers to higher levels of knowledge,
as well as objectively and reliably differentiate stu-
dents by levels of academic achievement. The tech-
nological approach helped to develop a method of
designing (and evaluating) educational tasks as a
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step-by-step procedure, which first studies and ana-
lyzes the nature of the approximate basis of action
(the form of execution of the contents and presenta-
tion of operations to transform the object), then per-
formance indicators, then parameters of action nov-
elty to establish the level of complexity of the task.

Results and discussion. According to the psycholog-
ical theory of activity, the performance of an individual
task by a student is a learning action, which is not only
an object but also a means of learning; the ultimate goal
of learning is the ability to perform certain actions. These
positions are taken into account by the theory of gradual
formation of mental actions (Galperin, 1957; Talyizina,
1975), which allows us to identify the structural and func-
tional (internal) structure of action. The leading provi-
sions of this theory are the basis for assessing the com-
plexity of educational activities. Let's dwell on these as-
pects in more detail.

The dominant position of the theory of gradual for-
mation of mental actions is that the functional construct
of action consists of three components — approximate ba-
sis of action (ABA), executive and control parts. Propo-
nents of this theory are convinced that any human action
is like a kind of management microsystem, which in-
cludes a tentative part — "governing body", executive —
"working body" and control — mechanisms of tracking
and comparison (Talyizyna, 1975).

ABA is an idea of the performer, his predictions about
the composition and sequence of operations that he must
perform. ABA consists of meaningful and logical parts.
The meaningful part of the ABA is information about the
object of action, and the logical part is information about
the structure and nature of the transformations that the
student must perform. Indicators of completeness and
forms of its presentation are used to characterize the
ABA. The completeness of the ABA submission is deter-
mined by the presence of all constituent elements of the
object of action and the definition of operations for its
transformation. The form of representation of the ABA is
determined by the form of display of the object of action
and operations for its transformation.

Example. Complete ABA in material form — factory
instructions for use of household appliances — washing
machine. Note that the instructions describe the object of
action and operations for its application.

The absence of ABA is observed in the following train-
ing task: adjust the gap in the intake valves of the D-240
engine. It is not difficult to notice that the object of action
that needs to be changed is named here, but there are no
operations, tools and technologies of transformations in
the given ABA.

Thus, to determine the nature of ABA. two indicators
can be used:

1. The form of submission to the performer (pupil,
student) of the contents of approximate basis of action
(ABA).

2. Submission of operations for the transformation of
the object to the ABA.

97



Each of these indicators has different types of imple-
mentation. Thus, the form of presentation of the contents
of the ABA to the student can be:

The real object. A teacher or master demonstrates a
real object, names and shows its components.

Picture. The student is given a picture (poster) with
the image of the object, which is as close as possible to
its natural state, and the perception of which does not re-
quire special training from the student.

Drawings or diagrams. To complete the learning task,
the student receives a symbolic image of the object of ac-
tion. In order to perceive and comprehend the infor-
mation carried by such clarity, the student must be pre-
pared in some way — be able to read and interpret draw-
ings and diagrams. Possession of such specific skills and
abilities is an important indicator of the level of profes-
sional competence of a person in certain professional ac-
tivities.

Description of the features of the object. It is used
when the student has formed an ideal image of the object
of action, and the names of the elements are consciously
associated with their real appearance. But in order to
clearly define the field of activity, the student should be
provided with information about the structure of the ob-
ject of action, the name of its elements, and so on.

Object name. It can be used when the student is free
to operate the components of the object of action in per-
fect shape.

Information about the nature and sequence of the op-
eration to transform the object of action (logical part of
the ABA) depends on the form of representation of the
object and may be as follows:

Real transformation. The teacher or tutor demon-
strates the transformation of the object and then asks the
student to repeat the practical steps.

Real transformation with linguistic explanation. The
teacher demonstrates to the student the real transfor-
mation of the object, accompanied by a verbal commen-
tary on the practical demonstration of operations.

Written instructions. The student is shown the se-
guence of actions and described the operations for the
transformation of the object.

Named operations. The operations to convert the ob-
ject of the action are named, but it is not specified how
they should be performed. For example: adjust the chain
tension using the offset supports.

There are no instructions.

It may be worse noting, the first two options for pre-
senting the logical part of the ABA are possible only if
the substantive part is presented in material form.

