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Even and Odd Functions
Non-Standard Lessons in School Mathematics

Rashidov Anvarjon Sharipovich %, Beknazarova Gulshoda Yusufovna 2

Abstract: This paper presents information on increasing the effectiveness of educational
activities using the methods "Even-Even Interaction” and "Even or Odd." During the educational
process, methods that promote the formation of basic competencies among students in the assessment
of their knowledge are introduced, including methods to develop students' creative thinking in the
context of information technology, improve their observational skills, enhance their ability to select
information, teach them to identify errors and express opinions, and provide teachers with a way to
assess students' knowledge are broadly utilized.

Keywords: Function, even function, odd function, trigonometric function, neither even nor odd
function, graph of an even function, “Even-Even Interaction” method, “Even or Odd” method.

Introduction. In today's world, one of the requirements for organizing education is to achieve high
results in a short time without excessive mental and physical effort. Delivering specific theoretical
knowledge to students in a short period, forming skills and competencies related to certain activities,
as well as controlling students' activities and evaluating the level of knowledge, skills, and
competencies acquired by them requires high pedagogical mastery and a new approach to the
educational process.

Based on these considerations, we as teachers must be more responsible. Interactivity involves mutual
activity, movement, and influence, occurring in the communication between students and teachers. The
main goal of the interactive method is to create the most favorable conditions for the educational
process, allowing students to think actively and freely. This article provides some reflections and
methodological recommendations on teaching the topic "Even and Odd Functions™ known from the
Mathematics course in general education schools.

2. Main Part. The topic "Even and Odd Functions,” which is familiar from the school mathematics
curriculum, follows the topic "Growth and Decrease of Functions." Students will not encounter
problems in understanding and mastering the new topic only if they know what a function is, how to
find the function's domain, and the concepts of growth and decrease of functions.

“Even-Even Interaction” method

Encouraging students sitting next to each other on a particular topic to engage in dialogue, exchange
ideas, and listen to some of their peers.

Pair Work Method in Mathematics Lessons

For the topic of functions, students sitting next to each other can be given a task (or separate tasks) and
invited to work together to solve the problems presented in the task, followed by sharing and
evaluating the solutions.

In some cases, students may take turns posing questions (problems) to each other. In such instances,
the response (solution) to the question must be listened to (checked) and evaluated by the student who
posed the question.
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Care should be taken when selecting the topic for pair work. This topic should be well comprehended
by the majority, or else the work in pairs may not progress effectively.

Examples of assignments:

A) Each student should create 3 functions related to the topic "Function™ within 1 minute and find the
domain of each function, then exchange their work with their partner. After 3 minutes, they should
return to the examples and check the answers within 1 minute, evaluating them afterward.

New Topic Explanation :

Let's consider y(x) function and determine whether it is even or odd. First, we will explain the
concepts of even and odd functions.

Definition 1: If function y(x) is called an even function if for any x in its domain, the following
condition holds:

y(x) = y(=x).
For example, the functions cos(x) and x?2, x*, x® are considered even functions.
Example 1: Determine whether the function f(x) = x*+x° — x8is odd or even.
Solution:We have:
f(=x) = (0)*+(—x)° — (%)% = x*+x° — x°

Since f(—x) does not equal f(x) or — f(x), the function f(x) is neither even nor odd.

y-=%°

f(-1)=1

(-1 11 ) (1 ’1 )
5 £ < i
-1}
f(-x) = f(x)
even

Figure 1:Graph of an even function (the graph of y = x?).
The trigonometric function cos(x) is also an even function.

f(x) = cos(—x) = cosx
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Figure 2:Graph of the cos(x) function.

Definition 2: If function y(x) is called an odd function if for any x in its domain, the following
condition holds:

y(x) = —y(=x).
For example, the functions sin(x) and x3, x5, x**are considered odd functions.
Example 2: Check if the function f(x) = x” + x3 + x5is odd or even.
Solution:
fx0) =07+ (=2)* + (0)° = =(x7 +x* + x°) = = f (%)
Since f(—=x) = —f(x), the function f(x) is odd.

3_y y:x3
i f(1)=1
—{ht)
R — 2 3%
(-1,-1)¢ -1t
f1)=-1] /| |

f(-x) = -f(x)
-34 odd

MathBits

Figure 3: Graph of an odd function (the graph of y = x3).
The trigonometric function sin(x) is an odd function.
f(x) = sin(—x) = —sinx
\r AL]

-1

Figure 4: Graph of the sin(x) function.

