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Abstract

This research examined the effect of a technology-enriched classroom
environment on achievement and retention in quadrilaterals of seventh
graders. The quasi-experimental design of quantitative research with a pre-
test/post-test matched control group was chosen as the research design. The
research population consists of seventh-grade students of a city in the Central
Anatolian Region. A middle school with nine branches at the seventh-grade
level was determined, the equivalence test was applied to the students, and
the equivalent classes were determined. After the classes were determined,
these classes were randomly distributed to the groups. It was ensured that
two mathematics teachers from the determined groups, one mathematics
teacher in the experimental and control group, and another mathematics
teacher in the other experimental and control group. The current seventh-
grade quadrilateral program was applied to the control groups, and the
learning environment program enriched with technology was applied to the
experimental groups. Descriptive statistics of the scores obtained from the
equalization, pre-test, post-test, and retention tests were calculated. Then,
normality tests of these tests were performed. In the analysis, item analyses
were used for the achievement test, one-way analysis of variance (ANOVA) for
the equalization test, independent samples t-test, Mann-Whitney U Test, and
paired samples t-test were used within the scope of research problems. As a
result of the research, statistically significant mean differences between the
experimental and control groups favored the experimental groups between
post-test and persistence test scores. According to the technology-enriched
learning environment program, teaching quadrilaterals increases students'
achievement and permanent learning. In line with the results obtained, some
suggestions were made.
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1. Introduction

Mathematics teaching emphasizes practices and learning approaches that help increase students'
interest and understanding of mathematics rather than just transferring knowledge theoretically and
logically. One of the approaches suitable for this is technology-enriched learning (TEL) which is defined
as learning in which technology-based tools and applications support any learning environment, and
learning is improved in this way (Wang & Hannafin, 2005). TEL provides a source of learning paradigms
of the information society in terms of revealing innovative trends and evaluating research results
(Goodyear & Retalis, 2010).

Technology transforms the learning process and provides advanced opportunities to gain
knowledge and skills (Goodyear & Retalis, 2010). The rapid development of technology, increased access
to technology, and diversification of communication methods have brought about the need for
technological change and educational growth (NCTM, 2015). Research attempts to show how and to
what extent learning occurs in interaction with technology. These positive and negative consequences
by TEL can inspire educators and future instructional technologies in terms of how learning can be
created more effectively (Coldwell-Neilson, 2018). Technology should be used to support individuals in
the knowledge-creation process, considering the opportunities and risks it creates (Daniela, 2018).

TEL can be achieved through computers, tablets, interactive whiteboards, dynamic geometry
software, visualization tools, spreadsheets, computer-supported interactive learning applications,
simulations, holograms, educational games, digital learning content, and similar applications (Goodyear &
Retalis, 2010). TEL can be arranged as digital, hybrid, or face-to-face classes, online learning
environments, and online open learning environments where many students can participate (Duval et al.,
2017). Self-learning, collaborative, or didactic learning can be used at these TEL. Students can analyze
information, take responsibility for learning, and accept innovations (Daniela, 2018). In TEL, emphasis is
placed on teaching practices, equipment, and the physical conditions of the environment where teaching
will take place (Tondeur et al., 2015). Technology supports existing strategies in learning and teaching
and creates opportunities to produce new strategies (Flavin, 2020). TEL increases academic motivation,
encourages student participation (Xu et al., 2019), supports students’ achievements (Sariaslan & Kuicuk-
Demir, 2020), and retention of learning with different learning styles (Gulbahar, 2005). Students can
produce arguments based on scientific findings and create products based on them with TEL. In a TEL,
learners develop skills such as critical thinking, expressing their ideas, sharing, and manipulating
(Goodyear & Retalis, 2010).

National Council of Teachers of Mathematics (NCTM) describes one of the six key principles in
mathematics teaching as the technology principle: “Technology is essential in teaching and learning
mathematics; it affects teaching and enhances learning” (NCTM, 2020; p.11). NCTM supports the
effective use of technology to enhance understanding and intuition and enrich mathematics teaching.
Within the scope of the Fatih Project in Turkey aims to prepare and effectively use TEL equipped with
interactive boards, supported by audio-visual materials, animations, simulations, videos, and other
learning objects, to actively use information communication technologies (ICT) in the learning and
teaching process in schools (MoNE, 2011). As an important part of learning environments, ICT allows for
a structured and multidimensional learning environment and increases achievement (Erduran, 2020;
Hidiroglu, 2012; Sariaslan & Kiiciik-Demir, 2020).

Online learning technologies include collaborative learning environments, social networks, digital
content, digital games, mobile devices, cloud technology, three-dimensional printing, virtual laboratories,
holograms, tablets, and wearable technologies (Badia, 2015). These applications enable versatile and
individualization of learning. Geometry 2.0 tools such as GeoGebra, Cabri 3D, and Geometers Sketched
support collaboration and enable learning by discovery (Joglar Prieto et al., 2014). Digital transformation
gained momentum with Industry 5.0, Society 5.0, and Education 5.0. The Internet of Things, cyber-
physical systems, internet services, collection of big data, and artificial intelligence software have made
technology an indispensable part of life (Xing & Marwala, 2017). Structuring learning environments in
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line with this transformation process can provide a more effective learning environment for today's
digital natives.

Instructional technologies deeply affect the development of teachers and students, and the
resulting product has a personal effect as much as the effect of the software, which gives students the
chance to take responsibility for their learning. Its flexible use features promise responsible use and
effective learning outside of school (Trouche & Drijvers, 2010). TEL enables students to make
connections between algebraic and geometric representations that develop mathematical reasoning
skills such as generalization, prediction, and proof (Zengin, 2021) and significantly increases achievement
in sixth-grade angles compared to traditional teaching (Sariaslan & Kiiclik-Demir, 2020). Dynamic
geometry software significantly increases achievement compared to traditional tools (Ng et al., 2020).
Using Geogebra increased student performance in analytical geometry (Saha et al., 2010). Technology-
supported teaching differs significantly from traditional teaching based on geometry achievement and
attitude (Deniz, 2019). The justifications and evidence skills in the argument structures of seventh-grade
students differ depending on the use of technology (Sucu, 2021). To conclude, TEL can help students
produce practical solutions and structure geometry that will contribute to their thinking and learning
skills in the face of the abstract structure of geometry.

1.1. Use of Technology in Teaching Geometry

Along with the tools and applications, TEL aims to enhance learning and teaching. However,
technology should not be used in isolation to develop a solution; instead, it should support mathematical
logic and reasoning (Liang, 2016). Teachers are also expected to use instructional technologies at a
certain level of proficiency. It is vital to recognize the features of these technologies and adapt them
appropriately to TEL. Therefore, technology-enriched instruction must be carefully planned and designed
with the right tools. Students' ability to generate ideas about geometry topics and test them through
instructional technology enhances their higher-order thinking skills (Bozkurt & Ruthven, 2018).
Instructional technologies are most effective when they help discover information through technology
and evaluate its accuracy rather than simply presenting ready-made information (Bozkurt & Ruthven,
2018). There are various educational software that can be used to teach geometry. The most frequently
encountered dynamic geometry software in the literature are GeoGebra, Cabri 3D, Geometer's
Sketchpad, and Desmos. Teaching based on dynamic geometry software significantly positively affects
students' achievement (Chan & Leung, 2014). Positive features of the use of dynamic geometry software
have been determined, such as understanding concepts, preventing misconceptions, and providing ease
of access to achievements and generalizations (Glirbiz & Gulburnu, 2013; Onal & Demir, 2013; Sariaslan
& Kicuk-Demir, 2020). The use of dynamic geometry software increases interest in, and changes view
towards mathematics positively and make the lessons more fun (Erdener & Giir, 2019; Ozcakir-Stimen,
2022; Tuzer-Unsal & Akay, 2020). On the other hand, it is recommended that instructional technologies
be used to evaluate mathematics in a digital environment (Drijvers, 2018). The instructional technologies
used in this study are briefly mentioned below.

