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Abstract: This study aims to uncover the impact of using iPads in teaching the 3D shapes unit and promoting spatial 

visualization and achievement in mathematics among eighth-grade students. The study was conducted in Al-Hassad 

Schools and used a quasi-experimental method. The sample consisted of 118 eighth-grade students enrolled in the second 

semester of the academic year 2014 to 2015. The students were placed randomly in two groups: 62 students in the control 

group and 56 in the experimental group. The researcher developed a 3D model from a textbook unit, a spatial perception 

test, and a mathematics achievement test. The study revealed the following findings: (1) the effectiveness of an iPad-

enhanced 3D model in improving students’ mathematical achievement, (2) the effectiveness of using iPads in promoting 

spatial perception among eighth-grade students, (3) a statistically significant correlation between the level of spatial 

perception and their achievement in mathematics, and (4) a statistically significant difference in the effectiveness of using 

iPads to facilitate the students’ achievement in mathematics and spatial development, which is attributed to gender 

difference and favored female participants. In conclusion, the study recommends the use of iPads to facilitate teaching and 

learning mathematics and promoting the development of students’ spatial perception. Moreover, it also suggests paying 

more attention to male students. It also provided evidence for the need to conduct future studies to develop special 

applications for iPads to better facilitate teaching and learning mathematics and other materials in Arabic and finally, 

recommends incorporating iPads in teaching practices within schools and classrooms.  
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Introduction 

he world witnessed tremendous changes in all aspects of life, including economic, political, 

and social developments that are marked by technology as a key contributor. All through 

time, people have been realizing the inevitability of keeping pace with technological 

innovations. Accordingly, rapid technological advances have become the distinctive feature of all 

fields, including education. Significant developments in various disciplines have been evident, 

especially with teaching approaches and the tools used to facilitate these methods. Consequently, 

such innovations have led to global advancement and continuity. 

Consistently developing and improving various means of communication were the focus of such 

breakthroughs in technology that have successfully shrunk the world into a small village as it were. 

Facilitating communication and transportation between countries is also one of the most evident 

contributions of technology, which resulted in massive progress in both the learning and teaching 

processes. Such technical and scientific progress has helped review educational processes and 

syllabuses, encourage students’ initiatives, improve scientific thinking, get rid of memorization and 

indoctrination, rely on critical thinking, and use modern technologies in education (Eyadat 2004). 

Electronic learning (e-learning) is a learning method that is based on formalized instruction 

but that uses electronic resources. Although education can take place in or out of the classroom, 

e-learning is centered primarily on the use of computers and the internet. Non–e-learning entails 
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physical contacts with an instructor and classmates, whereas e-learning it is carried out in a 

virtual setting. Although there is human connection, it takes place online through virtual 

lectures, conversations, and face-to-face video workshops (Alqahtani and Rajkhan 2020). 

E-learning has recently become one of the most significant resources in the educational 

process. Exploring and obtaining a clear vision for e-learning is critically essential, which 

encompasses its meaning, importance in educational development, and the tools used in its 

facilitation, from computers to the more modern technical devices. E-learning provides 

educational or training programs using modern technological tools and means of 

communication by applying either autodidacticism (self-learning) or traditional (teacher-based) 

teaching and learning (Al-Dhabiani 2008). E-learning has several features and advantages such 

as reduced time, effort, and expenses in teaching and learning; the ability of computers to help 

improve the general level of academic achievement; and helping teachers and learners provide a 

proactive learning environment that is location or time independent (Marie and Al-Hila 2011). 

Traditional methods that rely on indoctrination and recitation, however, cannot be used for 

e-learning. E-learning is learning that takes place outside of a traditional classroom and makes 

use of electronic devices to obtain educational content. Modern teaching methods entail the 

pursuit of facts and the discovery of what is and is not true. Traditional techniques of teaching 

such as indoctrination and recitation are geared toward persuading individuals to believe in facts 

without even being able to cite these discovered truths with anything other than opinion. The 

precise distinction between contemporary educational methods, for example, e-learning and 

indoctrination, is sometimes subjective. Some people differentiate indoctrination from 

education because indoctrinated people are not required to question or critically analyze the 

ideology they have received (Diwan and Vartanova 2020). 

Modern teaching and learning methods therefore depend on many factors—providing the 

right conditions to bring about desirable improvements in the students’ conduct safely, 

supporting the student to become an effective learner, and a central axis in the learning process, 

and this does not take place unless education develops its methods and tools (Hawash and ‘Ebd 

Aljbar 2020). Furthermore, e-learning depends on visual tools, satellites, computer screens, and 

communication networks to establish links between universities in different countries and 

between individuals interested in learning. It is a means of transmitting and circulating 

information (Al-Ghamdi 2020). 

