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CEECITERERT N0 JITEEE  Research has shown that integrating technology into

mathematics education through the Technological Pedagogical Content Knowledge (TPACK)
model can enhance students' academic performance. GeoGebra, as a dynamic tool, facilitates
the understanding of abstract geometric concepts and strengthens learning. However,
challenges such as teachers' lack of skills, technical limitations, and unequal access to
equipment have restricted the full utilization of this technology. In Iran, limited studies have
explored the impact of TPACK and GeoGebra in elementary education, highlighting the
research gap and the necessity of the present study. This study aimed to investigate the
impact of a teaching method based on the TPACK model, using GeoGebra software, on the
academic performance and learning experiences of fifth-grade elementary students in topics
related to symmetry, perimeter, area, and volume.

This research was conducted using a sequential explanatory mixed-methods
approach. The population consisted of fifth-grade female students in Bojnurd during the
2023-2024 academic year. Sixty students were matched and assigned to experimental and
control groups (30 each). The quantitative tool was a researcher-made test with high
reliability (Cronbach’s alpha > 0.9), and the qualitative tool was semi-structured interviews.
The experimental group received 21 sessions of 40-minute instruction using GeoGebra and
the TPACK model, while the control group was taught traditionally. Quantitative data were
analyzed by Analysis of Covariance (ANCOVA) using SPSS, and qualitative data were examined
through thematic analysis.

m The quantitative findings, derived from a quasi-experimental design with pre-test
and post-test, showed that GeoGebra-based instruction had a significant positive impact on
students' academic performance across all four topics. The result of ANCOVA confirmed the
superiority of the experimental group, with results for symmetry (F = 30.513, Sig < 0.05, partial
n_p?=0.349), area (F = 35.777, Sig < 0.05, partial n_p?=0.390), volume (F = 23.254, Sig < 0.05,
partial n_p? = 0.311), and perimeter (F = 24.094, Sig < 0.05, partial n_p? = 0.301). The
qualitative findings, based on thematic analysis of semi-structured interviews with 10
students from the experimental group, revealed themes including the visual and interactive
appeal of GeoGebra, facilitation of geometric concept understanding, increased motivation,
enhanced group collaboration, reduced math anxiety, and technical challenges. These results
demonstrate the potential of TPACK and GeoGebra in improving elementary mathematics
education, while also highlighting the need to address technical barriers.

This study, aimed at examining the impact of a TPACK-based teaching method
using GeoGebra on the academic performance and learning experiences of fifth-grade
elementary students in mathematics, demonstrated that this approach can serve as an
effective strategy for enhancing the learning of mathematical concepts and strengthening
students' cognitive and social skills. The overall findings indicate the high potential of this
method in improving the quality of mathematics education and creating a dynamic learning
environment. These results have significant implications for designing technology-based
curricula and improving teaching methods in elementary education, contributing to the
development of educational policies for integrating technology into classrooms. Limitations
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of the study include its focus on female students in a specific geographic area and the short
duration of the educational intervention. Challenges included a lack of technological
equipment in some schools, students' insufficient initial skills in using the software, and
technical issues such as internet outages, which occasionally hindered the intervention.
Future studies are recommended to explore the impact of this method across other grade
levels and subjects. The findings can be utilized in developing technology-driven educational
programs, designing teacher training workshops, and improving access to digital tools in the
education system. This approach could be particularly effective in reducing educational
inequalities and enhancing learning quality in underserved areas.
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in groups a).:la perimeter s >
i JEUL S g5 (- Length measurement tools, JEAML S Loome wiile) (oS 5 Jilos S - Perimeter
Group designing of a geometric park circle drawing tools (b
ol 4 s &l - Solving mixed problems (e.g., park perimeter)
Presenting results to the teacher (SHL S b)) (29,5 059, >k -
Designing group projects (a park’s perimeter)
Oygod Coluw dwlow g o - Colan dwb g Judatuns (a0 cidio o i -
sl Drawing triangles, squares, rectangles and
calculating area
Individual drawing and area dle ‘5jL~cJ&~ S5 . & )
calculation ol 9,0 Silozaw b g colus ailos -
S 5 JSal § Jlawo Jom Calculating the area of a rhombus using internal Colao
= el Area calculation tools, surface structuring 4
Solving group problems with structuring tools ) e i Area
composite shapes Colis Al 9 485593 i —
Ao sla g,y 0,by0 o Drawing trapezoids and calculating area
Discussing different calculation u_sls“‘“’“" gs“;)’ Sls J> -
methods

