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won it widespread acclaim. In this essay, Wellalar College for Women
investigate how Geogebra can be used Hoode, Tamil Nadu, India.
improve algebraic concept teaching arsthakimeeran1l0@gmail.com
learning. We seek to develop an engaging
and immersive environment that promotesNaveena. S
deeper comprehension of algebraic concepissearch Scholar
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. INTRODUCTION

GeoGebra is a dynamic mathematics software thatbowes geometry, algebra,
calculus, and graphing features in an interactie @ser-friendly interface. It was created by
Markus Hohenwarter and a team of developers anearelsers and was first released in
2001.Markus Hohenwarter, a mathematician and coenmaientist from Austria, is widely
recognized as the primary author and developer efGebra. He initially developed the
software as part of his master's thesis at the dvgity of Salzburg. Inspired by his passion
for making mathematics education more accessildeeagaging, Hohenwarter collaborated
with a team of researchers and programmers toerefid expand GeoGebra's capabilities
over the years.Geogebra has been extensively usedbth educational used in both
educational and research settings. Numerous papedrpublications have been dedicated to
exploring its potential and effectiveness in teaghand learning mathematics. These papers
typically investigate various aspects of geogetuah as its impact on student understanding,
its integration into the curriculum, and its usedifferent mathematical domains. “New
possibilities in teaching and learning mathemati¢2006) by Markus Hohenwater,
zsoltlavicza [3]. This paper presents the featued benefits of geogebra, discussing its
potential to enhance teaching and learning mathesndt highlights the software’s dynamic
nature, visualizations and integration of geomedigebra and calculus. “An innovative and
multiplatform mathematics software” (2007) by Maskdohenwarter and Judith Preiner [4].
This paper introduces geogebra as an innovativeceoss platform mathematics software. It
provides an overview of the software’s capabiliiesluding its use in dynamic geometry,
algebra and calculus. “The new mathematics educasoftware” (2010) by Markus
Hohenwarter, Judith Preiner and zsoltlavicza [4fisTpaper discusses the role of geogebra as
a mathematics education software. It explores tifawvares potential for interactive and
exploratory learning and its impact on teaching dearning mathematics in different
educational settings. Perspectives of Research athdématics Education” (2013) by
zsoltlavicza and Markus Hohenwarter. This papewipges an overview of the research
perspectives on geogebra in mathematics educdtialiscusses various studies research
methodologies used to investigates the impact ofjgera on student learning outcomes and
teaching practices. “Dynamic Mathematics with gdwgé (2019) by Markus Hohenwarter.
This paper presents an overview of geogebra asymatdic mathematics with geogebra”
(2019) by Markus Hohenwarter. This paper presents\v@rview of geogebra as a dynamic
mathematics tool. It discusses the software ketyfes, such as interactive geometry, algebra
and calculus and highlights its versality for batudents and teachers in mathematical
exploration.

II. PRELIMINARIES

Geogebra is a powerful and versatile software pmogthat combines geometry, algebra,
calculus, and other mathematical tools into a singterface. It is commonly used for
teaching and learning mathematics, as well asdadacting mathematical experiments and
exploring mathematical concepts. Here are soméngredries or basic features of Geogebra:

1. Graphing: Geogebra allows you to graph functions, equati@amsl inequalities in a

Cartesian coordinate system. You can plot poinydines, curves, and customize the
appearance of graphs.Graphing: Geogebra allowso/guaph functions, equations, and
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inequalities in a Cartesian coordinate system. dauplot points, draw lines, curves, and
customize the appearance of graphs.

Geometry: Geogebra provides a range of tools for creatirdyraanipulating geometric
objects such as points, lines, segments, circlelygpns, and conic sections. You can
construct figures using precise measurements, npertoansformations, and explore
geometric properties.

Algebra: Geogebra has a built-in algebra system that allgowsto perform symbolic
computations. You can define variables, createbaége expressions and equations, solve
equations, factor polynomials, and work with fuoos.

Calculus. Geogebra supports calculus operations such axalitiation and integration.
You can find derivatives, evaluate limits, compdtdinite and indefinite integrals, and
visualize the behavior of functions.