Let’s note that the ABA can be formulated by the per-
former or provided to him from the outside, it is con-
stantly supplemented and improved in the process of per-
forming the action. Completeness, accuracy and rational-
ity of ABA are one of the determining conditions for the
success of the formation of skills for its implementation.
ABA differs in the form of presentation of information:
it can be given in textual, graphical or material forms.
The application form of the ABA must correspond to the
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level of personal development and the level of training of
the learner. For example, it is not possible to provide in-
formation about a complex object of action in the form of
a drawing to students who have not mastered the course
"Technical Drawing".

ABA also differs in the form of its formation: it can
be completely ready-made, and can be formed by the stu-
dent only independently or by analogy with similar pre-
vious actions. The higher the level of student’s independ-
ence is during the preparation of the ABA, the higher its
quality is — the strength of ideas, ease of transfer to new
conditions and so on. It should be noted that the for-
mation of ABA is a necessary condition, but not enough
to decide that the student has mastered the necessary abil-
ity to perform the action. N. Talyizina (1975), one of the
founders of the theory of gradual formation of mental ac-
tions, draws attention to this: "Whatever the quality of the
approximate basis of the action is, and no matter how it
is presented — in the form of ideas or external schemes —
it still remains nothing more than a system of instructions
on how to perform a new action, not the action itself. Our
student does not have the action itself yet, he has not per-
formed it at all, and without performing the action it is
impossible for him to learn ”(p. 64). Special attention
should be paid to the last remark, as in the learning pro-
cess some teachers are satisfied with the student's ability
to explain how a certain action should be performed.
Let’s note that the student's explanation of the sequence
and conditions for performing the action, learned by him
from the lecture notes or textbook text, is not the actual
action, but it is only a reproduction of its ABA, usually
incomplete and inaccurate.

To fully master the action, the student must actually
perform its executive part. Depending on the form of rep-
resentation and transformation of the object, there are the
following forms of action: material, materialized (per-
ceptual), verbal (foreign, intralingual), mental.

Therefore, two main indicators are used to character-
ize the executive part of the action: the form of represen-
tation of the object of action and the form of its transfor-
mation. The form of representation of the object of action
may have the following options:

Natural object. To complete the learning task, the stu-
dent is given an object of action in kind — a real machine,
a cut, an animal, a plant, a device, a seed collection, bio-
logical products, etc.

Layouts or models. The student is offered a specially
prepared object for educational purposes, which in a real
or simplified form reflects not only the external form but
also the internal essence of the subject, the relationship
and interaction of its elements.

Picture. To complete the task, the student receives a
flat image of the object of action, as close as possible to
the natural one.

Schemes and drawings. The object of the action is pre-
sented in a symbolic form, for which the learner must
have a certain level of special training.

Description. The structure and characteristics of the
object of action are presented in the form of text.
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Name. Only the name of the object of action is com-
municated to the student.

The form of the transformation is related to the form
of representation of the object of action and may have the
following options:

Material. Real transformation of the object of action
in order to achieve the desired results. It is only possible
if the object is presented as a natural object, layout or
model.

Perceptual. The transformation of the object takes
place in the form of utterance (linguistic description of
the procedure) of the contents of the action in the pres-
ence of visual support. It is possible with material and
graphic forms of representation of the object of action.

Verbal. The transformation of an object takes the form
of utterance (linguistic description of the procedure) of
the contents of the action. It is possible if the object is
presented in the form of a description and name.

Mental. The conversion of the object takes place in
perfect shape without an external image and ends with a
message of the result.

The material form assumes that the object is presented
in real form, and in the process of action its material
transformations are carried out: the machine is disassem-
bled and tested, experiments with chemicals are con-
ducted, biological medicine is prepared and studied, etc.

Perceptual action differs from material action in the
way that the object can be given in material (real object,
model, layout) or materialized (drawing, poster, stand, ta-
ble, etc.) form, and its transformation is carried out visu-
ally. The conversion operation can be described in words.
An example of perceptual action is the story of the oper-
ation of an induction motor using its layout or model.

Foreign language action is that the performer per-
forms the entire operation of transforming an object into
an oral (speaking) or written (describing) form without
relying on a tangible or materialized object. That is, there
is no object, it is just named. An example of an action in
a foreign language is a story or description of the struc-
ture of a machine or the process of its operation from
memory.

