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Abstract

This study aimed to determine the impact of using the Cabri Il Plus software on students’
achievement and motivation. A quasi-experimental research design was employed to investigate
the effects of learning with Cabri Il Plus software on the achievement and motivation of second-
grade middle school students in the module covering right triangles and the Pythagorean
theorem. The study comprised 70 participants, who were divided into two groups: experimental
and control. Each group consisted of 35 participants. The study utilized two main tools: a student
achievement test and a math motivation questionnaire. The experimental group used interactive
activities with Cabri Il Plus software, while the control group used existing activities from a
textbook provided by the Moroccan Ministry of Education. Thus, the pre- and post-tests on the
achievement and motivation scores were carried out for both groups. Analysis of covariance
revealed a significant difference in favor of the experimental group in terms of the academic
achievement scores (F [1, 67] = 52.12, p = .00 < .05) and the motivation scores (F [1, 67] = 94.08,
p = .00 < .05). Thus, the students who used the Cabri Il Plus program obtained higher motivation
and achievement than their counterparts who did not use Cabri Il Plus to learn the test module.
The study’s findings also showed a strong, statistically significant positive relationship between
academic achievement and motivation among the experimental group students in the post-tests
and a moderate, statistically significant relationship between these variables among the control
group students. Thus, the teaching method using the Cabri Il Plus program has a greater positive
impact on the relationship between academic achievement and motivation than traditional
teaching methods. Based on the findings, integrating Cabri Il Plus into the teaching process
effectively improves students’ educational outcomes and fosters a more engaged and motivated
learning environment.

Keywords: Cabri Il Plus software, right triangle and Pythagorean theorem, experimental and
control groups, covariance analysis, achievement and motivation
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Contribution to the literature

e This study contributes to the literature by exploring the effectiveness of Cabri II Plus software in enhancing
academic achievement and motivation, aligning with current trends in integrating technology into
educational settings to improve students” understanding of mathematical concepts.

e The research highlights the role of Cabri II Plus in creating an interactive and visually engaging learning
environment, offering new insights into how technology can deepen students’ understanding of

mathematical concepts, particularly in geometry.

e The study explores the relationship between motivation and academic achievement, offering new
perspectives on how technology can boost student engagement. It highlights Cabri II Plus’s potential to
positively influence motivation and learning outcomes, contributing to a broader understanding of how

digital tools impact student success.

participating countries’ education systems. In particular,
the Moroccan student’s results were below the
international average in mathematics and science. Based
on these studies and findings, it has emerged that the
Moroccan education system requires reform to keep
pace with the modern developments in the education
field. In this context, Morocco has reformed its education
system (Bourqgia, 2016). During this reform, numerous
education systems of leading countries in the education
field, such as Singapore and Finland, were studied. As a
result, the Moroccan ministry of education has
introduced several changes to the education system.
Most of these changes aim to place the learner at the
center of the educational process, making them the
central actors in constructing their knowledge while
considering the teacher as their guide (Elwarraki et al.,
2023). Regarding information and communication
technologies (ICT), the pedagogical guidelines for
Moroccan mathematics encourage using these
technologies in the teaching process. Although many
educational experts have proven the effectiveness of
using modern technology in mathematics education
(Zakaria & Khalid, 2016), Some local studies have
revealed that teachers in Morocco have almost limited
the use of modern technologies in mathematics teaching
(Ismaili, 2020; Nejjari & Bakkali, 2017).

Geometry is one of the most important branches of
mathematics, owing to its significant role in equipping
learners with practical skills such as using measurement
tools and geometric constructions. It also plays a crucial
role in developing students’ visual thinking skills and
ability to reason, connect data and results, and solve
problems (Alghtani & Abdulhamied, 2010). Thus,
geometry serves as a means for mathematics to apply
innovative forms of learning that we aim for in future
education. Teaching geometric concepts to young
students can be challenging due to the complexity of the
problems and the challenges associated with visualizing
abstract concepts (Barut & Retnawati, 2020). These
difficulties can arise from inappropriate pedagogy,
complex content, a lack of clarity in content presentation,
relevance to learners’ needs, or a combination of these
elements (Gafoor & Kurukkan, 2015).
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The current study seeks to determine the
effectiveness of Cabri II Plus software in enhancing
academic achievement and motivation in learning right
triangles and the Pythagorean theorem among second-
grade middle school students and to examine the
relationship between motivation and academic
achievement.

Research Problem

Despite geometry’s growing importance in modern
times, many students still need help learning it. At the
same time, mathematics teachers face obstacles in
teaching geometry. So, most pupils perceive learning
geometry as arduous, and many need more interest and
enthusiasm. This can be seen in how pupils feel when
faced with a simple geometric problem (Barut &
Retnawati, 2020; Juman et al., 2022). The traditional
mathematics teaching method, which relies on the
teacher’s direct presentation through reading and
explanation, has led to negative attitudes among
students toward learning geometry. Relying on
memorization, giving examples, and then doing
geometry practice exercises without understanding
them has led students to lose interest in geometry
classes, reducing their motivation to learn it (Adolphus,
2011). Mathematics education specialists have associated
students” weakness in mathematics, particularly in
geometry, with the above factors, in addition to the rare
use of technology in teaching and reliance solely on the
textbook (Pepin et al., 2021). Several previous studies
and research have shown that ICT use in mathematics
learning increases students’ motivation and improves
their scientific level (Abi Saab, 2011; Akinoso, 2023;
Bhagat & Chang, 2015; Harris & Bataineh, 2016; Idris,
2007; Klemer & Rapoport, 2020; Tamur et al., 2022).

Data analysis on mathematics teaching in Moroccan
second-grade students” middle school schools revealed
that students” performance in mathematics is low. Their
motivation to learn is also low, and they lack modern
teaching methods (Ismaili, 2020; Nejjari & Bakkali, 2017).
These local challenges are further reflected in Morocco’s
performance on an international scale. In May 2019,
Morocco participated in the TIMSS alongside 39 other
countries (Mullis et al., 2020). On a scale of 1,000,



EURASIA | Math Sci Tech Ed, 2025, 21(2), em2589

Qo
§ 500 500 500
w500 -
'_-t
-
::_' 450
E 388
S 400 371 384
o
e 350
3
Z 300
2011 2015 2019
TIMSS cycles

=== Morocco's average score International average

Figure 1. Trends in the average mathematics score of
Moroccan second-grade students in middle school (TIMSS,
2019)

Moroccan students scored 388 points in mathematics,
placing them at the bottom of the ranking. In contrast,
the top positions were occupied by Singapore (with 616
points), Chinese Taipei (612 points), and the Republic of
Korea (607 points).

With this result, Moroccan second-grade middle
school students could not reach the international mean
score of 500. The gap from this score is statistically
significant. Regarding the evolution of performance over
the last three TIMSS cycles, we observe a slight upward
trend. However, it remains significantly below the
international average, as shown in Figure 1.

From 2015 to 2019, second-grade middle school
students recorded a gain of 4 points, which helped
reduce the gap between their performance and the
international mean score (500 points) from -116 to -112
points. However, despite this improvement, their

performance remains  significantly = below the
international average, with a considerable gap
persisting.

Research Questions

Given the lack of use of dynamic geometry programs
in geometry learning by students in Morocco, despite
their educational value in enhancing students’
mathematics learning, improving their success rates and
motivation, and addressing the difficulties they face.
This research aims to study the effect of using Cabri II
Plus software on second-grade middle school students’
achievement and motivation in learning the right
triangle and the Pythagorean theorem, compared to
traditional teaching methods. This study seeks to answer
the following main questions:

1. What is the effectiveness of Cabri II Plus software
on second-grade middle school students’
achievement in learning the right triangle and the
Pythagorean theorem?

2. What is the effectiveness of Cabri II Plus software
on second-grade middle school students’

motivation to learn the right triangle and the
Pythagorean theorem?

3. What is the relationship between academic
achievement and motivation to learn mathematics
among second-year middle school students?

Research Hypotheses

The current study sought to verify the validity of the
following hypotheses:

Hypothesis 1. There are no statistically significant
differences at the level of a < 0.05 between the means
of the two groups (experimental and control) in the
academic achievement of second-year middle school
students related to the teaching method.

Hypothesis 2. There are no statistically significant
differences at the level of a < 0.05 between the means
of the two groups in the motivation of the second-
year middle school students linked to the teaching
method.

Hypothesis 3. There is not a statistically significant
correlation at the level of a < 0.05 between academic
achievement and second-year middle school
student’s motivation toward learning mathematics.

Research Objectives

This study aims to investigate the impact of using the
Cabri II Plus software on academic achievement and
motivation among second-year middle school students
in mathematics and to examine the relationship between
motivation and academic achievement when using the
software compared to not using it.

Importance of the Research

This study’s importance lies in providing empirical
insights to guide educators, curriculum designers, and
policymakers in making informed decisions regarding
using interactive geometry software, such as Cabri II
Plus, to enhance academic achievement and motivation
in mathematics learning. The study seeks to understand
how these technological tools impact student learning
and motivation in mathematics, thereby contributing to
developing innovative teaching strategies that meet the
needs of 215t century students. The findings of this study
could contribute to improving mathematics education in
Morocco and diverse educational contexts worldwide by
promoting educational technology to motivate students
and achieve better learning outcomes.

LITERATURE REVIEW

Use of Modern Technology in Mathematics Education

In the current context, the world faces many changes
that affect all aspects of life, including education.
Therefore, it is essential to use modern tools and
technologies to meet the challenges of our time. These
modern technologies help us to overcome life and
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education problems. Integrating modern technologies
enriches teaching with practical experiences and skills
that enhance success. These technologies also provide
the necessary support to address future problems and
challenges based on systematic scientific thinking
(Alneyadi et al., 2023; Bedada & Machaba, 2022; Qurat-
ul-Ain et al., 2019). Therefore, improving education is

critical in enabling each individual to assume
responsibility for societal development (Raja &
Nagasubramani, 2018). Upon examining modern

educational tools, it is clear that they enhance the
learning process. They are not merely the means used to
accomplish the specific functions of the teaching and
learning process, but they also embody the tools that
have kept pace with developments in the modern era,
thereby contributing to the teaching evolution and the
learning styles (Ghory & Ghafory, 2021, Marange &
Tatira, 2023). Today, the computer represents the
pinnacle of modern technology and has established itself
as an essential educational tool, playing a prominent role
in the learning process. It has become inseparable from
our daily lives, directly and indirectly affecting our
existence (Das, 2019). In the education field, computers
have attracted considerable interest from educators.
They enable learners to actively participate in the
learning process through various educational programs.
Moreover, they transform pedagogical situations into
concrete experiences, making learning more tangible
and practical (Henrie et al., 2015).

Moroccan education specialists have studied using
and integrating modern technologies into teacher
training and education programs, particularly
mathematics (Nejjari & Bakkali, 2017). They have
recognized that the digital era provides unprecedented
opportunities for improving teaching and learning. In
this context, ICT has been identified in the educational
guidelines as an essential tool to facilitate access to
information, promote collaboration, and stimulate
pedagogical innovation (Ismaili, 2020). Notably,
technology and mathematics are closely intertwined
because math poses a challenge for many students at
various education levels due to their limited
understanding of its concepts, theories, and laws (Chinn,
2016). For this reason, technology can play a critical role
by providing interactive and visual tools that can
demystify complex mathematical concepts and make
learning more engaging and effective (Drijvers et al.,
2016; Kotu & Weldeyesus, 2022; Zulnaidi & Syed Zamri,
2017). Mathematics teaching has evolved with
computers’ advent and capabilities and their integration
into education. This evolution aims to teach students
correct thinking methods (Abramovich, 2013).
Computers equipped with specialized programs are
designed to solve mathematical problems and teach
algorithms (Benton et al, 2017). Consequently,
mathematics learning has become more accessible, and
innovative teaching methods encourage exploration,
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discovery, and hands-on learning (Cunska & Savicka,
2012). The National Council of Teachers of Mathematics
(NCTM) underscores the significance of leveraging
current technologies for mathematics education. These
technologies are widely acknowledged for their positive
impact, enabling students to focus on ideas and concepts
while simplifying problem-solving (NCTM, 2000). In
geometry education, specific computer programs,
known as dynamic geometry, have significantly
transformed this discipline’s teaching. These innovative
tools have made a meaningful contribution to geometry
education in schools and universities (Villa-Ochoa &
Suérez-Téllez, 2021). They stand out due to several
features, including the ability to explore various
categories of geometric shapes and their properties
(Gonzalez & Herbst, 2009). Furthermore, they allow
students to create, configure, move, reshape, stretch, and
shrink geometric figures, modify angle measurements,
and rotate these shapes (Straesser, 2002). Numerous
studies have confirmed that dynamic geometry software
significantly improves students’ thinking (Daher, 2021;
Maarif et al., 2018; Marrades & Gutiérrez, 2000). Indeed,
these tools provide a dynamic conceptual environment
that strengthens their conceptualization and reasoning
skills by encouraging them to tackle more complex
problems (Adelabu et al., 2019; Crompton et al., 2018).