GeoGebra, an open-source dynamic mathematics software, is a teaching tool for geometry and
algebra calculations. Mathematical models, various activities, and simulations can be prepared and
shared. GeoGebra has features that include both two- and three-dimensional drawing, a computer
algebra system, process monitoring, recording, and sharing. Using GeoGebra transforms the student from
a passive receiver into an active participant, supporting his creativity (Ljajko & Ibro, 2013). It meets the
teaching objectives and can be adapted for students of different ages and levels (Zilinskiene &
Demirbilek, 2015). It provides a rich learning process that directs students to use different strategies,
approaches, and thinking skills (Hidiroglu & Bukova-Gizel, 2014). GeoGebra-supported teaching
significantly increased achievement and retention of learning (Birgin & Topuz, 2021). GeoGebra has been
used in this study for visualization and geometric drawing, primarily by teachers.

Desmos is a free online application designed to help everyone learn mathematics and express ideas
mathematically. Desmos allows students to review their strategies, reflect on them, change them, and

.
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see how the changes affect the whole (Gulli, 2021). Desmos is a tool that helps students discover
mathematical concepts (Kostur & Yilmaz, 2017). The activities carried out with Desmos are effective in
conceptual and procedural learning (Ozer, 2023). Desmos was used in this study for visualization
purposes, and it was chosen because students can easily use it.

Coogle is used to create mind maps and support learning. Mind mapping is a note-taking technique
developed by Tony Buzan, and its structure resembles that of a nerve cell. Mind maps hierarchically relate
information and increase the ease of remembering and retaining knowledge by supporting it with visual
elements. Mind maps enable students to discover relationships between concepts, encourage creative
thinking (Davies, 2011), and support learning mathematical concepts (Agustiani et al., 2019). Coggle was
used in this study to create mind maps.

Storyboardthat helps create digital stories that learners of all levels can use for learning, teaching,
and communication. Its’ drag-and-drop platform allows learners to create their own stories and
characters. There are options for paid and free use. Scenes, characters, fonts, text boxes, and many other
features can be customized flexibly. Teachers design in-class materials and create educational content
(Muhammad et al., 2023). Students can use digital storyboards to prepare group studies and projects.
These drafts can be shared and saved to prepare an electronic portfolio. Digital storytelling achieves
conceptual learning at the desired level, and students are interested in digital stories (Dincer & Yilmaz,
2019) and increase student motivation and participation (Ozpinar, 2017). Digital story applications focus
on supporting learning and teaching. They aim to convey ideas to other people in the best possible way.
It is a way for individuals to express their understanding concretely. Digital stories enable commonalities
or contradictions in understandings to emerge (Parola et al., 2022). A storyboard has been utilized in this
study for problem formulation, classification, and definition. Plickers allow quick feedback from students
who are defined to the program. Based on the answers given by the students, it is determined which
students are correct, incorrect, or unable to answer the question, and necessary feedback is given.

1.2. The Problem

TEL is interactive, dynamic, process-oriented, and analytical approaches open the doors to
meaningful learning. Various instructional practices significantly contribute to teaching by revealing
student creativity and potential. TEL transforms the traditional learning environments. It provides a
dynamic, student-focused, highly interactive environment and emphasizes self-controlled learning. The
opportunities provided by technology offer a wide range of tools to create unique representations and
explore ideas and concepts (Saye & Brush, 2002). In addition to the radical effects of TEL on teaching
methods, their goals and, therefore, their effects on the mathematical meaning formation and thinking
skills in the learning process are also noted (Pea, 1987). Content-specific technologies in mathematics
teaching include dynamic geometry software, interactive applications, manual calculators, data collection
and analysis devices, and computer-based applications. Content-independent technologies include
communication tools and Web-based digital media (NCTM, 2015). These technologies help students
make sense of mathematical concepts and explore and define relationships.

The prevalence of tools that facilitate understanding concepts, such as modeling, graphics, and
numerical calculation, enables the broader use of technology (Pea, 1987). TEL increases learning
opportunities by reducing students' learning difficulties and increasing their interest and motivation
(Demetgul & Baki, 2020). It contributes to developing metacognitive thinking and creative thinking skills
(Gunduzalp, 2021). Using technology in the learning environment also enables the development of digital
literacy skills (Grant, 2019). TEL affects achievement positively and significantly compared to traditional
teaching (Hegedus et al., 2015; Kurvinen et al., 2020; Young, 2017) in sixth-grade subjects (Sariaslan &
Kuctik-Demir, 2020). Sixth-grade students' misconceptions about height have been largely corrected at
TEL (Senger, 2019), and their problem-solving skills have improved (Curaoglu, 2012). In addition,
students' positive opinions were recorded through TEL (Erduran, 2020).

TEL increases interest and motivation in mathematics, which is a reason for increased student
achievement (Pari Condori et al., 2020; Wong & Wong, 2019). TEL enables the development of
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knowledge and skills by offering new ways of thinking about mathematics learning (Radovic et al., 2019).
TEL applied in geometry had a more positive effect than in mathematics (Cavus & Deniz, 2022).
Technologies such as GeoGebra, augmented reality, computer, animation, video, graphing calculator, and
learning management systems are important components of geometry teaching (Sunzuma, 2023).
Software such as Geogebra, which is used for technology enrichment, appeals to different sensory organs
(Reisa, 2010). In this context, enriching with technology, in line with Gardner's Multiple Intelligence
Theory, can appeal to different sensory organs and increase success by providing various methods and
learning environments suitable for the student.

Activities prepared in accordance with the TEL make it easier for students to understand concepts,
improve their problem-solving skills, make lessons more enjoyable, eliminate misconceptions, make it
easier for them to understand the subjects, increase their achievement, improve their attitudes towards
mathematics, support permanent learning and are more successful than traditional teaching (Apari, 2019;
Dikovic, 2009; Genc, 2010; Oz, 2015; Saha et al., 2010; Tiirkoglu, 2014; Yilmaz, 2019). In addition, TEL
contributes to students' skills such as reasoning, modeling, creative thinking, and inference (Colakoglu,
2018; Filiz, 2009). Inspired by these studies, TEL can increase the achievement of seventh-grade students
in quadrilaterals and provide retention of earnings.

The widespread use of technology has prompted researchers to focus on the methods of utilizing
and the effects of Technology-Enhanced Learning (TEL) in mathematics education. Sahin et al. (2024)
highlighted the significance of technology-enhanced proof activities in establishing relationships,
discovering insights, and generating hypotheses. Ozkartal and Ocal (2021) demonstrated the positive
impact of technology-enriched learning activities on the achievements and perceptions of fourth-grade
students studying symmetry. Akyliz (2018) explored the roles of lecturers in creating content within
geometry and in supporting mathematical thinking through argumentation-based technology. Sariaslan
and Kiicik Demir (2020) noted that technology significantly influenced student achievement in the topic
of angles in the sixth grade, compared to traditional teaching methods. This study aims to enrich the
literature by presenting evidence supported by an experimental study on quadrilaterals in the seventh
grade.