The domains of even and odd functions are symmetric with respect to the coordinate axes. There are
also functions that do not exhibit the properties of being even or odd, and these functions are referred
to as neither even nor odd. In fact, most functions are neither odd nor even.

For example, the function f(x) = x? — x + 1 is neither odd nor even.
f0) =) -(0)+1=x*+x+1
This means that both oddness and evenness properties do not hold.
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Figure 5: Graph of a function that is neither odd nor even
(the graph of f(x) = (x + 1)?)
Example 3: Determine if the function y = x® + x° is odd or even.
Since y(—x) = (—x)® + (—x)° = x® — x5 = — (x5 — x®) the function is even.

Example 4:Determine if the function y = % + Yxis odd or even.

3 3 3 3 5
Vo0 = gt VD = =3 =G+ )

Hence, since the condition holds, the function is odd.

+ x* + %/x is odd or even.

Example 5:Determine if the function f(x) = 1

0
e x)+(—) +J(_x)——+x +¥x =

Thus, since the condition holds, the function is even.

f(=x) =1
x \/@

Example 6: Using symmetry, draw the graph of the even function.

= |x|

Figure 6: Graph of the function y = |x]|
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Example 7: f(x) = x|x| + 7x
f(=x) = —x|—x| + 7(—x) =
= —x|x|—=7x =
= —(x|x| + 7x)
Since the condition is satisfied, this complex function is also odd.

Example 8: (An interesting Olympiad problem) Solve the system for real numbers.

1
x4+2y3—x=—Z+3\/3
+
1
y4+2x3—y=—z—3\/3

Solution:To solve this system, we will first add both equations together.

1
x4+2y3—x=—Z+3\/3
+
1
y4+2x3—y=—1—3\/3

1
x4+y4+2x3+2y3—x—y=—§

Next, we isolate the variable on the left side of the equation, splitting the equal part.

1 1
x4+2x3—x+Z+y4+2y3—y+Z=0

1 1
P+ = =)+ + O+ =P =)+ =0

Next, we simplify the resulting expression.
1 1
P +x =2+ (P +y—5)* =0
1

2 ——=0
X“+x >

21y 1o
y y 5=

We solve each equation separately and then write down the general solution.

2 + 1 0y? + 1 0
x> +x—== —==
2 - VY TY Ty

-1++3 -1++3
x1,2 = T y1,2 = T
-1—/3 -1+3

After checking, we find that the solution is valid: (x; y) = ( =)

2

Example 9: (Interesting Olympiad problem) Find all functions that satisfy the following condition.
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fZ->2Z
7F () = 3(£()) + 2x

Solution: First, let’s introduce notations f(x) = g(x) + 2x. We substitute our notations into the above
function and simplify it.

7f(x) = 7(g(x) + 2x) = 3f(g(x) + 2x) + 2x == 3(g(g(x) + 2x) + (g(x) + 2x) * 2) + 2x
79(x) +14x = 3g(g(x) + 2x) + 6g(x) + 14x
9(x) =39(g(x) + 2x)

gx) R g(g(x) + 2x) . g(x)
3 3 32

This results in the function being divisible by 3, and so forth, which leads to the conclusion that any
integer n will satisfy the condition.

== g(x)/3"

neEN - g(x) = 0.
fO) =g(x) +2x
fx) =2x
Thus, the function can be expressed as f (x) = 2x where k is an integer.
To reinforce the new topic, we will use the following method: ""Even or Odd" method.

We will put key-shaped cards with several functions written on them on the board. On one side of the
board, we will attach locks labeled with even and odd numbers.

Pupils will take turns going to the board, drawing cards, and determining if the function written on it
is even or odd. If the answer is correct, the card is placed back. If the function is even, it goes to the
lock labeled "even", and if it's odd, it goes to the lock labeled "odd". In other words, the key will
unlock the corresponding lock.

An incorrect answer will result in losing points, and the lock will remain closed[7-20].

Figure 7: Samples of cards from the ""Even or Odd" method.
This is the mechanism for carrying out experimental testing activities.