Throughout the first decade and the beginning of the second decade of the twenty-first 

century, the world witnessed massive and rapid developments in the means used in e-learning, 

and it became difficult for some individuals and institutions to keep pace with these 

innovations. Therefore, the institutions aware of the importance of the role of technology have 

done their best to keep up with these developments. On the other hand, other institutions lagged 

behind these developments and are so-called conventional or late institutions. Previously, the 

learning process was teacher centered, characterized by instructors’ dependence on 

indoctrination as a method to teach their students the sciences and skills they needed, adherence 

to curricula, conventional teaching techniques, and necessary classroom teaching tools. This 

approach can be practical, but the instructor exerts more effort employing this method and 

spends more time on planning and presentation. Students often have to make an effort to 

understand these steps because mental abilities differ in the classroom, adding to the teachers’ 

responsibility of having to directly follow up with each learner (Enriquez 2010). 

Regarding mathematics, it is considered as an abstract science and defined as a method of 

mental reasoning and logic-based analysis. Mathematics includes a group of branches, namely 

arithmetic, which deals with numbers and calculations; algebra, which deals with the symbolic 

language and relationships between numbers; geometry, which deals with shapes, sizes, and 

spaces; and others such as trigonometry, calculus, integration, and statistics. Thus, mathematics 

is considered an integrated and interconnected system (Al-Qurashi 2010). 
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Mathematics is the study of topics such as square, change, space, and quantity. 

Mathematicians look for and use patterns to develop new conjectures, and they employ 

mathematical proof to determine whether they are true or not, whereas mathematical thought is 

naturally creative; thus, the student’s solution to a mathematical problem is considered as an 

innovative product. Given that mathematics is one of the critical thinking methods, it must be 

presented to focus on building knowledge within an effective environment that encourages 

searching for solutions and thinking in more than one way (Al-Montashari and Al-Farrani 2020). 

However, skills to understand mathematics contribute significantly and profoundly to 

shaping the future of students in various societies. Mathematics has become part and parcel of 

our everyday lives, because it is the economic future that seeks to shape innovative skills, and it 

works on integrating knowledge. Teachers can present mathematics through new technologies 

for better education (Al Anzi and Al Massaad 2018). 

Some learners complain of difficulties in learning and understanding mathematical 

concepts and skills. It may be difficult for instructors to explain some of these concepts to their 

students in the desired way because they include some abstract concepts. Such difficulties may 

lead to a decline in students’ performance (Al-Harbi 2011). 

In the e-learning process, the iPad is considered as one of the most recent devices used, it is 

one of the most favored educational devices by teachers and learners, containing books, 

references, or other kinds of learning materials. It facilitates carrying out the steps in the 

educational process in terms of its pillars and helps achieve better outcomes than the 

conventional methods. It can be a helpful factor in preparing lessons and determining results. 

The iPad can process data and provide students with examples to fulfill their learning needs in 

or outside the classroom. It also provides the best and easiest ways to prepare and present 

various information to learners by providing the teacher with instructions (Murphy 2011). 

Many countries have adopted or incorporated this new technology, for instance, by 

introducing iPads to 25 private schools in the Kingdom of Saudi Arabia, distributing 5 million 

devices across Turkey over the next four years, opening seven schools with Steve Jobs’ name that 

will promote the use of iPad as the main educational tool, and distributing 640,000 devices to Los 

Angeles schools in America at the beginning of 2014. However, there had been no attempts by the 

Jordanian public education administrators to introduce iPads into the classroom and use them in 

learning and teaching processes (Alshammari, Reynolds, and Ferguson-Patrick 2021). The use of 

such a device compensates for many teaching instruments and resources. Moreover, it is currently 

used in the classroom in many educational stages. In addition, it also provides more than 40,000 

educational applications for all scientific, literary, historical, and linguistic topics accessible in all 

reference resources worldwide, both past and present. 

Research Questions 

Accordingly, the present study was conducted as an attempt to identify the impact of developing 

3D shapes using an iPad to promote the ability to think about objects in 3D and mathematical 

performance among eighth-graders by trying to answer the following questions: 
 

1. What is the impact of using iPads on improving the spatial visualization of eighth-

grade students? 

2. What is the impact of iPad-enhanced 3D shapes on the eighth-grade students’ level of 

achievement? 