Technology on Student’s Mathematics Achievement
and Motivation

A major challenge that educators encounter in
classrooms is the consistent lack of student motivation
(Rone et al., 2023). Studies indicate that students who
exhibit higher levels of motivation tend to achieve better
academic performance (Froiland & Worrell, 2016).
Recent studies indicate that students’ perceptions of
mathematics can be crucial in shaping their motivation
and willingness to engage in mathematical academic
activities (Xia et al., 2022). Students’ achievement in
mathematics is significantly influenced by their
motivation to learn the subject (Tran & Nguyen, 2021).
When motivated to learn mathematics, students are
more likely to pay attention in class, participate actively,
and engage in self-study. This heightened engagement
can lead to a better understanding of the material,
improved problem-solving skills, and increased levels of
achievement (Hellin et al., 2023). Research indicates that
motivated students are more likely to engage in
mathematics learning and, consequently, achieve higher
results in mathematics (lyamuremye et al, 2023).
Conversely, students with low motivation or negative
emotions, such as stress, may find it challenging to attain
good mathematics achievement levels (Valiente et al.,
2012). When motivated to learn mathematics, students
are more likely to pay attention in class, participate
actively, and engage in self-study. This heightened
engagement can lead to a better understanding of the
material, improved problem-solving skills, and
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increased levels of achievement (Tella, 2007).
Furthermore, students motivated to learn mathematics
are more inclined to seek additional learning
opportunities and practice outside the classroom, such
as participating in math clubs or competitions, which
further enhance their performance (Bright et al., 2024).
Conversely, students who lack motivation may struggle
with learning mathematics, resulting in lower
achievement levels (Chand et al., 2021). Other studies
have found that students who perform poorly in
mathematics tend to develop less motivation for
learning the subject (Chand et al., 2021). Thus, students’
motivation to learn mathematics is a crucial predictor of
their mathematical achievement.

Research shows that integrating technology into
mathematics education can significantly enhance
students’ achievements and motivation (Pogan et al.,
2023). Technology allows students to visualize abstract
mathematical concepts, forge connections between
different mathematical ideas, and engage more actively
with the material (Bright et al., 2024). For instance,
interactive software applications and simulations offer
visually rich and immersive experiences, making
mathematics more engaging and motivating for students
(Weis et al., 2024). Additionally, technology can provide
students with more personalized learning opportunities,
enabling them to progress at their own pace based on
their levels of understanding (Major et al., 2021).

This positive impact of technology on learning is
supported by various studies examining its effects on
mathematical achievement and motivation. For instance,
research conducted by Ozgakir et al. (2015) on using
dynamic geometry activities with eighth-grade students
demonstrated that instruction supported by dynamic
geometry improved students” performance in triangle
estimation. Similarly, the study by Rahmadani et al.
(2023) on the impact of modern technology on ninth-
grade students” mathematics achievement in Indonesia
revealed that technology significantly improved
students” mathematics scores and effectively facilitated
the attainment of specified educational objectives.
Shurygin et al. (2023) conducted research comparing the
effects of traditional mathematics teaching methods with
those of the MalMath app on students’” academic
performance, focusing on conceptual and procedural
knowledge, problem-solving abilities, and motivation
levels. The study found that students in the experimental
group who used the MalMath app achieved more
academic success than those in the control group.
Furthermore, using the app also increased students’
motivation to learn. The research conducted by Birgin
and Topuz (2021) examined the effects of using
GeoGebra in a computer-supported collaborative
learning (CSCL) environment on seventh-grade
students’ achievement in geometry, their retention of
learning, and their attitudes toward geometry. The study
found that CSCL with GeoGebra significantly improved

students” geometry achievement and learning retention
compared to textbook-based instruction. Additionally,
the CSCL environment using GeoGebra notably
enhanced students’ attitudes toward geometry.
Similarly, Lankford (2021) explored technology-based
learning environments to help teachers integrate
successfully. The study concluded that technology-
based learning environments allowed teachers to focus
their expertise on developing students’” knowledge,
leading to improved mathematics achievement among
their students. The research conducted by Oztop (2022),
which examined previous studies on the impact of using
digital technology in mathematics instruction on
mathematics through meta-analysis techniques, found
that using digital technology in mathematics teaching
has a moderate effect on increasing motivation toward
mathematics. Finally, the research conducted by Hartuti
and Hikmah (2021), which studied mathematics learning
outcomes on the topic of flat shapes using the Cabri 2D
learning tool compared to traditional methods and
analyzed students” motivation for learning, showed that
the average scores of students who used the Cabri 2D
software were higher than those of students who studied
using traditional methods. The results also indicated that
students with higher motivation performed better than
those with lower motivation.

Learning Geometry With Cabri II Plus

Geometry is crucial in education due to its
importance in various everyday contexts. It helps to
develop students’ cognitive abilities and enhance their
spatial skills for better environmental perception (Nagy-
Kondor, 2017). Contemporary teaching methods notably
enrich this learning. In this context, dynamic geometry
software has significantly transformed geometry
teaching in schools and universities (Clark-Wilson et al.,
2020).

Cabri II Plus and GeoGebra offer interactive tools
enabling students to explore, create, manipulate, and
reshape geometric shapes, significantly enhancing their
understanding of geometric principles. Cabri II Plus
fosters a more profound comprehension of geometry
through its interactive features, allowing hands-on
experimentation with geometric figures (Arzarello et al.,
2002; Kordaki & Balomenou, 2006). This approach not
only enhances academic performance by cultivating
critical thinking and problem-solving skills (Maarif et al.,
2018; Yilmaz, 2015) but also boosts motivation for
learning through engaging interfaces that provide direct
interaction with geometric concepts, enriching the
educational experience (Akhirni & Mahmudi, 2015; Jaya
& Suparman, 2021). Similarly, GeoGebra equips
students with tools to investigate and manipulate
geometric shapes, improving their grasp of geometric
concepts (Ziatdinov & Valles, 2022). GeoGebra also
supports academic success by offering interactive
learning environments that nurture critical thinking and
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problem-solving abilities (Zulnaidi & Syed Zamri, 2017;
Zulnaidi et al.,, 2020). Moreover, GeoGebra enhances
learner motivation through its interactive features and
direct engagement with geometric principles, making
the learning process dynamic and stimulating (Akhirni
& Mahmudi, 2015; Bedada & Machaba, 2022).

In Morocco, the ministry of national education has
provided various educational programs to enrich
contemporary teaching and learning methods in
mathematics, including the Cabri II Plus software. Given
that Cabri II Plus specializes more in the field of
geometry than other areas, its design includes menus
and icons that facilitate the creation and modification of
geometric shapes by students who are in the early stages
of engaging with such programs; the ministry has
trained teachers on how to use it in the teaching and
learning process within specific units of the mathematics
curriculum. In this research, Cabri II Plus was selected to
study its effectiveness in enhancing academic
achievement and motivation in learning right-angled
triangles and the Pythagorean theorem among second-
grade middle school students. This choice was based on
the teachers’ ability to use the software due to the
training provided. Additionally, the program provides
interactive activities that align with various curricula
and are designed to cover a range of fundamental
geometric concepts. Computers with an activated
version of Cabri II Plus are available in educational
institutions’ laboratories.

METHOD

Research Design

A quasi-experimental design involving pre- and post-
tests for the two groups (the control and the
experimental) was used to investigate the achievement
and motivation of second-grade students in middle
school. The study’s control group received traditional
learning. In opposition, the experimental group was
taught using a learning method that included the Cabri
IT Plus software. The tested lesson from the geometry
module included the right triangle and the Pythagorean
theorem, taken from the mathematics subject. The
chosen mathematics textbook was “Al Moufid in
mathematics” for second-grade middle school students,
used in the Moroccan educational program during the
2022-2023 school year. This module was chosen due to
its appropriateness for the study’s objectives and
methodology, the difficulties students encountered in
understanding, and their low achievement. In the
current investigation, the teaching method was the
independent variable (Traditional learning, learning
geometry using Cabri II Plus). In contrast, the dependent
variables were the student achievement test (SAT) and
math motivation questionnaire (MMQ). The design of
the research study is set out in Figure 2.
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EG: o1 02 X 01 02
CG: o1 02 _ o1 02

Experimental group (Learning geometry using Cabri)
Control group (Traditional leaming)

EG: Experimental group

CG: Control group

O1: Test de réussite des éleves

02: Math Motivation Questionnaire

X: Treatment with Cabri II lus

_: Not treated
Figure 2. The study’s research design (Source: Authors’
own elaboration)

Participants

The participants of this study were 70 second-grade
students of an Al-Nahda middle school in a suburban
district of Sidi Slimane, Morocco. The socioeconomic
status of the students attending the school was similar,
with the majority of the students coming from low- to
middle-class families. At the school, there were six
second-year middle school classes taught by three
teachers, each responsible for teaching two mathematics
classes. Two classes taught by the same teacher were
randomly selected for inclusion in the research study.
One of these classes was designated as the experimental
group, while the other was defined as the control group.
The experimental group comprised 35 students,
including 17 girls and 18 boys, while the control group
comprised 35 students, with 17 girls and 18 boys. The
ages of the students in both groups ranged from 13 to 14
years.

Al-Nahda middle school was selected for our study
based on its representation of a model that reflects the
general characteristics of middle schools in Morocco.
This choice was based on a comparative analysis of
education indicators provided by the directorate of
strategy, statistics, and planning of the Ministry of
National Education (MEN), which demonstrated the
alignment of Al-Nahda’s education indicators with
those of middle schools across Morocco (MEN, 2023).
Table 1 presents the relevant education indicators.

Table 1 shows that Al-Nahda middle school closely
matches the educational indicators of middle schools in
Morocco. This similarity in indicators ensures that the
results of our study can be generalized to other middle
schools in Morocco.

Instruments

In this research, an experimental approach was
employed to investigate the effects of the Cabri II Plus
software on the academic performance and motivation
of second-grade middle school students regarding the
right triangle module and the Pythagorean theorem. The
study aims to validate or invalidate its hypotheses
statistically (Johnson & Christensen, 2024). The
experimental method is a research approach designed to
examine the effects of an independent (experimental)
variable, which the researcher intentionally alters while
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Table 1. Educational indicators at Al-Nahda Middle School and middle schools in Morocco (Source: MEN)

Education indicators

Al-Nahda Middle School

Middle schools in Morocco

Student-to-teacher ratio

Student-to-class ratio

Proportion of classes with 36 students or fewer
Passed the 3rd-year middle secondary examination
Schools with internet for educational purposes
Schools with computers for educational purposes
Proportion of schools connected to electricity
Proportion of schools with potable water

28.20 27.60
37.50 36.90
41.30% 40.30%
65.30% 64.40%
80,00% 77,90%
78.00% 77.10%
100% 98.60%

100% 85.90%

keeping all other factors constant. By contrasting the
experimental group with the control group, the impact
of the independent variable can be identified (Jonassen
et al., 2007). The SAT and the MMQ were used in the
study to collect data.

Student Achievement Test (SAT Pre-Test)

The SAT pre-test is a test that assesses students’
achievement in mathematics before proceeding to the
unit on right triangles and the Pythagorean theorem,
where students undergo a diagnostic assessment of their
previous knowledge in mathematics (triangles, area, and
forces). The SAT pre-test includes 18 multiple-choice
questions. This test is taken from the book “Al Moufid in
mathematics” for the second year of middle school. It is
an approved test to assess knowledge in mathematics
before teaching the module on right triangles and the
Pythagorean theorem. Elements of the SAT pre-test
questions in mathematics are in Appendix A.

Student Achievement Test (SAT Post-Test)

To evaluate the student’s achievement on the right
triangle and the Pythagorean theorem module, the SAT
post-test was developed based on the ministerial note
that supervises the continuous assessment process in
mathematics at the middle school, as well as the
objectives set out in the pedagogical directives (El Hadri,
2021). The SAT post-test consisted of 18 questions, with
13 multiple-choice questions and five open-ended
questions. Its validity was confirmed by presenting it to
experts, including the thesis supervisor, the educational
inspector for mathematics in the Sidi Slimane
directorate, and three mathematics teachers from the
middle school where the study was conducted. Based on
their observations, certain adjustments were made, and
an exploratory study was carried out to check the
question’s clarity, the test reliability, and the question
selection according to the discrimination and difficulty
coefficients of the final version of the test. The
exploratory study applied the test to 20 students in the
third year of middle school. The responses that were
obtained were analyzed using SPSS software. The
statistics relating to the questions and the reliability test
for the preliminary version of the SAT post-test are
presented in Table 2. It found that the mean score was
12.30, with a standard deviation of 4.08. In addition, it is
remarked that the discrimination coefficients for all

Table 2. The statistics related to the preliminary version of
the SAT post-test

No Discrimination coefficient Difficulty coefficient
Q1 0.20 0.20
Q2 0.30 0.25
Q3 0.30 0.25
Q4 0.30 0.35
Q5 0.40 0.70
Q6 0.10 0.05
Q7 0.50 0.25
Q8 0.60 0.40
Q9 0.50 0.25
Q10 0.40 0.70
Q11 0.60 0.40
Q12 0.50 0.65
Q13 0.40 0.80
Q14 0.40 0.70
Q15 0.40 0.70
Q16 0.10 0.95
Q17 0.30 0.75
Q18 0.40 0.80

Note. Mean score = 12.30; Standard deviation = 4.08;, Mean
discrimination coefficient = 0.37; Mean difficulty coefficient =
0.51; & Cronbach’s alpha = 0.81

questions range from 0.10 to 0.60, and the mean
discrimination coefficient is about 0.37. Thus, the
difficulty coefficients for all the questions range from
0.05 to 0.95, and the difficulty coefficient mean is 0.51.
The reliability value of the test questions (Cronbach’s
alpha coefficient) was 0.81.

