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Abstract: In this study, the features of Graph 4.4 software used in mathematics lessons are introduced and the development
of students' ability to create and interpret function graphs as a result of using this software is examined. The study was
designed and conducted as an experimental study. The sample consists of 46th grade 8th grade secondary school students (24
students in the experimental group, 22 students in the control group). In the experimental group, the topic of functions was
taught using Graph 4.4 software. At the end of the application, 2 questions were asked to both groups that required graphing
and interpretation to answer. The written answers of the students were analyzed by scoring in three categories as correct,
partially correct and false. Throughout the comparison, it was determined that the averages of the experimental group were
higher. The findings revealed that the use of dynamic algebra software in mathematics lessons improved students' graphic
skills. Although this result obtained from a small sample cannot be generalized, this study shows that the use of Graph 4.4
software in mathematics lessons can be one of the basic teaching tools.
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Oz: Bu calismada matematik derslerinde kullanilan Graph 4.4 yazihminin 6zellikleri tamitilmakta ve bu yazilimin
fonksiyonlarin grafiklerinin 6gretiminde kullanilmas1 sonucunda dgrencilerin fonksiyon grafiklerini olusturma ve yorumlama
becerilerindeki gelisim incelenmektedir. Calisma deneysel bir calisma olarak tasarlanarak yiiriitiilmiistiir. Orneklemi 46.
(n=24 deney grubu, n=22 kontrol) 8. sinif ortaokul 6grencileri olusturmaktadir. Deney grubunda fonksiyonlar konusu Graph
4.4 yazilimi kullanilarak islendi. Uygulamanin sonunda her iki gruba cevaplamalar1 i¢in grafik olusturmayi ve yorumlamayi
gerektiren 2 soru soruldu. Ogrencilerin yazili cevaplari dogru, kismen dogru ve yanhs seklinde {i¢ kategoride puanlanarak
analiz edilmistir. Yapilan karsilagtirmada deney grubunun ortalamalarmm daha yiiksek oldugu belirlenmistir. Bulgular
matematik derslerinde dinamik cebir yazilimlarinin kullanilmasinin 6grencilerin grafik becerilerini gelistirdigini ortaya
cikarmustir. Kiiciik bir 6rneklemden elde edilen bu sonug genellenemese bile, bu ¢alisma matematik derslerinde Graph 4.4
yazilimi kullaniminin temel 6gretim araglarindan biri olabilecegini gostermektedir.

Anahtar Kelimeler: Graph yazilimi, matematik, fonksiyon grafikleri

Tiirkge stiriim i¢in tiklayiniz

1. Introduction

Technology is growing rapidly. This development also changes the practices in the education system. In this
respect, mathematics education should be adapted according to the developments in science and technology. The
use of ICT in mathematics classrooms helps students to construct and develop their knowledge, skills and habits
in the subjects they learn, and to apply them to real-life situations. At the same time, when students do their
homework by using on the computer using special software also will encourage them to fulfill more difficult
homework in the next.

Today, many studies are carried out on the transition from "memory" school to "thinking" school in general
education systems (Peter, 2012). Now, the use of new teaching technologies, computers, smart boards, the
internet and other multimedia tools, has become an inevitable requirement to achieve high quality in education.
It has become impossible to think especially mathematics teaching without computer applications. Computer
technology provides the most effective way to communicate and access information. Now coputer has become
an indispensable assistant tool for teaching in mathematics lessons. The use of ICT in mathematics classes
creates the opportunity for students to be more active learner and at the same time creates scientific perspectives,
habits of working with data, allows the subject learned to remain in mind for a long time while being careful and
creates a source of motivation to do it (Tagiyeva, Hesenov, & Cebrayilzade, 2011). Softwares such as Mathcad-
11, MATLAB-7, Scientific Work Place 5.0, Graph 4.4 are used in mathematics lessons.

Algebra and functions are one of the basic learning areas of the secondary school mathematics curriculum
(Azerbaijan Ministry of National Education, 2006). This learning area acts as a bridge for learning other areas.
Through algebra, students solve problems from a natural language in algebra, symbolically and vice versa.
Functions section, one of the main areas of mathematics study, serves students' mastery of equations, variables
and quantitative relationships. The scope of this section in the learning area is expanding in the upper classes and
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is of extraordinary importance. While teaching the topic of algebra and functions, a large number of problems
are analyzed, modeled, solved and presented. Research shows that many high school students have trouble
creating graphs of functions and presenting results. The use of mathematical tools and technologies in the new
curriculum is necessary to overcome difficulties and improve mathematical skills (Azerbaijan Ministry of
National Education, 2013).

In this study, after giving information about the properties and usage of Graph 4.4 application software
(Johansen, 2012), the use of software in teaching the subject of functions in a mathematics classroom, the
student's ability to graph the function and interpret it is examined. Therefore, the research problem is determined
as follows:

Do what extent the use of graphical software in teaching quadratic equations and equations with rational
expressions and their graphs affect students' ability to graph the function and interpret it?

1.1. Technical features of the Graph 4.4 software

Graph 4.4 software is one of the perfect software for building students' graphing skills. The Graph 4.4
application is an open source software used to create graphs in a two-dimensional Cartesian coordinate system.
Atfter installing the graphics of the functions, they can be added easily. Some mathematical calculations can also
be made on functions through the software in question. The footprint of the software allows it to be kept on any
disk drive and easily moved from one location to another.

When the software package is downloaded to the computer, the main page window of the software will open
on the screen as below (Figure 1):
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Figure 1. Graph Sofwafe Page

Menu items consist of sub menus and tools panel. The items of the title line of the window are similar to
other software windows, but some menu items and submenu items are different from other software. When
opening the window, there is a consultative dialog in its middle part. After answering the relevant question in
this window, a new window will open. The window in question has three management buttons. The first of these
allows you to close the window, while others allow you to return to the next and previous question.

The series first four items of the "File” item of the menu have the same character. The fifth "Save as image"
section moves the same image software page to memory with a new name. When this command is requested, the
dialog window will open in response to the command. The file name will be written in the "File name" section of
the window in question. The sixth item of this menu called Import is for downloading other images from the
software itself. . In the "Function type" section of the dialog box, one of the three types of functions is preferred
as standard, parameterized or polar function. In the "Function equation” field, it is necessary to write the
equation of the corresponding function. In the opened dialog box, the interval and step where the graph of the
function will be created, the graph display type, color, size, sign type, color, size and other parameters must be
selected. Then, pressing the OK command button sets the chart automatically. This dialog box also has an
auxiliary button and option to cancel the command. By the way, it is possible to create graphs for several
functions in a coordinate system. This is an important factor to compare while learning the graphs of functions
(Figure 2). The second sub-menu is used to touch, cut or draw vertically on the given point by passing the name
"Insert tangent / normal”.
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This software can be used successfully not only in creating the graph, but also in solving the equation
problem with graphical method. When using the software, the unknowns specific to the equation problem, the
complexity of the degree size of the variable, etc. it does not create any difficulties during the solution. It is
known that the time spent solving such equations with the traditional method is much more than the time spent
using Graph software. If we add here the accuracy of the installation, we conclude that this software has a unique
advantage.
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Figure 2. "Insert function" window of "Function" menu in Graph software.

The next is "Add Shading". This unite also provides rich possibilities. That is, the shading of the gaps is of
great importance in solving inequalities. The traditional method is a very time consuming and messy task. In
addition, when the number of unknowns and shaded areas are high, the clutter becomes more apparent. But using
this software not only eliminates shortcomings, but also helps create new opportunities. Using Graph 4.4
application allows shading in six directions in the Cartezian coordinate system:

1. Shading of the area between the function graph and the OX axis;

2. Shading the lower part of the function chart;

3. Shading the upper part of the graph of the function;

4. Shading the area between the graph of the function and the OY axis;
5. Shading the inside of the graph of the function;

6. Shading the inter graphical distance of functions (Abdullayeva, 2012).

"Insert f'(x)" to create the graph of the derivative of the function, "Insert point series" to indicate points on
the graphs (Insert point series )," Insert relation "to make new function graphs,” Add text "to name points, write
formulas. You can use the sub menus of the "Function" menu named "Special Functions / Constants" (Special
functions / constants) to enter special functions. In the Caretesian coordinate system, problems may arise when
using "Zoom" to change the dimensions of the graphics and "Calc" for calculation. In this case, using the "Help"
menus to get help creates a better environment for the user.