3. Is there any statistically significant (α = 0.05) relationship between the eighth-grade 

students’ spatial visualization level and their level of mathematical achievement? 

4. Is there a gender-related difference between the eighth-grade students’ spatial 

visualization level and mathematical achievement? 
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Significance of the Study 

After a thorough examination of previous studies on the topic, the researcher noted a scarcity of 

Arabic studies addressing educational problems, in general, and in the Jordanian mathematics 

curriculum, in particular, especially after the global trend of using this new tool. 

Because of the individual differences in learning and understanding, the iPad works to provide 

the learner with examples on any topic and materials that accommodate their learning capacity for 

any content, whether audio, visual, or both. Using the iPad as a teaching tool, teachers can apply 

individual and group education in the classroom by establishing a linkage between students utilizing 

this device, wherein the same topic is taught simultaneously to all students (Murphy 2011). 

Delimitations 

After developing the “Shapes 3D” model from the eighth-grade mathematics textbook for the 

school year 2014 to 2015, and further reorganization and arrangement, an achievement test and 

a spatial visualization test were prepared by the researcher, for which validity and reliability 

were confirmed. However, this study dealt with only a sample of four eighth-grade classes at 

Al-Hassad Al-Tarbawi Private School in Amman during the second semester of the academic 

year 2014 to 2015. Moreover, the Shapes 3D iPad application that was used to enhance the 3D 

shapes in this study works only on Apple devices. 

Related Literature 

Afouneh (1996) has investigated the relationship between spatial visualization and 

mathematical performance among seventh-grade students, using a sample of eight students. The 

study revealed a significant (α = 0.05) positive correlation between mathematical performance 

and students’ spatial visualization. Similarly, Nasser (2007) investigated the relationship 

between mathematics achievement and spatial visualization among third-grade students. The 

spatial visualization test was administered to 642 male and female students in Babil 

Governorate. The results revealed that the third-grade students have a spatial visualization in 

mathematics but not at the required level. The study also showed a positive correlation between 

spatial visualization and mathematics achievement for elementary school students. 

Shalaby (2004) and Al-Harbi (2011), on the other hand, attempted to determine how visual 

perception efficiency is linked to mathematical learning difficulties. The researcher established a 

reliable tool for diagnosing the visual perceptual difficulties among elementary school students 

owing to the scarcity of such tests in the Arab environment. The researcher also designed a potential 

educational kit project to address visual perceptual difficulties in students with learning disabilities, 

in general, and those with mathematical learning disabilities, in particular. The study sample 

included 217 male and female elementary school students at Khaled Ibn Al-Walid School in Mit 

Ghamr, Dakahlia Governorate, Egypt. The study administered the Raven’s Coloured Progressive 

Matrices (RCPM) scale, a behavior assessment scale for students with learning difficulties, and a test 

for diagnosing visual perceptual challenges. Shalaby used the quasi-experimental approach and 

found that students with learning difficulties perform less accurately than average students in terms 

of visual discrimination, visual closure, visual memory, spatial relationships, distinguishing between 

figures and ground, and the overall spatial perception degree. 

With regard to the use of specific devices, a study designed by Olivier (2005) used a newly 

developed lecture presentation method, called Presenter for Teaching Mathematics. The study 

sample comprised a group of mathematics students enrolled in a formal degree program and a 

group of students in an informal mathematics upgrade program at Nelson Mandela University. 

The researcher used a particular system to teach mathematics. According to the study findings, 

using this method to deliver mathematics lectures through a tablet, offered a degree of freedom 

that promotes effective learning in the classroom. 
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Carr (2012) has also noted the impact of using iPads on fifth-grade students’ achievement in 

mathematics. A specialized mathematics test was administered to 104 fifth-grade male and female 

students in two Virginia elementary schools in Virginia, United States. The study revealed that the 

test scores before (pre-test) and after (post-test) iPad use were not significantly different between 

the two groups. The author recommended conducting a future study that includes increasing the 

iPad use duration and the study population, collecting qualitative data, and providing students with 

consistent unlimited iPad access to as much as 24 hours a day and 7 days a week. 

In another study, Shehata (2014) identified the visual thinking skills gained through 

geometry and length units to establish an effective program using the iPad to enhance 

mathematics academic achievement and visual thinking skills and assess this software’s 

effectiveness. A quasi-experimental study was conducted by administering mathematics 

achievement and visual thinking tests to second-grade students in one of the Beheira 

Governorate elementary schools. The pre-test results revealed the students’ low achievement 

level in the geometry and length units in the mathematics curriculum. The researcher has also 

recognized that activities included in these units are inadequate, traditional, and stereotypical. 