When the final questions for the SAT post-test were
selected, the questions with a discrimination coefficient
of less than 0.20 were eliminated from the study.
Consequently, two questions (6 and 16) were removed
from the SAT post-test, and the test statistics were
recalculated for the remaining 16 questions. The
discrimination coefficients for the questions ranged from
0.20 to 0.60, with the mean discrimination coefficient
increasing to 0.41. The final reliability of the test,
measured by Cronbach’s alpha, proves to be 0.83. These
values demonstrate that the SAT post-test is a valid and
reliable tool for data collection in this investigation.
Elements of the SAT post-test questions in mathematics
are in Appendix B.

Math Motivation Questionnaire

The MMQ was adapted from the science motivation
questionnaire (SMQ) by Glynn et al. (2009). In this study,
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we replaced “science” with “math” in each item to
evaluate students’ motivation in mathematics, thereby
assessing their engagement with the field.

The original SMQ was developed by Glynn and
Koballa (2006), who suggested its applicability across all
scientific disciplines. Taasoobshirazi and Glynn (2009)
noted that the items in the SMQ could be adapted to
incorporate terms such as “biology,” “chemistry,” or
“mathematics” instead of the general term “science.”
Designed to assess undergraduate students” motivation
in science, the SMQ explores why students are motivated
to learn science, the intensity of their effort, and the
emotions and feelings they experience during the
learning process (Glynn et al., 2009). Through a series of
studies, Glynn et al. (2009, 2011) defined the preliminary
factor structure of the SMQ, providing supporting
evidence for its validity based on data from both science
and non-science undergraduates. Their initial analysis of
non-science undergraduates revealed a five-factor
structure, which included motivation driven by grades,
motivation linked to career aspirations, intrinsic
motivation with personal relevance, self-determination,
and a factor encompassing both self-efficacy and
assessment anxiety. The SMQ was selected for this study
due to its extensive use by researchers in over 70
countries, demonstrating its adaptability across various
cultural contexts (Chow & Yong, 2013). Additionally, the
SMQ has been employed in studies across secondary
schools and other disciplines to measure student
motivation (Kwon, 2016). Widely regarded as one of the
highest-quality instruments in its field, it is considered
one of the most commonly used tools in science
education research for measuring motivation
(Komperda et al., 2020; Toma et al., 2023; You et al,,
2018).

The MMQ consists of 30 items divided into six
dimensions: intrinsically motivated dimension (5 items),
extrinsically motivated dimension (5 items), personal
importance dimension (5 items), self-determination
dimension (5 items), self-efficacy dimension (5 items),
and low math-related anxiety dimension (5 items). The
correspondence between the MMQ items and the
motivational dimensions is in Appendix C. The possible
scores for each subscale range from one (never) to five
(always), with higher scores representing the most
positive attitudes. The items assessing anxiety related to
math assessments were scored in reverse, meaning
higher scores indicated lower anxiety within this specific
subset. The exploratory study was conducted on 40
third-year middle school students. The responses that
were obtained were analyzed using SPSS software.
Cronbach’s alpha coefficients were calculated for each
dimension and the overall dimensions, as presented in
Table 3. These values demonstrate that the MMQ is a
valid and reliable tool for data collection in this
investigation.
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Table 3. Reliability coefficients (Cronbach’s alphas) for the

MMQ

Dimensions Cronbach’s alphas
Intrinsically motivated dimension 0.79
Extrinsically motivated dimension 0.89
Personal Importance dimension 0.84
Self-determination dimension 0.84
Self-efficacy dimension 0.80

Low math-related anxiety dimension 0.88
Overall dimensions 0.86

Procedure

The experimental group studied the module on the
right triangle and the Pythagorean theorem using an
innovative instructional method that incorporated
interactive activities in the Cabri II Plus program. Before
the study, the searcher developed these activities and
reviewed them with a mathematics education inspector
and three mathematics teachers to ensure their
suitability for educational objectives. In addition, the
control group used a traditional teaching textbook-based
method to study the same module. Four weeks (sixteen
teaching hours) were allocated for the delivery of the
module.

Before the study, the experimental group students
trained using Cabri II Plus and its essential tools, and
they completed some basic constructions using it over
three study hours. Following the training, the pre-tests
of SAT and MMQ were administered to both student
groups before the start of the module. After completing
the module, the post-tests SAT and MMQ were also
administered to both groups. Figure 3 illustrates the
visual representation of the study.

The innovative teaching method of the experimental
group includes digital activities in Cabri II Plus. It was
uploaded to the computers in the media room before the
beginning unit. At the start of each lesson, the teacher
provided introductory information about the targeted
activity, and the students began to work in pairs, where
they dynamically created, dragged, and resized shapes,
observing the changes resulting from their movements
and manipulations. In this group, the students were
more engaged, active, and interactive during the
learning sessions. They brought their ideas to life
through creativity, good communication, investigation,
debate, and clear expression.

The teacher’s role was limited to helping students
develop, express, discuss, and critique their ideas. At the
end of the module, the teacher assessed the students’
understanding by reviewing their achievements. Figure
4 presents an example of a sample activity the student
completed using Cabri II Plus.

For the control group, the students learned the same
module using a traditional textbook-based instructional
method. The teacher explained the concepts and
definitions during the learning sessions without using
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Figure 3. Treatment design (Source: Authors” own elaboration)
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Figure 4. Examples of the student activities using Cabri II Plus (Source: Authors” own elaboration)

technological tools. At the beginning of each lesson, the
teacher outlined the target activity from the textbook,
then explained the lesson and solved the exercises on the
board while the students would take notes in their
notebooks. During these sessions, they were mainly
passive. Thus, their work is limited to taking notes,
listening to the teacher, and asking questions without
being able to find the answers themselves. Additionally,
their participation and interactions in the discussions
were very restricted.

Analysis of Data

In this study, data analysis was performed using
SPSS 26.0. Shapiro-Wilk tests were applied to determine
if the SAT and MMQ results followed a normal
distribution. The SAT achievement scores and MMQ
motivation scores from the two groups’ pre-tests were
compared using an independent samples t-test. Analysis

of covariance (ANCOVA) was employed to assess the
significance of differences in SAT achievement scores
and MMQ motivation scores between the two studied
groups in the post-test. The relationship between
achievement and motivation scores on the experimental
and control groups post-tests was assessed using
Pearson’s correlation coefficient. The hypotheses, used
primarily in educational studies, were tested at a
significance level of 0.05.

RESEARCH RESULTS

Descriptive Statistics for the Pre- and Post-Test Scores
of SAT and MMQ

Descriptive statistics were used to summarize the
pre- and post-test SAT and MMQ scores for the
experimental and control groups.
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Table 4. Descriptive statistical results related to pre- and post-test of SAT and MMQ

Variable Group n Mean SD Skewness Kurtosis Shapiro-Wilk
Pre-SAT EG 35 8.66 2.74 -0.13 -0.05 0.99
CG 35 8.50 2.79 -0.03 0.14 0.98
Post-SAT EG 35 15.53 243 -0.28 -0.25 0.81
CG 35 10.97 2.52 -0.11 0.17 0.99
Pre-MMQ EG 35 2.80 0.52 -0.08 -0.91 0.38
CG 35 2.81 0.51 -0.11 -0.97 0.35
Post-MMQ EG 35 3.96 0.50 0.02 -0.99 0.48
CG 35 2.82 0.49 -0.03 -0.99 0.30
Table 5. Results of the ANCOVA for the post-test SAT scores with pre-test SAT as the covariate
Source of variation Sum square df Mean square F Sig. n?
SAT pre-test 0.09 1 0.09 0.01 0.91 0.00
Teaching method 362.80 1 362.80 5212 0.00 0.44
Error 466.35 67 6.96
Total 829.87 69

Note. df: Degrees of freedom; F: F-test; Sig.: Significance; & n2 Partial eta squared

The findings are detailed in Table 4. Both groups’
SAT and MMQ scores exhibited skewness and kurtosis
values ranging between -1 and +1 in both pre- and post-
tests. The Shapiro-Wilk test confirmed that these scores
follow a normal distribution.

According to Table 4, the achievement and
motivation scores for students in the experimental group
increased significantly following the intervention. The
average achievement scores for the experimental group
rose from 8.66 in the pre-SAT to 15.53 in the post-SAT,
while their average motivation scores improved from
2.80 in the pre-MMQ to 3.96 in the post-MMQ. In
contrast, the control group demonstrated a smaller
increase in both areas: their mean achievement scores
increased from 8.50 in the pre-SAT to 10.97 in the post-
SAT, and their mean motivation scores only slightly rose
from 2.81 in the pre-MMQ to 2.82 in the post-MMQ.
These findings indicate that the experimental group
experienced a more substantial improvement in
achievement and motivation scores than the control
group.

The independent t-test was used to compare the pre-
test scores of the SAT and MMQ between the
experimental and control groups. The results indicated
no significant differences in either pre-SAT scores (t [68]
= 0.23, p = 0.81) or pre-MMQ scores (t [68] = 0.06, p =
0.95) between the two groups.

Results Related to the First Question of the Research

To answer the first question of the research, which
states the following: “What is the effectiveness of Cabri
II Plus software on second-grade middle school
students’ achievement in learning the right triangle and
the Pythagorean theorem?” The first hypothesis of the
research provides for: “There are no statistically
significant differences at the level of a < 0.05 between the
means of the two groups (experimental and control) in
the academic achievement of second-year middle school
students related to the teaching method”, was verified.
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To verify this hypothesis, we conducted an
ANCOVA with pre-test SAT scores included as a
covariate. This analysis aimed to control initial
differences and accurately assess the method’s impact on
the results. Regarding the pre-test SAT scores, it was
verified that the variances are equal in the context of the
ANCOVA test assumptions (F [1, 68] =0.06, p =0.81). For
the assumption of slope homogeneity, the pre-test SAT
scores were treated as a covariate, and the interaction
between these scores and the groups was analyzed. The
analysis indicated that the interaction between the pre-
test SAT scores, and the groups did not reach statistical
significance (F [1, 66] = 0.16, p = 0.69), thus satisfying the
assumption of equal slopes. These findings indicated
that conducting an ANCOVA is feasible. The results
obtained from this analysis are shown in Table 5.

Table 5 shows a statistically significant difference
between the experimental group’s and the control
group’s average achievement scores at the post-test (F [1,
67] = 52.12, Sig. = 0.00, 2 = 0.44). This difference was
attributed to the used teaching method. It is remarked
also that the experimental group, which followed a
teaching method using Cabri II Plus software to study
the right-angled triangle unit and the Pythagorean
theorem, outperformed the control group, which
followed a traditional textbook-based teaching method.
According to Cohen’s (1988) evaluation of the effect size
(partial eta squared 1?2 = 0.44), it can be concluded that
the use of Cabri II Plus software by the experimental
group had a large impact on the achievement scores for
the second-year middle school students.

Results Related to the Second Question of the
Research

To answer the second question of the research, which
states the following: “What is the effectiveness of Cabri
II Plus software on second-grade middle school
students” motivation to learn the right triangle and the
Pythagorean theorem?” The second hypothesis of the
research, which provides for: “ There are no statistically
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Table 6. Results of the ANCOVA for the post-test MMQ scores with pre-test MMQ as the covariate

Source of variation Sum square df Mean square F Sig. n?
MMQ pre-test 0.45 1 0.45 1.88 0.18 0.03
Teaching method 22.74 1 2274 94.08 0.00 0.58
Error 16.19 67 0.24

Total 39.35 69

Note. df: Degrees of freedom; F: F-test; Sig.: Significance; & n2 Partial eta squared

Table 7. Correlation result between students” motivation and academic achievement in post-tests for the experimental and

control groups

Experimental group

Control group

Achievement Motivation Achievement Motivation
Achievement Pearson correlation 1 72%* 1 37
Sig. (2-tailed) .00 .03
N 35 35 35 35
Motivation Pearson correlation 72%* 1 37* 1
Sig. (2-tailed) .00 .03
N 35 35 35 35

Note. *p <.05; **p < .01

significant differences at the level of a<0.05 between the
means of the two groups in the motivation of the second-
year middle school students linked to the teaching
method”, was verified.

To verify this hypothesis, we conducted an
ANCOVA with pre-test MMQ scores included as a
covariate. This analysis aimed to control initial
differences and accurately assess the method’s impact on
the results. Regarding the pre-test MMQ scores, it was
verified that the variances are equal in the context of the
ANCOVA test assumptions (F [1, 68] = 0.00, p = 0.96).
For the assumption of slope homogeneity, the pre-test
MMQ scores were treated as a covariate, and the
interaction between these scores and the groups was
analyzed. The analysis indicated that the interaction
between the pre-test MMQ scores and the groups did not
reach statistical significance (F [1, 66] = 0.72, p = 0.40),
thus satisfying the assumption of equal slopes. These
findings indicated that conducting an ANCOVA is
feasible. The results obtained from this analysis are
shown in Table 6.

