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Abstract. The paper examines the features of visual thinking, the authors
note the importance of visual examples in modern engineering education.
The article describes a methodological approach to presenting the course,
based on visual theorem proofs. An example is considered the course
"Theory of multivariable function" Visual examples were created at the
Department of Computational Mathematics and Mathematical Physics of
the Bauman Moscow State Technical University. The proposed
methodological approach to the development of the course "Theory of
multivariable function™ allows you to use the elements of the created
course in various variations for disciplines using the concept of functions
of many variables, depending on the direction of training (specialty).

1 Introduction

At the present time, the question is increasingly raised that it is becoming more difficult to
win the attention of students every day, they stop attending classes, they perceive classical
theorem proofs worse and worse. Because of this, the student is unable to master the subject
at the proper level [1-3].

The teacher's increased attention to the individual cognitive characteristics of the
cognitive sphere of students contributes to the improvement of the quality of education.
Individual methods of studying the material represent the cognitive style of a particular
student, which shows how exactly the student perceives this or that material, in what ways
he thinks [4]. Taking into account the influence of students' cognitive styles on the process
and the result of educational and professional activities significantly increases the quality of
student training, and allows them to use their intellectual resources as efficiently as possible
[5]. Human consciousness uses two mechanisms of thinking: one of them allows you to
work with abstract chains of symbols, with texts, with proofs of theorems (this mechanism
of thinking is usually called left-brain, symbolic, algebraic or logical); the second
mechanism is based on cognition through visual images and sensory perception (it is called
right hemisphere, figurative, geometric or intuitive) [6].

The visualization process is essentially the transformation of the heard text into a visual
image that is perceived much easier, and in the case of correct perception and analysis, it
may well serve as a support for further mental and practical actions [7-9].
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Modern students, as a rule, more often operate not with a chain of logical calculations,
but with a set of associative visual images, i.e. their thinking is largely visualized and
schematic [11, 12, 13]. Modern students are accustomed to saving time, therefore, they
strive for a more concise form of presentation, when the maximum amount of information
is conveyed through a minimum of symbols. In fact, we are talking about educational
material that requires a minimum of attention, but at the same time carries a large amount
of information [13, 14].

The visual form of the educational material allows you to clearly demonstrate the cause-
and-effect and semantic relationships, which is extremely important for the effective
development of students' critical thinking. The unusualness and variety of forms of the
visualizations used do not dull attention, but, on the contrary, contribute to the fixation of
the studied material in the memory [15-17].

In order for students to form the correct visual images, the Nomotex DLS proposed a
format for visual proofs of theorems, thus, the teacher himself forms a visual image that is
obviously correct, which makes it possible to improve the perception of the material and
further work with it [18, 19].

2 Using visual images in the course «Theory of multivariable
function»

2.1 Features of the course

The "Theory of multivariable function" is one of the basic disciplines, the understanding of
which is necessary for the study of such sciences as physics, optimization methods and
others.

The course "Theory of multivariable function" is variably included in various
mathematical disciplines taught in the first year of engineering universities. Taking into
account the time frame for reading disciplines based on the course "Theory of multivariable
function”, there is a refusal of proofs, since textual proofs take a lot of time and are not
understandable for the student. Avoiding theorem proving in disciplines lowers the level of
reading disciplines [20].

When developing the course "Theory of multivariable function", implemented in the
DLS Knowledge Base "Nomotex" [17-20], an original methodological approach was
proposed for presenting the proofs of theorems of the course, which allows leaving the
proofs of theorems in disciplines and at the same time improving the assimilation of
concepts, and also increase students' interest in theorem proving [18, 19]. This
methodological approach is based on a step-by-step interactive computer visualization of
the proof, which is a geometric interpretation of the concepts of the course "Theory of
multivariable function" [20].

The course "Theory of multivariable function" is implemented in neural network
educational programs for engineers at the Bauman Moscow State Technical University in
the framework of the disciplines "Linear algebra and functions of many variables" and
"Mathematical analysis". Both disciplines are studied in the first year, in the second
semester.