The intralingual form assumes that the performer
speaks the operations if he thinks about their perfor-
mance. Instead, the mental form of action implies that the
student does not think about the contents and order of op-
erations during the action.

Thus, using the provisions of the theory of gradual
formation of mental actions, we can characterize the
learning action on five indicators:

1. The form of submission to the performer of the con-
tents of the ABA.

2. Presence of operations on transformation of object
in the ABA.

3. Form of presentation of the object of action.

4. The form of transformation of the object of action.

5. The degree of novelty of the action performed for
the student.

Using these indicators, you can give a general descrip-
tion of the actions in the sequence of their formation, im-
provement and complexity, both in terms of characteristics
of the ABA and the characteristics of the executive part.

Here is a general description and examples of actions,
starting with the simplest and ending with actions of high
intellectual level (Table 1).

Tablel

Description and examples of actions in material form

Marking Content of the action (operation) Examples
1 2 3
1.1.1.1 | To repeat (in material form) the pro- | 1. After demonstrating and explaining to the teacher
cedure presented in material form and | the sequence of measuring the density of the electro-
commented by the teacher. lyte with a hydrometer in the banks of the battery, re-
peat the operation.
2. After showing and explaining to the teacher the pro-
cedure for measuring power and electricity using a
wattmeter and an AC electricity meter, repeat the op-
eration.
1.1.1.2 | To perform the operation in material | 1. Draw a diagram of the technological process, which
form in accordance with the sample | is performed by the teacher on the board.
shown in real form or visually speci- | 2. After the practical demonstration of the operation of
fied sequence of actions without lin- | measuring the quality of the electrolyte by the teacher,
guistic explanation. repeat its actions.
1.1.2.3 | To perform the operation in material | 1. To study the characteristics of the engine with se-
form according to the provided writ- | quential excitation in idle mode, assemble an electrical
ten or oral language instructions and | circuit according to the provided scheme.
graphic representation of the object. | 2. Using the manual, select the components of the DC
motor on the rack.
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1.1.3.3 To perform the operation in material | 1. After the teacher explains the sequence of actions,
form in accordance with the instruc- | set voltage of 12V, 24 V, 110V on the output terminals
tions provided in writing or orally. of the laboratory autotransformer LATR.
&
in the valves of the D-240 engine.

1.1.24 To perform the operation in material | 1. Demonstrate the sequence of passing the intersec-
form according to the given command | tion by vehicles located on the model.
to act. 2. Assemble the scheme of the experiment (physics,

electrical engineering) according to the scheme pro-
vided in the instructions.

1.1.34 To perform the action in material | 1. Assemble the scheme of the experiment from the
form according to the instructions | named components according to the verbal instruc-
given in verbal form and the named | tions.
components. 2. Using the list of components and parts of the engine,

select on the racks those that make up the lubrication
system.

1.1.4.4 To perform an action in tangible form, | 1. Among the lighting devices presented on the
knowing only the name of the object. | shelves, select fluorescent, halogen and LED lamps.

FVIVE W
[}
% =g
W 9 e WY W
vV VW §
2.Perform the electrical circuit of the welding equip-
ment.

Listed actions (in Table 1) are performed in mate-
rial form, but they differ in the level of presentation
of the approximate basis. Performing such actions is
very important, because without mastering the object
in material form, it is impossible to form actions of
higher intellectual levels. In our opinion, in the previ-
ous and current control, checking the formation of ac-
tions in material form should be mandatory.

Instead, when forming actions in perceptual or
verbal forms, tasks can be used in which the ABA
is presented in material form, and the executive

Professional Pedagogics/2(23)'2021

part is carried out in perceptual, verbal or mental
forms (Table 2).

It is not difficult to notice that, in the Tables 1
and 2 (examples), the complexity of actions
changes from the simplest (material) to the most
complex (mental). Naturally, a clear definition of
the characteristics of actions as a learning goal al-
lows to determine the level of mastering the mate-
rial, which should be assessed by means of test
control (Ilin et al., 2010).
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Table 2

Description and examples of actions in the perceptual, verbal and mental forms

Marking

Contents of action (operation)

Examples

1

2

3

1211

To perform a verbal operation
based on the material object,
commenting on the actions per-
formed in the material form by
the teacher or demonstrated on
the screen.