Therefore, the researcher has established a more effective mathematics teaching practice. 
Al-Ruwaili (2014) and Thornburg, Hung, and Jackson (2012) also studied the iPad 

educational applications’ efficacy in improving fourth-grade elementary students’ mathematical 

achievement. This quasi-experimental study with pre-test and post-test design involved two 

groups of fourth-grade students. Each group included 18 students, and either the achievement 

pre-test or post-test was administered to each of the two groups. The study results showed that 

the iPad and its educational applications effectively enhanced the students’ mathematical 

achievement. The researcher attributed this efficacy to the consistency of the iPad and its 

applications with students’ preferred teaching and learning methods, which depend on the 

gradual interactive transition from the tangible to the semi-tangible to the abstract. This 

interactive manner depends on students’ activity and their positive participation and discovery 

of concepts and relationships by themselves, which in turn lead to the development of their 

practical thinking skills. The researcher recommended conducting more studies in this field on 

different educational curricula and levels. 

Finally, Al-Hazmi and Al-Ansar (2019) set out to investigate the effectiveness of the 

Enabling Elementary School Students to Master Basic Mathematical Skills and Linking These 

Skills to Their Daily Lives initiative. This initiative included four axes related to basic 

mathematical skills. The study showed the initiative’s positive role, which contributed 

effectively to raising the level of primary school students’ proficiency in basic mathematical 

skills by 75 to 87 percent. The study also demonstrated the effectiveness of the initiative in 

establishing positive attitudes toward mathematics and teamwork. 

It is noteworthy that most of the Arabic studies had the same research purposes, namely, 

investigating the effectiveness of iPad use in enhancing students’ mathematical achievement 

(Al-Ruwaili 2014; Asad Khan 2014), identifying and developing the relationship between 

spatial visualization and mathematical achievement (Al-Harbi 2011; Al-Saidi 2014; Abu-

Mostafa 2010), identifying visual thinking skills and linking them with the improvement of 

mathematical achievement (Shalaby 2004; Shehata 2014), and preparing electronic software to 

be used in teaching and improving the mathematical achievement (Al-Saidi 2014). Some of the 

studies also agreed in terms of the research tools and approaches used, such as using the 

achievement test as an assessment tool (Al-Ruwaili 2014; Ahmed 2010), applying the 

descriptive analytical approach (the questionnaire method) (Al-Qahtani 2013), and using the 

quasi-experimental method (Al-Saidi 2014; Asad Khan 2014; Shalaby 2004; Shehata 2014). 

Furthermore, some studies reached the same results, which proved the effectiveness of 

modern technology and iPad usage in enhancing students’ mathematical achievement (Al-

Mousa 2019; Al-Ruwaili 2014; Asad Khan 2014; Ahmed 2010), the presence of a positive 

relationship between spatial ability and achievement, the effectiveness of electronic software in 
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improving spatial visualization ability (Al-Alouni and Mohammed 2019; Al-Saidi 2014), and 

explored the lower achievement scores of students with learning disabilities in visual 

discrimination compared with average students (Al-Harbi 2011; Shalaby 2004; Shehata 2014). 

With regard to foreign studies, most of them had the same purpose of identifying students’ 

views on iPad use in learning in the classroom (Aksu 2014; Thornburg, Hung, and Jackson 2012), 

investigating the impact of iPad use on education (Carr 2012; Kiger, Herro, and Prunty 2012), 

studying changes in the computational thinking process (Kalmpourtzis 2014; Zaranis, Kalogiannakis, 

and Papadakis 2013), and determining the impact of using iPad and large displays in the classroom 

on the learning process (Attard and Curry 2012; Olivier 2005). 

Some of the studies also used similar research tools and approaches, such as the use of 

questionnaires (Aksu 2014; Kalmpourtzis 2014; Kiger, Herro, and Prunty 2012; Thornburg, 

Hung, and Jackson 2012), interviews (Attard and Curry 2012; Feinstein and Bynner 2004), and 

preparing educational assessment tools such as exams (Carr 2012; Olivier 2005; Zaranis, 

Kalogiannakis, and Papadakis 2013). Finally, some studies also had the same findings, namely, 

that iPads positively affect education (Carr 2012; Kiger, Herro, and Prunty 2012), existence of 

computer thinking variables positively affect classroom teaching (Kalmpourtzis 2014; Zaranis, 

Kalogiannakis, and Papadakis 2013), integration of iPad and large displays into the classroom 

positively affects the teaching process (Attard and Curry 2012; Olivier 2005), and also 

emphasizing the students’ opinion on the importance of using the iPad in teaching (Aksu 2014; 

Thornburg, Hung, and Jackson 2012). 