2x+y=1
2x—-y=3
of each equation in the expression with the OX and OY axes (Ismayalova, 2014).”

Example-1: { graphically solve the system of equations. Record the intersection points of the graph

Solution: Let's solve the equation system with Graph 4.4. First, both equations of the system are rearranged
y=-2x+1
y=2x-3

Let's write —2x + 1 and 2x — 3 expressions in the "Insert equation” field in the "Add function™ submenu
of the "Function" menu in the software that is, in the form of -2 * x + 1 and 2 * x-3. For each equation, the range,
step, type of graph display, color, thickness, marker with appropriate parameters, etc. is selected and graphics
will be automatically installed in the system. Using other options, it is possible to specify each equation on the
appropriate graph. Find the coordinates of the intersection point with the OX and OY axes of each graph and fill
it easily. If we put the arrow of the mouse over the intersection of the graphs, we can see that the coordinates of
that point are 1 and -1. Thus, the coordinates of the intersection point of straight lines are A (1; —1). By moving
the mouse again to the intersection point with the coordinate arrows of each graph, you can see the coordinates

according to y as {
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of that point in the lower right corner of the screen. The graph of the 2x + y = 1 equation intersects the OX
axis at the point B (0,5; 0) and the OY axis at the point C (0; 1). The graph of the 2x-y = 3 equation cuts the X
axis at the point D (1,5; 0) and the Y axis at the point K (0; -3) (Figure 3):
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Figure 3. Solution of the equation system by graphical method

Example 2. Solve this equation system graphically |35X/=Y =2 (Merdanov, 2010).
y+x?2—6=0

Solution: Let's express y as x in both equations as ) Y =35 X‘ -2
y=6-x
In the "Insert function" sub-menu item of the Graph 4.4 software's "Function menu," add 3.5 | x | to the "Add
equation” field. - Write the equation 2 in programming language. Then, let's choose the interval, step, display
type of the chart, color, thickness, the marker with the appropriate parameters and automatically create our chart
in the system according to the equation. Similarly, after setting the 6 — x2 equation in programming language, it
is possible to create the graph by selecting the parameters (Figure 4). The charts intersect at points A (1.5716;

3.5006) and B (-1.5716; 3.5006). Thus, (1.57, 3.51) and (-1.57; 3.51) pairs will be the approximate solution to
the equation;

File Edit Function Zoom Calc Help

DS E +#L V 8 =wA ~Ja@ED 2208
Ve Axes

I f)=3 Sabsix)-2
MIN fig=6-x"2

W41 A(1.5716: 3.5006)
V41 B(-15716; 3,5006)
Vi@ oa1

Vi@ b2

o
me -
LT Ars
V@ 05 I
w40 3
V44 Label
W4 Label

B(-1.5716:3,5006 i 4(1,5716:3,5006)

x= 15716
= 35006
= 35
Feg=

Snap to: | Function >

Figure 4. The graphical solution of the equation system
Example 3: Calculate the area of the shape bounded by lines y =e*, y =0, x =0, x =1 (Merdanov, 2009).
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Solution: First, let's write the equation y = e* and y = 0 in the “Insert equation” in “Insert function” sub-menu
item of the “Function” menu of Graph 4.4 software. Graphics, interval, step, graphic display type, color,
thickness, and appropriate parameters are automatically adjusted to the system by selecting the marker (Figure
5). Then, let's enter that the «Function» item is x = 0 and x = 1 in the "Edit relation" field in the "Insert relation”
submenu item. By using the "Insert text label” window in the "Insert label" submenu of the "Function™ item, you
can define the bent trapeze, write formulas on the graphics or mark any symbol. To calculate the area of the bent

trapeze obtained, you can use [0; 1] data is entered and the area is calculated automatically. Thus, the requested
area is equal to 1.7183 or (e-1):

File Edit Function Zoom Calc Help

DEE | +4#L | V. 8 wnA [Jadtn 200
Wb Axes
MIN Fig=e™x
W15 Shading 1
MM =0
MIA x=0; 0gy<t
WA x=1: 0y<2.7183
M k=0
VI x=1
V40
M4 y=ex
¥4 0
V4 A
viéiB
v4c
M4 x=1

Fom: 0

To! 1

Figure 5. Calculation of the area of the bent trapeze

Example- 4. Calculate the area of the shape bounded by y = E y =0, x=1, x=4 (Merdanov, 2009).

X
Solution: Similarly, let's create our graph after entering the y =2 * 1 / x and y = 0 functions in the "Insert
equation” field in the "Insert function" submenu of the "Function" item of the Graph 4.4 software in
programming language and selecting the appropriate settings (Figure 6). In the "Area" sub-menu item of the
"Calc" item [1; 4], we can see that the area equals approximately 2.7726:
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Figure 6. Calculation of the area of the bent trapeze

Example 5. Calculate the area of the shape bounded by y = 3x —x*, y =0 (Merdanov, 2009).
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Solution: First, let's find the axes of the intersections of the graphs. Let's solve the equation for this. The solution
of the equation will be x =0 and x, = 3. Then, similarly, let's create our graph after entering the y = 3x — x?
and y = 0 functions in the "Insert equation” field in the "Insert function" submenu of the "Function" menu of

the Graph 4.4 software and selecting the appropriate settings (Figure 7). In the "Area" sub-menu item of the
"Calc" menu [0; 3], we get that the area is approximately equal to 4.5:

File Edit Function Zoom Calc Help

Sl~mA /oo 2LLY

= o

= -3 25
= -2

Snap to: [Function -

Figure 7. Calculation of the shaded area
2. Method
2.1. Research Design and Participants

The study was carried out in a secondary school in Baku in the 2017-2018 academic year. Before the study,
the teaching practices of mathematics teachers in some secondary schools in Baku was observed, approximately
30 (n <30) mathematics teachers and 180 eighth grade students were interviewed and a questionnaire was
applied. The questionnaire asked "How would you like to learn mathematics?" A question was asked. 85% of the
students answered “I want to learn with the help of computer technology”.

The study was initiated with the hypothesis that if Graph 4.4 software is used in mathematics teaching in the
8th grade, the quality of teaching will increase, students will be motivated to learn mathematics and as a result,
they will develop more graphing and interpretation skills. The validity of the hypothesis was tested in an
experimental study and the results were compared.

The research was carried out as an experimental design. Two 8th grades of middle school No 21 in Baku
were considered, one of them was defined as random control class (n = 22) and the other as experimental class
(n = 24). The second order equations and rational equations, which are sub-learning areas of the eighth grade
mathematics curriculum, were explained in the experimental group using Graph 4.4 software. In the control
group, these subjects were taught in a classroom where the smart board was not used by following the existing
math book.

The study was conducted as an experiment design. The sample of the study cosisted of two separate 8th
classes of the secondary school 21 in Baku. One of them was randomly selected as the control group (n = 22)
and the other as the experimental group (n = 24). The second order equations and rational equations, which are
sub-learning areas of the eighth grade mathematics curriculum, were tought in the experimental group through
using the Graph 4.4 program. In the control group, these topics were studied in a classroom where the smart
board was not used after the existing mathematics book.

At the end of the first half of the school year, a test was applied to compare graphic skills in the experimental
and control classes. This experiment was done by the class using Graph 4.4 and the control class using paper and
pencil. The questions used in the test are defined as follows:

Question 1. Graph the function of y = % and find the defined region..

Question 2. 3x2? + 5x — 3 = 0 equation is given. Show your graphical solution (Qehramanova, Kerimov, &
Hiiseynov, 2015).
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2.2. Data analysis

The written answers of the students in both control and experimental classes were analyzed by scoring in
three categories as complete correct, partially correct and incorrect.

The criteria to be used to evaluate the answers given to the first question in the control group were
determined as follows:

The function created with the formula y = % is called an inverse proportional function. Here X is independent

variable (x # 0), k is a nonzero digit. Since the function presented by the formula y =§ is an inversely

proportional function, the area is the set of all real numbers except zero. The graph of an inversely proportional
function is called a hyperbola and consists of two branches. Since k = 8 > 0,x and y will be equally
conditional, and hyperbola branches are in the first and third of the coordinate plane. will take place in the I. And
I11: regions. To create the graph of the function y = g first the table of numbers is created (Table 1), then the
graph is created (Figure 8):

8

Table 1. table of values for the function y = -

N
~
[0 0]

X -8 -4 -2 -1 0 1

Y -1 -2 -4 -8 undefined 8 4 2 1

Figure 8. Graphofy = 8

X

Only the answer of the students who created the graph of the function correctly was evaluated as partially
correct answer, and the answers of the students who did not write the designated area of the function and did not
set the program correctly were evaluated as wrong answer. Students were evaluated in rubrics that define the
levels of their skills in graphically presenting inversely proportional addiction (Gehramanova, Kerimov &
Huseynov, 2019) (see Table 2).