Table 6 shows a statistically significant difference
between the experimental group’s and the control
group’s average motivation scores at the post-test (F [1,
67] = 94.08, Sig. = 0.00, n2 = 0.58). This difference was
attributed to the employed teaching method. The
experimental group, which took the right triangle and
the Pythagorean theorem module using Cabri II Plus
software, outperformed the control group, who took it
using the traditional textbook-based teaching method.
According to Cohen’s (1988) evaluation of the effect size
(partial eta squared 1?2 = 0.58), it can be concluded that
the experimental group using Cabri II Plus software had
a large effect on the motivation scores of the second-
grade middle school students.

Results Related to the Third Question of the Research

To answer the third question of the research, which
states the following: “What is the relationship between
academic achievement and motivation to learn
mathematics among second-year middle school
students?” The third hypothesis of the research, which
provides for: “There is not a statistically significant
correlation at the level of a < 0.05 between academic
achievement and second-year middle school student’s
motivation toward learning mathematics”, was verified.

To verify this hypothesis, we calculated Pearson’s
coefficient to determine the correlation between
students” motivation and academic achievement in post-
tests tests for the experimental and control groups. The
results obtained from this analysis are shown in Table 7.

Table 7 reveals a significant positive correlation
between student motivation and academic achievement
in post-tests for the experimental and control groups. In
the experimental group, the correlation coefficient is r =
.72 with a significance level of p = .00 (p <.01), indicating
a statistically strong association, as categorized by
Cohen (1988). In the control group, the correlation
coefficient is r = .37 with a significance level of p =.03 (p
< .05), showing a statistically moderate correlation as
defined by Cohen (1988). These findings suggest a
meaningful relationship between motivation and
academic achievement across both groups, with a
stronger correlation in the experimental group.

Furthermore, a scatterplot was used to illustrate the
connection between motivation and academic
achievement in post-tests for both the experimental and
control groups, as shown in Figure 5 and Figure 6.

Figure 5 and Figure 6 illustrate the varying
relationships between student motivation and academic
achievement in post-tests for the experimental and
control groups, respectively. Figure 5 highlights a strong
relationship for the experimental group (r =.72), with the
scatterplot displaying data points closely aligned along

11/ 26



En-nhiri et al. / Impact of Cabri 1 Plus software in the right triangle/Pythagorean theorem module

R? Linear = 0,522

0,00 °
°
°
@ o
18,00 o
° °oe
o ®
1600 ° ° °
o 3
° o o °

°
1400 y=1,54+3,53"x :

Achievement
8

Motivation

Figure 5. Scatterplot illustrating the relationship between
students” motivation and academic achievement in post-
tests for the experimental group (Source: Authors’ own
elaboration)
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Figure 6. Scatterplot illustrating the relationship between
students” motivation and academic achievement in post-
tests for the control group (Source: Authors’ own
elaboration, using SPSS version 26)

a nearly straight line. This alignment underscores a
substantial link between motivation and academic
achievement, suggesting that higher levels of student
motivation are associated with greater academic success.
In contrast, Figure 6 shows a moderate relationship for
the control group (r = .37), where data points are less
aligned along a straight line than the experimental
group. This reduced alignment indicates a weaker
correlation between motivation and academic
achievement, with lower student motivation associated
with lower educational outcomes.

DISCUSSION

The main objective of this study is to investigate how
the use of Cabri II Plus software affects academic
achievement and to examine the relationship between
motivation and academic achievement when using the
software compared to not using it. By focusing on the
module right triangle and the Pythagorean theorem, this
study contributes to the existing literature by exploring
the effect of Cabri II Plus software on student academic
achievement and motivation in this area.
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The findings of this study show a significant
difference in the academic achievement of topics on the
right triangle and the Pythagorean theorem between
students who used the Cabri II Plus software and those
taught using the conventional method and for the benefit
of students who used the Cabri II Plus software in
learning the right triangle unit and the Pythagorean
theorem. This positive effect on students’ academic
achievement is attributed generally to the program’s
characteristics in teaching branches of the mathematics
module, particularly in geometry lessons. The dynamic
nature of the program allowed students to learn
geometric concepts, explore relationships, and visualize
them easily. The Cabri II Plus software is based on
learning through practice, as geometry requires
extensive training to master its skills, understand its
concepts, and connect them (Mackrell et al., 2013). This
program enables students to visualize geometric shapes,
which enhances their understanding of geometric
concepts (Jaya & Suparman, 2021). The teacher’s
familiarity with the Cabri II Plus program, which is
reinforced by specialized training in the integration of
ICT in mathematics teaching provided by the MEN, has
enabled the teacher to enhance their teaching abilities
and improve their skills in delivering content
interactively and effectively, this makes the lessons more
attractive and exciting for students. The program allows
students to choose activities that match their abilities,
interests, and desires. This aspect has captured students’
attention and motivated them to persevere and be
diligent. Its active role in strengthening social interaction
and cooperation within the class has increased students’
interest in mathematics and their desire to engage in the
classroom. Additionally, it made education student-
centered by allowing them to solve geometric problems
independently and  discover new  geometric
relationships that deepen their knowledge of the subject.
It also allows learners to solve questions and exercises
more broadly than the traditional method. These
findings align with several studies demonstrating the
effectiveness of dynamic geometry software in
enhancing academic achievement and understanding of
geometric concepts. For instance, Yazlik and Ardahan
(2012) found that using Cabri Geometry Plus II
positively impacted seventh-grade students” learning of
transformational = geometry, showing significant
improvement in academic performance in the
experimental group compared to the control group. This
supports the notion that technological learning tools can
enhance academic achievement. Similarly, Jaya and
Suparman (2021) found that Cabri II Plus software
significantly improved students’” understanding of
geometric concepts and academic achievement. Their
meta-analysis revealed that using CABRI positively
affected students’ comprehension of geometry. This
reinforces the benefits of such technological tools in
education. Additionally, Yilmaz (2015) confirmed that
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Cabri II Plus effectively improved students” achievement
in transformational geometry compared to traditional
methods, suggesting that technology-enhanced learning
can significantly boost academic performance. The study
by Erbas and Yenmez (2011) also revealed the impact of
using a dynamic geometry environment (DGE) on the
achievements of sixth-grade students in various topics,
including polygons, congruency, and similarity of
polygons, and showed that using the DGE significantly
improved students” performance. Moreover, the study’s
results align with numerous previous studies
investigating the effectiveness of using GeoGebra in
enhancing students’ academic achievement. For
instance, Hidayat et al. (2023) found that students who
were taught using GeoGebra achieved higher levels of
academic performance and engagement than those
taught using traditional methods in the context of
polygon topics. Similarly, Zulnaidi and Syed Zamri
(2017) revealed that students who utilized GeoGebra to
learn about functions demonstrated higher conceptual
and procedural knowledge than those who learned
through  conventional = methods.  Additionally,
Uwurukundo et al. (2022) confirmed that implementing
GeoGebra in Rwandan secondary schools for teaching
and learning geometric concepts showed that students
who used GeoGebra outperformed those who did not.

The findings of this study show a significant
difference in the motivation to learn the right triangle
and the Pythagorean theorem between students who
used the Cabri II Plus software and those taught using
the conventional method and for the benefit of students
who used the Cabri Il Plus software in learning the right
triangle unit and the Pythagorean theorem. This positive
effect on students’” motivation to learn geometry is
attributed to the fact that the program has some exciting
features in terms of displaying shapes with movement
and colors. In addition, the program offers students the
ability to manipulate points and straight lines, change
the figure’s colors, control the thickness of each element,
and even change the background. It can also enlarge and
reduce shapes by clicking and dragging. These
interactive features motivate the pupils to learn
geometry and encourage them to discover new
geometric problems. Additionally, the program’s
capacity to solve simple and complex problems,
including exercises and examples presented in class,
captured the students’ attention and heightened their
motivation to learn geometry. This is especially
significant as they were introduced to a novel learning
method that enhanced their motivation to learn this
module (Laborde, 2002). Moreover, the student’s
inclination towards computers and their programs, as
well as their desire to learn mathematics through this
medium, has increased their motivation for learning
geometry; this is significant because it aligns the learning
process with their interests, making it more effective and
enjoyable (Rachmavita, 2020). Furthermore, students’

autonomy, developed by solving mathematical
problems independently through trials and experiments
involving drawing shapes and comprehending their
properties, increased their motivation to learn geometry
(Maarif et al., 2018; Mariotti, 2012). On the other hand,
the Cabri II Plus has enabled students to acquire a fresh
perspective of geometry based on practical and
interactive applications rather than solely relying on
abstract views grounded on theories and proofs
(Suratno, 2020). These findings align with numerous
studies examining the impact of technology on student
motivation in learning mathematics. For instance,
Hikmah and Hartuti (2018) found that students using
the Cabri II Plus software exhibited higher motivation
than those following traditional learning methods.
Similarly, Akinoso (2023) noted that integrating ICT into
education enhances student motivation by improving
performance expectations and providing a more
stimulating learning environment. Erbas and Yenmez
(2011) also reported that a DGE significantly increased
students” interest and motivation in mathematics
compared to traditional methods. Moreover, the study’s
results align with numerous previous studies
investigating the effectiveness of using GeoGebra in
enhancing students’ learning motivation. For instance,
Abdullah et al. (2020) demonstrated that using an
inductive reasoning strategy supported by GeoGebra
significantly enhanced students” motivation toward the
topic of graphical representation of functions. Similarly,
Machromah et al. (2019) found that learning calculus
through GeoGebra substantially increased student
motivation and made the learning process more
enjoyable. Finally, Hosseini et al. (2022) revealed that
students in the experimental group who used GeoGebra
achieved significantly higher academic and motivation
scores than those in the control group.

The research findings revealed that the teacher
provided positive feedback on using Cabri II Plus in
teaching the right triangle and the Pythagorean theorem.
The teacher found the software easy to use and beneficial
for explaining geometric concepts and creating accurate
geometric figures. Cabri II Plus helped the teacher
effectively demonstrate geometric properties and
supported students in mastering the concepts and
solving related problems. This result was consistent with
Maarif et al. (2018), who noted that dynamic learning
environments, like Cabri II Plus, serve as valuable
technological ~ tools  that  facilitate  students’
understanding of complex mathematics concepts. The
software’s ability to create precise visual representations
eased students’ difficulties in learning and enhanced
their motivation. Cabri II Plus also allowed the teacher
to explore various teaching methods and adapt materials
to suit their educational approach better, as Laborde
(2003) emphasized. The software expanded the learning
environment by providing interactive tools and
representations that bridged classroom learning with
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real-world applications, thus improving students’
comprehension. According to Jaya and Suparman
(2021), Cabri II Plus enabled students to visualize
abstract geometric concepts and connect them to their
mathematical knowledge, fostering greater interest and
cognitive development. This experience reinforced Cabri
I Plus’s effectiveness in supporting student
achievement and motivation in mathematics. Overall,
Cabri II Plus significantly contributed to the teacher’s
ability to deliver a more effective and motivating
learning experience in mathematics.

The findings of this study reveal a strong positive
correlation between student motivation and academic
achievement in post-tests for the experimental group
that utilized the Cabri II Plus software to study the right-
angled triangle and the Pythagorean theorem. This
significant relationship highlights the crucial role of
technology in enhancing student motivation and
fostering academic achievement. Interactive programs
like Cabri II Plus allow students to engage directly with
mathematical content through animations and dynamic
simulations, giving them a deeper understanding of
mathematical concepts (Hillmayr et al., 2020). Such
digital educational tools promote active participation in
the learning process, encouraging students to explore
and solve problems independently and enhancing their
motivation and academic performance (Li et al., 2024).
Mayer (2014) similarly emphasized that integrating
technology into teaching improves student engagement
and interaction, ultimately boosting their academic
success. In contrast, the control group that used
traditional textbook-based methods demonstrated a
moderate positive correlation between motivation and
academic achievement. This suggests that traditional
methods may offer less interactivity than technological
approaches, leading to a more limited impact on student
motivation and academic performance (Hassidov, 2017).
The absence of technology in education can result in
lower student engagement, as many activities are
confined to passive listening and information receipt,
thus restricting direct interaction with mathematical
concepts (Alessa, 2023). This lack of interactivity may
reduce student motivation and engagement levels
(Alsswey et al.,, 2024; Mulqueeny et al.,, 2015). While
traditional methods focus on transmitting information
from teacher to student, technological tools create a rich
and diverse environment that promotes critical thinking
and encourages students to engage with information
innovatively (Abdulrahaman et al., 2020).