Solving mixed problems

()5“""“ ‘;,a.in) oolw GL“W o =

Drawing simple volumes (cube, prism)
. Calculating composite volumes by rotating shapes
Group drawing of volumes g P v g shap!
RO . . . .. - N
ol slassl o o5 es - JSE s ) 00 0l ez S0 sl el las . e
Participating in interactive games 3D tools, shape rotation tools (Gomaw Jiss! volume
$olis &gt gl ) - Interactive games for understanding volume (e.g.,
) filling 3D shapes)
Solving mixed problems
B9 Dot Sl Jo - el plos I (oS 5 Pl J> -
Group problem solving Solving mixed problems from all topics 9,90
S,k o5, ) 5 >k - dmlne b S3b (k) (o295 0590 sl - ales >
Designing and presenting the park s‘L"“‘L’” o 5 3 (colus g lore 2 Review and
project Drawing and calculation tools Conducting group project (designing a park with Prob!em
o oMSar 5 plao 510,95 50 il yo - perimeter and area calculations) Solving
Receiving feedback from teacher and
peers

oW 4 ojgn @l )l -

Presenting project results to the class
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Fig. 3: Group activity of students in the GeoGebra space
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sl U1 5 Geelae I8 ek 5 i o celae (il el
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s slaassl

oS sloazily
33 Sore sl (SESE O jgods Geejlm 9 ool laosls
28,8 el iy Sl b g)lel (sladdlow 5 0b 5,l5 SPSS l38la 5
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Fig. 2: Teaching the workspace with GeoGebra and introducing the
functionality of each icon
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Table 3: Descriptive Statistics of Post-Test Scores for Control and Experimental Groups

Group Mean Std. Deviation N
09,5 S Slre Gl il Slaws
Control
e 2.77 1.073 30
Perimeter Post-test J
] Experimental
O903] oy Laeme L] 3.97 765 30
[Saied)
Total 3.37 1.104 60
Control
2.97 1.129 30
. Jrs
Symmetry Post-test
v s Experimental
OF U= L L 4.33 .802 30
o)
Total 3.65 1.191 60
Control
s 2.53 973 30
Area Post-test J
o . Experimental
093l o ol o 4.03 809 30
ales]
Total 3.28 1.166 60
Control
2.80 1.157 30
Volume Post-test J~s
] Experimental
O o= = L 4.03 .809 30
o)
Total 3.42 1.169 60
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Fig. 4: Comparison of post-test means of the control and experimental groups
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Table 4: Tests of Normality

Shapiro-Wilk L4

Group 05,5
Statistic Df Sig.
Standardized Residual for Control  J,uS .962 30 344
O3l oy e Experimental  jiols;] 935 30 .068
Standardized Residual for Control 8 .981 30 .849
09l o= 0l Experimental  _zulej] 934 30 .065
Standardized Residual for Control  J s .960 30 .310
033l o Sl Experimental  ole;l 919 30 .025
Standardized Residual for Control 8 971 30 .562
09931 o o> Experimental  iolej] 962 30 349

e illy (K0l (o) 2 Sl 8 S 0 Jgoz
Table 5: Levene's Test for Assessing Homogeneity of Variances