The research aims to investigate the impact of TEL on achievement and retention concerning
seventh-grade quadrilaterals. TEL fosters an analytical approach to the subject, enabling students to
grasp the concepts better. TEL positively affects achievements in quadrilaterals, which is part of the sub-
learning areas of the polygons segment in the seventh-grade mathematics curriculum. Challenges arise
in comprehending and applying the properties of quadrilaterals, environments, and area relations
(Gulbagcl, 2009). Educational software and learning objects designed for this purpose can facilitate a
more accurate understanding of quadrilaterals.

Understanding the place and significance of technology in the teaching and learning process is
crucial, as effective TEL applications relate closely to student achievement (International Society for
Technology in Education, 2008). In this context, the study is deemed important for revealing the
effectiveness of TEL on seventh-grade achievements in quadrilaterals. It is vital to explore the impact of
TEL in identifying solutions for assessing students' achievements in quadrilaterals. The problem this
research addresses is: How does TEL affect seventh-grade achievement and retention regarding
quadrilaterals? The sub-problems of this research are:

e Is there a statistically significant mean difference between the pre-test, post-test, and

retention test of the students in the control and experimental groups caused by TEL?

e Is there a statistically significant mean difference between the pre-test and post-test

achievement of the students in the control and experimental groups caused by TEL?

¢ In teaching the subject of quadrilaterals, is there a statistically significant mean difference

between the post-test and retention test scores of the students in the control and
experimental groups?
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2. Method
2.1. Research Design

A pre-test/post-test matched control group quasi-experimental design, one of the quantitative
research, was chosen as the research model. In this design, groups are matched based on certain criteria.
Matched groups are randomly assigned to treatment groups (Blyukoztirk et al., 2018). The two random
experimental and control groups were created by impartial assignment, in which certain procedures are
performed before and after the experiment (Fraenkel & Wallen, 2009). The group subject to the TEL is
the experimental group. In this design, a pre-test is performed to determine whether the experimental
and control groups show similar characteristics before the experiment, and the pre and post-test results
are examined to reveal the effect of the TEL on the groups (Karasar, 2018). The effect of a TEL on
seventh-grade students' achievement and permanent learning about quadrilaterals was examined. This
study's independent variable was the TEL curriculum, and the dependent variables were pre, post, and
retention tests.

2.2. Population and Sample

The population consisted of seventh-grade students from a city in the Central Anatolia. A middle
school was selected from the city to determine the sample. Before selecting this school, information was
obtained about the number of seventh-grade classes and students in the city and the mathematics
teachers teaching these classes. Teachers have similar characteristics, and their knowledge about
mathematical software has been an important factor in choosing a school. Since this school was easily
accessible by the researcher, it was selected by an appropriate sampling method; “Appropriate sampling
method is the collection of data from a sample that the researcher can easily reach.” (Bliytukozturk et al.,
2018, p.95). The distribution of students in classes is shown in Table 1.

Table 1. Student distribution in classes

Class f % Class f %
A 32 11.2 F 32 11.2
B 32 11.2 G 31 10.8
C 32 11.2 H 32 11.2
D 31 10.8 K 32 11.2
E 32 11.2 Total 286 100

The researcher interviewed three teachers who taught seventh-grade mathematics at the selected
school and gave detailed information about the research. As a result of the interviews, teachers
voluntarily participated in the research. As given in Table 1, there are nine classes and a total of 286
students at the seventh-grade level in the school. To determine whether classes are equivalent to each
other, an equalization test was prepared by taking expert opinions. The equalization test is explained in
detail in the next section. As a result of the equalization test, classes were equivalent. Classes 7B, 7E, 7F,
and 7K were determined by random selection. Thus, the sample was a total of 128 students in classes.
Elif taught the mathematics lesson for 7B and 7E, and Ayse taught the mathematics lesson for 7F and
7K. With random selection among these classes, the experimental groups were 7B and 7K, and the
control groups were 7E and 7F.

Table 2. Descriptives of teachers

Does Teacher Use

Teacher Type of Faculty Education Profes§|onal Experience of Mathematics
Graduated from Level Experience 7th Grade
Software?
Elif Education Masters 14 Years 8 Years Yes
Ayse Education Masters 17 Years 10 Years Yes

As shown in Table 2, Elif and Ayse displayed similar characteristics. In the interviews, both teachers
demonstrated knowledge of mathematical software such as GeoGebra, Cabri, and SketchPad.
Additionally, they completed courses on mathematical software during their undergraduate and graduate
studies. Teachers possessing similar characteristics have played a significant role in teacher selection.
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The researcher held meetings with the teachers before and after the treatment to exchange ideas.
Elif and Ayse implemented the treatment, with the researcher periodically supporting the teachers during
interviews. In particular, the researcher informed the teachers about mathematical software and its
usage. The researcher did not actively engage in the treatment process, significantly contributing to the
results' objectivity. One mathematics teacher manages one experimental and control group, while the
second mathematics teacher manages the other experimental and control group. The groups are
organized to determine whether technology-enhanced learning (TEL) is effective on quadrilaterals.
Managing the process with a teacher raises the question of whether students' achievement is influenced
more by the teacher rather than by TEL. Conducting the implementation of the research with two
mathematics teachers enhances the study's objectivity.

2.3. Examining the Equivalence of Classes and Determining Groups

The selected school has nine classes, and to determine whether these classes are equivalent, the
researcher prepared an equalization test consisting of questions from the MoNE Scholarship Examination
from previous years. During the preparation and finalization of this test, the opinions of four experts,
including three mathematics teachers and one faculty member from the elementary mathematics
education department, were taken. The questions in the equivalence test cover the students'
quadrilateral knowledge. It was prepared to determine whether the classes were equivalent or not.

There was a total of 20 questions in the equivalence test. Questions 2, 3, 4, 7, 8, 9, and 20 of the
test are from the 2021 7th Grade Scholarship Exam. Questions 5, 10, 14, and 15 are from the 2020 7th
Grade Scholarship Exam. The 12th question is from the 2019 7th Grade Scholarship Exam. The 13th
question is from the 2018 7th Grade Scholarship Exam. The 19th question is from the 2017 7th Grade
Scholarship Examination. Questions 6, 1, and 11 are from the 2022 6th Grade Scholarship Exam.
Questions 16, 17, and 18 are from the 2021 6th Grade Scholarship Exam. The equalization test was
administered to 9 classes in the first week of the second semester of the 2022-2023 academic year. As
a result of the equalization test, descriptive statistics of the classes are given in Table 3.