1. After watching the video "Threading" explain the proce-
dure for cutting the internal thread with taps

2. After the practical demonstration of the technology of
processing of external cylindrical surfaces by the teacher or
master, comment on the rules of installation of cutters on a
lathe.

2111

On the object presented in the
graphic form, show the order of
transformation, reproducing a
practical demonstration of the
teacher or a fragment of the
video.

Show on the diagram of the SKIF-310 combine the se-
quence of passage of the grain straw mass after the teacher
explains the technology of the combine on the current
stand.

2211

To perform the operation in
verbal form based on the exter-
nal image, commenting on the
actions performed in material
form by the teacher.

Show and explain the order of operation of the cylinders in
the diagram of the engine SMD-62 after the demonstration
by the teacher of its work in section.

1.2.2.3

To perform the operation in
perceptual form according to
the instructions with a diagram
and verbal explanation.

Using the diagram and explanation instructions, find out
and show the path of the oil from the pump to the valve
rocker arm in the section.

1.2.4.4

To perform the operation in
verbal form based on the exter-
nal image of the given com-
mand to act.

1. Using the layout of the intersection, name the sequence
of traffic.

2. Using the scheme of the combine "SKIF-310", name the
units and aggregates through which the grain straw mass
passes.

3. Name which of the following connection diagrams of the
stator windings of a three-phase induction motor is made "
in star";

T B T A B C
CIL =] L Cal Cls C2Z ca
o o oo | ] s los |es
i
L |

"in the triangle™; "in star and triangle on the terminal board
of the electric motor"
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2.2.3.4 To perform operations in per- | 1. Using the assembly drawing of a two-stage reducer (con-
ceptual form according to the | ical-worm) select the details which can be made of bronze
instructions given in verbal
form.
2. Show the device which serves for reduction of starting
current on the diagram
2234 To perform operations in per- | 1. Show the diagram of switching the stator windings of an
ceptual form according to the | induction motor from star to triangle.
instructions given in verbal P77
form. ==
AU T
a) 0) 8)

3.3.34 To perform operations in verbal | 1.Name the order of movement of the plow unit on the
form by signs specified in ver- | slopes.
bal form. 2. Name the type of bearing that is installed on the driven

shaft of the belt conveyor.
3. Name the starting characteristics of DC motors.

4.34.4 To perform operations in verbal | 1.Name the parts of the bearing Ne 7306.
form to determine certain fea- | 2. Justify which parts of the worm gearbox should be made
tures (components) of the | of bronze.
named object. 3. Name the ways to connect three-phase motors to a single-

phase network.
4. Name the main advantages and disadvantages of induc-
tion motors.

2.44.4 To perform operations in men- | Bearing in mind the principle of operation of a fluorescent
tal form on a graphically de- | lamp with first-generation ballast, the switching scheme of
fined object. which is shown in Fig. 1, explain what processes take place

when connecting an electrical circuit to the network. What
are the functions of the choke Dr? What is the purpose of
the starter Ct? What is the role of capacitors C1 and C2

2.4.4.4 To perform operations in men- o—

tal form on a graphically de-
fined object.

G,

I
PP

Jon

o
T s
PR Sova ol

Fig. 1. The scheme of switching on a fluorescent lamp
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4444 Forecasting the results of ac-
tivities in which these objects

are involved.

1. Predict how the power consumption in the workshop will
change if incandescent lamps (5 units - 130 W, 15 units -
110) are replaced by energy-saving fluorescent lamps.

9w A5W
11w SEW
13W BEW
— (
» e - r ‘. -
| — 15W TEW )
L 9w 110W —
!’ é 26W 130W _2‘ z
— —_—

2. Explain how the situation will affect the operation of the
mover, in which after the electric motor, put not a sleeve-
finger, but cam-disk coupling (Oldem coupling).

3. Imagine that when designing a single-speed gearbox with
a spur gear, you have decided: make the gears not of steel
40, but of wood. Explain whether such a gearbox will be
workable, which will change due to changes in the material
of the gears.

Considering the indicators of action, it is not dif-
ficult to see that their combination affects the com-
plexity of the educational task, requiring the learner
to implement different levels of educational and
cognitive activities. In view of the above, it is possi-
ble to assess the complexity of not only traditional
but also test tasks, and, accordingly, to develop such
tests that would really differentiate students or pu-
pils according to their levels of academic achieve-
ment. This procedure can be formalized by entering
the coefficient of complexity of the action. Let's fo-
cus on the quantitative method of assessing the com-
plexity of educational activities in more detail.