The findings of this study significantly support the
idea of technology’s positive impact on student’s
academic achievement and motivation across various
educational contexts. Pocan et al. (2023) demonstrated
that students who learn using technology show higher
motivation and academic achievement levels than those
who follow traditional teaching methods. In line with
this, recent research indicates that learning with
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interactive software enhances problem-solving and
thinking  skills, positively affecting academic
performance (Shurygin et al, 2023). Conversely,
traditional methods may hinder the development of
these skills, resulting in lower academic outcomes
(Zhang et al., 2020). Additionally, using technology
strengthens students” ability to learn independently. It
fosters the development of research and innovation
skills, leading to increased motivation and improved
academic success in mathematics. For example, Emeri
(2022) found that using technology in classrooms in the
Ikorodu Local Government Area of Lagos State
significantly enhances students” academic performance
and learning motivation. Ziden et al. (2022) showed that
augmented reality notably improves students’
achievement and motivation, with a positive correlation
between motivation and achievement. Supporting these
findings, a systematic review by Higgins et al. (2019)
confirmed the positive influence of technology on
students” academic performance, motivation, and
attitudes toward learning. Furthermore, Paino (2024)
affirmed that technology boosts student achievement
and motivation in mathematics education. Hosseini et al.
(2022) also demonstrated that using GeoGebra with the
ARCS (attention, relevance, confidence, and satisfaction)
model led to statistically significant improvements in
academic achievement and motivation. In addition,
studies such as those by Xia et al. (2022) and Herges et
al. (2017) found that increased learning motivation
significantly improved academic performance among
students, with positive relationships between
motivation and achievement in various educational
settings. Agustina et al. (2021) and Wilkesmann et al.
(2021) further emphasized that motivation is positively
and significantly related to academic performance.
These studies highlight the importance of integrating
modern technology and interactive activities into the
educational process to enhance students’ academic
outcomes and motivation.

CONCLUSIONS

This study investigated the effects of teaching using
Cabri II Plus software on students” academic
achievement and motivation in learning about right
triangles and the Pythagorean theorem. The findings
proved that Cabri II Plus significantly enhances
students” academic achievement and motivation
compared to traditional teaching methods. Results
demonstrated that students who used Cabri II Plus
achieved higher scores and displayed greater motivation
to learn the right triangle and Pythagorean theorem. The
study’s findings also showed a strong, statistically
significant positive relationship between academic
achievement and motivation among the experimental
group students in the post-tests and a moderate,
statistically ~significant relationship between these
variables among the control group students. Thus, the
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teaching method using the Cabri II Plus program has a
greater positive impact on the relationship between
academic achievement and motivation than traditional
teaching methods. Based on these results, it is evident
that using Cabri II Plus in the teaching process is an
effective strategy for enhancing students’ educational
outcomes and promoting a more engaging and
motivating learning environment.

Recommendations

According to the study’s findings, it is recommended
that Cabri II Plus be integrated into the curriculum as an
effective tool for enhancing the interactive learning
experience in mathematics education. Additionally, a
training manual for teachers should be developed,
including instructional strategies supported by practical
examples to facilitate the effective incorporation of the
program into classrooms. The study also recommends

providing continuous professional development
programs for teachers to familiarize them with dynamic
geometry tools and their applications, thereby

improving teaching practices and motivating students.
Furthermore, it suggests developing digital educational
resources, such as worksheets and activities supported
by Cabri II Plus, to enhance students’ practical
understanding of mathematical concepts. Finally, the
study emphasizes encouraging collaboration among
teachers and educational institutions to exchange
experiences and best practices, thereby improving
teaching processes and expanding modern educational
technologies.

Future Research

This study used interactive Cabri II Plus software
activities to teach second-year middle school students
right-angled triangles and the Pythagorean theorem. It
investigated the impact of this approach on their
academic achievement and motivation to learn
mathematics. However, the study had certain
limitations, particularly regarding the sample size and
representativeness, which may affect the generalizability
of the findings. Future research should expand the
sample to include a more extensive and diverse group of
middle and high school students to enhance the results’
reliability ~and applicability. =~ Additionally, the
effectiveness of Cabri Il Plus in developing skills such as
mathematical thinking, spatial abilities, proof skills, and
enhancing levels of geometric thinking should be further
investigated in accordance with the Van Hiele model.
Ultimately, the study suggests further research on
teachers’ beliefs and attitudes towards using other
dynamic geometry software, such as Cabri 3D and
GeoGebra, to evaluate their effectiveness in enhancing
the quality of mathematics education.

Funding: No funding source is reported for this study.

Ethical statement: Authors stated that, prior to conducting the
study at Al-Nahda Secondary School in the Sidi Slimane

Directorate, the researchers obtained permission from the school
principal to carry out the research. Full respect for the privacy and
identity of the participants was maintained throughout the study.
Additionally, written informed consent was obtained from all
participants in accordance with the ethical standards for scientific
research.

Declaration of interest: No conflict of interest is declared by the
author.

Data sharing statement: Data supporting the findings and
conclusions are available upon request from the author.

REFERENCES

Abdullah, A. H., Misrom, N. S.,, Kohar, U. H. A,
Hamzah, M. H., Ashari, Z. M., Alj, D. F., & Abd
Rahman, S. N. S. (2020). The effects of an inductive
reasoning learning strategy assisted by the
GeoGebra software on students” motivation for the
functional graph II topic. IEEE Access, 8, 143848-
143861.
https:/ /doi.org/10.1109/access.2020.3014202

Abdulrahaman, M. D., Faruk, N. Oloyede, A. A,
Surajudeen-Bakinde, N. T., Olawoyin, L. A,
Mejabi, O. V., Imam-Fulani, Y. O., Fahm, A. O,, &
Azeez, A. L. (2020). Multimedia tools in the
teaching and learning processes: A systematic
review. Heliyon, 6(11), Article e05312.
https://doi.org/10.1016/j.heliyon.2020.e05312

Abi Saab, M. (2011). Implementing dynamic geometry
software-based constructivist approach (DGS-CA) in
teaching Thales” theorem [Doctoral dissertation,
Lebanese American University]. https://doi.org/
10.26756/th.2011.37

Abramovich, S. (2013). Computers in mathematics
education: An introduction. Computers in the
Schools, 30(1-2), 4-11. https://doi.org/10.1080/
07380569. 2013.765305

Adelabu, F. M., Makgato, M., & Ramaligela, M. S. (2019).
Enhancing learners’ geometric thinking using
dynamic geometry computer software. Journal of
Technical Education and Training, 11(1), 044-053.

Adolphus, T. (2011). Problems of teaching and learning
of geometry in secondary schools in Rivers State,
Nigeria. International Journal of Emerging Sciences,
1(2), 143-152.

Agustina, E. T., Wahyudin, A. Y., & Pratiwi, A. A. (2021).
The students’ motivation and academic
achievement at tertiary level: A correlational study.
Journal of Arts and Education, 1(1). https:/ /doi.org/
10.33365/jae.v1i1.33

Akhirni, A., & Mahmudi, A. (2015). The effect of using
Cabri 3D and GeoGebra on geometry learning in
terms of learning outcomes and motivation. Journal
of Mathematics and Science Education, 3(2), 91-100.

Akinoso, S. O. (2023). Motivation and ICT in secondary
school mathematics using unified theory of
acceptance and use of technology model. Indonesian

15/ 26


https://doi.org/10.1109/access.2020.3014202
https://doi.org/10.1016/j.heliyon.2020.e05312
https://doi.org/10.26756/th.2011.37
https://doi.org/10.26756/th.2011.37
https://doi.org/10.1080/07380569.%202013.765305
https://doi.org/10.1080/07380569.%202013.765305
https://doi.org/10.33365/jae.v1i1.33
https://doi.org/10.33365/jae.v1i1.33

En-nhiri et al. / Impact of Cabri 1 Plus software in the right triangle/Pythagorean theorem module

Journal of Educational Research and Technology, 3(1),
79-90. https:/ /doi.org/10.17509/ ijert.v3i1.47183

Alessa, 1. (2023). Using traditional and modern teaching
methods on the teaching process from TEAC. Route
Educational and Social Science Journal, 10.

Alghtani, O. A., & Abdulhamied, N. A. (2010). The
effectiveness of geometric representative approach
in developing algebraic thinking of fourth grade
students. Procedia-Social and Behavioral Sciences, 8,
256-263.
https://doi.org/10.1016/j.sbspro.2010.12.035

Alneyadi, S., Wardat, Y., Alshannag, Q., & Abu-Al-Aish,
A. (2023). The effect of using smart e-learning app
on the academic achievement of eighth-grade
students. Eurasia Journal of Mathematics, Science and
Technology  Education, 19(4), Article em?2248.
https:/ /doi.org/10.29333/ ejmste /13067

Alsswey, A., Alobaydi, B. A.,, & Alqudah, A. M. A.
(2024). The effect of game-based technology on
students’ learning anxiety, motivation,
engagement, and learning experience: Case study
Kahoot! International Journal of Religion, 5(3), 137-
145. https:/ /doi.org/10.61707 /56529¢91

Arzarello, F., Olivero, F., Paola, D., & Robutti, O. (2002).
A cognitive analysis of dragging practices in Cabri

environments. Zentralblatt  fiir  Didaktik  der
Mathematik, 34, 66-72. https:/ /doi.org/10.1007/BF
02655708

Barut, M. E. O, & Retnawati, H. (2020). Geometry
learning in vocational high school: Investigating
the students’ difficulties and levels of thinking.
Journal of Physics: Conference Series, 1613, Article
012058. https://doi.org/10.1088/1742-6596/1613/

1/012058
Bedada, T. B., & Machaba, M. F. (2022). Investigation of
student’'s perception learning calculus with

GeoGebra and cycle model. Eurasia Journal of
Mathematics, Science and Technology Education,
18(10), Article em2164. https://doi.org/10.29333/
ejmste /12443

Benton, L., Hoyles, C., Kalas, I, & Noss, R. (2017).
Bridging primary programming and mathematics:
Some findings of design research in England.
Digital Experiences in Mathematics Education, 3, 115-
138. https:/ /doi.org/10.1007/ s40751-017-0028-x

Bhagat, K. K., & Chang, C.-Y. (2015). Incorporating
GeoGebra into geometry learning: A lesson from
India. Eurasia Journal of Mathematics, Science and
Technology Education, 11(1), 77-86. https:/ /doi.org/
10.12973/ eurasia.2015.1307a

Birgin, O., & Topuz, F. (2021). Effect of the GeoGebra
software-supported collaborative learning
environment on seventh grade students” geometry
achievement, retention, and attitudes. The Journal of

16 / 26

Educational Research, 114(5), 474-494.
https://doi.org/10.1080/00220671.2021.1983505

Bourgqia, R. (2016). Rethinking and rebuilding the school
system in Morocco: The strategic vision 2015-2030.
International Review of Education of Sévres, (71), 18-
24. https:/ /doi.org/10.4000/ries.4551

Bright, A., Welcome, N. B., & Arthur, Y. D. (2024). The
effect of using technology in teaching and learning
mathematics on students’ mathematics
performance: The mediation effect of students’
mathematics interest. Journal of Mathematics and
Science Teacher, 4(2), Article em059. https:/ /doi.org
/10.29333 / mathsciteacher /14309

Chand, S., Chaudhary, K., Prasad, A. & Chand, V.
(2021). Perceived causes of students’ poor
performance in mathematics: A case study at Ba
and Tavua secondary schools. Frontiers in Applied
Mathematics and Statistics, 7, Article 614408.
https://doi.org/10.3389/fams.2021.614408

Chinn, S. (2016). Challenges in teaching mathematics:
Perspectives from students’ learning difficulties.
Reflections on ‘challenges in mathematical
cognition’” by Alcock et al. (2016). Journal of
Numerical Cognition, 2(1), 53-56. https://doi.org/
10.5964/inc.v2il.26

Chow, S. J., & Yong, B. C. S. (2013). Secondary school
students’ motivation and achievement in combined
science. US-China Education Review, 3(4), 213-228.

Clark-Wilson, A., Robutti, O., & Thomas, M. (2020).
Teaching with digital technology. ZDM
Mathematics Education, 52(7), 1223-1242.
https:/ /doi.org/10.1007/ s11858-020-01196-0

Cohen, J. (1988). Statistical power analysis for the behavioral
sciences (2nd ed.). Routledge. https://doi.org/10.
4324 /9780203771587

Crompton, H., Grant, M. R., & Shraim, K. Y. H. (2018).
Technologies to enhance and extend children’s
understanding of geometry: A configurative
thematic synthesis of the literature. Journal of
Educational Technology & Society, 21(1), 59-69.