Differences between the Current and Previous Studies 

The present study differs from previous studies in that its independent variable is the teaching 

method using the iPad, whereas its dependent variables are spatial visualization, achievement, 

and gender. 

Research Problem 

On the basis of the aforementioned data, modern technology has undoubtedly become essential 

in our daily lives in general and in education. Accordingly, countries, both in the First and in the 

Third World, have tended to employ modern technology in educational learning processes, 

followed by incorporating this technology in their schools to achieve the desired educational 

objectives. Most studies have also indicated that modern technology, specifically the iPad, 

positively affects students’ performance in mathematics. On the basis of recent results of the 

Trends in International Mathematics and Science Study (TIMSS), the Hashemite Kingdom of 

Jordan was ranked lowest among the countries that participated in this test, forcing the state to 

look for new and advanced tools and methods to develop its students’ thinking. 

Methodology 

Study Population and Sample 

The study population consisted of all eighth-grade students at Al-Hassad Al-Tarbawi Private 

School in Amman during the second semester of the academic year 2014 to 2015. The 

researcher chose a purposive sample consisting of 113 eighth-grade male and female students, 

in which 56 were randomly placed in the experimental group and 57 in the control group, as 

shown in Table 1. Four classes were randomly selected from the eighth-grade classes and 

randomly divided into four sections. 
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Table 1: Control and Experimental Groups 
Experimental Control Group 

(D) 32 (B) 33 Male 

(A) 24 (C) 24 Female 

56 62 Total 

Source: Sawaftah and Almobasher 

 

To check whether the control and experimental study groups were on the same level in terms 

of achievement, the researcher obtained and reviewed their achievement test scores in the first 

semester of the academic year 2014 to 2015 and then calculated means and standard deviations 

from these test scores. ANOVA and post hoc tests were applied to show the statistically 

significant difference between the two groups. The results indicated no statistically significant 

difference between the achievement test scores of students in the experimental and control groups, 

except for sections A and D of male students. Accordingly, the findings of the study can be 

applied to all other sections, where the experimental and control groups are equivalent. 

Study Procedures 

The present study adopted the pre and post-test quasi-experimental design and depended on the 

use of two equivalent groups, experimental and control, as shown in Figure 1. 
 

 
Figure 1: Study Procedures 

Source: Sawaftah and Almobasher 

Research Variables 

The independent variable in this study is the teaching method, which has two levels, namely, 

the iPad-enhanced teaching method and the traditional method, whereas the dependent variables 

are the development of spatial visualization, mathematical achievement, and gender. 

Research Tools, Validity, and Reliability 

The iPad-enhanced 3D shapes unit, which was based on the 3D shapes unit in the mathematics book 

for eighth-grade students, was one research instrument used in this study. 3D shapes were enhanced 

using the Shapes 3D (3D Geometry Learning) iPad application, which employs the efficacy of 

modern visualization tools to improve the student’s skills and offers opportunities to clarify things in 

a way that regular traditional tools cannot. It also helps create an atmosphere of enthusiasm and 

interest in math classes among students of all levels. This application has been reviewed, 

documented, and approved by the Faculty of Mathematics and Computer Science, Adam 

Mickiewicz University. It is designed to assist teachers in the classroom and can also be used as a 

self-study tool so that students can simultaneously discover shapes and hone their manual skills. It 

enables the exploration of 3D models such as prisms, pyramids, and circular shapes. 
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The unit’s developed content was validated by referring it to a group of reviewers from the 

faculty members in Yarmouk University and the mathematics subject-supervisors and teachers 

of the education directorate. Reviewers were asked for their opinions about the suitability of the 

developed unit for the eighth-grade students in terms of the adequacy of the goals; their 

diversity and formulation in general and particularly for each lesson; the adequacy of the 

activities for each lesson; and the appropriateness of the activities, training, and evaluation. 

After retrieving the developed unit and inspecting the reviewers’ feedback, the improved unit 

content’s consistency with the objectives for which it was designed was confirmed. 