The experiment was conducted at the 12th school in the Olot district of Bukhara region. Parallel
classes with similar levels of achievement were selected and divided into experimental and control
classes accordingly. The assessment criteria for the lessons conducted in the control and experimental
classes were the same, and the following results were obtained:
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Class Type: Control and Experimental. Number of Classes: 2
Stage of Number of Students
Experiment . In Degree of In n
Educational In . Control
and X Control mastery Experimental
. school Experimental Class
Academic Class (9A) Class Class (9A) (9B)
Year (9B)
Highest 0 0
2024 Olot (Excellent) 15 (53%) 8 (42%)
Academic District, 28 19 High (Good) 12 (43%) 8 (42%)
Year 12th School Average 0 0
(Satisfactory) 1 (4%) 3 (16%)

The students’ compliance with state educational standards was taken into account. In order to
determine the effectiveness of teaching Mathematics through new non-standard lessons based on
experimental testing, the final questions, tests, and results of generalized activities obtained from
students were analyzed both qualitatively and quantitatively.

The analysis of the experimental tests utilized mathematical-statistical methods, which are among the
scientific research methods in pedagogy.

The following table shows the changes in the dynamics of students' knowledge levels during the
teaching process based on non-standard lessons (in number and percentage).

Indicators of students' skills and competencies formed in Mathematics using non-standard lessons.

At the beginning of the At the end of the
Stage of Dearee of experiment. experiment.
Experiment Educational mgster In In In In
and Academic school y . Experim
Y Experimental | Control Control
ear ental
Class Class Class Class
Highest 0 0 15 0
- (Excellent) 6 (21%) 4 (21%) (53%) 8 (42%)
Academic Olot District, | High (Good) 10 (36%) 6 (32%) ( 43/) 8 (42%)
Year 12th School Average 2
0, 0, 0, 0,
(Satisfactory) 12 (43%) 9 (47%) | 1(4%) | 3(16%)

Based on this information, we introduce the following notations:

X; - We denote the grades corresponding to the experimental class by Xx;

Y- We denote the grades corresponding to the control class by y;

X and Y - The quantities m and n represent the arithmetic mean values for the experimental and
control classes, respectively.

Then, we have:

>yim; (1)

The equations will be relevant.

In the equations, the variables xi and yi take values of 3, 4, and 5 respectively. The quantities m and n
refer to the number of students corresponding to those grades.
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It should be noted that the average value evaluating the effectiveness of the educational process is the
ratio of the average arithmetic grades of the experimental and control classes, so the efficiency
coefficient is obtained as follows.

The average quadratic deviations are represented as:

1
S ===n; - (X —X)?
N’

SZ—Z>mi (v — )3 ©)

The standard deviation values are given by:

Sy =+/s2; s, =./s2 (4

The indicator for determining average values is represented by:

S S (5)
Cy,=—+—X--100%; C, =—'—-100%
> Jn-x > Y Jm-y ?
Confidence intervals for unknown average values of the empty set are determined by:
a e|:x—t-S X+t .s }
X /n X7 /n X
t t

a, e[y—ﬁ-sy; y+ﬁ-SyJ (6)

Here, the standardized deviation is determined based on confidence probability. For example:
R—=0,95 t =196

We propose the hypothesis of equality of average values and test against the alternative hypothesis
based on the information above using the student criterion.

Ho:ta, =ay

,
. ly-x1_
m,n — > 2
Six Siy
n m

If T >~ =tthe computed value is greater than the critical value, H, the hypothesis is rejected, and
H,the alternative hypothesis is accepted. Below, based on this information, calculations and
comparative analyses for each stage will be presented in a table format.

During this scientific research, the initial state of the students’ experimental-test results and the end of
the experiment were assessed through written and oral evaluations of all topics in the field of
Mathematics, as well as the levels of knowledge, skills, and competencies acquired by students in
independent work.

Comparative analysis of the conducted experimental test:

m = 28 n = 19 - The number of students in the experimental and control classes.
a - At the beginning of the experiment.