Cunska, A., & Savicka, 1. (2012). Use of ICT teaching-
learning methods make school math blossom.
Procedia-Social and Behavioral Sciences, 69, 1481-1488.
https://doi.org/10.1016/j.sbspro.2012.12.089

Daher, W. (2021). Middle school students” motivation in
solving modelling activities with technology.
Eurasia  Journal of Mathematics, Science and
Technology  Education, 17(9), Article em1999.
https://doi.org/10.29333/ ejmste /11127

Das, K. (2019). Role of ICT for better mathematics
teaching. Shanlax International Journal of Education,
7(4), 19-28. https://doi.org/10.34293 /education.v
7i4.641


https://doi.org/10.17509/%20ijert.v3i1.47183
https://doi.org/10.1016/j.sbspro.2010.12.035
https://doi.org/10.29333/ejmste/13067
https://doi.org/10.61707/565z9c91
https://doi.org/10.1007/BF02655708
https://doi.org/10.1007/BF02655708
https://doi.org/10.1088/1742-6596/1613/%201/012058
https://doi.org/10.1088/1742-6596/1613/%201/012058
https://doi.org/10.29333/ejmste/12443
https://doi.org/10.29333/ejmste/12443
https://doi.org/10.1007/%20s40751-017-0028-x
https://doi.org/10.12973/eurasia.2015.1307a
https://doi.org/10.12973/eurasia.2015.1307a
https://doi.org/10.1080/00220671.2021.1983505
https://doi.org/10.4000/ries.4551
https://doi.org/10.29333/mathsciteacher/14309
https://doi.org/10.29333/mathsciteacher/14309
https://doi.org/10.3389/fams.2021.614408
https://doi.org/10.5964/jnc.v2i1.26
https://doi.org/10.5964/jnc.v2i1.26
https://doi.org/10.1007/%20s11858-020-01196-0
https://doi.org/10.4324/9780203771587
https://doi.org/10.4324/9780203771587
https://doi.org/10.1016/j.sbspro.2012.12.089
https://doi.org/10.29333/ejmste/11127
https://doi.org/10.34293/education.v7i4.641
https://doi.org/10.34293/education.v7i4.641

EURASIA | Math Sci Tech Ed, 2025, 21(2), em2589

Drijvers, P., Ball, L., Barzel, B., Heid, M. K,, Cao, Y., &
Maschietto, M. (2016). Uses of technology in lower
secondary mathematics education: A concise topical
survey. Springer. https://doi.org/10.1007/978-3-
319-33666-4_1

El Hadri, E. (2021). Les pratiques évaluatives dans le
systéme éducatif marocain Cas des mathématiques
au primaire et au college [Assessment practices in
the Moroccan educational system: The case of
mathematics in primary and middle school].
Moroccan  Journal of Evaluation and Research in
Education, 5. https://doi.org/10.48423/IMIST.
PRSM/rmere-v0i5.26564

Elwarraki, O., Souhaib, A., & Lahiassi, J. (2023). Teachers
as facilitators: Exploring the role of educators in
personalized learning environments in Moroccan
schools. Conhecimento & Diversidade, 15, 146-155.
https://doi.org/10.18316/rcd. v15i39.11161

Emeri, P. N. (2022). Role of technology in academic
motivation and performance among secondary
school students in Lagos State: Sociological

implications for sustainable development. Journal of
Economic, Social and Educational Issues, 2(1), 222-232.

Erbas, A. K., & Yenmez, A. A. (2011). The effect of
inquiry-based explorations in a dynamic geometry
environment on  sixth grade  students’
achievements in polygons. Computers & Education,
57(4),  2462-2475.  https://doi.org/10.1016/].
compedu.2011.07.002

Froiland, J. M., & Worrell, F. C. (2016). Intrinsic
motivation, learning goals, engagement, and
achievement in a diverse high school. Psychology in
the Schools, 53(3), 321-336. https:/ /doi.org/10.1002
/pits.21901

Gafoor, K. A.,, & Kurukkan, A. (2015). Learner and
teacher perception on difficulties in learning and
teaching mathematics: Some implications. In
Proceedings of the National Conference on Mathematics
Teaching-Approaches and Challenges. https:/ /doi.org
/10.13140/RG.2.2.21816.14085

Ghory, S., & Ghafory, H. (2021). The impact of modern
technology in the teaching and learning process.
International Journal of Innovative Research and
Scientific Studies, 4(3), 168-173. https:/ /doi.org/10.
53894 /ijirss.v4i3.73

Glynn, S. M., & Koballa Jr, T. R. (2006). Motivation to
learn in college science. In J. J. Mintzes, & W. H.
Leonard (Eds.), Handbook of college science teaching
(pp. 25-32). National Science Teachers Association
Press.

Glynn, S. M., Brickman, P., Armstrong, N. &
Taasoobshirazi, G. (2011). Science motivation
questionnaire II: Validation with science majors
and non-science majors. Journal of Research in

Science Teaching, 48(10), 1159-1176. https:/ /doi.org

/10.1002/ tea.20442
Glynn, S. M., Taasoobshirazi, G., & Brickman, P. (2009).
Science motivation questionnaire: Construct

validation with nonscience majors. Journal of
Research in Science Teaching: The Official Journal of the
National Association for Research in Science Teaching,
46(2), 127-146. https:/ /doi.org/10.1002/ tea.20267

Gonzalez, G., & Herbst, P. G. (2009). Students’
conceptions of congruency through the use of
dynamic geometry software. International Journal of
Computers for Mathematical Learning, 14(2), 153-182.
https:/ /doi.org/10.1007/510758-009-9152-z

Harris, J. L., Al-Bataineh, M. T, & Al-Bataineh, A. (2016).
One to one technology and its effect on student
academic achievement and motivation.
Contemporary Educational Technology, 7(4), 368-381.
https://doi.org/10.30935/ cedtech /6182

Hartuti, P. M., & Hikmah, R. (2021). The influence of
Cabri 2D learning media and motivation on
mathematics learning outcomes in the topic of flat
shapes. In Proceedings of the National Seminar on
Research and Technological Innovation.

Hassidov, D. (2017). The link between teaching methods
and achievement in math in computer-assisted
elementary schools. Creative Education, 8, 2293-2311.
https://doi. org/10.4236/ce.2017.814157

Hellin, C. J., Calles-Esteban, F., Valledor, A., Gémez, J.,
Otén-Tortosa, S., & Tayebi, A. (2023). Enhancing
student motivation and engagement through a
gamified learning environment. Sustainability,
15(19), Article 14119. https://doi.org/10.3390/su
151914119

Henrie, C. R., Halverson, L. R., & Graham, C. R. (2015).
Measuring student engagement in technology-
mediated learning: A review. Computers &
Education, 90, 36-53. https://doi.org/10.1016/j.
compedu.2015.09.005

Herges, R. M., Duffield, S., Martin, W., & Wageman, ]J.
(2017). Motivation and achievement of middle
school mathematics students. The Mathematics
Educator, 26(1).

Hidayat, R., Kamarazan, N. A., Nasir, N., & Ayub, A. F.
M. (2023). The effect of GeoGebra software on
achievement and engagement among secondary
school students. Malaysian Journal of Mathematical
Sciences, 17(4), 611-627. https:/ /doi.org/10.47836/
mjms.17.4.06

Higgins, K., Huscroft-D’Angelo, ]J.,, & Crawford, L.
(2019). Effects of technology in mathematics on
achievement, motivation, and attitude: A meta-
analysis. Journal of Educational Computing Research,
57(2), 283-319. https:/ /doi.org/10.1177/
0735633117748416

17/ 26


https://doi.org/10.1007/978-3-319-33666-4_1
https://doi.org/10.1007/978-3-319-33666-4_1
https://doi.org/10.48423/IMIST.PRSM/rmere-v0i5.26564
https://doi.org/10.48423/IMIST.PRSM/rmere-v0i5.26564
https://doi.org/10.18316/rcd.%20v15i39.11161
https://doi.org/10.1016/j.compedu.2011.07.002
https://doi.org/10.1016/j.compedu.2011.07.002
https://doi.org/10.1002/pits.21901
https://doi.org/10.1002/pits.21901
https://doi.org/10.13140/RG.2.2.21816.14085
https://doi.org/10.13140/RG.2.2.21816.14085
https://doi.org/10.53894/ijirss.v4i3.73
https://doi.org/10.53894/ijirss.v4i3.73
https://doi.org/10.1002/tea.20442
https://doi.org/10.1002/tea.20442
https://doi.org/10.1002/tea.20267
https://doi.org/10.1007/s10758-009-9152-z
https://doi.org/10.30935/cedtech/6182
https://doi.org/10.4236/ce.2017.814157
https://doi.org/10.3390/su151914119
https://doi.org/10.3390/su151914119
https://doi.org/10.1016/j.compedu.2015.09.005
https://doi.org/10.1016/j.compedu.2015.09.005
https://doi.org/10.47836/mjms.17.4.06
https://doi.org/10.47836/mjms.17.4.06
https://doi.org/10.1177/0735633117748416
https://doi.org/10.1177/0735633117748416

En-nhiri et al. / Impact of Cabri 1 Plus software in the right triangle/Pythagorean theorem module

Hikmah, R., & Hartuti, P. M. (2018). The application of
Cabri II Plus to enhance students’ mathematical
understanding and learning motivation in
mathematics education. Susunan Artikel Pendidikan,

3(2). https:/ /doi.org/10.30998/ sap.v3i2.3034

Hillmayr, D., Ziernwald, L., Reinhold, F., Hofer, S. I, &
Reiss, K. M. (2020). The potential of digital tools to
enhance mathematics and science learning in

secondary schools: A context-specific meta-
analysis. Computers & Education, 153, Article
103897.

https:/ /doi.org/10.1016 /j.compedu.2020.103897

Hosseini, Z., Mehdizadeh, M., & Sadegi, M. (2022). Using
GeoGebra in teaching geometry to enhance
students’ academic achievement and motivation.
Innovare  Journal of Education, 10(3), 34-38.
https:/ /doi.org/10.22159/ ijoe.2022v10i3.44792

Idris, N. (2007). The effect of Geometers” Sketchpad on
the performance in geometry of Malaysian
students’ achievement and van Hiele geometric
thinking. Malaysian Journal of Mathematical Sciences,
1(2), 169-180.

Ismaili, J. (2020). Evaluation of information and
communication technology in education programs
for middle and high schools: GENIE program as a
case study. Education and Information Technologies,
25(6), 5067-5086. https:/ /doi.org/ 10.1007/s10639-
020-10224-1

Iyamuremye, E., Ndayambaje, I, & Muwonge, C. M.
(2023). Relationships of mathematics achievement
with self-determined motivation and mathematics
anxiety among senior two students in Northern
Rwanda.  Heliyon,  9(4), Article e15411.
https://doi.org/10.1016/j.heliyon.2023.e15411

Jaya, A., & Suparman, S. (2021, December). The use of
Cabri software in mathematics learning for
cultivating geometrical conceptual understanding;:
A meta-analysis. In Proceedings of the 4" International
Conference on Education Technology Management (pp.
37-44). https:/ /doi.org/10.1145/3510309.3510316

Johnson, R. B.,, & Christensen, L. B. (2024). Educational
research: ~ Quantitative, qualitative, and  mixed
approaches. SAGE.

Jonassen, D., Spector, M. J., Driscoll, M., Merrill, M. D,
Van Merrienboer, J., & Driscoll, M. P. (Eds.). (2007).
Handbook of research on educational communications
and technology: A project of the Association for
Educational Communications and Technology (3rd
ed.). Routledge. https://doi.org/10.4324/
9780203880869

Juman, Z. A. M. S,, Mathavan, M., Ambegedara, A.S., &
Udagedara, 1. G. (2022). Difficulties in learning
geometry component in mathematics and active-
based learning methods to overcome the
difficulties.  Shanlax  International  Journal of

18 / 26

Education, 10(2), 41-58. https://doi.org/10.34293/

education.v10i2.4299
Klemer, A., & Rapoport, S. (2020). Origami and
GeoGebra activities contribute to geometric

thinking in second graders. Eurasia Journal of
Mathematics, Science and Technology Education,
16(11), Article em1894. https://doi.org/10.29333/
ejmste /8537

Komperda, R., Hosbein, K. N., Phillips, M. M., &
Barbera, J. (2020). Investigation of evidence for the
internal structure of a modified science motivation
questionnaire II (mSMQ II): A failed attempt to
improve instrument functioning across course,
subject, and wording variants. Chemistry Education
Research and Practice, 21(3), 893-907. https:/ /doi.org
/10.1039/DORP00029A

Kordaki, M., & Balomenou, A. (2006). Challenging
students to view the concept of area in triangles in
a broad context: Exploiting the features of Cabri-II.
International Journal of Computers for Mathematical
Learning, 11, 99-135. https://doi.org/10.1007/
510758-005-5380-z

Kotu, A., & Weldeyesus, K. M. (2022). Instructional use
of Geometer’s Sketchpad and students’ geometry
learning motivation and problem-solving ability.
Eurasia  Journal of Mathematics, Science and
Technology Education, 18(12), Article em?2201.
https://doi.org/10.29333 / ejmste /12710

Kwon, H. (2016). Middle school students” motivation for
learning technology in South Korea. Eurasia Journal
of Mathematics, Science and Technology Education,
12(4),  1033-1046.  https://doi.org/10.12973/
eurasia.2016.1253a

Laborde, C. (2002). Integration of technology in the
design of geometry tasks with Cabri-geometry.
International Journal of Computers for Mathematical
Learning, 6, 283-317. https://doi.org/10.1023/
A:1013309728825

Laborde, C. (2003). Technology used as a tool for mediating
knowledge in the teaching of mathematics: The case of
Cabri-geometry  [Plenary speech]. The Asian
Technology Conference in Mathematics.