Table 2. Evaluation for control class presentation skills

Level-1 Level-11 Level-111
wrong answer Partially correct answer Correct answer
It is difficult to draw inverse Presenting graphically The inverse proportional dependency
proportional dependencies. proportional dependency with is completely presented graphically.
help.

In this table, Level | shows wrong answers, Level Il shows correct but incomplete answers and Level 111
shows correct and complete answers.

The criteria to be used for the evaluation of the answers to the second question in the control group were
determined as follows:
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The correct and complete answer is: writing the equation 3x2? + 5x — 3 = 0 in the form of 3x? = —5x + 3 and
dividing both sides by 3 as x? = —gx + 1. Creating the graph of y = x2and y = —gx + 1 functions on the
same coordinate plane (Figure 9). Compiling a table of values for each function (Table 3):

Table 3. Values tables for y = x?and y = — gx +1

X -3 -2 -1 0 1 2 13 X -3 0 3

5
y=—=x+1 6 1

y=x2| 9 | 4| 1|0 |1 |4]09 - 4

The abscissa of the intersection points of the parabola y = x2 and the straight line y = —zx + 1 will be the

root of the given equation. Since the straight line intersects the parabola, the equation has two different roots:
X z—z,zand X, ~0,5.

Figure 9. Graph of 3x> +5x—3 =10

The evaluation of this question was carried out according to the objective of "It investigates the origins of the
quadratic equation by drawing the graphs of the corresponding functions on the same coordinate plane"
(Gehramanova, Kerimov & Huseynov, 2019). (Table 4).

Table 4. The evaluation of ansversto 3x* +5x —3 =0 in control group

Level | Level I Level I
Wrong answer Partially correct answer Correct answer
To find the roots of a quadratic | To find the roots of a quadratic = Creates graphs of the

equation, it is difficult to construct
graphs of its corresponding
functions on the same coordinate
plane.

equation, it creates the graphs of its
corresponding functions on the
same coordinate plane, but
examines them with the help of
their roots.

corresponding functions of the
roots of a quadratic equation in the
same  coordinate plane and
completely examines the roots.

If a student cannot create a straight line graph with a parabola on the same coordinate plane, his answer is

considered incorrect.

Student creates a straight line graph with parabola on the same coordinate plane
but if he finds the origins of the quadratic equation with the help of the teacher, this answer is considered to be

partially correct.

If the student draws a straight line with a parabola on the same coordinate plane and freely searches for the roots
of the quadratic equation, this answer is considered the correct answer.
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The analysis of the answers given to the first question in the experimental group was as follows:
The area where the function y = z is defined are all real numbers other than 0: The graph of the function x # 0,

y = g created in Graph 4.4 software (Figure 10) is as follows:
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Figure 10. Graph of y = g

The answers to the first question were evaluated according to the Table 5:

Table 5. Evaluationcriteria for the 1st question in the experiment group

Level | Level 11 Level I
Wrong answer Partially correct answer Correct answer

It is difficult to present an inverse | Graph 4.4 presents a graph of | Graph 4.4 provides an inverse
proportionality graph using Graph | inverse proportionality with the help | proportionality graph.
4.4, of notation..

The correct and complete answer to the second question in the experimental group is as follows:

Replacing the equation 3x2 + 5x — 3 = 0 with the equation 3x? = —5x + 3 that is the same as it is. Then
using the quadratic equation transformed by dividing both sides of the equation by 3 and doing the graphical

solution of y = —Sx +1.

Then creating graphs of y = x? and y = —gx + 1 in Graph 4.4 software. Determination of the abscissa of

the intersection spurs of the graphs as -2.138 and 0.456 (Figure 11). These are the roots of 3x% + 5x —3 =0
equation: x, ~-2,138 and x, ~ 0,456 .
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Figure 11. Graphsof y=x*and y = —gx +1 inGraph 4.4
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This question has been evaluated according to the criteria in Table 5 in the context of the ability to create graphs
of appropriate functions and present the results using Graph 4.4:

Table 5. Deney sinifinda 3x? + 5% — 3 = 0 denklemi i¢in degerlendirme
Level | Level Il Level 111
Wrong answer Partially correct answer Correct answer
Graph 4.4 makes it difficult to | Creates graphs of suitable | Creates graphs of corresponding
draw graphs of appropriate | functions using Graph 4.4 notation, | functions using Graph 4.4
functions. but presents the result with help. notation and completely presents
the result.

3. Findings

The effect of Graph 4.4 software on students' ability to create and interpret function graphs was investigated.
The frequency and percentage distributions of the answers in the experimental and control groups are given in
Table 6.

Table 6. Distribution of the answers of the students in the experimental and control groups

Number of Correct Answers Partially Correct Answersr Wrong Answers
Students
. E c E C E C E C
Questions n % n % n % n % n % n %
1 24 22 8 33 4 18 14 58 10 45 2 8 7 32
2 24 22 9 38 6 27 12 50 9 41 3 12 8 36

Graph calculations, graphical modeling and graphical solution of problems are among the topics of the 8th
grade mathematics curriculum. It is understood from Table 6 that teaching this subject using Graph 4.4 software
in the experimental group is effective in learning the methods of calculating the function graphs based on
drawing, graphs, and finding the roots of the function. When the answers given by the students to the two
questions asked to both groups were examined, it was determined that the students in both groups had difficulty
in creating graphs of functions as a paper and pencil activity. Examples of correct and partially correct answers
from students' answer sheets are as follows:

Students who solved the first question correctly determined the area where the function is defined as R \ {0}
(Figure 12):

Figure 12. Students’ answers to the first question.
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The students tried to show the solution to the second question in different ways (Figure 13):

2 R M- Y N 49X-320
L +5x-%=0 Lzd  [z=z pra’ grpss
A ek < : e Wiz o 0T
o o e v 4 iz Tl s I’ il
3) s I 9 v
2 oy ! B! . - S~ T
0 ] LAl 1 L e /o4
Ao A+ - o 2
( ’ 10 }
th _{_ (] + \l Y =TV 4‘1 (1B 1%
4= ; x
B

.»- z‘ : ;
3K+ o132 © st
_— |
o ° o T0 , ity
e BT \ el bl >X

7%

Figure 13. Students’ answers to the first question.

The fact that the number of completely correct and partially correct answers of the experimental group
(n = 42) is higher than that of the students in the experimental group (n = 29) and that the wrong answers are
three times more in the control group shows that Graph 4.4 applications are effective. In other words, it was
determined that the problem-solving skills of the students in the experimental group regarding graphic solution
methods were 13% higher than the control classes. By expanding the scope of the research, it can be said that the
proposed software creates a high motivation source for students and has a very important place in learning
mathematics.

4. Discussion, Conclusion and Suggestions

In the research, the possibilities of developing graphic skills of middle school students in mathematics
lessons were revealed. Detailed hypothesis tests were not conducted in this experimental study. The two groups
were compared on the basis of the answers given to only two questions, their percentages were examined and
comments were made about the effect of the software. Of course, the findings of such a limited study cannot be
generalized. In order to generalize these results, it is necessary to use a larger sample and a research with more
questions. Therefore, this study only presents sections from the practice in a secondary school in Baku.
Depending on the limited results of the study, the use of Graph software in middle school mathematics lessons
can be recommended to support students' learning about function graphs and solutions.

The ability to create and interpret function graphs is one of the important skills in the mathematics
curriculum of secondary schools (mathematics curriculum (curriculum) for schools of the Azerbaijan Ministry of
National Education (2013). The standards to be applied to the content line of algebra and functions in the 8th
grade mathematics curriculum develop students' thinking skills and prepare them to understand real-life
situations. The implementation of the standards (Qehramanova, Kerimov & Huseynov, 2019) is carried out on
the following skills:

v" Understands the solution of type equations ax? + bx = 0,ax? + ¢ = 0 and ax?+ bx + ¢ = 0 as
the abscissa of the intersection point of the function graphs y = ax?andy = kx + d;

v' It explores the roots of the quadratic equation by plotting the graphs of the corresponding functions on the
same coordinate plane;

v Creates a graph of suitable functions using electronic graph calculators and presents the results.