Another research tool employed in this study was the spatial visualization test, which is 

considered a fundamental pillar of spatial visualization. The test was designed after reviewing the 

Wheatley test (Afouneh 1996; Al-Salibi 2004). It is a 40-point multiple-choice quiz, with each 

point representing a geometric shape. The student must decide the correct shape that will result 

from rotating the shape or the correct face for the shape when looked at from the top, one of the 

sides, or the flat analog of the loosened figure, and so on. The test duration was set at 45 minutes. 
The researcher presented the foregoing test to reviewers experienced and specializing in 

measurement and evaluation, curricula and teaching methods at Yarmouk University and other 

Jordanian universities and to educational supervisors to check the test validity. The experts’ 

opinions were sought in regard to the extent to which the questions present, cover, and evaluate 

the unit’s stated objectives and make notes on the clarity of the questions, wording precision, 

and the suitability of the tool for the study objective. The tests were updated on the basis of the 

experts’ notes and suggestions. 

The researcher also constructed an achievement test to measure eighth-grade students’ 

mathematical achievement before and after studying the developed unit, with test items created 

in light of the unit’s stated objectives after analysis. To ensure the test validity, the test was 

provided to a group of specialized, experienced, and relevant reviewers who were asked to 

comment on the content and wording of the questions in line with the specified goals and make 

the necessary changes on the basis of their feedback and suggestions. After reviewing the 

reviewers’ opinions and amendments, the researcher concluded that the test’s content is 

adequate for the purpose for which it was developed. 

The reliability of the tests was confirmed by administering them on a trial sample 

composed of 10 students from one of the eighth-grade class sections at Al-Hassad Al-Tarbawi 

School. It is worth noting that all students who were included in the actual research sample were 

excluded in the pilot testing. The same sample was then retested 2 weeks later, and the 

reliability coefficient for the test was calculated using the split-half method. 

Research Design 

A quasi-experimental approach was used in two of the four sections, where an iPad was used in 

the classroom to facilitate teaching, whereas traditional teaching strategies were employed in 

the other two sections. 

Research Procedures 

The first step was designing the research tools and choosing a study sample from Al-Hassad Al-

Tarbawi School in Amman. The spatial visualization and achievement tests were then prepared and 

submitted to a host of reviewers to confirm their validity. Next, the female and male teachers were 

provided with the developed unit for review. The researcher then convened a meeting with the 

female and male teachers who would use the iPads to teach the developed unit to the experimental 

group, where they discussed the lesson presentation method and were trained in the technique to be 

used. Later, the Shapes 3D application that will be used for teaching the unit was loaded into the 

iPads of male and female students in the experimental group. The developed unit was then 
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implemented by the trained teachers to the experimental group during the second semester of the 

academic year 2014 to 2015. Following that, the achievement and spatial visualization tests were 

administered to both the control and the experimental groups. Finally, the two tests were checked 

and the results compiled, with the required statistical analysis carried out to obtain the results. 

Statistical Treatment 

In order to obtain results, following statistical analyses were conducted: (1) Descriptive statistics; 

arithmetic mean and standard deviation, (2) T-test to check whether there is a discrepancy between 

the control and experimental groups before and after the test, (3) Analysis of covariance pre-test 

(ANCOVA) to check students’ performance on the spatial visualization test (pre-test/post-test), (4) 

Analysis of covariance post-test (ANCOVA) to check students’ performance on the achievement 

test, (5) Pearson correlation coefficient to examine the relationship between spatial ability and 

achievement in the 3D shapes unit of the eighth-grade mathematics curriculum. 

Results and Discussion of Findings 

This section presents and discusses the study’s results and findings. Given the first research 

question as to what the impact of an iPad-enhanced 3D shapes unit on the eighth-grade 

students’ mathematical achievement is, the researcher calculated the means and standard 

deviations of the control and experimental groups’ scores in the pre- and post-achievement 

tests. The results are shown in Table 2. 
 

Table 2: Means and Standard Deviations of the Experimental and  

Control Group’s Scores in the Pre- and Post-achievement Tests 
Post-test Pre-test 

Group 
SD Mean SD Mean 

7.19 37.42 4.10 19.55 Male (B) 
Control 

9.24 36.90 4.54 20.00 Female (C) 

8.15 37.18 4.28 19.76 Total 

7.44 39.94 3.97 18.48 Male (D) 
Experimental 

5.90 44.54 4.11 19.21 Female (A) 

7.07 41.91 3.98 18.79 Total 

Source: Sawaftah and Almobasher 

 

Table 2 shows that the mean of the control group’s scores in the pre-test is 19.76 and the 

standard deviation is 4.28. The mean of the experimental group’s scores in the pre-test is 18.79, 

and the standard deviation is 3.98. Moreover, the mean of the control group’s scores in the post-

test is 37.18, and the standard deviation is 8.15. In contrast, the mean of the experimental group’ 

scores in the post-test is 41.91, and the standard deviation is 7.07. 