Spreadsheet: Geogebra includes a spreadsheet component thialieengu to organize
and analyze data. You can enter data sets, pedtatistical calculations, create charts,
and apply mathematical functions to the data.

Dynamic Interactivity: One of the key features of Geogebra is its dynaratare. You
can manipulate objects and parameters using sliddmsckboxes, and input fields,
allowing you to observe how changes affect the sratitical models in real time.

Scripting: Geogebra supports scripting with its own prograngnlanguage called
Geogebra /Script. It allows you to create customistoautomate tasks, and develop
interactive applications within the software.

Integration with Other Tools: Geogebra seamlessly integrates different matheatati
representations, including geometric, algebraiacd ammeric views. You can switch
between these views to explore mathematical coadegn various perspectives.

Community and Resources. Geogebra has a large and active user community.Céa
find a wealth of resources, including tutorialssen plans, and user-created applets, on
the Geogebra website and forums.

These are just some of the preliminary featureGedgebra. The software offers
many advanced capabilities and options for custatiwa, making it a valuable tool for
mathematical exploration, visualization, and teaghi

. GENERAL FOUNDATION FOR LEARNING GEOGEBRA

Given accessibility through social media websgiesh as Twitter and YouTube, as

well as Facebook, adolescents today have beconlienated to media with visual culture.
Additionally, there are plenty of different commaaiion categories utilised, which includes
as text, music, graphics, animation, video, andmearged reality. A completely distinct
world of technology has also emerged as the comsmguof the Internet's rapid expansion
and progress, along with the public's enhancedsadeeit. Students are consequently more
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probable to embrace the knowledge offered to thenthis manner. Throughout their
educational process. Students are deterred towanggiring an idea when it fails to be
explained in a relevant and comprehensible manparticularly when it comes to
mathematical concepts wherever a wide range of eascrequire for quite a bit of
inventiveness.

The primary hurdlesin math education are:

* Premises lacks adequate representation;

* Algebraic graph remain rigid in the conventionalpagach for demonstrating
mathematics, that involves creating the graph oexgranse of sheet; &

» static entities are incompatible an adequate gésatian of a particular theory.

» The National Council of Teachers of Mathematics {NA}, the biggest union of
math professionals in the entire world, involvedhamation. In each of its six
fundamental tenets for the teaching of mathematieslucational institutions.

Technological innovation performs a vital part dgrithe instruction and acquisition
of mathematical concepts; influences the mathemlatstbject content presented and
promotes the learning process for students. Comnsgleeach of the aforementioned,
GeoGebra is a fantastic tool that can be used thrcaors and students to teach
mathematical concepts. Since every component inG8brm becomes constantly students
have access to observe as it evolves as the protiemacteristics are tweaked. Every
component, especially points, sections, circles, lares, are capable of being manipulated
in any orientation in geometric inventions. It sigéhens the visual appeal of the layouts.
Furthermore, every component are able to implendeti@ugh the command prompt or via
point-and-click method.

[11. GRAPHICAL USER INTERFACE

Featuring components for both geometry and alggbeaGebra's website is simple
to operate. It's possible to flexibly tweak it trespond with your specifications as well as
the possibility of problems.

We can consider an assortment of perspectivesidimg the

« algebraic view,

e geometric view,

e spreadsheetview,

« CAS(ComputerAlgebraSystem)view,
« protocol design view,

« command line.
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V. ALGEBRAIC INPUT, FUNCTIONSAND VISUALIZATION OF GRAPHS

1. Parametersofal inear Equation: In a linear equation, there are two main parameties
slope and the y-intercept. The general form ohedr equation is: y indicates the variable
that is dependent (which is frequently as the gakiaxis), and its mathematical form is y
=mx+h

* The independent parameter can be expressed byich ate generally the direction
that is horizontal.

The point that defines the y-intercept is expresset, and the gradient of the
resulting line is depicted by m.

Slope (m): slope determines a steepness or iticdimaf the line. It shows
how quickly the independent variable (x) and theiade that depends (y) are
evolving. A straight line featuring aelevatedsloppward, whereas one of them with
an antagonistic gradient towards the ground. Ebuge's concept change in y divided
by the change in x between any two points on the. IMathematically, it can be
calculated as,

m = (y2 -yl)/(x2 - x1)
where (x1, y1) and (x2, y2) are either or bothhaf line components.