During the study, it was observed that the students did not fully master these skills. Several reasons for this
are stated in the relevant literature:

v' Lack of interest in mathematics for some students since primary school;

v The transition of mathematical subjects from classroom to classroom from simple to complex;

v As students age, their interests expand and as a result, less time is spent developing their mathematical
knowledge and skills;

v" Poor use of new technologies by teachers, especially poor use of computer technology (Mehrabov &
Cavadov, 2007).

From this research, it is understood that the computer-assisted method chosen by the instructor plays an
important role in developing students’ skills of graphing and interpreting functions. The transition from memory
school to thinking school requires every teacher to “create personality-oriented educational content based on
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competence” (Abbasov, 2019). That is, the knowledge acquired by the student today does not require an
explanatory description of the learning materials as in traditional education. Here, the competencies that will
occur in the student's personality are expressed. These skills are basically formed as a result of the teaching-
learning process. One of the functions performed by the educational process is development (Adigozalov, 2012).
Education should be guided to ensure development. Every teacher, including math teachers, should use the
opportunities of the learning process to create favorable conditions for the development of students' skills.
Building students' thinking skills starting from primary education will lead to the development of more complex
cognitive skills (problem solving, judgment, proof, coordination, presentation) in the later stages of education.
(Azerbaijan Ministry of National Education, 2013; Abbasov, 2019).

Technology is growing rapidly. This development also has a strong potential to change the direction of
science and education. In order to keep up with the changes taking place, the abilities society expects of people
must also change and develop. In this respect, it is necessary to ensure that mathematics education is carried out
in accordance with the developments in science and technology. The use of ICT for learning and application of
mathematics knowledge should be one of the basic requirements of today's mathematics courses. Using Graph
4.4 software in mathematics teaching will help students construct and develop their knowledge, skills and habits
in the subjects they study, adapt them to real-life situations, and take responsibility for students' learning.
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Fonksiyonlar Konusunun Ogretiminde Graph Yazilmimin Kullammi: Azerbaycan
Ornegi

1. Giris

Teknoloji hizla ilerliyor. Bu gelisme ayni zamanda egitim sistemindeki uygulamalar1 da degistirmektedir.
Gergeklesen degisikliklere ayak uydurmak i¢in toplumun insanlardan bekledigi beceriler de degismekte ve
gelismektedir. Bu acidan matematik egitiminin bilim ve teknolojideki gelismelere goére uyarlanmasi
gerekmektedir. Bu gereksim nedeniyle bilgi ve iletisim teknolojileri (BIT) matematik derslerinde genis
uygulama alan1 bulmaktadir. BIT'in matematik derslerinde kullanimi, dgrencilerin 6grendikleri konularda bilgi,
beceri ve aligkanliklarnin olusturulmasma ve gelistirilmesine, onlar1 gercek hayattaki durumlara
uygulayabilmelerine yardimci olmaktadir. Ayni zamanda 6devlerin 6grenciler tarafindan bilgisayarda &zel
yazilimlar araciligryla yapilmasi, onlar1 gelecekte daha zor 6devlerin yerine getirilmesine de tesvik etmektedir.

Giiniimiizde genel egitim sistemlerinde “hafiza” okulundan “diisiinme” okuluna ge¢isin saglanmasi iizerine
genis caplt caligmalar yiriitiilmektedir (Azerbaycan Baskanlik Kararnamesi, 2016). Artik, egitimde yiiksek
kalite elde etmek ic¢in yeni 0gretim teknolojilerinden, bilgisayar, akilli tahta, internet ve diger multimedya
araglarinmn kullammi artik ciddi bir gereksinim haline gelmistir. Ogretme-6grenme siirecinde bilgi-iletisim
teknolojilerinin kullanimi sadece bilgi, beceri ve aliskanliklar edinilmesi i¢in degil, ayn1 zamanda edinilmis bilgi,
beceri ve aligkanliklarn uygulanmasi alaninda yaratici diisinen, rekabet edebilen, gelecegi insa edebilen
insanlarin yetistirilmesi igin de gereklidir. Ozellikle matematik derslerinde Ogretme-6grenme siirecini
bilgisayarsiz hayal etmek imkansiz hale gelmistir. Bilgisayarlar iletisim kurmanin ve bilgiye ulasmanim en etkili
yolunu saglamaktadir. Artik matematik derslerinde bilgisayar 6gretmenin vazgecilmez bir yardimer araci haline
gelmistir. Bilgi ve iletisim teknolojilerinin (BIT) kullanim1 dgrencilere matematik egitimi sirasmnda daha aktif
olma firsat1 yaratir ve ayn1 zamanda bilimsel bakis acisi, verilerle ¢alisma aligkanliklari, diger bilimlerin
temellerinin farkina varmak icin beceri ve aligkanliklar olusturur, 6grenilen konuyu dikkatli ve ilging etmekle
beraber uzun siire akilda kalmasini saglar, yaratici olmaya ve aragtirma yapmak igin motivasyon kaynagi
olugturur (Tagiyeva, Hesenov ve Cebrayilzade, 2011). Matematik derslerinde, Mathcad-11, MATLAB-7,
Scientific Work Place 5.0, Graph 4.4 gibi yazilimlar kullanilmaktadir.

Cebir ve fonksiyonlar 6grenme alani, ortaokullarda dgretilen matematigin bes temel grenme alanindan
(sayilar ve iglemler, cebir ve fonksiyonlar, geometri, 6l¢iim, istatistik ve olasilik) biridir (Azerbaycan Milli
Egitim Bakanlig1, 2006). Bu cebir 6grenme alani diger 6grenme alanlar1 arasinda bir koprii gorevi goriir. Cebir
yoluyla, 6grenciler problemleri dogal bir dilden cebirde sembolik ve tam tersine ¢evirerek ¢ozerler. Matematik
¢alismasinin ana alanlarindan biri olan fonksiyonlar boliimii, 6grencilerin diizenliliklere, bagimliliklara ve nicel
iliskilere hakimiyetine hizmet eder. Ogrenme alaninda yer yer alan bu bdliimiin kapsamu iist smiflarda
genislemektedir ve olaganiistii bir 6neme sahiptir. Cebir ve fonksiyonlar konusu islenirken ¢ok sayida problem
analiz edilir, modellenir, ¢oziilir ve sunulur. Arastwrmalar, bircok lise O6grencisinin fonksiyon grafikleri
olusturmakta ve sonuglart sunmakta zorlandigini goéstermektedir. Yeni miifredatta matematiksel arag ve
teknolojilerin kullanilmasi, zorluklarin {istesinden gelmek ve matematiksel becerileri gelistirmek igin gereklidir
(Azerbaycan Milli Egitim Bakanligi, 2013).

Bu calismada Graph 4.4 uygulama yaziliminm &zellikleri ve kullanimi (Johansen, 2012) ile ilgili bilgi
verildikten sonra bir matematik sinifinda fonksiyonlar konusunun 6gretiminde bu yazilimi kullanan 6grencinin
fonksiyon grafigini olusturma ve yorumlama becerisi incelenmektedir. Dolayisiyla arastirma problemi asagidaki
gibi belirlenmistir:

Ikinci dereceden denklemlerin ve rasyonel ifadeli denklemlerin ¢oziimii ve grafikleri konusunun gretiminde
kullanilan grafik 4.4 yaziliminin 6grencilerin fonksiyon grafigini olugturma ve yorumlama becerisini etkilemekte
midir?

1.1. Graph 4.4 Yazhminin Teknik Ozellikleri

Graph 4.4 yazilimi Ogrencilerin grafik becerilerinin olusumunda vazgegilmez imkénlar1 olan mitkemmel
yazilimlardan biridir. Yazilimi kullanmadan 6nce, kullanim 6zelliklerini bilmek ve sonrasinda kullanmak daha
yararli olacaktir. Graph 4.4 uygulamasi, iki boyutlu kartezyen koordinat sisteminde grafikler olusturmak icin
kullanilan agik kodlu bir yazilimdir. Fonksiyonlarn grafiklerini kurduktan sonra ona kolayca eklentiler de
yapilabilir. S6z konusu yazilim araciligiyla fonksiyonlar {izerinde bazi matematiksel hesaplar da yapilabilir.
Yazilimin kapsadigi alan onun herhangi bir disk siiriiciisiinde tutulmasina ve bir yerden diger bir yere kolayca
taginmasina imkan saglamaktadir.