Table 3. Descriptive statistics results of equalization test
- Kolmogorov-Smirnov

Class N X Mod Median ss Kustosis Skewness .
statistics df p
7A 32 51.88 50 50 23.44 -0.76 0.27 0.134 32 0.149
7B 32 50.31 45 45 20.12 0.39 0.37 0.135 32 0.143
7C 32 49.69 50 52.5 20 0.11 -0.05 0.147 32 0.077
7D 31 47.74 45 50 22.21 -0.94 0.1 0.143 31 0.109
7E 32 48.28 50 50 15.48 -0.48 -0.18 0.145 32 0.087
7F 32 51.1 50 50 19.04 -0.35 0.42 0.148 32 0.073
7G 31 49.03 45 50 23.32 -1.05 0.14 0.146 31 0.092
7H 32 48.91 45 45 21.91 0.13 0.9 0.143 32 0.093
7K 32 49.69 50 50 20.71 -0.14 -0.34 0.131 32 0.176

As given in Table 3, the mean, mode, and median values of the classes’ equalization test scores are
close. The kurtosis and skewness values of the classes’ equalization test scores showed a normal
distribution since they were between +1.5 and -1.5 (Tabachnick & Fidell, 2015). In addition, the normality
test of the equalization test scores of the branches was conducted and the results are given in Table 3.
The Kolmogorov-Smirnov test was performed since the number of students in the branches was n>30
(Bursal, 2017; Cevahir, 2020). According to the test results, it was seen that the p-value of each group
was greater than 0.05. In light of these results, the equalization test scores of the branches showed a
normal distribution.

Since the equalization test scores of the classes showed a normal distribution, a one-way analysis
of variance (ANOVA) was run. First of all, the homogeneity test of the equalization test scores was
performed based on classes, and the equalization scores showed a homogeneous distribution (FLevene
(8, 277)= 1.239; p=0.276>0.05). Then, ANOVA was performed to determine whether the classes were
equivalent, and the results are shown in Table 4. There is no statistically significant mean difference
between the equalization test scores of the classes (F (8, 285) = 0.127; p=0.998>0.05). The mathematics
and geometry knowledge of the students in the classes are close to each other. After the equivalence of
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the classes was ensured, classes 7B, 7E as Elif's class, 7F, and 7K as Ayse’s class were determined by
random selection. Then, again, random selection determined which classes were the experimental and
control groups.

Table 4. ANOVA results on equalization test scores of classes

Source Sum of Suares df Mean of Squares F p
Between gorups 441.517 8 55.190
Within groups 119944934 277 433.014 0.127 0.998
Total 120386.451 285

2.4. Development of Achievement Test

The Mathematics Lesson Curriculum was examined before creating the achievement test to be
prepared on quadrilaterals (MoNE, 2018). In the curriculum, quadrilaterals are included in the Geometry
and Measurement learning area under the sub-heading of polygons. The researcher conducted a
literature review and created a question pool consisting of 60 questions. This question pool was reduced
to 25 questions by taking the opinions of five experts, including a Turkish teacher, three mathematics
teachers, and a faculty member from the primary school mathematics teaching department. The first
question among these is the 2022 7th Grade Scholarship Exam question. The third question is the
question that appeared in the 2010 7th Grade SBS Exam. Question 17 is a question in the 2008 7th
Grade SBS Exam. The 8th question is the question in the 2007 7th Scholarship Exam. The other questions
were inspired by the scholarship exam questions and prepared by the researcher in line with expert
opinions, using 7th-grade mathematics textbooks.

The first version of the achievement test, consisting of 25 questions, was administered to 300 8th-
grade students in the same school as 7th-grade students at the beginning of the 2022-2023 academic
year. The reason why the first version of the achievement test was administered to 8th graders was that
7th graders had recently learned the quadrilaterals. Questions in the achievement test should be multiple
choice. Those who answered each question correctly in the achievement test were given one point, and
those who answered incorrectly or left blank were given zero points. In this way, both question-based
and total scores of 300 students were calculated. Students are ranked from highest to lowest according
to their scores. Since 27% of the number 300 is 81, 81 students with high scores formed the upper group,
81 students with low scores formed the lower group, and the item analysis method with lower and upper
groups was performed.

Kuder Richardson-20 (KR-20) value was calculated to determine the internal consistency
coefficient of the achievement test. The KR-20 value of 25 questions in the quadrilateral achievement
test, which was piloted, was calculated as 0.915. After removing eight questions with a low item
discrimination index, the KR-20 value of the remaining 17 questions was calculated as 0.928. When the
KR-20 value is 0.80 or above, the measurements obtained in the test are reliable (Secolsky & Denison,
2018). As a result of the item analysis and KR-20 analysis, it was concluded that the quadrilateral
achievement test is a test of very good discrimination, high reliability, and medium difficulty.

2.5. Process of Preparing a TEL Program

The results obtained from the researcher's professional experience and interviews with colleagues
determined that students had difficulty in learning quadrilaterals (Gtilbagci, 2009). Based on this, the
researcher investigated what could be done to enrich the learning environment regarding quadrilaterals,
and the idea of using various technological tools in mathematics lessons gained importance. In this
context, applications such as Geogebra, Desmos Geometry Tool, Storyboardthat, and Coogle have gained
importance by taking expert opinions. From these applications; Geogebra was used for visualization and
geometric drawing. Desmos Geometry Tool was used for visualization purposes. Storyboardthat was
used for problem posing, classification and definition purposes. Coogle was used for mind-mapping
purposes.
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The planning phase for lessons and activities incorporating the aforementioned practices on
quadrilaterals has commenced. During this process, the researcher consulted the opinions of five experts,
three mathematics teachers, and one faculty member from the mathematics teaching department while
developing the program. He crafted the lesson plan and activities based on expert insights and
information gathered from a literature review. The plans and activities were prepared in alignment with
the 7th-grade quadrilateral goals outlined in the "Mathematics Lesson Curriculum," and expert opinions
were sought once again. Based on expert feedback, the importance of obtaining rapid feedback from
students at the end of each achievement and swiftly addressing any learning deficiencies that might arise
became evident. Consequently, it was decided to integrate the "Plickers" application into the lesson plans
and activities, which facilitates quick feedback to students.

The researcher conducted the pilot study of the developed lesson plan and activities over
approximately three weeks in January during the 2022-2023 academic year. Following the pilot study, it
was determined that one key area needing improvement was introducing the features of the applications
to the students. Another identified area for enhancement was the determination that it would be
beneficial to show short videos on the topic at the beginning of the lesson to capture students' attention.
These deficiencies were discussed with the experts, and in response to their feedback, the application
features were introduced and incorporated into the first lesson plan. To address the other deficiency,
"Khan Academy videos" were used to engage students and added to the lesson plan. A revised pilot study
reflecting these adjustments was conducted, and no negative effects were observed. This updated pilot
study commenced in another 7th-grade class during the last week of February and continued for 12
lesson hours (approximately three weeks).

2.6. Courses Conducted within the Scope of Research

The courses carried out within the scope of the research started to be implemented as of the last
week of March in the second semester of the 2022-2023 academic year. The experimental and control
groups started two different programs at the same time. Twelve-course hours (approximately three
weeks) are allocated to both programs. The mathematics teachers who taught the experimental and
control groups paid due attention to the objectives and lesson hours. Experimental and control groups
started and finished their respective programs simultaneously. During this process, the researcher and
the mathematics teachers who implemented the programs constantly communicated.

2.6.1. Lessons Conducted in Control Groups

The lessons in the control groups of Teachers Elif and Ayse were carried out in the classroom
environment for twelve lesson hours in accordance with the achievements in the Mathematics Lesson
Curriculum. Activities are included to increase students' academic achievement. The activities were
carried out with the students in the classroom environment. The lessons conducted in the control groups
were conducted based on the mathematics textbook distributed to students by the Ministry of
Education. In addition, the warnings about quadrilaterals in the Mathematics Curriculum were also
considered. The researcher and practitioner teachers prepared lesson plans and activities to be applied
to the control groups, paying attention to the outcomes and the mathematics textbook.