F dfl df2 Sig.
Fo,lol 29,5 O @yl az s 29,5 09,0 solyl ax o & bl mhaw
Perimeter Post-test
1 1.409 1 58 .240
0903! o Laemee
Symmetry Post-test
] s .693 1 58 409
OFV o= L
Area Post-test
7 . 1.043 1 58 311
Volume Post-test
2.724 1 58 .104

0305 o o

o uilly (S50l ()0 6l G55 b o (Ko F Jgox
Table 6: Homogeneity of Regression Slopes for Assessing Homogeneity of Variances

Df Sig. Partial Eta Squared
F ‘_go‘)'] a0 ‘_g)hl,'u,n c!a..; 6§)> J:‘ c)'L)Jl
Perimeter Post-test
H .565 1 .456 .01
093! oy e
Symmetry Post-test
ae] s .663 1 419 .012
oF o= L
Area Post-test
T . .182 1 671 .03
Volume Post-test
cani] .62 1 .804 .01
09! o o=
ban.a 3,90 ‘SLD 05; 5 Ja..:;u Conw C“')""‘ uub)lg J...l:;u :VJ}.\;
Table 7: Tests of Between-Subjects Effects
Dependent Variable: (Post-test environment)oyj o e
Source Type Il Sum of I:')f Mean Square F ] Sig. Partial Eta Squared
Olyats ae Squares wolilaz o CHPSPRN {00 Fo Lol & ol o Sz Slejll
Corrected Model 243332 3 8.111 9.542 .000 .338
Intercept 537.920 1 537.920 6327'84 .000 919
Group 20.480 1 20.480 24.094 .000 .301
BRI
OF o 2.253 1 2.253 2.651 .109 .045
Post-test environment
Error 47.600 56 .850
Total 752.000 60
Corrected Total 71.933 59

a. R Squared = .338 (Adjusted R Squared = .303)



H. Pourshafei et al.

aY)

ohlKas 5 2liys solo

dalllas 850 5l 09,5 o ()l Core Dl s il leST Judow A Jgu
Table 8: Tests of Between-Subjects Effects

Dependent Variable: yso;! s (y,l& (Post-test symmetry)

Source Type Il Sum of Df Mean Square F Sig. Partial Eta Squared
Oyt e Squares EHETSS JCHPYSUREN < FOY Fo, Lol & bl mhaw iz Flejll
Corrected Model 30.337° 2 15.168 16.218 .000 .363
Intercept 451.717 1 451.717 482.956 .000 .894
Post-test symmetry
T 2.320 1 2.320 2.481 121 .042
OF o Q)
Group 28.539 1 28.539 30.513 .000 .349
Error 53.313 57 .935
Total 883.000 60
Corrected Total 83.650 59

a. RSquared =.363 (Adjusted R Squared =.340)

axllas 5,50 6o 09,5 ;0 Lol orpe Ol jpad uily,leS Judoos 4 Jgun
Table 9: Tests of Between-Subjects Effects

Dependent Variable: (Post-test area) Q}*")’T o Slee

Source Type Il Sum of I?f Mean Square F ] Sig. Partial Eta Squared
G2 JUUEL I N Squares byl az o Sl e 52l Fo,bol & ol mlans iz Flejlul
Corrected Model 34.0522 3 11.351 13.779 .000 425
Intercept 587.145 1 587.145 712.756 .000 927
Group 29.472 1 29.472 35.777 .000 .390
Post-test area
ool i el .098 1 .098 .119 732 .002
OF)! o ==
Error 46.131 56 .824
Total 727.000 60
Corrected Total 80.183 59

a. R Squared = .425 (Adjusted R Squared = .394)

Corlus o)l g Eorlin 13 23, 650k 5l o] laolSays
bl 5 s caalir ol (eldae () 0,8 IS T o
oo (555 9 05551 Slidl oo alie S50 Jogud d gt
slailly 5 (oob) Chlh ol fals (255 5,500 5 Jolas o
olisel ol 5l ple 8t Ly pya—de j2 abiog )l 5 (4
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Vo gz 95 o0l Lt ypaias 10 (o Caranl b Wl
g il L bls )l colels )| slos ol —an 5l gla o>
cans o a3l Lo g8 Jaidiges
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Table 10: Tests of Between-Subjects Effects