Yazilim paketi bilgisayara indirildiginde, ekranda yazilimin ana sayfa penceresi asagidaki gibi agilacaktir (Sekil
1).
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Sekil 1. Graph yaziliminin géh-sma sayfasi

Pencerenin en iist kisminda baslik satir, daha asagida ise menii ¢cubugu bulunmaktadir. Menii 6geleri alt
meniilerden ve araglar panelinden olugsmaktadir. Pencerenin baslik satirinin 6geleri diger yazilim pencerelerine
benzer, ancak bazi menil 6geleri ve alt menii 6geleri diger yazilimlardan farklhidir. Pencereyi acarken, orta
kisminda bir danigma nitelikli iletisim kutusu vardir. Bu pencerede ilgili soruyu cevapladiktan sonra yeni bir
pencere agilacaktir. Sozkonusu pencerenin li¢ yonetim diigmesi vardir. Bunlardan ilki pencereyi kapatmak,
digerleri ise bir sonraki soruya ve dnceki soruya geri donebilme imkani vermektedir.

Meniiniin “Dosya” (File) 6gesinin seri ilk dort 6gesi ayni karakterlidir. Besinci “Resim olarak kaydet” (“Save
as image) boliimii, ayn1 goriintiilii yazilim sayfasini yeni bir adla hafiza tagir. Bu komut istendiginde, komuta
karsilik iletisim penceresi agilacaktir. S6zkonusu pencerenin “Dosya adi” (File name) boliimiine, dosya adi
yazilacaktir. Bu meniiniin ige Aktar (Import) isimli altnci gesi ise, yazilimmn bizzat kendisinden diger
goriintiilerin indirilmesi igindir.

Ana meniideki ikinci 6ge “Diizenle” (Edit) dir. Bu 68e araciligiyla ¢izilen grafikler diizenlenir, hatalar
diizeltilir. Bu 6genin de alt menii komutlar1 diger uygulama yazilimlarindaki gibidir.

Siradaki menii 6gesi “Islev” (Function) diye gecmektedir, ana gdrevi fonksiyonlarin grafiklerinin
olusturulmasini saglamaktir. Menii 6gesinde en sik kullanilan alt 6ge “Islev Ekle” (insert function») 6gesidir.
Bu 6ge kullamldig1 zaman ekranda ayni isimli iletisim kutusu agilacaktir. Iletisim kutusunun “Islev tiirii”
(Function type) boliimiinde fonksiyon tipi olarak, ii¢ tip fonksiyondan biri standart, parametreli veya polar
fonksiyon olmasi tercih edilir. “Fonksiyon denklemi” (Function equation) alanina ise karsilik gelen fonksiyonun
denklemini yazmak gerekir.Agilan iletisim kutusunda, fonksiyonun grafiginin olusturulacagi aralik ve adimi,
grafigi gosterme tipi, rengi, boyutu, isaret tipi, rengi, boyutu ve diger parametreler secilmesi gerekir. Ardindan,
OK komut diigmesine basildiginda grafik otomatik olarak ayarlanir. Bu iletisim kutusunda yardimci diigme ve
komutu iptal edecek diigme secenegi de vardir. Bu arada bir koordinat sisteminde bir ka¢ fonksiyonun i¢in
grafiklerin olusturulabilecegi miimkiin. Bu ise fonksiyonlarin grafiklerinin 6grenilmesi sirasinda karsilastirmak
i¢in 6nemli bir etkendir (Sekil 2).

Ikinci alt menii ise, “Tangent ekle/Normal” (Insert tangent/normal) ismiyle gecmekle verilen noktaya
dokunmak, kesmek veya dikey ¢ekmek i¢in kullanilir.

Bu yazilim, sadece grafigin olusturulmasinda degil, denklem probleminin grafiksel yontemle ¢éziimiinde de
basarili bir sekilde kullanilabilir. Yazilimi kullanirken denklem problemine 6zgii bilinmeyenlerin fazla olmasi,
degisenin derece boyutunun karmasikligi, vb. ¢6ziim sirasinda zorluk olusturmaz. Bu tir denklemlerin
geleneksel yontemle ¢oziimlenmesi i¢in harcanan siirenin, Graph yazilimi kullanilarak harcanan sitireden ¢ok
daha fazla oldugu bilinmektedir. Kurulumun tam yerine getirilme dogrulugunu da buraya eklersek, bu yazilimin
essiz bir avantajinin olmasi sonucuna variriz.
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Sekil 2. Graph yaziliminin “Function” meniisiiniin “Insert function” penceresi

Sonraki iigiincii paragraf “Golgeleme Ekle” (insert shading)dir. Bu boliim de genis imkanlar saglamaktadir.
Soyle ki, esitsizliklerin ¢oziimiinde, araliklarin gdlgelenmesi biiyiik 6nem tagimaktadir. Geleneksel yontem ¢ok
zamanalic1 ve daginik goriilen bir isdir. Bunun yaninda ek olarak, bilinmeyenlerin sayis1 ve golgelenecek alanlar
fazla oldugunda, dagimniklik daha belirgin hale geliyor. Ancak bu yazilim: kullanmak sadece eksiklikleri ortadan
kaldirmaz, ayni zamanda yeni firsatlar yaratmaya da yardimci olur. Graph 4.4 uygulamasinin kullanimi
kartezyen koordinat sisteminde golgelemeyi alt1 yonde yapmaya olanak saglamaktadir:

1. Fonksiyonun grafigi ile OX ekseni arasindaki alanin gblgelenmesi;

2. Fonksiyon grafiginin alt kisminin gélgelenmesi;

3. Fonksiyonun grafiginin list kismmimn gdlgelenmesi;

4. Fonksiyonun grafigi ile OY ekseni arasindaki alanin golgelenmesi;

5. Fonksiyonun grafiginin i¢ kismmnin gélgelenmesi;

6. Fonksiyonlarin grafiklerarasi mesafesinin golgelenmesi (Abdullayeva, 2012).

Fonksiyonun tiirevinin grafigini olusturmak i¢in “Insert f '(X)”, grafikler iizerinde noktalar1 belirtmek i¢in
“Insert noktas1 series” (Insert point series»), yeni fonksiyon grafikleri yapmak igin «insert relation», noktalarin
isimlendirilmesi, formiilleri yazmak igin “Insert text label” (Insert text label), 6zel fonksiyonlar girmek igin
“Ozel islevler/sabitler” (Custom functions/constants) isimli “Islev” (Function) meniisiinii alt meniilerini
kullanabilirsiniz. Kartezyen koordinat sisteminde, grafiklerin boyutlarimi degistirmek i¢in “Zoom”, hesaplama
sirasinda “Kire¢” (Calc) uygulamalarmi kullanirken sorunlar ortaya ¢iktiginda yardim almak i¢in “Yardim”
(Help) meniilerinin kullanimi kullanict igin daha iyi bir ortam olusturur.

2x+y=1 denklem sistemini grafiksel olarak ¢dziin. Ifadesinde bulunan her bir denklemin

2x—y=3
grafiginin OX ve OY eksenleri ile kesisim noktalarmi kaydedin (Ismayilova, 2014).
Coziim: Denklem sistemini Graph 4.4 yardimiyla ¢ézelim.

Ornek 1: {

y=-2x+1
y=2x-3

“Islev”” meniisiiniin “Fonksiyon ekle” alt meniisiindeki “Insert equation” alanina -2x + 1 ve 2x - 3 ifadelerini
programlama dilinde, yani -2*x+1 ve 2*x-3 seklinde f(x)’mn karsisindaki alana yazalim. Her denklem igin
grafigin olusturulacag: aralik, adim, grafigin gdsterilme tipi, renk, kalinlik, uygun parametrelerle isaretleyici vb.
secilir ve grafikler sistemde otomatik olarak kurulmus olacak. Diger segenekleri kullanarak her bir denklemi ona
uygun grafigin lizerinde belirtmek, grafiklerin kesisme noktasini, her grafigin OX ve OY eksenleri ile kesisme
noktasmin koordinatlarmi bulmak ve kolaylikla doldurmak miimkiin. Farenin okunu grafiklerin kesisme
noktasinin {izerine koyarsak, o noktanin koordinatlarinin 1 ve -1 oldugunu gorebiliriz. Boylece, diiz ¢izgilerin
kesigme noktasinin koordinatlar1 A(1, —1) olarak bulunur. Her bir grafigin koordinat oklariyla kesigme noktasina
fareyi yeniden getirerek, ekranin sag alt kdsesinde o noktanin koordinatlarmi gérebilirsiniz. 2x+y=1 denkleminin
grafigi OX ekseni B(0,5; 0), OY eksenini ise C(0; 1) noktasinda keser.