The lesson plan applied to the control groups is presented in detail in Appendix 4. When this plan
was examined, previously prepared square, rectangle, rhombus, trapezoid, and parallelogram shapes
were distributed to the students for the first learning outcome on 7th-grade quadrilaterals. Students
examined the side, angle, and diagonal properties of these quadrilateral types with the help of a ruler and
protractor and filled in the relevant table given in the activities. Then, the practitioner teachers explained
what was necessary, and the students took notes. Additionally, sample questions regarding the relevant
quadrilateral type have been solved. Each type of quadrilateral was examined separately, and an
evaluation study was carried out at the end of the objectives. In the second objective process, activities
were carried out to determine the area relations of rhombuses and trapezoids. Again, practitioner
teachers provided the necessary explanations for field relations. Sample questions have been solved for
this achievement. In the third objective, area problems related to quadrilaterals were solved.
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2.6.2. Lessons Conducted in Experimental Groups

The lessons for the experimental group were conducted using a technology-enhanced learning
environment program aligned with the Mathematics Lesson Curriculum focusing on quadrilaterals. The
mathematical software mentioned in the previous section was installed on the interactive classroom
whiteboards in this setting. Initially, students in the experimental groups were informed about the
features of these mathematical tools and how to use them. Next, the different types of quadrilaterals in
the first objective were discussed separately, and their angle, side, and diagonal properties were explored
with active student participation using Desmos and GeoGebra. After completing the activities on the
characteristics of quadrilateral types, the students created mind maps illustrating the relationships among
quadrilaterals.

In the second objective, the area relationships of rhombuses and trapezoids were developed
through mathematical software according to the lesson plans and activities prepared for the classroom
environment. The third objective involved activities to calculate the area of quadrilaterals, following the
lesson plan. Additionally, Khan Academy videos were occasionally used to engage students' attention at
the beginning of the course.

At the end of the lesson, questions were posed using the Plickers application to evaluate the
students. This application provided rapid feedback from all students, allowing for the quick identification
and correction of any learning deficiencies. Furthermore, this application reinforced students' correct
understanding.

2.7. Pre-Test, Post-Test, and Retention Test

Before the two mathematics teachers began working with one another and conducting their
application with the experimental and control groups, the finalized achievement test was administered
to assess whether there was a significant difference between the groups. The pre-test comprised 17
questions, with a maximum possible score of 100 points; the first 16 questions were worth 6 points each,
while the final question was valued at 4 points. The pre-test, designed to meet the objectives of the
quadrilateral subject, included 17 questions: 11 were related to the first learning outcome, 3 to the
second, and 3 to the third. The emphasis on the first learning outcome stems from its comprehensive
coverage of the characteristics of different quadrilateral types and their interrelationships. In the lesson
plans prepared for the experimental and control groups, more class time was devoted to the first
outcome than the other outcomes.

After the technology-enriched learning environment program was applied to the experimental
groups and the current 7th-grade mathematics program was applied to the control groups, a post-test
was applied to all groups. To prevent students from remembering the questions in the pre-test, the
locations of some questions, the options of some questions, and the numerical values in some questions
were changed. In the final test, the first 16 questions receive 6 points, and the last question receives 4
points. The highest score that can be obtained from the final test is 100 points. A retention test was
applied to the experimental and control groups six weeks after the post-test. The retention test was
prepared by changing the places of some questions in the final test and the options of some questions.

2.8. Data Collection Process

Before starting the research data collection process, equalization and achievement tests, daily
plans, and activities for implementation were developed by taking expert opinions. Pilot studies of the
developed tests and daily plans were carried out, and consulting experts made necessary adjustments
again. Before the treatment, necessary permissions were obtained from both the university and the
Provincial Directorate of National Education.

First, a pretest was applied to the experimental and control groups. Then, the current program was
applied to the control groups, and the TEL program was applied to the experimental groups. Immediately
after the relevant program was applied to the experimental and control groups, a post-test was applied
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to the experimental and control groups. Six weeks after the last test, a retention test was applied to the
experimental and control groups. The data collection process of this research is briefly shown in Table 5.

Table 5. Data collection process

Teacher Group Pre-test Application Post-test
. Equivalence test Post-test Retention
Experiment TEL program
Elif Pre-test test
Control Equivalence test Current program Post-test Retention
Pre-test prog test
Experiment Equivalence test TEL program Post-test Retention
Avse Pre-test test
Ye Equivalence test Post-test Retention
Control Current program
Pre-test test

2.9. Data Analysis

A statistical program was used to analyze the data. Descriptive statistics of the equalization, pre-
test, post-test, and retention tests were calculated. Then, normality tests of them were run. First, ANOVA
was conducted to determine whether the nine classes were equivalent to each other based on the data
obtained from the equivalence test. After the equivalent classes were determined, random assignment
was made to the experimental and control groups.

Pre-test, post-test, and retention tests were applied to the experimental and control groups,
respectively, and normal distribution was satisfied. An independent samples t-test was conducted to
reveal whether there was a significant mean difference between the pre-test, post-test and retention
test of each teacher between the experimental and control groups. An independent samples t-test was
conducted to reveal whether the pre, post, and retention test of the control and experimental groups of
Elif and Ayse, who were the research implementers, differed significantly for each teacher. First, an
independent samples t-test was conducted to see whether there was a significant mean difference
between the pre-test of the students in the experimental groups of Elif and Ayse. However, since the
variances of the groups were not equal, the Mann-Whitney U Test, which is the non-parametric
equivalent of the independent samples t-test, was used only in this analysis. A paired samples t-test was
run to determine whether there was a mean difference between the pre and post-test of the
experimental and control groups. Similarly, a paired samples t-test was conducted to see whether there
was a statistically significant mean difference between the experimental and control groups' post and
retention test mean.

3. Results

Descriptive statistics and normality of pre, post, and retention test scores of Elif and Ayse's
experimental and control groups are given in Table 6. The kurtosis and skewness values of the pre, post,
and retention test scores of the experimental and control groups of Elif and Ayse were normally
distributed since they were between +1.5 and -1.5 (Tabachnick & Fidell, 2015). The number of students
in the experimental and control groups was n>30; the Kolmogorov-Smirnov test was run (Bursal, 2017;
Cevahir, 2020). As given in Table 6, the pre, post, and retention test scores showed a normal distribution.

3.1. Experimental and Control Groups of Elif

Independent samples t-test results are shown in Table 7 to see whether there is a significant mean
difference between the pre, post, and retention test scores of the students in the control and
experimental groups of Elif about quadrilaterals. The variances of the pre-test (p=0.783>0.05), post-test
(p=0.055>0.05), and retention test (p=0.061>0.05) groups are distributed homogeneously. There is no
statistically significant difference between the pre-test mean scores of the students in the experimental
and control groups of Elif. Although the pre-test mean scores of the experimental group were slightly
higher than the control group, there was no significant mean difference (t (62) = 0.148, p = 0.883>0.05).
Cohen's d value is widely used in effect size calculations for the independent groups t-test, in which the
mean difference of two groups is compared, and the paired samples t-test, in which the means of two
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measurements belonging to a group are compared (Ozsoy & Ozsoy, 2013). Cohen's d value is small, such
as 0.20; values such as 0.50 are considered medium and values such as 0.80 are considered large effect
sizes (Can, 2019; Cohen, 1988; Green & Salkind, 2005). The calculated effect value size (d = 0.037)
showed that the mean difference in the pre-test scores of the experimental and control groups was very
small. Elif's experimental and control group students' knowledge of quadrilaterals was close to each other
before the treatment.