0 - At the end of the experiment.
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1 1 106
= (6%5+10%4+12%3) = — (30 + 40 + 36) = — = 3,79
Xa =5g(6% * *3) =75 ) =38

ya=%(4*5+6*4+9*3)=%(20+24+27)=Z—;=3,74
Efficiency coefficient:
x, 3,79
M= =gy = 1,01
Standard deviation values are given by the following equations:
S2 = %(6 *(5—3,79)2+10%(4—3,79)> + 12 % (3—3,79)% =
1 16,7148
= %(6 * 1,4641 + 10 x 0,0441 + 12 % 0,6241) = g = 0,60

S, =+/S2 =,/0,60 = 0,77
1
S5 =154+ (5-3792+6x(4 =377 +9x(3-374) =
6844

1 11,
= E(4 * 1,5876 + 6 * 0,0676 + 9 * 0,5476) = —To = 0,61

S, = [s2=,0,61=0,78

Average value determination indicators:

0,77
N, =—> x100% = — 100% = 3,84
* = T8 ez70 00% = 5005 F 100%
N =S—y*100%= ~ %« 100% = 4,79
Y V19 % 3,74 16,30 ’
e|[379 ' 0,77:3,79 + ;96 077]] [2,6;3,25]
a ) - * ) ; ) * ) = ) ; )
x V28 V28
, ,96
a, € [[3,74 - %0,78:3,74 + * 0,78]] =[2,6;3,3
Y V19 V19 : I
Now, let us calculate the results obtained at the end of the experiment:
1(15 54+12%441%3) 1(75+48+3) 126 4,5
= — * * * = — = =
Yo =58 28 28 "

1 1 81
=— 4 =—(40 + 32 =— =42
Yo=15(B*5+8x4+3%3) =—-(40+32+9) = 5 =426

Relative growth:

Thus, at the end of the experiment, the experimental group had a performance indicator 1.056 times
higher compared to the control group. If we compare it to the beginning of the experiment:

In the experimental class:
X 4,5

= = = 1,19
X, 3,79

Ny
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In the control class:
Significant achievement in effectiveness.

Yo 426
=y T374

For the standard deviation values, the following equations are relevant:

1,14

1
S = %(15 *(5—4,5)24+12x(4—-45)>+1x(3—-45)*=

1 9
= %(15 0,254+ 120,25+ 1% 2,25) = o8- 0,32

S, =+/S%2 =./0,32 =057
1
S2, = — (8% (5—14,26)%+8*(4—426)% +3%(3—426) =
Y719
14,5516

1
= E(B *0,5476 + 8 x 0,676 + 3 * 1,5876) = 19 0,77

S, = |S2=./0,77=0,88

Average value determination indicators:

N, = —>—%100% = — 100% = 2,40
= eas 1000 =538 100%

N =S—y*100%= %« 100% = 4,15
Y19 * 4,26 18,57 '
e[[45 6 05745+1’96 057]] [2,4;2,8]

a ! ) - * ) ; ) y— * ) = ) ; )
x \/28 V28
1,96 ) 1,96 _ .
a,, € H4,26 — 5+ 077426 + = 0,77]] = [[2,93; 3,62]

The results obtained for each stage were analyzed using mathematical-statistical analysis, and based on
these results, conclusions were drawn using the Student criterion.

In the experimental class:
x, =3,79vax, =45
- Efficiency coefficient: 3.79 and 4.5

n, = 1.19 efficiency Indicator .

_13,79-45] _ 0,71

T = \/ng% "~ 0,052
Tx = 13,7 > T0‘95 = 1,96
Thus, the hypothesis was not accepted.

=13,7.

In the control class:
» Efficiency coefficient: 3.74



Thus, the hypothesis was not accepted.
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The effectiveness indicators of the students' knowledge based on the non-standard lessons in the
Mathematics subject are presented in the following table.

Experimental Class Control Class
| Indicators Educational A.t th_e At the end At_thg
beginning beginnin | At the end
No school of the
of the . g of the of the
. experiment X .
experimen experime | experiment.
t. nt.
Mean Arithmetic Olot District,
1 Value 12th school 3,79 45 3,74 4,26
. . Olot District,
2 Efficiency Indicator 12th school 1,19 1,14
Confidence Interval Olot District
3 | for Average Value OVDISIICL 1 12,6; 3,251 | [2,4:2,8] | [2,6;3,3] | [2,93;3,62]
12th school
(ax € ay, <)
Standard Error of Olot District,
4 Mean (s, Sy) 12th school 0.77 0,57 0.78 0,88
Determination Olot Distri
5 Indicator OLDIStrict, 1 3 404 24% | 479% | 4.15%
12th school
(sy.s,)
. I Olot District,
6 Pupils Criterion 12th school 13,7 7,05
) istri Hypothesis not Hypothesis not
7 Result Indicators Olot District, Ho TP Ho FYP
12th school accepted accepted

Based on the results in the table, it has been determined that the methodology used in the experimental
group is effective compared to the control class. The outcomes of the conducted experiments showed
that the indicators of students’ skills and competencies in the Mathematics subject were achieved to
1.19 times in the experimental group and 1.14 times in the control group.