Lankford, B. (2021). Creating technology-based
mathematics learning environments: Extension of
teacher knowledge and student achievement. In K.
Arai, S. Kapoor, & R. Bhatia (Eds.), Proceedings of the
Future Technologies Conference 2020 (pp. 621-632).
Springer. https:/ /doi.org/10.1007 /978-3-030-
63128-4_65

Li, Y., Chen, D., & Deng, X. (2024). The impact of digital
educational games on student’s motivation for
learning: The mediating effect of learning
engagement and the moderating effect of the digital
environment. PLoS ONE, 19(1), Article e0294350.
https:/ /doi.org/10.1371/journal.pone.0294350


https://doi.org/10.30998/%20sap.v3i2.3034
https://doi.org/10.1016/j.compedu.2020.103897
https://doi.org/10.22159/%20ijoe.2022v10i3.44792
https://doi.org/%2010.1007/s10639-020-10224-1
https://doi.org/%2010.1007/s10639-020-10224-1
https://doi.org/10.1016/j.heliyon.2023.e15411
https://doi.org/10.1145/3510309.3510316
https://doi.org/10.4324/%209780203880869
https://doi.org/10.4324/%209780203880869
https://doi.org/10.34293/education.v10i2.4299
https://doi.org/10.34293/education.v10i2.4299
https://doi.org/10.29333/ejmste/8537
https://doi.org/10.29333/ejmste/8537
https://doi.org/10.1039/D0RP00029A
https://doi.org/10.1039/D0RP00029A
https://doi.org/10.1007/s10758-005-5380-z
https://doi.org/10.1007/s10758-005-5380-z
https://doi.org/10.29333/ejmste/12710
https://doi.org/10.12973/eurasia.2016.1253a
https://doi.org/10.12973/eurasia.2016.1253a
https://doi.org/10.1023/A:1013309728825
https://doi.org/10.1023/A:1013309728825
https://doi.org/10.1007/978-3-030-63128-4_65
https://doi.org/10.1007/978-3-030-63128-4_65
https://doi.org/10.1371/journal.pone.0294350

EURASIA | Math Sci Tech Ed, 2025, 21(2), em2589

Maarif, S., Wahyudin, W., Noto, M. S., Hidayat, W., &
Mulyono, H. (2018). Geometry exploration
activities assisted with dynamic geometry software
(DGS) in a teacher education classroom. Infinity
Journal, 7(2), 133-146. https://doi.org/10.22460/
infinity.v7i2.p133-146

Machromah, I. U., Purnomo, M. E. R,, & Sari, C. K. (2019).
Learning calculus with GeoGebra at college. Journal
of Physics: Conference Series, 1180, Article 012008.
https:/ /doi.org/10.1088/1742-6596,/1180/1/01200
8

Mackrell, K., Maschietto, M., & Soury Lavergne, S.
(2013). The interaction between task design and
technology design in creating tasks with Cabri
Elem. In Task design in mathematics education:
Proceedings of ICMI study 22 (vol. 1, pp. 79-88). ICML

Major, L., Francis, G. A., & Tsapali, M. (2021). The
effectiveness of technology-supported personalised
learning in low- and middle-income countries: A
meta-analysis. British  Journal of Educational
Technology, 52(6), 1935-1964. https://doi.org/10.
1111/bjet.13116

Marange, 1. Y., & Tatira, B. (2023). Teaching Euclidean
geometry with GeoGebra: Perceptions for in-
service mathematics teachers. Eurasia Journal of
Mathematics, Science and Technology Education,
19(12), Article em2367. https://doi.org/10.29333/
ejmste /13861

Mariotti, M. A. (2012). Proof and proving in the
classroom: Dynamic geometry systems as tools of
semiotic mediation. Research in Mathematics
Education, 14(2), 163-185. https:/ /doi.org/10.1080/
14794802.2012.694282

Marrades, R., & Gutiérrez, A. (2000). Proofs produced by
secondary school students learning geometry in a
dynamic computer environment. Educational
Studies in Mathematics, 44, 87-125. https:/ /doi.org
/10.1023/ A:1012785106627

Mayer, R. E. (Ed.). (2014). The Cambridge handbook of

multimedia  learning (2nd  ed.). Cambridge
University Press. https://doi.org/10.1017/CBO
9781139547369

MEN. (2023). Education indicators. Directorate of Strategy
Statistics and Planning, Ministry of National
Education. https:/ /www.men.gov.ma/ar/
documents/indicateurs_statiqtiques18-23/
indicateurs-educat22-23.pdf

Mullis, I. V. S., Martin, M. O., Foy, P., Kelly, D. L., &
Fishbein, B. (2020). TIMSS 2019 international results
in mathematics and science. Boston College, TIMSS
& PIRLS International Study Center.
https:/ /timssandpirls.bc.edu/timss2019/
international-results/

Mulqueeny, K., Kostyuk, V., Baker, R. S., & Ocumpaugh,
J.  (2015). Incorporating effective e-learning

principles to improve student engagement in
middle-school mathematics. International Journal of
STEM Education, 2, Article 15. https://doi.org/
10.1186/s40594-015-0028-6

Nagy-Kondor, R. (2017). Spatial ability: Measurement
and development. In M. Khine (Ed.), Visual-spatial
ability in STEM education (pp. 43-56). Springer.
https:/ /doi.org/10.1007/978-3-319-44385-0_3

NCTM. (2000). Principles and standards for school
mathematics. National Council of Teachers of
Mathematics.

Nejjari, A., & Bakkali, I. (2017). The use of ICT in
Moroccan schools: Current situation and
perspectives. Hermés, 2, 55-61. https:/ /doi.org/10.
3917 /herm.078.0055

OECD. (2023). PISA 2022 results (volume I): The state of
learning and equity in education. OECD Publishing.
https://doi.org/10.1787/53f23881-en

Ozcakir, B., Aytekin, C., Altunkaya, B., & Doruk, B. K.
(2015). Effects of using dynamic geometry activities
on eighth grade students” achievement levels and
estimation performances in triangles. Participatory
Educational Research, 2(3), 43-54. https://doi.org/
10.17275/per.15.22.2.3

Oztop, F. (2022). Effectiveness of digital technology use
in mathematics teaching on increasing motivation
for mathematics: A meta-analysis study. Karaelmas
Journal of Educational Sciences, 10(1), 15-26.

Paino, T. L. (n. d.). Effects of technology on student
achievement and motivation in mathematics [Master’s
thesis, Caldwell College].

Pepin, B., Biehler, R., & Gueudet, G. (2021). Mathematics
in engineering education: A review of the recent
literature with a view towards innovative practices.
International Journal of Research in Undergraduate
Mathematics Education, 7(2), 163-188.
https:/ /doi.org/10.1007 /s40753-021-00139-8

Pogan, S., Altay, B., & Yasaroglu, C. (2023). The effects of
mobile technology on learning performance and
motivation in mathematics education. Education
and Information  Technologies, 28(1), 683-712.
https://doi.org/10.1007 /510639-022-11166-6

Qurat-ul-Ain, Shahid, F., Aleem, M., Islam, M. A., Igbal,
M. A., & Yousaf, M. M. (2019). A review of
technological tools in teaching and learning
computer science. Eurasia Journal of Mathematics,
Science and Technology Education, 15(11), Article
em1773. https:/ /doi.org/10.29333 /ejmste /109611

Rachmavita, F. P. (2020). Interactive media-based video
animation and student learning motivation in
mathematics. Journal of Physics: Conference Series,
1663, Article 012040. https://doi.org/10.1088/
1742-6596/1663/1/012040

Rahmadani, F. P., Johar, R., & Hidayat, M. (2023). The
effect of digital learning on student mathematics

19/ 26


https://doi.org/10.22460/infinity.v7i2.p133-146
https://doi.org/10.22460/infinity.v7i2.p133-146
https://doi.org/10.1088/1742-6596/1180/1/012008
https://doi.org/10.1088/1742-6596/1180/1/012008
https://doi.org/10.1111/bjet.13116
https://doi.org/10.1111/bjet.13116
https://doi.org/10.29333/ejmste/13861
https://doi.org/10.29333/ejmste/13861
https://doi.org/10.1080/14794802.2012.694282
https://doi.org/10.1080/14794802.2012.694282
https://doi.org/10.1023/A:1012785106627
https://doi.org/10.1023/A:1012785106627
https://doi.org/10.1017/CBO9781139547369
https://doi.org/10.1017/CBO9781139547369
https://www.men.gov.ma/ar/documents/indicateurs_statiqtiques18-23/indicateurs-educat22-23.pdf
https://www.men.gov.ma/ar/documents/indicateurs_statiqtiques18-23/indicateurs-educat22-23.pdf
https://www.men.gov.ma/ar/documents/indicateurs_statiqtiques18-23/indicateurs-educat22-23.pdf
https://timssandpirls.bc.edu/timss2019/international-results/
https://timssandpirls.bc.edu/timss2019/international-results/
https://doi.org/10.1186/s40594-015-0028-6
https://doi.org/10.1186/s40594-015-0028-6
https://doi.org/10.1007/978-3-319-44385-0_3
https://doi.org/10.3917/herm.078.0055
https://doi.org/10.3917/herm.078.0055
https://doi.org/10.1787/53f23881-en
https://doi.org/10.17275/per.15.22.2.3
https://doi.org/10.17275/per.15.22.2.3
https://doi.org/10.1007/s40753-021-00139-8
https://doi.org/10.1007/s10639-022-11166-6
https://doi.org/10.29333/ejmste/109611
https://doi.org/10.1088/1742-6596/1663/1/012040
https://doi.org/10.1088/1742-6596/1663/1/012040

En-nhiri et al. / Impact of Cabri 1 Plus software in the right triangle/Pythagorean theorem module

achievement at junior high school. Journal of Honai
Math, 6(1), 46-58.

Raja, R., & Nagasubramani, P. C. (2018). Impact of
modern technology in education. Journal of Applied
and Advanced Research, 3(1), 33-35. https:/ /doi.org/
10.21839/jaar.2018.v3iS1.165

Rone, N., Guao, N., Jariol Jr, M., Acedillo, N., Balinton,
K., & Francisco, J. (2023). Students’ lack of interest,
motivation in learning, and classroom
participation: How to motivate them? Psychology
and Education: A Multidisciplinary Journal, 7(8), 636-
645. https:/ /doi.org/10.5281/zenodo.7749977

Shurygin, V., Anisimova, T., Orazbekova, R., & Pronkin,
N. (2023). Modern approaches to teaching future
teachers of mathematics: The use of mobile
applications and their impact on students’
motivation and academic success in the context of
STEM education. Interactive Learning Environments,
32(6), 2884-2898. https:/ /doi.org/10.1080/
10494820.2022.2162548

Straesser, R. (2002). Cabri-Geometre: Does dynamic
geometry software (DGS) change geometry and its
teaching and learning? International Journal of
Computers for Mathematical Learning, 6(3), 319-333.
https://doi.org/10.1023/ A:1013361712895

Suratno, J. (2020). Using ornaments to enhance students’
proving skill in geometry. In Proceedings of the 1st
International Conference on Teaching and Learning
(pp- 194-199). https://doi.org/10.5220/
0008899201940199

Taasoobshirazi, G., & Glynn, S. M. (2009). College
students solving chemistry problems: A theoretical
model of expertise. Journal of Research in Science
Teaching, 46(10), 1070-1089. https://doi.org/10.
1002/ tea.20301

Tamur, M., Weinhandl, R., Sennen, E., Ndiung, S., &
Nurjaman, A. (2022). The effect of Cabri Express in
geometry learning on students’ mathematical
communication ability. Jurnal Teori Dan Aplikasi
Matematika, 6(4), 1027-1033. https://doi.org/10.
31764 /jtam.v6i4.10865

Tella, A. (2007). The impact of motivation on students’
academic achievement and learning outcomes in
mathematics among secondary school students in
Nigeria. Eurasia Journal of Mathematics, Science and
Technology Education, 3(2), 149-156. https:/ /doi.org
/10.12973 / ejmste /75390

Toma, R. B.,, Cordeiro Bizerra, A. M., Yéanez, 1., &
Meneses Villagra, J. A. (2023). Cross-cultural
adaptation of the science motivation questionnaire
II (SMQ-II) for Portuguese-speaking Brazilian
secondary school students. Revista Latinoamericana
de Psicologia, 55, 109-119.

Tran, L. T.,, & Nguyen, T. S. (2021). Motivation and
mathematics achievement: A Vietnamese case

20/ 26

study. Journal on Mathematics Education, 12(3), 449-
468. https://doi.org/10.22342/jme.12.3.14274.449-
468

Uwurukundo, M. S., Maniraho, J. F., & Tusiime
Rwibasira, M. (2022). Effect of GeoGebra software
on secondary school students” achievement in 3-D
geometry. Education and Information Technologies,
27(5), 5749-5765. https:/ /doi.org/10.1007/s10639-
021-10852-1

Valiente, C., Swanson, ]., & Eisenberg, N. (2012). Linking
students’ emotions and academic achievement:
When and why emotions matter. Child Development
Perspectives, 6(2), 129-135. https:/ /doi.org/10.1111
/j-1750-8606.2011.00192.x

Villa-Ochoa, J. A., & Sudrez-Téllez, L. (2021). Computer
algebra systems and dynamic geometry for
mathematical thinking. In M. Danesi (Ed.),
Handbook of cognitive mathematics. Springer.
https://doi.org/10.1007 /978-3-030-44982-7_36-1

Weis, P., Smetanka, L., Hréek, S., & Veres, M. (2024).
Interactive application as a teaching aid in
mechanical engineering. Computers, 13(7), Article
170. https:/ /doi.org/10.3390 / computers13070170

Wilkesmann, Z. N., Steinmayr, A., & Fischer, K. H.
(2021). Influence of motivation on academic
performance of students in Germany. Journal of
Education, 4(6), 1-9. https://doi.org/10.53819/
810181025018

Q. Yin, H, Hu, R, Li, X,, & Shang, ]J. (2022).
Motivation, engagement, and mathematics
achievement: An exploratory study among Chinese
primary students. Sage Open, 12(4). https:/ /doi.org
/10.1177,/21582440221134609

Yazlik, D. O. & Ardahan, H. (2012). Teaching
transformation geometry with Cabri Geometry
Plus II. Procedia-Social and Behavioral Sciences, 46,
5187-5191.
https:/ /doi.org/10.1016/j.sbspro.2012.06.406

Yilmaz, G. K. (2015). The effect of dynamic geometry
software and physical manipulatives on candidate

Xia,

teachers” transformational geometry success.
Educational Sciences: Theory and Practice, 15(5), 1417-
1435.