* Y-intercept (b): The line closest junction alongsithe y-axis is termed as the y-
intercept. It depicts what transpires with y whesrex is identical to zero.

* In the equation y = mx + b, the y-intercept is tfadue of b. Geometrically, the y-
intercept is the value of y when x = 0.

#Z2Slider
X Intersect
a:y=mxtb / Slope
Segment
Move
/ Intersect [a, yAxis] Q
;/ Delete

1.0penanewGeoGebrawindow.

2. SwitchtoPerspectiv Algebra& Gragphic
3. _— Add scales between m and b through the sligetial configuration.
4. En(CTly=mx+Db.
~.—~W the position A wherever path a and the gaxoss. Apply the Intersect[a, y axis]
t ique.
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6. Construct the destination poin at the initial position.

7. & aw a line segment interconnecting the two cowasing point.

8. Createtheslope(triangle)oftheli

9..s.._.<e use of the Stylebar to customise the m¢ by which your construction appe

m = 0.5 3
[ S—
b=1

— 2

0.5
2
0
-1 0 1 2

V. MANIPULATINGEQUATIONS

1 In the first row, insert the equation (- 1) / 2 = 2x + 3. If you desire to circumve
automatic reduction in complexity, make use of@omserve Inpttool.

2 To insert the initial result to the subsequent row, implement the space kelis&Jthe
evaluate tool to mathematica calculate the outcome, explicitly presenting a oceable
number as an integer fracti

3 Click on the second row's output in order to movéoithe fourth rowwhich is the
presently determined row. The rational number camwltained in decimal notation af
the result generated by employing the Mathematical has been mathematica
determined quantitativel
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VI. INTERSECTINGPOLYNOMIALFUNCTIONS

@¢- 11222443
2 =1 2wy
9 =L X

((2x-1)12=2x+ 3+ 102

2 _ (Ex—l
' 2

v 1
=2x+3 |+
J 2
(2-1)12=2+3N+1}2
X = x-l—?

§ | €x-1)12=2+3 4142

x=2x+3.5

To find the intersection points of two polynomigjuations algebraically, you can set

the two equations equal to each other and solvehéovariables.

Set f(x) equal to g(x): f(x) = g(x).

abrhwnN -

intersect.

Given two polynomial equations, let's call them) féxd g(x).

Rearrange the equation to have zero on one sije: d(x) = 0.
Now you have a new equation in the form h(x) = Bere h(x) = f(x) - g(x).
Solve the equation h(x) = 0 to find the values aftxere the two polynomial functions

Depending on the degree of the polynomials ancttimeplexity of the equation, you
may need to use different techniques to solve fdrhese techniques may include factoring,
the quadratic formula, synthetic division, or nuro@&r methods such as Newton's method or
the bisection method. If the polynomials have aréedpigher than 4, finding exact solutions

may be difficult, on numerical approximations.

Example:
Intersecttheparabolaf(x):=(23x+4)/2withtheline g(x):=x/2+2.

» The function f can be expressed as f(x):= (2x-3k*4)
» State that the function g(x):= x/2+2
» Declare the function h is defined as h(x):= f(g\(x).

* Add the tool Factor and enter h(x) in the fourttvrdhe origins of h may be read off

instantly.
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Insert h(x) = 0 and select the Calculated tool &ivé the intersection points x
coordinates.

Select the command Intersect for identifying thterngection of the spots.
Intersect[f(x), g(x)] generates S.

Modify line and colour in the visualisation section

§
5"

e

g = Inlersectfid, ol

[

VII.SOLVINGSYSTEMOFEQUATIONS

Resolving arithmetic equationinvolves finding wes& variables that satisfy all the

equations simultaneously. There are different nothto solve systems of equations,
including substitution, elimination, and matrix inetls. Here's a brief explanation of these
approaches.