2x-y=3 denkleminin grafigi OX eksenini D(1,5; 0), OY eksenini ise K(0; -3) noktasinda keser (Sekil 3).

[Ik olarak, sistemin her iki denklemi y’ye gére yeniden diizenlenir: {
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Sekil 3. Denklem sisteminin grafik yontemle ¢oziimii

Ornek 2. Denklem sistemini grafiksel olarak ¢oziin: {3’5 X|—y=2 (Merdanov, 2010).
y+x>—-6=0

Coziim: Sistemin her iki denkleminde y’i x olarak ifade edelim: y= 3’5‘)(‘ -2

y=6-x°
Graph 4.4 yazilimmin “Islev meniisiiniin “Insert function” alt-menii 6gesindeki “Denklemi ekle” alanina nce
3.5|x|] — 2 denklemini  f (x)=3,5abs(x) —2 programlama dilinde yaziniz. Daha sonra denkleme gore
grafigin olusturulacagi araligi, admm, grafigin goriintilleme tipini, rengi, kalmlhigi, uygun parametrelerle
isaretleyiciyi segip otomatik olarak sistemde grafigimizi olusturalim. Benzer sekilde, 6-x* denklemini
f(x) = 6 —x? programlama dilinde ayarladiktan sonra parametreleri segerek grafigi olusturmaniz miimkiin

(Resim 4). Grafikler A(1,5716; 3,5006) ve B(-1,5716; 3,5006) noktalarinda kesisiyor. Boylece, (1.57, 3.51) ve
(-1.57; 3.51) giftleri denklemin yaklasik ¢6ziimii olacaktur.

File Edit Function Zoom Calc Help

DEE|+#L | V/ 8| wmA|J/aFE | 2208
[V Axes

I\ ff)=3.5absti)-2

I f)=6-x"2

W41 A(15716; 3,5006)
41 B(-1.5716; 3.5006)
§ al

x= 15716

&)= 3.5006

= 35
)=

Snap to: [Function -

Sekil 4. Denklem sisteminin grafik yontemle ¢oziimil

Ornek 3: Y = e”, y =0, Xx=0, X=1 ile siirlanns seklin alanmni1 hesaplaymn (Merdanov, 2009).

Coziim: Graph 4.4 yaziliminin «Function» meniisiiniin «Insert function» alt-menii 6gesindeki «insert equation»
alanma once y = e* ve y = 0 denklemini programlama dilinde yazalim.
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Grafikler, aralik, adim, grafik ekran tipi, renk, kalinlik, uygun parametrelerle isaretleyici secilerek sisteme
otomatik olarak ayarlanir (Resim 5). Ardindan, «Function» 6gesinin “Insert relation” alt menii 6gesindeki “Edit
relation” alanina x = 0 ve x = 1 oldugunu girelim. “Function” &gesinin “Insert label” alt meniisii i¢indeki
“Insert text label” penceresini kullanarak, biikiilmiis trapezi tanimlayabilir, grafiklerin lizerinde formiilleri
yazabilir veya herhangi bir sembolii isaretleyebilirsiniz. Elde edilen biikiilmiis trapezin alanimni hesaplamak i¢in
“Calc” meniisiiniin “Area” alt meniistinde [0; 1] verisi girilir ve alan otomatik olarak hesaplanir. Boylece talep
edilen alan 1.7183 veya (e-1)’e esittir.
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Sekil 5. Biikiilmiis trapezin alanmm hesaplanmasi

Ornek 4. y= g, y=0, x=1, x=4 dogrulariyla smirlanmus seklin alanini hesaplaym (Merdanov, 2009).

X
Coziim: Benzer sekilde, Graph 4.4 yaziliminm “Function” 6gesinin “Insert function” alt meniisiindeki “Insert
equation” alanina y = 2*1/x ve y=0 fonksiyonlarin1 programlama dilinde girip uygun ayarlar1 se¢dikden sonra
grafigimizi olusturalim (Resim 6). “Calc” 6gesinin “Alan” alt menii 6gesinde [1; 4] verilerini girmekle alanin
yaklasik 2.7726'a esit oldugunu gorebiliriz.
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Sekil 6. Biikiilmiis trapezin alaninin hesaplanmasi

Ornek 5. y =3x— X, y =0 g¢izgilerile sinirlanmig seklin alanini hesaplaym (Merdanov, 2009).
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Coziim: Oncelikle, grafiklerin kesisme noktalarmin eksenlerini bulalim. Bunun igin 3x—x?=0 denklemi
¢ozelim. Denklemin ¢dzimii x, =0 Vve X, =3 olarak sonuglanir. Ardindan benzer sekilde, Graph 4.4
yazilimmin “Function” meniisiiniin “Insert function” alt meniisiindeki “Insert equation” alanina y = 3*x—x"2 vo

y=0 fonksiyonlarini1 girip uygun ayarlar1 se¢dikden sonra grafigimizi olusturalim (Resim 7). “Calc” meniisiiniin
“Area” alt menii 6gesinde [0; 3] verilerini girmekle alanin yaklasik 4.5'e esit oldugunu elde ederiz.
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Sekil 7. Egitinin altinda kalan tarali alanin hesaplamasi

2. Yontem
2.1. Arastirma Tasarimi ve Katihhmeilar

Arastirma 2017-2018 akademik yilinda Bakii'de bir ortaokulda gerceklestirildi. Calismadan dnce Bakii'deki
baz1 ortadgretim okullarinda matematik 6gretmenlerinin dersleri gézlemlenmis, yaklasik 30 (n <30) matematik
Ogretmeni ve 180 sekizinci sinif 6grencisi ile gorisiilmis ve bir anket uygulanmistir. Anket Ogrencilere
«Matematigi nasil 6grenmek istersiniz?» diye bir soru soruldu. Ogrencilerin % 85'-i «Bilgisayar teknolojisi
yardimiyla 6grenmek istiyorumy» yanitini vermistir.

Graph 4.4 yazilimi ortadgretim 8. sinifta matematik 6gretiminde kullanilirsa, 6gretim kalitesinin artacagi,
ogrencilerin matematigi 6grenmeye motive edilecegi ve sonug olarak daha fazla grafik olusturma ve yorumlama

becerisi gelistirecekleri hipotezi ile calisma baslatildi. Hipotezin gecerliligi deneysel bir ¢aligma ile test edilmis
ve sonuglar karsilagtrilmstir.

Arastirma deney-kontrol deseniyle yiiriitiilmistiir. Bakii’de 21 No’lu ortaokulun iki ayr1 8.smifi ele alindi,
bunlardan biri rastgele kontrol grubu (n = 22) digeri de deney grubu (n = 24) olarak tanimlandi. Sekizinci sinif
matematik miifredatinin alt 6grenme alanlar1 olan ikinci dereceden denklemler ve rasyonel denklemler konusu
deney grubunda Graph 4.4 yazilimi kullanilarak anlatildi. Kontrol grubunda ise bu konularin 6gretimi mevcut
matematik kitabi takip edilerek akilli tahtanm kullanilmadig1 bir sinifta yapildi.

Ogretim yilinm ilk yarismin sonunda, deney ve kontrol siniflarindaki grafik becerileri karsilastirmak igin bir
test uygulanmistir. Bu deney simif tarafindan Graph 4.4 kullanilarak, kontrol sinifi ise kagit ve kalem kullanilarak
yapildi. Testte kullanilan sorular asagidaki gibi tanimlanmistir:

Soru 1. y= 8 fonksiyonunun tayin alanini bulun ve grafigini olusturun.
X

Soru 2. 3x* +5x—3=0 denklemini grafik yontemi ile ¢5ziin (Qehramanova, Kerimov ve Hiiseynov, 2015).