Dependent Variable: (Post-test volume)oy,ﬂ o >

Source Type Il Sum of I?f
Rpoe e Squares @ol3laz o
Corrected Model 27.9052 3
Intercept 624.446 1
group 21.875 1
Post-test volume
o] s 5.030 1
O o
Error 52.679 56
Total 781.000 60
Corrected Total 80.583 59

Mean Square F Sig. Partial Eta Squared
Sl e oSl Fo)l.c-‘ & holins mhaw iz el
9.302 9.888 .000 .346
624.446 663.818 .000 .922
21.875 23.254 .000 293
5.030 5.347 .024 .087
.941

a. R Squared = .346 (Adjusted R Squared = .311)
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Table 11: Themes Extracted from Qualitative Interviews
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Visual and Interactive Appeal Increasing Motivation
of GeoGebra
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Facilitating Understanding of
Complex Concepts
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Game-like Experience
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Facilitating Understanding of
Geometric Concepts

e e
Improving Understanding of
Abstract Concepts
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Reducing Common
Misconceptions
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GeoGebra's graphical and interactive
features increase students' attention

and motivation.
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Animations and colorful visuals make
understanding geometric concepts like

symmetry and volume easier.

e N S A TU
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Learning with GeoGebra becomes an
enjoyable, game-like activity.
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Dynamic shape displays help
understand symmetry and volume.
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GeoGebra reduces misconceptions
(e.g., about the axis of symmetry).
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When | rotated shapes in GeoGebra and their
colors changed, | wanted to explore symmetry

more.
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The 3D cubes in GeoGebra were so cool, it felt like
| was playing a game.
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When colors change or shapes move, | pay more
attention. It makes learning more fun.
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With GeoGebra, | unfolded a cube and saw the
number of squares it was made of, which helped

me understand volume.
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I didn’t understand the axis of symmetry before,
but with GeoGebra, | could draw the axis and

observe shape changes.
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Learning
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Interactive and Game-like
Environment
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Improving Attitude Toward
Mathematics
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Achievement
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Increasing Collaboration and
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Intuitive Understanding
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Interface
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The ability to experiment and change
parameters enhances intuitive learning.
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GeoGebra transforms learning from
boring to engaging.
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Using GeoGebra fosters a positive
attitude toward math.
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A sense of achievement in solving
problems boosts students’ motivation.
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Group activities in GeoGebra enhance
collaboration and idea exchange.
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Group projects improve communication
and responsibility skills.
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GeoGebra’s low-pressure, interactive
environment reduces anxiety.
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Tangible understanding of concepts
reduces anxiety related to rote

memorization.
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GeoGebra’s initial complexity can be
challenging for some students.
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System slowness and internet issues
disrupt the user experience.
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Limited access to equipment and
internet restricts learning.
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An animation showing area changes helped me
understand why increasing a side increases the

area.
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Math used to be boring, but with GeoGebra, |
looked forward to the next class.
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When | calculated area in GeoGebra, it felt like

solving a puzzle.
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When | drew and modified a cube’s volume
in GeoGebra, it felt like a game, not math!
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My friend and | designed a park in GeoGebra and
calculated its perimeter; it was so much fun

together.
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Once, my friend taught me how to draw
symmetry. Later, | taught someone else how to

calculate area.
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| made mistakes in GeoGebra, but since | could try

again, | wasn’t stressed.
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Before, we just memorized formulas. Now |
understand that area means how many squares fit

in a shape.
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At first, | didn’t know how to draw an angle in
GeoGebra. It was really hard, and | didn’t

understand what to do.
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Sometimes the program was slow, and shapes
took a while to load.
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| don’t have a computer at home, so | could only

use it at school.
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