It can be noted that the mean of the control group’s scores in the pre-test is higher than that 

of the experimental group, whereas the mean of the experimental group’s scores in the post-test 

is higher than that of the control group. This shows that the participants might have changed in 

ways that they would have changed regardless because they are developing and learning 

between the pre-test and the post-test. If the training lasted a year, individuals may become 

better reasoners, which could account for the shift in their mean. To check whether there is a 

statistically significant difference at the significance level of (α = 0.05) between the average 

pre-test scores of the control and experimental groups, the researcher applied the T-test to the 

scores of the students in the two groups who took the achievement pre-test. The results yielded 

by this exercise are shown in Table 3. 
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Table 3: T-test Results on the Experimental and Control Groups’ Pre-test Achievement Scores 
Significance (P) T-Value SD Mean Group 

0.21 –1.27 
4.28 19.76 Control 

3.98 18.79 Experimental 

Source: Sawaftah and Almobasher 

 

As Table 3 shows, the calculated value of T is –1.27, and the value of P is 0.21, which is 

not statistically significant at the level of significance of α ≤ 0.05. The results revealed no 

statistically significant difference between the average scores of the experimental and control 

groups in the pre-achievement test, indicating that both groups are of the same level of 

achievement on the conduct of the pre-test. The T-test was applied to check whether there is a 

statistically significant difference between the control and the experimental groups’ average 

post-test scores. The results yielded by this exercise are shown in Table 4. 
 

Table 4: T-test Results on the Experimental and Control Groups’ Post-achievement Test Scores 
Significance (P) T-Value SD Mean Group 

0.00 3.35 
8.147 37.18 Control 

7.074 41.91 Experimental 

Source: Sawaftah and Almobasher 

 

As shown in Table 4, the T-value is 3.35, and the P-value is 0.00, which is statistically 

significant at the level of significance of (α ≤ 0.05); therefore, we reject the null hypothesis and 

accept the alternative hypothesis. The post-achievement test results show a significant 

difference between the mean scores, statistical difference, and T-value of experimental and 

control group students, indicating that the iPad-enhanced 3D shapes unit effectively improves 

eighth-grade students’ mathematical achievement. 

The T-test indicated the two groups’ equivalence in the achievement pre-test and their 

nonequivalence in the achievement post-test. However, it was more appropriate to investigate 

the impact of the iPad-improved 3D shapes unit on the eighth-grade students’ mathematics 

achievement using the covariance test (ANCOVA). The results are shown in Table 5. 
 

Table 5: ANCOVA Results of the Effect of the Teaching Methods on the  

Experimental and Control Groups’ Mathematical Achievement 
Significance (P) F Mean Squares Df Sum of Squares Source 

0.000 1,267.237 6,235.719 1 6,235.719 Pre-test 

0.000 245.717 1,209.104 1 1,209.104 Group 

  4.921 115 565.883 Error 

   118 190,860.000 Total 

Source: Sawaftah and Almobasher 

 

Table 5 illustrates that the F value is 245.717 and that the P-value is 0.000, indicating that 

there is a statistically significant difference in favor of the experimental group at the 

significance level of α = 0.05 between the average scores of controls and experimental groups, 

attributed to the teaching method variable. On the basis of the obtained result, we can conclude 

that the iPad-enhanced 3D shapes unit effectively improved eighth-grade students’ 

mathematical achievement. 

The findings of this study are consistent with those of Shehata (2014), wherein students who 

used the iPad to learn geometry and length units surpassed those who used the traditional methods, 

as well as of Al-Ruwaili (2014), where the use of the iPad and its educational applications was 

highly effective in enhancing the fourth-grade students’ mathematics achievement, and of Asad 

Khan (2014), in which the group that implemented iPad mobile learning was more likely to 

remember, understand, and apply what they learned. Moreover, the results were also congruent with 

those of the Zaranis, Kalogiannakis, and Papadakis (2013) study, wherein iPad-based learning 

achieves better outcomes for students than traditional learning methods. It also agrees with the 
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findings of Kiger, Herro, and Prunty (2012), namely, that the group that relied on a cell phone in the 

learning process obtained higher scores than the other group, as well as the findings of Carr (2012), 

which indicated that the experimental group outperformed the control group. 