The analysis of the indicators described above
shows that the simplest actions are characterized by
the following features: the object is presented in ma-
terial form; the transformation is performed in ma-
terial form; meaningful and executive parts of ®DBA
are set in material form; the action is performed by
the student (student) repeatedly (llin et al., 2010).

Thus, 5 indicators of description were used to
evaluate this action. The coefficient of complexity
for each of these indicators in the simplest case is
taken as 1. Naturally, if in the future the action is
complicated by a certain indicator, the coefficient
should increase by a certain amount.

As a result of theoretical and practical research,
we came to the conclusion that when complicating
the signs of action on the indicator "*form of repre-
sentation of the object' the corresponding coeffi-
cient of complexity acquires the following values:
Kro = 1, if the object is presented in material or ma-
terialized form; K = 1,1, if it is presented in sym-
bolic form (scheme or drawing); Kr, = 1,2, if the de-
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scription of the object is given; K = 1.3, if the ob-
ject is just named. If the object of action is not named
in the educational task (the student has to choose it
independently), then Ks = 1,4.

Accordingly, if the transformation of the object
is performed in material form, the coefficient of
complexity of the action on this indicator will be Kyo
= 1; at the perceptual form of transformation Kpo =
1,1; at verbal form Kpo = 1,2; if mental operations
are performed with a given object, then Kpo = 1,3.

It is accepted that according to the indicator
"Form of presentation of the meaningful part of
the approximate basis of action ABA to the per-
former (student))™ the coefficient of complexity ac-
quires the following values: Kzen = 1, if the student
is told that he must perform the learning activity on
a real object; if the student is asked to use a drawing
or diagram for this, then Kzn = 1,1; description of
the features of the object — Kzeh = 1,2; the name of
the object — Kzcn = 1,3; in the absence of the mean-
ingful part of the ABA in the task Kzch = 1,4.

According to the indicator **Presentation of op-
erations for the transformation of the object in the
ABA" there is also a rule: the coefficient of com-
plexity in the simplest variant of action has a value
of Kip = 1, and each variant of complication of action
increases its value by 0.1. In particular, if in the ed-
ucational task the student is asked to perform the ed-
ucational task after the demonstration of actions
with their explanation by the teacher or master on
the real object, Kip = 1; if the student has to perform
the same task after he has been shown the sequence
of actions by the teacher without explanation, Ki, =
1.1; when the logical part of the ABA is given only
by the language instruction, Ki, = 1,2; provided that
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in the task, the student is listed with operations that
he must perform, Kip = 1,3; if the logical part of
ABA is absent in the task, Kip = 1,4.

It will be recalled that the values of the coeffi-
cients of complexity of educational activities on four
indicators have been determined so far. The fifth in-
dicator is integrative: it characterizes the learning
activity depending on whether new or repeated for
the student are signs of action and performance of
the task as a whole. In view of the above, it was as-
sumed that if the student has already performed such
a task (all signs of action he had encountered before,
he is familiar with the object, did similar operations
to transform it, etc.), the coefficient of complexity of
this indicator K, = 1. If for the student one sign of
action (for example, object) is new, the coefficient
of complexity makes K, = 1,25; if there are two or
three new signs of action in the task, the coefficient
of complexity is Ky = 1.5 and K, = 1.75, respec-
tively. Provided that all the signs of the action to be

performed and met for the first time by the student,
are completely new to him, the coefficient of com-
plexity is Ky = 2.

The total coefficient of complexity of the action,
and, accordingly, the learning task, can be calculated
by the formula:

Kz = Kro X Kpo % Kzeh x Kip % Kh,

where Ko, Kpo, Kzh, Kip, Kn — coefficients of
complexity of the action on the relevant indicators
(Min, Luzan, Rudyk, 2010).

Consider examples of determining the overall
complexity of a simple and complex educational
task according to the proposed method.

Example 1. Using the provided drawing with ex-
planation, find among the located on the rack (sec-
tion, stand) parts that belong to the depicted mech-
anism, select and name them (the action is per-
formed on a known student object).