2.2. Veri Analizi

Hem kontrol, hem de deneysel smiflarda 6grencilerin yazili cevaplar: tam dogru, kismen dogru ve yanlig
seklinde ii¢ kategoride puanlanarak analiz edilmistir.
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Kontrol grubunda birinci soruya verilen cevaplarin degerlendirilmesi i¢in kullanilacak olgiitler agagidaki gibi
belirlenmistir:

y = X formiili ile olusturulan funksiyon ters oransal fonksiyon denir. Burada X serbest¢e degiskendirx # 0),
X

k sifirdan farkli rakamdir. y =§ formiilii ile sunulan fonksiyon ters orantili bir iglev olaraktan, alan, sifir

disindaki tiim gergek sayilar kiimesidir. Ters orantili bir fonksiyonun grafigine hiperbol denir ve iki daldan
olugur. k = 8 > 0 oldugundan x ve y esit sarth olaracak ve hiperbol dallar1 koordinat diizleminin I. ve III.

bolgelerinde yer alacaktir. y =g fonksiyonun grafigini olusturmak i¢in ilk Once degerler tablosu
olusturulmaktadir (Tablo 1), sonrasinda grafik olusturumaktadir (Resim 8):

Tablol. y = gfonksiyonu icin degerler tablosu
X -8 -4 -2 -1 0 1
Y -1 -2 -4 -8 tayin olunmayor 8 4 2 1

N
I
[o0)

Sekil 8. y = Sfonksiyonunnun grafigi.

Yalniz fonksiyonun grafigini dogru olusturan Ogrencilerin cevabi «kismen dogru cevapy, fonsiyonun
belirlenmis alanin1 yazmayan ve programi dogru ayarlamayan 6grencilerin cevaplar1 da «yanlis cevap» olarak
degerlendirilmistir. Ogrenciler, «ters orantili bagimlilig1 grafiksel olarak sunma» (Gehramanova, Kerimov ve
Huseynov, 2019) becerilerinin diizeylerini tanimlayan degerlendirme listelerinde degerlendirildi (Tablo 2).

Tablo 2. Kontrol sinifi sunum becerileri i¢in degerlendirme

I seviye 11 seviye 111 seviye
yanhs cevap kismen dogru cevap dogru cevap
Ters orantili bagimliliklar1 ¢izmek | Yardimla  grafiksel = olarak | Ters orantili bagimlilik grafiksel
zordur. orantili bagimlilig1 sunar. olarak serbest¢e sunulmaktadir.

Burada: 1. seviye yanls cevaplari, II. seviye dogru fakat eksik cevaplari, III. seviye tam dogru cevaplari
gosterir.

Kontrol grubunda ikinci soruya verilen cevaplarin degerlendirmesi igin kullanilacak olgiitler agsagidaki gibi
belirlenmistir:
Dogru ve eksiksiz cevap: 3x%+ 5x — 3 = 0 denkleminin 3x? = —5x + 3 bi¢iminde yazilmasi ve her iki

tarafinin 3-e bolinmesi. x2 = — gx + 1 Aym koordinat diizleminde y = x? ve y = —gx + 1 fonksiyonlarin
grafiginin olusturulmasi (Resim 9). Her bir islev i¢in bir deger tablosunun derlenmesi (Tablo 3):
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Tablo3.y=x%2vey = —zx + 1 fonksiyonlar i¢in deger tablosu

X -3 -2 A 0 1 2 3 X -3 0 3
y = x? 9 4 1 0 1 4 9 y=— gx +1 6 1 -4
y = x?% parabol ile y = —zx + 1 diiz ¢izginin kesigme noktalarmin apsisi verilen denklemin kokii olacaktir.

Diiz ¢izgi parabolle kesistigi i¢in, denklemin iki farkli koki vardir: x, ~ 2,2 ve x, ~0,5.

Sekil 9. 3x* +5X—3=0 denkleminin grafigi

Bu sorunun degerlendirilmesi “Karsilik gelen fonksiyonlarin grafiklerini ayni1 koordinat diizleminde ¢izerek
kuadratik denklemin kokenlerini arastirir™” kazanimina gore gergeklestirildi (Gehramanova, Kerimov ve

Huseynov, 2019). (Tablo 4).

Tablo 4. Kontrol sinifda 3x* +5X —3 =0 denkleme gore degerlendirme

| seviye Il seviye 111 seviye
yanlis cevap kismen dogru cevap dogru cevap
Ikinci dereceden bir denklemin | Ikinci dereceden bir denklemin @ Ikinci dereceden bir denklemin
koklerini  bulmak icin, aym | koklerini bulmak ig¢in, karsilik | koklerinin karsilik gelen
koordinat  diizleminde  karsilik | gelen fonksiyonlarinin grafiklerini | fonksiyonlarmin grafiklerini aym
gelen fonksiyonlarinin grafiklerini | ayni koordinat diizleminde | koordinat diizleminde olusturur ve
olusturmak zordur. olusturur, ancak koklerini | kokleri serbestce inceler.

yardimiyla inceler.

* Bir 6grenci ayni koordinat diizleminde bir parabolle diiz bir ¢izgi grafigi olusturamazsa, yanit1 yanlis

kabul edilir.

+ Ogrenci ayni koordinat diizleminde parabol ile diiz bir ¢izgi grafigi olusturur
ancak ikinci dereceden denklemin kokenlerini 6gretmenin yardimiyla bulursa, bu cevabin kismen dogru oldugu

diistiniiliir.

+ Ogrenci ayn1 koordinat diizleminde bir parabol ile diiz bir cizgi gizer ve ikinci dereceden denklemin
koklerini serbestge arastirirsa, bu cevap dogru cevap olarak kabul edilir.

Deney grubunda birinci soruya verilen cevaplarin analizi asagidaki gibi yapilmigtir:
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y = % fonksiyonunnun tayin alan1 0-dan farkli tiim gergek saylardir: X # 0. y = g fonksiyonunun Graph 4.4
yazilimimnda olugturulmus grafigi (Resim 10) asagidak: gibidir:
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Sekil 10. y = S fonksiyonunnun grafigi

ilk calisma dgrencilerin deney smifindaki «Graph 4.4 kullanarak ters orantililik grafigi sunma» becerisi
iizerine derecelendirilmistir (Tablo 5).
Tablo 5. Deney grubunda 1. Sorunun degerlendirme 6lgiitleri
I seviye Il seviye 11 seviye
yanlis cevap kismen dogru cevap dogru cevap
Graph 4.4  kullanarak ters Graph 4.4 gosterimin yardimiyla Graph 4.4 ters orantililik grafigi

orantililik grafigi sunmak zordur.  ters orantisalligin  bir grafigini sunmaktadir.
sunmaktadir.

Deney grubunda ikinci sorunun dogru ve eksiksiz cevabi agagidaki gibidir:

3x® +5X—3=0 denkleminin onunla ayn1 giiglii olan 3X* = —5X + 3 denklemi ile degistirilmesi. Sonra
denklemin her iki tarafinin 3-e bdliinmeyle doniistiiriilen ikinci dereceden denklemin kullanilmasi ve grafiksel
¢dzmiin yapilmast: x? = —Ex + 1. Ardindan Graph 4.4 yaziliminda y = x> vey= —gx + 1 fonksionlarmin
grafiklerinin olusturulmasi. Grafiklerin kesigsme noktalarinin absislerinin -2,138 ve 0,456 olarak belirlenmesi
(Resim 11). Bu absisler 3x*> +5x—3=0 denkleminin kékleridir. Denklemin ¢oziimii X ~-2,138 Ve x, ~0,456

olarak sonuglanir.
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Sekil 11. Graph 4.4 yazilimmda y = x* ve y= —g X +1 fonksionlarinin grafikleri

Bu soru, “Uygun fonksiyonlarin grafiklerini olusturma ve Graph 4.4 kullanarak sonuglar1 sunma” becerisi
baglaminda Tablo 5’deki 6lgiitlere gore degerlendirilmistir:

Tablo 5. Deney sinifinda 3x* + 5% — 3 = 0 denklemi igin degerlendirme

I seviye 11 seviye 11 seviye
yanlis cevap kismen dogru cevap dogru cevap
Graph 4.4 uygun fonksiyonlarin Graph 4.4 gosterimini kullanarak Graph 4.4 g6sterimini kullanarak
grafiklerini cizmeyi uygun  islevlerin  grafiklerini karsilik gelen islevlerin grafiklerini
zorlastirmaktadir. olusturur, ancak sonucu yardimla olusturur ve sonucu serbest¢e sunar.
sunar.