Based on the scientific findings, the technological approach of students towards the lesson process and
the comparative analysis of their knowledge, skills, and competencies are presented in the following
histograms.
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Figure 8: Diagram of Experimental-Test Results

The article was written based on the 9th-grade textbook. Today, in developing countries, there are
large methodological foundations supporting modern pedagogical technologies that guarantee the
effectiveness of the education process. By using modern teaching methods, it becomes much easier for
pupils to understand the topic, and they can also explain the topic to other students.

In conclusion, using the information provided in this article during the teaching process of the topic
"Even and Odd Functions" in the Mathematics curriculum enables effective organization of the lesson
components, such as reviewing previously taught topics, explaining new topics, and reinforcing the
knowledge gained on the subject. In general, using various interactive methods in teaching can make
lessons more effective, result-oriented, and interesting. Also, this work contains very necessary
information. Interesting Olympiad problems are provided as examples. The goal is to teach students to
work independently, not just limit themselves to the examples in the textbook, but also to solve
complex Olympiad problems. This helps students develop critical thinking and discover new methods
of problem-solving. This is currently a necessity of the time[7-20].

REFERENCES:

1. Sh.A. Alimov, O.R. Kholmuhammedov, M.A. Mirzaahmedov “9-Algebra” Teacher Publishing
House, Tashkent — 2019, pp. 47-50.

Content - Odd and Even functions. https://amsi.org.au.

Even and Odd Functions. https://mathsisfun.com.

Even and Odd functions - Definition, Properties, Graph. https://www.cuemath.com.
Mathematics + Olympiad. t.me/olimpiada.mathlinks.

Barakayev M. et al. Mathematics — 4 (Alternative textbook). - T.: “TURON IQBOL”, 2024, 320
pages.

o U A WP

7. A. Sh. Rashidov. The technology of personalized learning in Mathematics lessons. Center for
Scientific Publications, 2021, No. 3, pp. 68-72.

8. A.Sh. Rashidov. Conducting practical classes in Mathematics for students in the field of Social-
Humanitarian Education. Science and Education, No. 9, pp. 283-291.

9. 0.0. Khallogulova, A. Rashidov. The threshold eigenvalue of the Friedrichs model. Young
Scientist, 2015, No. 15, pp. 1-3.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Miasto Przysztosci
Kielce 2024

A. Sh. Rashidov. Interactive methods in studying the topic "Definite Integral and Its Applications."
Scientific Research, No. 34:3, pp. 21-24.

A. Sh. Rashidov. The role of creative thinking and creativity in the intellectual development of
youth. Pedagogical Skills, 2021, No. 7, pp. 114-116.

A.Sh. Rashidov. Developing creative thinking in students from Mathematics subjects. Science and
Society, No. 3, pp. 45-46.

A.Sh. Rashidov. Advanced practices in modern education and innovative technologies. Center for
Scientific Publications, 2021, No. 3, pp. 68-72.

FMF Rashidov Anvarjon Sharipovich. INTERNATIONAL ASSESSMENT PROGRAMS IN
EVALUATING STUDENTS' KNOWLEDGE "Innovations in Physics, Mathematics, and
Information Technologies."

RA SHARIPOVICH. QUADRATIC EQUATIONS AND THEIR OWN UNIQUE FEATURES
EFFECTIVE EDUCATION AND SUSTAINABLE INNOVATIONS JOURNAL 2 (5), 385-395.

Rashidov A. Sh., Beknazarova G. Yu. The unique features of adding and subtracting mixed
numbers in Mathematics lessons. Education and Innovative Research (2024, No. 5), p. 236.

Rasulov T.H. Rasulova Z.D. organizing educational activities based on interactive methods on
mathematics subject. Journal of Research in Mathematical Archieves, 6:10 (2019), pp. 43-45.

RA Sharipovich Teaching the subject of drafting polyhedra and their simple sections using
interactive methods International Scientific Research Journal - Impact Factor: 7.565 10 Issue

A.Rashidov. Tenglama va uning yechimlari mavzusini interfaol usullar yordamida o‘qitish: Buxoro
davlat pedagogika instituti jurnali 2 (2)

RA Sharipovich Interactive methods in teaching mathematics: case study method. Hayunsie
uccienosanus, 21-24