1 Substitution Method: In this method, the purposereduce the systemsiogie equation
with one variable, which can then be solved. Tkesinvolved are:

Copyright © 2024 Authors

Solve one equation for a variable (e.g., y =2X%.+ 3

Substitute the expression obtained in step a imoother equations, replacing the
variable.

Simplify and solve the resulting equations for temaining variables.
Substitute the values found in step ¢ back into @nthe original equations to find
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the remaining variable

2 Elimination Method: In this method, you manipulate the equations byirafdr
subtracting them to eliminate one of the variabld® steps involved ai

Multiply the equations, if necessary, to make tbefficients of one variable the sai
(or multiples of eaclother)

To enable for eliminating a single parameter, addswabtract the mathematic
equations.

Choose a single parameter to solve the equatiochvérisue

In order to identify the rest of the variablesuretto the value from step ¢ from a
of theearlier equation

Matrix Method (Gaussian Elimination’In this approach, the mathematical equat
are represented as matrices, and the matrix issingpiified using row operation

The involved steps al

Write the augmented matrix, which combi the system of variables constants
coefficients.

b. Convert the matrix into reduced or rrechelon formate using row operatic

c. Convert the resulting matrix into an equatiostegn and find the variabl

Find a polynomial function of degree thrwith the saddle point (1,1) and the pc
(2,2), for instance.

=] =

P CAS

I::-;- (3 r. 3 = X = . :
1/ -] L £ a
» Graphics
fixi'=axA3 + bxr2 +cx+d L }
: l(x):=.‘nu‘!+h:?+r_x+d II
5]
|
g_1: f{1) = 1; f
|
f
9 z: fiz)m * f
g_3: fli= 0 : J
n /
g_4: Mill= 0 !

{g_1.g9_2.9_3. g_4}

{{a=1,b==3,c =3,d =0}}

gix):=Substitute[$ 1, Flamten|{$6]]]

« glx) i= x? I 43 x a 3 2 1 0 1 H

VIII.
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SPREADSHEETCELLSINPUT

e Establish an entirely new GeoGebra

* Set the view to Spreadsh—l@& Graphical Viewpoint.
» Select the option titled View to access the ingart
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Enable theicon . Drag the coordinate systamgin to the lower lef

1 s corner of the Graphics View and then mov

2 Click on the cell labelled Al in the Spreadsheeswias well as inp
(0,0) the pointcoordinates (0,(

3 Click on the cell labelled A1 the Spreadsheet View as well as ir
(1,1 thepointcoordinates (1,1

4 Display both pointidentifiers in the Visuals Perspecti

A
5 Generally replicate the input object measurememtgarious cells it
Q column A by carrying out each of the followisteps

(1)  Tohighlightened cells A1 and A

(2) Click on the tiny circle in the bottc-right corner of the
highlightened cell range; a

3) Keep the cursor down while dragging your cursareth A11.

To alter the Graphics View's visible area to rerevery single point
6 st visible, use the Move Graphics View, Zoom In, ambz Out tools

Copyright © 2024 Authors Page | 28



Futuristic Trends in Contemporary Mathematics
e-ISBN:978-93-6252-623-6
IIP Series, Volume 3, Book 1, Part 1, Chapter 3
EXPLORING GEOGEBRA: AN INTERACTIVE
TOOL FOR MATHEMATICAL VISUALIZATION AND ANALYSIS

£ GeoGebra Lo |
uk;lla Edit 'J'iE-‘ﬂ.CIERE_Tﬂ-:IIS Window Hedp — — .
R oAl P OO Lo Nifascf ezl )
b Onreads et ¥ Graphics
A B c D [
1 0, 0)
. 5 N S
3 2.2) ; A1
4 (3, 3 .
| = | @A 8 o
6 {5, 5) AR
7 5. 8) *
8 7.7} a4 Q'.-I
| 9 | @8 Al
10 3,99 ¢
R o g
12 | 54
3 | i
1 | A3
5 =
= | -1:
1T -l
T 4 ._.?-ni H 1 H H 10
Input ©

IX. MEEAN, MEDIAN, MODE AND HISTOGRAM IN SPREADSHEET VIEW ‘

In Geogebra, we can determine the mean, mediad, maode using various
spreadsheet functionalities. Here's how you cacutste these measures in Geogebra's
spreadsheet view:

1. mean

« Open Geogebra and create a new spreadsheet view.