2.2 Visual proof of the implicit function theorem

Let us consider this methodical approach using the example of the proof of the implicit
function theorem for n variables.
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The statement of the theorem is a logical construction (traffic light), where the green
color represents the initial data: the space where we work and what is given in this space,
the yellow field is the assumption about objects. the red box is the statement we want to
prove. Thus, the traffic light is a logical structure: Let A, then if B, then there will be C.
Each mathematical concept in DLS Nomotex is built according to this logical scheme,
which allows the student to build a visual image of the theorem from the very beginning. At
first, this format of presentation of mathematical knowledge seems unusual to the student,
but literally within a month the student masters it and it becomes easier for him to perceive
the material based on this logical structure. The student develops a systematic approach to
knowledge, which helps to structure the material being studied. Figure 1 shows the
formulation of the implicit function theorem in DLS Nomotex.

Consider the point (a,b) = (al, eya™l b) € R™and scalar function n - variables F'(x, u),

(x,u) = (3:1, ,:c”’l,u) € R", given in some & - U.(a, b) point neighborhood (a, b)...

Let be:
1) Function F' (x, u) continuous in some regionV C U,(a,b),
2) F(a,b) =0,
oF OF

—— ..., ————, ——- are continuous functions
8z’ fznl’ Ou :

3) for any point (x, u) € Vall partial derivatives

oF
4) %(a,b) 2 Moo

Then there is a unique function u = f(x), x = (.2:1, ,m”’l) € R™'defined in some & - surroundings Us(a),
such that:

AND) f(a) = b,
B) for Vx € Uj(a) the equality holds F'(x, f(x)) =0,

IN) f(x) - is smooth in Us(a),

oF
4‘(3{1 “‘)
af ozt w=J(x)
D) @(x) = aF vx € Us(a)...
o) u=/(x)

Fig. 1. Formulation of the theorem in the form «traffic light» in the DLS Nomotex.

In the classical course, the proof of this theorem is rather cumbersome and very often
students do not understand. To solve this problem, a proof format was proposed based on
the visualization of geometric constructions.

A surface is considered, which is a geometric interpretation of a function of two
variables and some neighborhood of a point is selected, which is depicted on the surface
and on the domain of definition, Figure 2
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Fig. 2. Visual-geometric proof of the theorem.

Geometric constructions in the proof of
the implicit function theorem

Consider space R? and a function of 2 variables

F(z,u):
z-z4 \? u-uy \?
T -y
= === 1
F(z,u) ( A ) +< B )
A A>0: 5
B,B>0: 5
z4: 1.000
uy 1.000
Show half surface

It's obvious that 3¢ > 0, what in the area

U.(a,b) (circle centered at point (a,b))
function (1) - continuous.

Further, in the process of proving the points, visualization is supplemented, the student
can track the process of proving the theorem. Figure 3 shows one of the points in the proof

of the theorem.

Fig. 3. Visual-geometric proof of the theorem.

Let's calculate the number
. aF 2 .
™= {E (@ u)} = Bk, ) =
2
= —(b-h- = 0 (fift
2 (b-h-uy) > O fificen)
m: 0.19
Function F'(a, u) - monotonously increasing in
CM,(a, b)...
Because F'(a,b) = 0, then
F(a,b+h) >0 (16)

Due to continuity F'(Z, %) there is such § > 0, what
F(z,b+h) > 0(17)

For the considered function (1) can choose § = h

Thus, the proof is a chain of geometric constructions, each construction is displayed on
the visualization, which allows the student to visualize the proof of the theorem. In the case
of successful mastering of the visual proof of the theorem, the student also has the

opportunity to analytically prove the theorem.

This approach to proofs was tested within the disciplines "Linear algebra and the "Theory
of multivariable function" and "Mathematical analysis".
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3 Conclusions

The article describes the problems of modern education, the importance of visual images in
the educational process was noted. As an example, a visual geometric proof of the theorem
on implicit functions from the course "Theory of multivariable function" was demonstrated.
We can say that the new structure of the representation of mathematical knowledge has
such a quality as clarity of presentation of the material and makes it easier for students to
assimilate knowledge. It also allows us to conclude that, after the students themselves were
able to directly work interactively in the DLS Nomotex with mathematical and engineering
examples, their perception and presentation of mathematical knowledge improved
markedly.
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