You, H. S., Kim, K., Black, K., & Min, K. W. (2018).
Assessing science motivation for college students:
Validation of the science motivation questionnaire
II using the Rasch-Andrich rating scale model.
Eurasia  Journal of Mathematics, Science and
Technology Education, 14(4), 1161-1173.
https://doi.org/10.29333/ ejmste/81821

Zakaria, N. A., & Khalid, F. (2016). The benefits and
constraints of the wuse of information and
communication technology (ICT) in teaching
mathematics. Creative Education, 7(11), 1537-1544.
https://doi.org/10.4236/ce.2016.711158


https://doi.org/10.21839/jaar.2018.v3iS1.165
https://doi.org/10.21839/jaar.2018.v3iS1.165
https://doi.org/10.5281/zenodo.7749977
https://doi.org/10.1080/10494820.2022.2162548
https://doi.org/10.1080/10494820.2022.2162548
https://doi.org/10.1023/A:1013361712895
https://doi.org/10.5220/0008899201940199
https://doi.org/10.5220/0008899201940199
https://doi.org/10.1002/tea.20301
https://doi.org/10.1002/tea.20301
https://doi.org/10.31764/jtam.v6i4.10865
https://doi.org/10.31764/jtam.v6i4.10865
https://doi.org/10.12973/ejmste/75390
https://doi.org/10.12973/ejmste/75390
https://doi.org/10.22342/jme.12.3.14274.449-468
https://doi.org/10.22342/jme.12.3.14274.449-468
https://doi.org/10.1007/s10639-021-10852-1
https://doi.org/10.1007/s10639-021-10852-1
https://doi.org/10.1111/j.1750-8606.2011.00192.x
https://doi.org/10.1111/j.1750-8606.2011.00192.x
https://doi.org/10.1007/978-3-030-44982-7_36-1
https://doi.org/10.3390/computers13070170
https://doi.org/10.53819/810181025018
https://doi.org/10.53819/810181025018
https://doi.org/10.1177/21582440221134609
https://doi.org/10.1177/21582440221134609
https://doi.org/10.1016/j.sbspro.2012.06.406
https://doi.org/10.29333/%20ejmste/81821
https://doi.org/10.4236/ce.2016.711158

EURASIA | Math Sci Tech Ed, 2025, 21(2), em2589

Zhang, A., Olelewe, C. ], Orji, C. T., Ibezim, N. E,,

Sunday, N. H., Obichukwu, P. U., & Okanazu, O.
O. (2020). Effects of innovative and traditional
teaching methods on technical college students’
achievement in computer craft practices. Sage Open,
10(4). https:/ /doi.org/10.1177/2158244020982986

Ziatdinov, R., & Valles, J. R, Jr. (2022). Synthesis of

modeling, visualization, and programming in
GeoGebra as an effective approach for teaching and
learning STEM topics. Mathematics, 10(3), Article
398. https:/ /doi.org/10.3390/ math10030398

Ziden, A. A., Ziden, A. A. A, & Ifedayo, A. E. (2022).

Effectiveness of augmented reality (AR) on
students” achievement and motivation in learning
science. Eurasia Journal of Mathematics, Science and

Technology — Education, 18(4), Article em?2097.
https://doi.org/10.29333 / ejmste /11923

Zulnaidi, H., & Syed Zamri, S. N. A. (2017). The

effectiveness of the GeoGebra software: The
intermediary role of procedural knowledge on
students” conceptual knowledge and their
achievement in mathematics. Eurasia Journal of
Mathematics, Science and Technology Education, 13(6),
2155-2180.

https:/ /doi.org/10.12973 / eurasia.2017.01219a

Zulnaidi, H., Oktavika, E., & Hidayat, R. (2020). Effect of

use of GeoGebra on achievement of high school
mathematics students. Education and Information
Technologies, 25(1), 51-72. https:/ /doi.org/10.1007 /
510639-019-09899-y

21/ 26


https://doi.org/10.1177/2158244020982986
https://doi.org/10.3390/math10030398
https://doi.org/10.29333/ejmste/11923
https://doi.org/10.12973/eurasia.2017.01219a
https://doi.org/10.1007/s10639-019-09899-y
https://doi.org/10.1007/s10639-019-09899-y

En-nhiri et al. / Impact of Cabri 1 Plus software in the right triangle/Pythagorean theorem module

APPENDIX A
Table Al. Student achievement test (SAT pre-test) (for each question, check the correct answer)
No Questions Answers
1 In the figure: ABC is a triangle ... Equilateral Isosceles Riéht
60°
30°
2 Point M is the midpoint of segment MB = MC MC = B_C MB = 2BC
[BC]. Therefore, ... é 2
3 The hypotenuse of a right triangle [AB] [AC] [%]
ABC, with a right angle at B, is ... D
4 ABC is a triangle where: BC>9 BC=9 0<BC<9
AB=4etAC=5. O
Therefore ...
5 In the following figure: B D A
A D c O O O
\\ B
Compared to D, C is the symmetrical
of ...

6  Mis a point on the perpendicular MAB is an equilateral MA = MB MAB is a right triangle.

bisector of segment [AB]. Therefore, é

trizﬁle.

7  ABCD is a rectangle with a center 0. A, B, C, an

d D belong to a

ODC is a right triangle.

(BD) is the axis of

Therefore, ... circle with center O. symmetl%’of ABCD.
8 The center of the circumscribed Perpendicular bisectors Medians Altitudes
circle of a triangle is the point of D
intersection of the ...
9 The square of 15 is equal to ... 30 225 7.5
10 The area of a square is 64 m?. Its side 8m 128 m 32m
measures ... a a
11 If x> = 100, then ... XZDSO XZDIO x=10oux = —-10
12 The area of triangle MAN with height AH x MH AH x MN AH x MN
AHs ... ﬁ., é
13 If ABC is a triangle, then ... AB + % > BC AB +6< BC AB +6: BC
14 IF AB + AC = BC, then ... ABC is a triangle B € [AC] A € [AC]
15 If ABC is a right triangle at A, then ... AB + ﬁ = BC ACﬁBC ABéBC
16 If EFG is a right triangle at F, then its [%] [ﬁ] [E]
hypotenuse is the side ...
17 6% + 8% is equal to ... (6 +DB)2 12616 1&)
18  The equation 25 = x + 9 has the 25 25-9 9—25
solution ... ﬁ D D
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APPENDIX B

Table B1. Student achievement test (SAT post-test) (for multiple-choice questions, check the correct answer)

No Questions

Answers

For questions 1 and 2, we use the figure

/ﬁ
B # C

M

shown here:

The triangle ABC is: ... Isosceles Right Equilateral
: 0 0 O
5 The center of the circumcircle of B C M
triangle ABC is: ... D D D
For questions 3 to 6, we use the figure shown here:
B Cc
~ /“/
K
A
3 If BK = 2, then ... A(:I:=Iz AcI:=I3 AcI:=I4
A If AK = 2, then ... BKD=2 BK =3 BK = 4
5 If AB = 3 and AB = 4, then ... AC613 ACD= 7 ACD= 5
6 The circumcircle of triangle ABC 6 5 5
has its center at: ...
K RK? = RE? + EK? EK? = ER? + EK? RE? = RK? + EK?
] L m m m
RKE is a right triangle at K,
therefore ...
FE OE = 19.8025 cm OE = 445cm OE = 599 cm
8 ° =
EOF is a right triangle at F, with
OF = 2.03 cm and EF = 3.96 cm,
therefore ...
L AL? = AF? — LF? LF? — ]_5 = AF? LF? = LA%? — AF?
9 A F
FAL is a right triangle at L,
therefore ...
A AD =6 cm AD =5cm AD =12cm
o T O O
B
10 b 12 cm ¢
(AD) is an altitude of triangle ABC,
thus ...
B 3¥ecm A BC =40 cm BC =160 cm BC=12cm
41 cm D
11 c
ABC is a right triangle at B,
therefore ...
G 3cm E GF =1.6cm GF =1.7cm GF =2 cm
12 . 34cm D
EFG is a right triangle at G,
therefore ...
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Table B1 (Continued). Student achievement test (SAT post-test) (for multiple-choice questions, check the correct answer)
No Questions Answers
For questions 13 and 14, we use the figure shown here: ACE is a right triangle at E, and ABC is a right triangle at B.
AE = 2.5cm; CE = 6 cm; AB = 5.6 cm

A

B
\/ c
E
13 CalCUlate AC: .. ie ittt e e ea e e e e e e et e e eaaeans
14 Calctlate Bl: ..ot e e e e et e e st e e s e e e
For questions 15 and 16, we use the figure shown here: ABC is a right triangle at C. (CH) is the altitude from C to

triangle ABC, and H is on segment [BC]. AC = 3.6 cm; BC = 4.8 cm.
c

A H
15 Calculate AB and CH: .....oiniinii i e e
16 Calculate HA and HB: ....ouiiiiii e e e e e e
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APPENDIX C: MATH MOTIVATION QUESTIONNAIRE (MMQ)

MMQ was adapted from the validated science motivation questionnaire (SMQ) developed by Glynn et al. (2009)
by replacing the term “science” with “math” in each item.

In order to better understand what you think and feel about your college math courses, please respond to each of
the following statements from the perspective of: “When I am in a college math course ...”")

1. Ienjoy learning math.
O Never O Rarely O Sometimes O Usually O Always
2. The math I learn relates to my personal goals.
O Never O Rarely O Sometimes O Usually O Always
3. Ilike to do better than the other students on the math tests.
O Never O Rarely O Sometimes O Usually O Always
4. Tam nervous about how I will do on the math tests.
O Never O Rarely O Sometimes O Usually O Always
5. If I am having trouble learning the math, I try to figure out why.
O Never O Rarely O Sometimes O Usually O Always
6. Ibecome anxious when it is time to take a math test.
O Never O Rarely O Sometimes O Usually O Always
7. Earning a good math grade is important to me.
O Never O Rarely O Sometimes O Usually O Always
8. I put enough effort into learning the math.
O Never O Rarely O Sometimes O Usually O Always
9. T use strategies that ensure I learn math well.
O Never O Rarely O Sometimes O Usually O Always
10.1 think about how learning math can help me get a good job.
O Never O Rarely O Sometimes O Usually O Always
11.1 think about how the math I learn will be helpful to me.
O Never O Rarely O Sometimes O Usually O Always
12.1 expect to do as well as or better than other students in the math course.
O Never O Rarely O Sometimes O Usually O Always
13.I worry about failing math tests.
O Never O Rarely O Sometimes O Usually O Always
14.1 am concerned that the other students are better in math.
O Never O Rarely O Sometimes O Usually O Always
15.1 think about how my math grade will affect my overall grade point average.
O Never O Rarely O Sometimes O Usually O Always
16.The math I learn is more important to me than the grade I receive.
O Never O Rarely O Sometimes O Usually O Always
17.1 think about how learning math can help my career.
O Never O Rarely O Sometimes O Usually O Always
18.1 hate taking the math tests.
O Never O Rarely O Sometimes O Usually O Always
19.1 think about how I will use math I learn.
O Never O Rarely O Sometimes O Usually O Always
20.1t is my fault if I do not understand math.
O Never O Rarely O Sometimes O Usually O Always
21.1 am confident I will do well on math assignments and projects.
O Never O Rarely O Sometimes O Usually O Always
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22.1 find learning math interesting.
O Never O Rarely O Sometimes O Usually O Always
23.The math I learn is relevant to my life.
O Never O Rarely O Sometimes O Usually O Always
24.1believe I can master the knowledge and skills in the math course.
O Never O Rarely O Sometimes O Usually O Always
25.The math I learn has practical value for me.
O Never O Rarely O Sometimes O Usually O Always
26.1 prepare well for math tests and quizzes.
O Never O Rarely O Sometimes O Usually O Always
27.1 like math that challenges me.
O Never O Rarely O Sometimes O Usually O Always
28.1 am confident I will do well on math tests.
O Never O Rarely O Sometimes O Usually O Always
29.1believe I can earn a grade of “A” in the math course.
O Never O Rarely O Sometimes O Usually O Always
30.Understanding math gives me a sense of accomplishment.
O Never O Rarely O Sometimes O Usually O Always
Table C1. Specific items are divided into the six dimensions of the MMQ

MMQ dimensions Items Frequency
Intrinsically motivated dimension 1,16, 22,27, & 30 5
Extrinsically motivated dimension 3,7,10,15, & 17 5
Personal importance dimension 2,11,19,23, & 25 5
Self-determination dimension 5,8,9,20, & 26 5
Self-efficacy dimension 12,21, 24, 28, & 29 5
Low math-related anxiety dimension 4,6,13,14, & 18 5
Total 30
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