Table 6. Descriptive statistics results and normality of pre, post and retention test scores of experimental
and control group of Elif and Ayse

Kolmogorov-Smirnov

Teacher  Group-Test N X Median sd Skewness Kurtosis .
Statistics p
Experiment-pre 32 18.94 18 8.64 -0.54 0.11 0.133 0.162
Experiment-post 32 56.19 53 21.6 -0.76 0.57 0.151 0.063
: Experiment- 32 5544 52 2131 075 0.62 0.152 0.058
Elif retention
Control- pre 32 18.63 18 8.25 -0.41 0.28 0.133 0.161
Control- post 32 45.63 42 16.31 0.42 0.81 0.15 0.063
Control-retention 32 38.88 36 15.82 -0.01 0.66 0.135 0.149
Experiment-pre 32 17.88 20 12.27 -1.27 -0.06 0.132 0.171
Experiment-post 32 58.88 59 21.21 -0.88 0.40 0.134 0.154
Experiment- 32 5669 52 19.97 -1.06 0.54 0.144 0.9
Ayse retention
Control- pre 32 17.5 16 9.92 -0.27 0.42 0.148 0.073
Control- Post 32 46 42 16.34 0.32 0.76 0.139 0.121
Control-retention 32 39.31 36 16.43 1.22 0.97 0.142 0.98

Table 7. Independent samples t-test results regarding pre, post, and retention test scores of Elif's
experimental and control group

_ Levene

Test Group X sd F b t p
Experiment 18.94 8.64
Pre Control 18.63 8.25 0.076 0.783 0.148 0.883
Experiment 56.19 21.6
Post Control 45.63 16.31 3.816 0.055 2.207 0.031
. Experiment 55.44 21.31
Retention Control 38.88 15.82 3.635 0.061 3.53 0.001

There is a statistically significant mean difference between the students' post and retention test
scores in the experimental and control groups of Elif. The post-test mean score of the experimental group
was higher than that of the control group, creating a significant mean difference in favor of the
experimental group (t (62) = 2.207, p=0.031<0.05). The effect size value was calculated as d=0.551. The
fact that the retention test mean scores of the experimental group were higher than those of the control
group created a significant mean difference in favor of the experimental group (t (62) = 3.53;
p=0.001<0.05). The calculated effect value size (d = 0.882) showed that the mean difference in retention
test scores of the experimental and control groups was high. These results showed that Elif's technology-
enriched learning environment program to the experimental group on quadrilaterals increased the
students' academic achievement and contributed to their permanent learning.

A paired samples t-test is performed to determine whether there is a significant mean difference
between the two repeated measurements of a group (Cevahir, 2020; Pallant, 2017). The assumptions of
this test are the same as the independent samples t-test (Bliytikoztirk, 2011). Table 6 shows Elif's pre-
test, post-test, and retention test of the experimental and control groups show a normal distribution.
Since the pretest and posttest scores and posttest and retention test scores of the experimental and
control groups show normal distribution, the paired samples t-test results are shown in Table 8.

As given in Table 8, there is a statistically significant mean difference between the pre and post-
test of the students in the experimental and control groups of Elif. The post-test mean of the
experimental group was higher than the pre-test mean, creating a significant mean difference (t (31) = -
13.582; p=0.000<0.05). The effect size (d = 2.264) was large. The post-test mean of the control group
was higher than the pre-test mean, creating a significant difference (t (31) = -8.566; p=0.000<0.05). The
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effect size was large (d= 2.089). Teaching the quadrilaterals by the TEL program increased the
achievement of the experimental group in favor of the post-test. The achievement in the control group
was also increased in the lessons conducted in the control group.

Table 8. Paired samples t-test results of Elif's pre test-post test and post test-retention test scores of the
experimental and control group

Group Test X sd t pT >
Experiment Egrzei ézzg gfg -13.582 31 0.000
Retention 55:44 21.&31 0.953 31 0.348
o EOE OB e s
Retention 38:88 15:82 1.926 31 0.063

There is no statistically significant mean difference between the posttest and retention test of the
students in Elif's experimental and control groups. The fact that the post-test mean of the experimental
group was higher than the retention test mean scores did not create a significant mean difference (t (31)
= 0.953; p = 0.348>0.05). The effect size (d = 0.035) was very small. In the control group, the post-test
mean was 6.75 points higher than the retention test mean, which did not create a significant mean
difference (t (31) = 1.926; p=0.063>0.05). The effect size was small (d = 0.42). Since teaching
quadrilaterals through the TEL program by Elif contributed to the meaningful learning of the students in
the experimental group, there was no significant decrease in the retention test and the effect size was
very small. The lessons conducted in the control group did not create a statistically significant difference
in the retention test of Elif's control group.

3.2. Experimental and Control Groups of Ayse

Pre, post, and retention test scores of the students in Ayse's control and experimental groups
showed a normal distribution. An independent samples t-test was conducted to see whether there was
a significant mean difference between the pre, post, and retention test scores of the students in the
control and experimental groups of Ayse, as shown in Table 9.

Table 9. Independent samples t-test results of Ayse's pre, post, and retention test scores of the
experimental and control group

Levene

Test Groups X sd E b t df p
Experimental 17.88 12.27
Pre Control 17.50 992 3.057 0.085 0.134 62 0.893
Experimental 58.88 21.21
Post Control 46 1634 2.409 0.126 2.72 62 0.008
. Experimental 56.69 19.97
Retention Control 3931 16.43 3.043 0.086 3.801 62 0.000

The variances of the pre (p=0.085>0.05), post (p=0.126>0.05), and retention (p=0.086>0.05) test
groups are distributed homogeneously. There is no statistically significant difference between the pre-
test mean of the students in the experimental and control groups of Ayse. Although the pre-test mean
of the experimental group was slightly higher than the control group, this did not create a significant
mean difference (t (62) = 0.134, p=0.893>0.05). The effect size (d = 0.035) in the pre-test of the
experimental and control groups was very small. This result showed that the knowledge of Ayse's
students in the experimental and control groups about quadrilaterals was close to each other before the
treatment.

There is a statistically significant difference between Ayse's post and retention test mean of the
students in the experimental and control groups. The post-test mean of the experimental group was
higher than that of the control group, creating a significant difference in favor of the experimental group
(t (62) = 2.72; p=0.008<0.05). The effect size was calculated as d=0.68. The fact that the retention test
mean of the experimental group was higher than that of the control group created a significant difference
in favor of the experimental group (t (62) = 3.043, p=0.000<0.05). The effect size (d = 0.95) retention
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test scores between the experimental and control groups were high. These results show that the
technology-enriched learning environment program that Ayse applied to the experimental group about
quadrilaterals increased the students' academic achievement and contributed to their permanent
learning. Since the experimental group's pre-post and post-retention test scores showed normal
distribution, paired-sample t-test results are shown in Table 10.