- Enter the values for which you want to calculate thean in a column, such as
Column A.

« In an empty cell, use the formula "=mean(A1l:A)" wh&Al:A" represents the range
of cells containing the values you want to calculiie mean for.

- The result will be displayed as the mean valudefrtumbers.

2. Median
« In an empty column, such as Column B, copy theasftom Column A.
- Sort the values in ascending order by selectingcéiis in Column B and choosing
the "Sort Ascending" option from the toolbar ohtiglick menu.
« In an empty cell, use the formula "=median(B1:B)hesre "B1:B" represents the
range of cells containing the sorted values.
« The result will be displayed as the median valuthefnumbers.

3. Mode
« In an empty column, such as Column C, copy theegftom Column A.
« In an empty cell, use the formula "=mode(C1:C)" meh&C1:C" represents the range
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of cells containing the values for which you wanmfihd the mode.
« The result will be displayed as the mode value{dhe numbers. Note that if there
are multiple modes, only the first mode will beurgied.

4. In graphicsview, visualize the histogram.

i fen) (b
A . t O %) A » E A
|[%'0_/'/__/'.¢'_é»‘__ ’_(:.J__ A AN e S b ? R
» Algebra [%] ~ spre 1dsheet :r_i'x' _~ Graphics [x]
¥ It VAL UaE — J: 'ﬁ}
o Mode - iE} <1 1) FORSEEN s ] e — e
# listl = {0.5, 1.5, 2.5, 1.5, 4.5, 5.5} A | B |
o list2 = {4, 6, 8, 6, 1} 1 0.5
J listd =1{1,1,1,1,2,2,2,222,3,3,:
= MNumber = 1| 4| -
© Mean = 2.76 3 2.5 | 6
2 Median = 3 4 3.5 8
d a=125 s 4.5 6
6 5.5 1 a4
¥
8
q
9
10 4
151
12
13
14 2
15
16
17
18 L ;
0 2 a=325 4 3
19
Input: s @

X. CIRCLE AND TANGENT LINE

To construct a circle described on the triangleesr€must be a bisector interception
at the centre of the circle. The area measured fhenpoint where two bisectors connect one
of the vertex equates to the circle's radius. @&hae the steps involved in constructing a
circle. Create two bisectors of any two sides,

« Draw any triangle ABC, then create a circle witltemtre in D and a diameter in
DA.Learners may comprehend the concept of the déscé of an equation through
the use of the following illustration. Obviously,we alter the formula, all points
and lines will change as soon as possible. Studmnsobserve this tendency for
many functions.
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XI. MATRICESIN GOEGEBRA
Create an matricesin algebraic view.

* Enter the formula A'=M*A to calculate the imageapoint, A, beneath a change in

value, M.
* Input polyl under the modification, M, to find theshape's image.:

applymatrix[m,poly1].

1 =2 =V S
M ( 5 9 ) A A
2 2 . 29
¥y A=(1.2)
#
A= (MA] : Q
AR )| i
g o]
E ;
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X1l. APPLETSINGEOGEBRA

GeoGebra was chosen for process because SketmmdupAD are used to carry out
extremely advanced modelling but make it impossifde students to use or utilise
knowledge. GeoGebra is capable of handling a wagéDimensions in 2D and 3D as well
as mathematical objects in a number of academidsfieurthermore, models made with
GeoGebra may export STL files for 3D printing. Tilember of formats, such as algebraic
equations or 2D/3D views, may be made easier fpilpby using GeoGebra. By using the
extrude tool, any GeoGebra polygon can be trangdrirom a 2D polygon to a 3D polygon.
Users get access to an object's various anglesrasg sections thanks to GeoGebra. We
want to promote students' use of spatial thinkiggabowing them to articulate the same
models in several ways, especially when transfaonatare involved. Students can use
transformations to engage in speculative modellihgtudents use GeoGebra to create the
Temple of Dendera or Cheomseongdae, they can engagmigmented reality (AR)
exploration or 3D printing. This section detaile fhrocedures and resources used to analyse
the Cheomseongdae structure and represent it ilc&8wsa. Without the bottom and top,
Cheomseongdae can be visualised as a rotating Bdag, the teachers and their students
rotating the building's side curve about its cdredras.