3. Bulgular

Graph 4.4 yaziliminin 6grencilerin fonksiyon grafikleri olusturma veyorumlama becerileri tizerindeki etkisi
aragtirildi. Deney ve kontrol grubundaki cevaplarin frekans ve yiizdelik dagilimlar1 Tablo 6°da verilmistir:

Tablo 6: Deney ve kontrol grubundaki dgrencilerin cevaplarmin dagilim

Ogrszt;cllsllerm Dogru Cevaplar Kismen Dogru Cevaplar Yanlis Cevaplar

D K D K D K D K
Sorular n % n % n % n % n % n %
1 24 22 8 33 4 18 14 58 10 45 2 8 7 32
2 24 22 9 38 6 27 12 50 9 41 3 12 8 36

Grafik hesaplamalar, grafik modelleme ve problemlerin grafiksel ¢oziimii ortaokul sekizinci sinif matematik
miifredatinin konular1 arasindadir. Bu konunun deney sinifinda Graph 4.4 yazilimi kullanilarak ogretilmesi
ogrencilerin fonksiyon grafiklerini ¢izime, grafiklere bagl olarak hesaplama yapma ve fonksiyonun koklerini
bulma yontemlerinin 6grenilmesinde etkili oldugu Tablo 6’dan anlagilmaktadir. Her iki gruba sorulan iki soruya
ogrencilerin verdigi cevaplar incelendiginde her iki gruptaki Ogrenciler kagit kalem etkinligi olarak
fonksiyonlarm grafiklerini olusturmada zorlandiklar1 belirlenmistir. Ogrencilerin cevap kagitlarindan dogru ve
kismen dogru cevaplarin 6rnekleri asagida yer almaktadur:

Birinci soruyu dogru ¢ozen 6grenciler fonksiyonun tanimli oldugu alani R\{0} olarak belirlenmistir (Resim
12):
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Sekil 12. y = % icin 6grenci cevaplari

Ikinci sorunun ¢dziimiinii grenciler farkli yollardan gostermeye ¢alismistir (Resim 13):
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Sekil 13. 3x* +5x—3 =0 denklemi i¢in dgrenci cevaplari.

Deney grubunun dogru ve kismen dogru cevaplarinin sayist (n=42) deney grubundaki 6grencilerinkinden
(n=29) daha fazla olmasi ve yanlis cevaplarin kontrol grubunda ii¢ kat daha fazla olmasi Graph 4.4
uygulamalarinin etkili oldugunu gostermektedir. Diger bir deyisle, deney grubundaki dgrencilerin grafik ¢oziim
yontemlerine iliskin problemleri ¢dzme becerileri kontrol smiflarma oranla %13 daha yiiksek oldugu
belirlenmistir. Aragtrmanin kapsamini genisletmekle, Onerilen yazilimin 6grenciler igin yiiksek motivasyon
kaynag1 olusturdugu ve matematik 6grenmede ¢ok 6nemli bir yere sahip oldugu sdylenebilir.

4. Tartisma, Sonuc ve Oneriler

Arastirmada ortaokul dgrencilerinin matematik derslerinde grafik becerilerinin gelistirilmesi imkanlar1 ortaya
konulmustur. Bu deneysel ¢alismada ayrintili hipotez testleri yapilmadi. iki grup sadece iki soruya verilen
cevaplar lizerinden karsilastirildi, yiizdeliklerine bakildi ve yazilimin etkisi ile ilgili yorumlar yapildi. Elbette bu
tiir siirl bir caligmanin bulgular1 genellenemez. Bu sonuglarin genellenebilmesi igin daha biiyiik bir 6rneklemin
ve daha fazla sorunun oldugu arastirmanin kullanilmasina ihtiya¢ vardir. Dolayisiyla bu ¢alisma sadece Bakii’de
bir ortaokulda yapilan uygulamadan kesitler sunmaktadwr. Calismanm sinirli sonuglarina bagl olarak,
ogrencilerin fonksiyon grafikleri ve ¢oziimleri ile ilgili 6grenmelerini desteklemek amaciyla ortaokul matematik
derslerinde Graph yaziliminin kullanimi 6nerilebilir.

Fonksiyon grafikleri olusturma ve yorumlama becerisi ortaokullarin matematik miifredatindaki Snemli
becerilerden biridir (Azerbaycan Milli Egitim Bakanligi, 2013). 8. siif matematik miifredatinda cebir ve
fonksiyonlar icerik ¢izgisine uygulanacak standartlar Ogrencilerin diisiinme becerilerini gelistirir, gergek
yasamdaki durumlari anlamaya hazirlar. Standartlarin (Qehramanova, Kerimov ve Huseynov, 2019)
uygulanmasi asagidaki beceriler lizerinde gergeklestirilir:

v ax? + bx = 0,ax? + ¢ = 0, ax?+ bx + ¢ = 0 tip denklemlerin ¢oziimi y = ax?vey =
kx + d fonksiyon grafiklerinin kesisme noktasinin apsisi olarak anlar;
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v' Karsilik gelen fonksiyonlarin grafiklerini aym koordinat diizleminde g¢izerek kuadratik denklemin
koklerini aragtirir;

v' -Elektronik grafik hesaplayicilar1 kullanarak uygun fonksiyonlarm bir grafigini olusturur ve sonuglari
sunar.

Calisma sirasinda dgrencilerin bu becerilere tam olarak hakim olmadigi goriilmistiir. Bunun birkag nedeni
ilgili literatiirde ifade edilmektedir:

v' llkokuldan beri baz1 §grencilere matematige ilgi eksikligi;

v' Matematiksel konularin siniftan sinifa basitten karmagsikliga gecisi;

v Ogrenciler yaslandikca, ilgi alanlar1 genisler ve sonu¢ olarak matematiksel bilgi ve becerilerini
gelistirmek i¢in daha az zaman harcanmast,

Ogretmenler tarafindan yeni teknolojilerin zayif kullanimi, 6zellikle bilgisayar teknolojisinin zayif kullanimi
(Mehrabov ve Cavadov, 2007).

Bu arastirmadan, dgrencilerin fonksiyonlarin grafiklerini olusturma ve yorumlama becerilerini gelistirmede
Ogretmen tarafindan segilen bilgisayar detekli yontemin 6nemli bir rol oynadigi anlasilmaktadir. Hafiza
okulundan diisiinme okuluna gecis, her 6gretmenin «yetkinlige dayali kisilik odakli egitim icerigi yaratmasino»
gerektirir (Abbasov, 2019). Yani, bugiin 6grenci tarafindan edinilen bilgi, geleneksel egitimde oldugu gibi
O0grenme materyallerinin agiklayict bir tanimin1 gerektirmez. Burada 6grencinin kisiliginde olusacak yeterlilikler
ifade edilir. Bu beceriler temel olarak 6gretme-6grenme siirecinin bir sonucu olarak olusur. Egitim siirecinin
gerceklestirdigi  islevlerden biri gelismektir (Adigozalov, 2012). Gelisimin saglanmasi i¢in egitimin
yonlendirilmesi gerekmektedir. Matematik Ogretmenleri de dahil olmak {izere her Ogretmen, Ggrencilerin
becerilerinin gelisimi igin elverisli kosullar yaratmak igin Ogrenme siirecinin firsatlarini kullanmalidir.
[Ikdgretimden itibaren dgrencilerin diisiinme becerilerinin olusturulmasi, egitimin ilerleyen asamalarinda daha
karmagik biligsel becerilerin (problem ¢dzme, yargilama, ispat, koordinasyon, sunum) gelistirilmesine yol
acacaktir. (Azerbaycan Milli Egitim Bakanligi, 2013; Abbasov, 2019).

Teknoloji hizla ilerliyor. Bu gelisme ayni zamanda bilim ve egitim yoniinii de degistirmektedir. Gergeklesen
degisikliklere ayak uydurmak i¢in toplumun insanlardan bekledigi yetenekler de degismeli ve gelismelidir. Bu
acidan matematik egitiminin bilim ve teknolojideki gelismelere uygun yapilmasini saglamak gerekir. Matematik
bilgisinin 6grenilmesi ve uygulamasi igin BIT’in kullammi giiniimiiz matematik derslerinin temel
gereksinimlerinden biri olmalidir. Matematik derslerinde Graph 4.4 yazilimn kullanilmasi, 6grencilerin
calistiklart konularda bilgi, beceri ve aligkanliklarint olusturmalarina ve gelistirmelerine, bunlar1 ger¢ek yagsam
durumlarma uyarlayabilmelerine ve 6grencilerin 6devlerinden sorumlu olmalarina yardimei olacaktur.
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