Coefficient of com-
Ne Performance indicators Characteristics of the indicator plexity on the appro-
priate basis
1 Contents of ABA Drawings and .explanations to 1
It
2 Logical part of ABA Verbal (instruction) 1,2
3 Obiject presentation form Material 1
4 Form of transformation Material and verbal 1,1
5 Novelty The action is repeated 1
Total coefficient of complexity of action 1,32

Example 2. Name the parts that make up the
crank mechanism of an internal combustion engine

(the action is performed with an object that is al-
ready known to the student).

Performance indicators Characteristics of the indicator Coefficient of com-
Ne plexity on the appro-
priate basis
1 Contents of ABA Object name 1,3
2 Logical part of ABA Verbal 1,3
3 Object presentation form Verbal (name details) 1,3
4 Form of transformation Mental 1,3
5 Novelty The action is repeated 1

Total coefficient of complexity of action 2,86

In the first example, the coefficient of complexity
of action is Kz = 1.32. This educational task is rela-
tively simpler than the second one, in which the co-
efficient of complexity of action is Kz = 2.86. It is
worth noting that if this action was completely new
to the student, the specified parameter of the com-
plexity of the task would be equal to 5.72.

Conclusions. Based on the provisions of the the-
ory of gradual formation of mental actions and con-
cepts, the following indicators of the complexity of
the educational task are identified: the form of
Professional Pedagogics/2(23)'2021

presentation of the contents of the approximate basis
of action to the performer; the presence of actions of
operations to transform the object in the approxi-
mate basis; the form of presentation of the object of
action; the form of transformation of the object of
action; degree of novelty for the student of the action
being performed. The scientifically-grounded meth-
odology of designing (and evaluating) the complex-
ity of the educational task allows the teacher:
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- to develop a complex, base of individual educa-
tional tasks for pupils or students on the principle
"from simple to complex";

- by purposeful selection of educational tasks
with a certain degree of difficulty to develop educa-
tional and cognitive activities of students from re-
productive, executive levels, to productive, creative;

- to assess objectively the competence achieve-
ments of students, determine the level of quality of

professional training of future mechanical techni-
cians, electrical technicians, etc .;

- to interpret unambiguously the results of assess-
ment of knowledge, skills and other abilities of stu-
dents and effectively to manage the educational pro-
Cess.

Prospects for further research will be related to
the substantiation of the technology of assessing the
quality of training of specialists in technical special-

ties in colleges.
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METOANKA KOHCTPYIOBAHHSA 3ABAAHDb OIIIHIOBAHHA
PE3VJ/IBTATIB HABYAHHSA CTYAEHTIB TEXHIYHUX KOJIEAKIB

Ierpo Jly3an !, Ipuna Mocs 2, Tersina Iamenxo 3, JIrooos Spour *
! nmokrtop memaroriyHuX Hayk, npodecop, roJOBHUI HAYKOBHH CITIBPOOITHUK Ja00paTopii HAYKOBO-METOANYHOTO
CYNPOBOAY MiATOTOBKH (haXiBIIB y KOJIE/PKAX 1 TeXHIKyMaX [HCTHTYTY mpodeciitHo-TexHiuHO01 ocBiTn HAITH
Vkpainn, Ykpaina, https://orcid.org/0000-0002-8853-9275, e-mail: petr.luzan@ukr.net

KaHIUIAaT NeJaroriYyHuX HayK, CTaplIni HAyKOBHH CHIBPOOITHUK Ja00paTopii HAyKOBO-METOANYHOTO CYIIPO-
BOJly miArOTOBKH (haxiBLiB y KoJiemxkax 1 TexHikymax [HctutyTy npodeciiino-rexniunoi ocsitn HAITH Ykpa-
inm, Vkpaina, https://orcid.org/0000-0001-7641-3352, e-mail: mosyaira@ukr.net

3 KaHIMIAT MeAarorivyHuX HayK, CTapIINi HAYKOBHUI CIIBPOOITHHK J1abopaTopii HAyKOBO-METOJMYHOTO CYIPO-
BOJly miATOTOBKH (haxiBLiB y KoJiemxkax 1 TexHikymax [HctutyTy npodeciiino-rexniunoi ocsitn HAITH Ykpa-
inn, Yxpaina, https://orcid.org/0000-0002-7629-7870, e-mail: tantarena@ukr.net

acmipanTtka [HcTuTyTY podeciiino-texHiunoi ocBitu HAITH Ykpainu, Ykpaina,

https://orcid.org/0000-0002-7150-9053, e-mail: lyubovyarosh@ukr.net

Pegepar.