S.no jinput visualization Instructions
1 Create notations
A €2 GeoSebra Classic 5 o * along the Curved
. File Edit View Options Tools Visndow Help Sign in S'de Of
R e B =0 B BN RS Cheomseongdae.
b Algeby % |+ Graphics z
® A=(4,0)
e B=(40)
® C=(281,12)
& D=(253 13182
® E={1.78,6568)
® F=(1510.07)
Inpt a
2 To get a curve
Polynomial() | | © sseses e - @ x| composed of
File Edit View Options Tools Window Help Signin polynomlals that
P %113 [o) [l P AN B B : traverses every
» Algebra i * | » Graphics x pOInt on the
® A=(-4,0)

. I © - -
® B=(2,0) f(x) = —10.12 x" + 66.74 x 14913 x + 117.77 screen

® C=(281,12)
® D=(253,3.82)
® E=(1.78,6.68)
® F=(1.5,10.07)
® f(x) = —10.12x% +1
® textl = “f(x) = —1

(Follow that, by
adjusting the
function's
operational range.)

Input:
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3 . | The Surfaces
GJ(: 2 e * | aspect of
Fie ext ehiera Toss Window Hel sona .
DREDSOE z Transformatio
:- Algetita '. W Gﬂ.:phlc-l ; K |§ 30 Cribhice n Can be used
® ALY to generate an
®Bs0) .
» copit 1y irregular
o Epo surface.
# F=(14,1007)
Mfa) w =10.124" 4
® textl = “ffx)
® gixl maze
|®a= | HisS<m
£ R
4 e . | - | Place the
o> b 2 g g% Cheomseongdae
Tl Edt View Cptions Tocls Window Help Smh in the XY p|ane
MMM Gl EAR e o by using the
= Blnehia B b Craphics = | = 30 Geaphice ROtatlon ACI‘OSS
iihe | ¥ | R Cv s e He iy i
”.; fla = 102 g B T - 18- 11T | Lines .
00505
#2=04
[} l__'S
Siface
0a- | IN15%
o | s |
| LS
Test
LRI ([
i | L] ll |
Input:

For clarity, certain GeoGebra applets for resolwngstructive issues are made up of
a 3D window, auxiliary window, and a 2D graphic.idbhows a geographical solution to the
issue, which is built in the 2D graphic using theride projection (the chosen projection
method). The problem's assignment, for illustratimg problems construction and solution)
are all located in the auxiliary window. Each peshlis built step by step using the slider.
Additionally, each step of the solution is explaindhe perspectives on the models of the

surfaces of revolution.
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lag=ay

I“F

Tia

m, =y

oy o, »h

@

The building of the intersection of two rotationrfeices with converging axes is the
first applet (problem). When the axes are in thierdation, the crossing circles of the
surfaces are shown from above as circles and fheniront as line segments. Students learn
from that the primary meridian intersections areated.
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The surfaces in the following problem have paralbets. The intersecting surfaces of
the axis of revolution and again parallel to thetigal reference plane. The principal
meridians of the surfaces cross at the pointseirtersection curve as a result. It is readily
visible in the 3D window.

Parallel circles are formed where the surfacesewgblution intersect the adjacent
planes; these points of intersection are the cuateshich the aforementioned surfaces of
revolution are said to intersect. In the type afljem mentioned, the auxiliary surfaces that
are helpful for determining the precise pointstwé turve of intersection are perpendicular
planes to the axes of both surfaces
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XI11. CONCLUSION

In conclusion, GeoGebra constitutes the most widesled instruments since it can
help most people develop the requisite level ohgetoic ability and spatial imagination. The
majority of students find it helpful to view the 3@bjects of the intersecting surfaces of
revolution in the GeoGebra software 3D window. 8nid are better able to understand the
foundations of mapping specific points of curvesndérsection of two revolution surfaces in
the Monge projection.
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