Table 10. Paired samples t-test results of Ayse's pre test-post test and post test-retention test of the
experimental and control group

Groups Test X sd t df b
Pre 17.88 1227

Experimental E22: gggg gigi -10.146 31 0.000

Retention 56.69 19.97 1135 31 0.265

Control Egrg: 1525 11254 -8.082 31 0.000

Retention 39.31 16.43 1.901 31 0.67

Table 10 shows a statistically significant mean difference between the pre and post-test of the
experimental and control groups of Ayse. The post-test mean of the experimental group was higher than
the pre-test means, creating a significant mean difference (t (31) = -10.146; p=0.000<0.05)). The effect
size (d = 2.266) was large. The post-test mean of the control group was higher than the pre-test mean,
creating a significant difference (t (31) = -8.082; p=0.000<0.05). The effect size was large (d= 2.108).
Teaching quadrilaterals, carried out by the TEL program, increased the achievement of the experimental
group in favor of the post-test. The achievement in the control group was also increased in the lessons
conducted in the control group.

There is no statistically significant mean difference between the posttest and retention test of the
students in Ayse's experimental and control groups. The fact that the post-test mean of the experimental
group was higher than the retention test mean did not create a significant mean difference (t (31) = 1.135;
p=0.265>0.05). The effect size (d = 0.109) was very small. In the control group, the post-test mean was
6.69 points higher than the retention test mean, which did not create a significant mean difference (t (31)
= 1.901; p=0.67>0.05). The effect size was small (d = 0.408). Since teaching quadrilaterals through the
TEL program by Ayse contributed to the meaningful learning of the students in the experimental group,
there was no significant decrease in the retention test and the effect size was very small. The lessons
conducted in the control group did not create a statistically significant difference in the retention test of
Ayse's control group.

3.3. Comparison of Elif and Ayse's Experimental and Control Groups

The control and experimental groups of Elif and Ayse were compared. In this context, "Is there a
statistically significant mean difference between pre, post, and retention test scores of students in the
control and experimental groups of Elif and Ayse regarding quadrilaterals?". The independent samples t-
test results are shown in Table 11.

Table 11. Independent samples t-test results regarding pre-test, post-test and retention-test scores of
Elif and Ayse's control group

Test Teacher X sd F Levene b t df p
Elif 18.63 8.25
Pre Ayse 17.50 992 0.936 0.337 0.493 62 0.623
Elif 45.63 16.31
Post Ayse 46 16.34 0.001 0.975 -0.092 62 0.927
. Elif 38.88 15.82
Retention Ayse 39.31 16.43 0.002 0.962 -0.109 62 0.914

The variances of Elif and Ayse's pre (p=0.337>0.05), post (p=0.975>0.05), and retention scores
(p=0.962>0.05) of the control groups are distributed homogeneously. There is no statistically significant
mean difference between the pre and post-test mean scores of the students in the control groups of Elif
and Ayse. Although the pre-test mean scores of Elif's control group were slightly higher than those of
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Ayse's control group, there is no significant difference (t (62) = 0.493; p=0.623>0.05). The posttest mean
scores of Ayse's control group are slightly higher than those of Elif's control group. But this did not create
a statistically significant difference (t (62) = -0.092; p=0.927>0.05). The effect size was d = 0.124 in the
pre-test and d = 0.022 in the post-test. The effect size in the control groups of Elif and Ayse showed that
these differences were very small. The knowledge of Elif and Ayse's students in the control group on
quadrilaterals before and after the treatment was close to each other.

There is no statistically significant difference between the retention test mean scores of the
students in the control groups of Elif and Ayse. Although the retention test mean scores of Ayse's control
group were slightly higher than Elif's control group, this did not create a statistically significant mean
difference (t (62) = -0.109; p=0.914>0.05). The effect size (d = 0.026) was very small. In the retention
test applied after six weeks, the retention of knowledge about quadrilaterals of the students in the
control groups with two teachers did not differ significantly.

As given in Table 6, the students' pre-test scores in the experimental groups of Elif and Ayse
showed a normal distribution. An independent samples t-test was conducted to see whether there was
a significant mean difference between the students' pre-test scores in the Elif and Ayse experimental
groups. However, since the variances of the groups were not distributed homogeneously
(p=0.013<0.05), the Mann-Whitney U Test, which is the non-parametric equivalent of the independent
samples t-test, was used to determine whether there was a significant mean difference between groups
in cases where one of the assumptions of the independent samples t-test is not met (Bursal, 2017;
Cevahir, 2020). The results of the Mann-Whitney U Test are shown in Table 12.

Table 12. Mann Whitney U test on pre-test scores of Elif and Ayse's experlmental group

Test Teacher N Mean Rank p
Elif 32 33.19
Pre Ayse 32 31.81 490 0.766

There is no statistically significant difference between the pre-test mean of the students in the
experimental groups of Elif and Ayse. Although the mean rank of pre-test scores of Elif's control group
was slightly higher than that of Ayse's experimental group, this did not create a significant difference
(p=0.766>0.05). The effect value size (d=0.1) was small. This result showed that the knowledge of Elif
and Ayse's students in the experimental group on quadrilaterals was close to each other before the
treatment. To see whether there is a significant mean difference between the post and retention test of
the students in the experimental groups of Elif and Ayse, independent samples t-test results are shown
in Table 13.

Table 13. Independent samples t-test results regarding the post-test and retention test of Elif and Ayse's
experimental group

B Levene
Test Teacher X sd F p t df p
Elif 56,19 21,60 )
Post Ayse 58.88 2121 0,106 0,746 0,502 62 0,617
. Elif 55,44 21,31 )
Retention Ayse 56,69 1997 0,037 0,848 0,242 62 0,809

The variances of the post-test (p=0.746>0.05) and retention test (p=0.848>0.05) according to the
teachers are distributed homogeneously. No statistically significant mean difference exists between the
students' post and retention test in the Elif and Ayse experimental groups. Ayse's post-test mean (t (62)
= -0.502; p=0.617) and retention test (te2) = -0.242; p= 0.809) mean of Elif's experimental group. It is
slightly higher than the experimental group. However, this did not create a statistically significant mean
difference. Effect size values were as d = 0.126 in the post-test and d = 0.061 in the retention test. The
effect sizes in Elif and Ayse's experimental groups were very small. Elif and Ayse applied a TEL program
to the experimental groups. After the treatment, knowledge about quadrilaterals acquired by the
students in the experimental groups with both teachers did not differ at a statistically significant level. In
the retention test applied after six weeks, the retention of the knowledge about quadrilaterals acquired
by the students in the experimental groups with both teachers did not differ significantly.
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3.4. The Effect of TEL Program on The Learning of Quadrilaterals

ANCOVA was used to examine whether there was a significant difference between the post-test
when the pre-test was controlled between the experiment in which the TEL program was applied and
the control groups in which the current program was applied. Two assumptions of ANCOVA,
homogeneity of variances and homogeneity of regression, were examined (Karag6z, 2017). Firstly, the
homogeneity of variances of Ayse and Elif's experimental and control groups is Fayse(1,62)=2.028,
p=0.16>0.05, and Fgif(1,62)=0.111, p=0.740>0.05 was ensured. When the regression homogeneity
assumption is examined in Table 14, Ayse's control and experimental group Fayse(1) = 0.912, p=0.343 >
0.05, the homogeneity of the regression is ensured. Thus, both assumptions of ANCOVA were met
(Karagoz, 2017). F(1)= 17.870, p=0.000<0.05 in Elif's control group and experimental group, the
homogeneity of the regression was not ensured. ANCOVA is a powerful analysis method, and when the
number of students in the groups is low, the assumption of homogeneity of the regression can be
considered as satisfied (Tabachnick & Fidell, 2015).