AxmyanbHicmb BU3HaYa€ThCs pehOPMYBaHHIM 3MICTYy, METOIB, POPM, TEXHOJIOTIH 1HKEHEPHO-TEXHIYHOT OCBITH,
10 BIIOYBA€ETHCS HA OCHOBI KOMIIETEHTHICHOTO IMiIXOJy i 3yMOBIIIO€ MOTPEOy B TAKKX JIIarHOCTUYHUX METOJMKAX, SIKi
0 103BOMMIM €(PEKTHUBHO YIIPABISATH OCOOMCTICHO OPi€EHTOBAHOO IMEJarorivHOI0 B3a€MOJIIEI0, 00’ €KTUBHO U HAJIIHO
OLIIHIOBATH piBEHb ONAHYBAaHHS MalOYTHIMH MeXaHIKaMH, TEXHIKaMH, TEXHOJOTaMH KOMITIOHEHTaMHU OCBITHBO-TIPO-
(eciitHIX Tporpam.

Mema: po3po0IieHHsI METOJMKHN KOHCTPYIOBaHHS i OLIIHIOBAHHS CKJIQJIHOCTI IHAMBIAyalbHUX HABYAJIbHUX 3aBAaHb
SK TIOETAITHOI MPOLEypPH, 3aCHOBAHOI HA aHaJli3i yMOBH NMPOIOHOBAHOI HABYAIIBHOI il Ta MOKa3HUKIB HOBU3HM i BU-
KOHAHHS CTYJIEHTOM TEXHIYHOTO KOJIE/IXKY.

Memooonozis nociimpkeHHs1 0a3yeTbes Ha €IHOCTI JIiSUTBHICHOTO, CUCTEMHOTO, OCOOHMCTICHO-OPIEHTOBAHOTO Ta
TEXHOJIOTIYHOTO MiAXOIiB, 1110 AAJI0 3MOTY PO3POOHUTH CTYAECHTOLEHTPOBAHY, JIFOPUTMI30BaHy, OPIEHTOBaHYy Ha CTPYK-

TEXHIYHUX KOJIEIKIB.
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Pesynemamu. Ha OCHOBI KOHIICTIIl IMOETaTHOTO (DOPMYBAaHHS PO3YMOBHUX Jiii BUOKPEMJICHO IMOKA3HUKH OITHCY
HaBYaIBHUX JIifl y IEBHiM MOCHiJOBHOCTI iX popmyBaHHs (hopMa MogaHHs BAKOHABIIIO 3MiCTOBOI YaCTHHHU OPIEHTOBHOI
OCHOBH [Iii — HasIBHICTh B OPi€HTOBHIM OCHOBI [Iii omepauiil moao TpaHcdopmarii o6'ekta — Gpopma noganHs 00’ eKkTa
nii — ¢opma Tparchopmarii 00’ekTa il — CTYIiHb HOBU3HHU IS 3100yBava OCBITH [il, 1[0 BUKOHYETHCS); HABEIACHO
MPUKIIAIA KOHCTPYIOBaHHS CUCTEMU 1HJIMBIIyabHUX HABYAIBHUX 3aBJaHb CTY/ICHTIB.

Bucnosku: noseneno HeoOXiHICTH (hopMaizallii mpoIeypHy OLiHIOBaHHS CKIIAAHOCTI 1HIMBITyaTbHUX HABYAIb-
HUX 3aBJIaHb CTYJICHTIB IIJISIXOM BUKOPUCTAHHSI MOKa3HUKIB OPIEHTOBHOT OCHOBH i1, BAKOHABYOI YACTHHHU T4 HOBU3HH
Iii 33018 X qudepeHtiianii Big HARIPOCTIMUX A0 CKIaIHUX, BUCOKOIHTEIEKTYaIbHUX.

Kiro4oBi ¢cji0Ba: ckiaouicmes HABYATLHO20 3A80AHHS, CIYOeHM, Meopis hOPMYBaAHHS pO3YMOBUX Oill |
NOHSAMb, OYIHIOBAHHS, MEMOOUKA.
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