Table 14. ANCOVA assumption for Ayse and Elif's groups (dependent variable: post-test)

Teacher Source Tip Ill Sum of Squares  df Mean Squares F p
Corrected Model 3048,241° 3 1016,080 2,792 ,048
Intercept 45954,253 1 45954,253 126,274 ,000
Group 123,784 1 123,784 ,340 ,562
Pre-test 16,139 1 16,139 ,044 ,834
Ayse Gorup * Pre test 331,813 1 331,813 912 ,343
Error 21835,509 60 363,925
Total 200864,000 64
Corrected Total 24883,750 63
a. R?=,122 (Adjusted R? = ,079)
Corrected Model 11201,5942 3 3733,865 16,842 ,000
Intercept 9873,292 1 9873,292 44,535 ,000
Group 1684,396 1 1684,396 7,598 ,008
Pre-test 5022,121 1 5022,121 22,653 ,000
Elif Gorup * Pre test 3961,717 1 3961,717 17,870 ,000
Error 13301,843 60 221,697
Total 190356,000 64
Corrected Total 24503,438 63

a. R?= 457 (Adjusted R? = ,430)

Table 15. ANCOVA of Ayse and Elif's groups

Tip Il Sum of

Teacher Source Squares df Mean Squares F p Eta square
Corrected Model 2716.428a 2 1358.214 3.738 029 .109
intercept 45967.034 1 45967.034 126.492 000 .675
Group 64.178 1 64.178 177 676 .003
Ayse Pre-test 2637.405 1 2637.405 7.258 009 .106
Group * Pre-test 22167.322 61 363.399
Error 200864.000 64
Total 24883.750 63
a. R? = .109 (Adjusted R? = .08)
Corrected Model 7239.877 2 3619.939 12.791 .000 295
intercept 9455419 1 9455.419 33410 .000 .354
Group 5454.815 1 5454.815 19.274  .000 .240
Elif Pre-test 1669.053 1 1669.053 5.898 .018 .088
Group * Pre-test 17263.560 61 283.009
Error 190356.000 64
Total 24503.438 63

a. R? = .295 (Adjusted R? = .272)

As given in Table 15, the mean difference between the post-test (pre-test corrected) means is
statistically significant, as payse=0.009<0.05 and peir=0.018<0.05. The TEL program applied by Ayse and
Elif to the experimental group made a difference in the learning of the 7th-grade quadrilaterals and
affected the students' achievements in quadrilaterals. Since the p-value of the pre-test of the
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quadrilateral achievement test is p = 0.000<0.05, the effect of the quadrilateral achievement pre-test on
the quadrilateral achievement post-test is significant. The impact value is 23%.

4, Conclusion, Discussion and Recommendations

The teaching prepared to determine the effect of the TEL on learning the quadrilaterals was
evaluated based on pre-test, post-test, and retention tests. Two different practitioner teachers
researched one experimental and control group. The findings regarding the experimental and control
groups of both practitioners followed a parallel course and did not create a significant difference. For
this reason, the findings obtained in the applications are discussed together based on the literature.

The first result is that the means of the experimental and control groups of both practicing
teachers did not differ based on their pre-tests. On the other hand, the experimental and control groups'
post-test and retention-test means differed significantly in favor of the experimental group. This
indicates that TEL of seventh-grade quadrilaterals positively and significantly affects achievement.
Similarly, the experimental groups were more successful than the control group (Sari, 2021).

Another result was that the pre-post averages of both experimental groups of practicing teachers
differed significantly in favor of the post-test. There was no significant mean difference between the
post and retention tests of the experimental groups. This situation was interpreted as the applied
teaching positively affecting learning retention. Similarly, Geogebra-supported mathematics courses
positively affect achievement and knowledge retention (Sevgi & Soylu, 2022). Moreover, the pre and
post-test means of both control groups of practicing teachers differed significantly in favor of the post-
test. This indicates that traditional teaching on quadrilaterals also has a positive effect. The mean
difference between students' pre-test and post-test scores is an expected result, generally observed in
the literature and indicates that new learning has occurred (Cilingir & Artut, 2016; Usta et al., 2018). In
addition, no significant mean difference was detected between the post and retention tests of the control
groups.

The fact that the mean scores of the experimental groups in the post-test were significantly
different from the mean scores of the control groups is likely due to the advantages of the technology-
enriched learning environment in the teaching process. These results demonstrate that technology-
enriched teaching effectively teaches abstract mathematical concepts such as quadrilaterals, the
properties of quadrilateral types, and area. Technology-enriched teaching allowed seventh-grade
students to classify quadrilaterals, understand the relationships between them and grasp the properties
of quadrilaterals. In this way, teaching helped students comprehend quadrilateral types and the area
concept more concretely. The fact that these research results align with studies such as Altin (2012),
Cengiz (2017), Dikovic (2009), Oner (2013), and Sariaslan and Kiiciik-Demir (2020) contributes to the
relevant literature on the effectiveness of technology-enriched teaching.

The mean retention test scores of the experimental groups significantly differ from those of the
control groups. The finding of a significant difference favoring the experimental groups indicates that
TEL activities help students retain the information they have learned more permanently compared to the
current seventh-grade curriculum. This situation suggests that TEL positively impacts the understanding
and learning of quadrilateral concepts and the retention of the applied teaching methods. Studies in the
literature indicate that TEL is effective in enhancing the permanence of the information students acquire.
Notable examples include Topuz (2017) on circles; Genc (2010) on polygons and quadrilaterals; Vasquez
(2015) on transformation geometry; Acar (2015) on exponential and logarithmic functions; and Oz (2015)
on geometric objects, all reaching similar conclusions about TEL's role in increasing student achievement
and knowledge retention.

To evaluate the impact of practitioner teachers on practice, the means of the experimental groups
of various practitioners and the control groups of different practitioners were compared. The teacher
factor significantly affects students' achievement (Yenilmez & Duman, 2008). Research on teachers' use
of technology in teaching identifies factors such as technology perception, self-confidence, planning,
physical conditions, teaching plans, application, and the ability to use materials, which are also influential
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(Kaleli-Yilmaz, 2015). In this study, the means of pre-tests, post-tests, and retention tests for the control
groups comprising different practitioners did not demonstrate significant differences. Similarly, the pre-
test, post-test, and retention test means of the experimental groups composed of various practitioners
were compared, revealing no significant mean differences. Therefore, no differentiation arose from
practitioners.

Math teachers can use interactive math software such as Geogebra and Desmos in their classes
to help students explore quadrilaterals. They can increase student motivation by organizing in-class
competitions and online games. They can help students better connect to topics by presenting math
problems in a story format with applications such as Storyboardthat. They can appeal to different learning
styles by sharing educational videos and interactive e-books about quadrilaterals. They can help students
visually organize mathematical concepts and relationships with applications like Coogle and make
complex topics more understandable. They can give students instant feedback with online quizzes and
interactive applications such as Plickers. These suggestions show that technology-enriched learning
environments can effectively increase students' academic achievement and learning retention on
quadrilaterals.

In conclusion, the effects of a curriculum based on the TEL on the achievement and retention of
students at different grade levels or in different mathematics subjects can be examined. Students'
affective perceptions, such as motivation and anxiety, and student opinions can be added to similar
research. Similar research can be conducted using the mixed research method.

The mathematics curriculum prepared following the TEL increases the achievement of seventh-
grade students about quadrilaterals and ensures permanent learning. In this context, classroom
environments should be enriched in terms of technology. It is recommended that necessary studies be
carried out to enrich digital content and introduce this content to teachers and students.
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