The effectiveness of the iPad-based teaching and learning process, according to the 

researcher, is attributable to the iPad’s and its implementations’ compatibility with students’ 

chosen teaching and learning approaches, which rely on a gradual interactive manner of 

transformation from the concrete to the semi-tangible to the abstract, depending on the students’ 

active and positive participation and discovery of new ideas and relationships on their own, 

which in turn results in the enhancement of their critical thinking skills. The use of an iPad in 

learning and teaching mathematics has a significant impact on the learning and teaching process 

because students learn more effectively when they are interested in what they are learning. The 

students’ achievement increases faster, particularly when they enjoy the subject. 

The use of technology in learning and teaching mathematics encourages students to solve 

challenging problems without relying on traditional methods, that is, thinking and problem-

solving, performed internally through mental visuals (Shaath 2009). Many attempts have been 

made to improve students’ mathematical learning experiences. In the traditional teaching 

methods, students are the passive receivers, where the teacher provides them with all of the 

knowledge they need, but now, students will be able to develop a better understanding of 

concepts, all thanks to the integration of technology into education, because technology helps 

students gain a better understanding of abstract mathematical principles by creating a 

visualization or representation of drawings and showing them so that relationships between 

objects and their properties emerge. As a result, students’ ability to interact with mathematical 

knowledge would improve (Brunken, Plass, and Leutner 2003). 

Technology provides dynamic opportunities for learning and teaching mathematics because it 

relies on visual aspects, shapes, and drawings, in ways that require exploration, intuition, and 

evidence, where the technical environment in the classroom contributes to the enrichment of these 

aspects. Hence, we use technology as a method or pillar to teach and learn mathematics because it 

helps students to play an active role in obtaining knowledge from teachers and textbooks and lets 

students make proactive choices about how to develop, acquire, interact with, and view information 

through the use of technology. It enables many students to consider facts, make choices, and apply 

skills in ways that are not possible in traditional classrooms. Furthermore, technology helps students 

complete real-world projects, set goals, make and design decisions, and assess their success. The 

teacher’s role too has evolved. The classroom is no longer teacher centered; rather, the teacher now 

serves as a facilitator, defining project goals, providing instructions and references that are 

transferred from one student to the next or from one community to the other, making suggestions, 

and encouraging student activities (Burrill et al. 2002). 

Real mathematical learning occurs when students participate actively in learning purposeful 

mathematical concepts and generalizations rather than memorizing formulas and concepts. 

Technology may improve students’ understanding and access to mathematical and scientific 

concepts, and the availability of learning environments that assist learners in developing 

communication skills, solving mathematical problems, and improving their academic 

achievement (Al-Sawaii and Khashan 2005). 

With regard to the second research question, which asks about the impact of using a device, 

in this case, an iPad, on improving the eighth-grade students’ spatial visualization in the 

mathematics subject, the researcher calculated the means and standard deviations of the control 

and experimental groups’ pre- and post-spatial visualization test scores. The results of these are 

shown in Table 6. 



THE INTERNATIONAL JOURNAL OF SCIENCE, MATHEMATICS AND TECHNOLOGY LEARNING 

 

 

 

Table 6: Means and Standard Deviations of the Students’ Scores in the  

Pre- and Post-Spatial Visualization Tests 
Post-test Pre-test 

Group 
SD Mean SD Mean 

11.56 59.88 6.50 31.30 Male (B) 
Control 

14.79 59.03 7.13 31.97 Female (C) 

13.07 59.48 6.76 31.61 Total 

11.41 64.41 6.23 29.59 Male (D) 
Experimental 

8.75 71.96 6.62 30.75 Female (A) 

10.94 67.64 6.37 30.09 Total 

Source: Sawaftah and Almobasher 
 

Table 6 shows that the mean of the pre-test scores of the control group is 31.61, with an SD 

of 6.76, and that of the experimental group is 30.09, with a SD of 6.37. On the other hand, the 

mean of the post-test scores in the control group is 59.48, with an SD of 13.07, and that of the 

experimental group is 67.64, with a SD of 10.94. 

The results demonstrate that the mean of the control group’s scores in the pre-test is higher than 

that of the experimental group, whereas the mean of the experimental group’s scores in the post-test 

is higher than that of the control group. Because the T-test does not account for changes in scores 

between the pre-test and the post-test for the same group (changes due to group variable), it is more 

appropriate to investigate the impact of iPad usage on the improvement of the eighth-grade students’ 

spatial visualization in mathematics using the covariance test (ANCOVA). Accordingly, to check if 

there is a statistically significant difference at the significance level of (α = 0.05) between the average 

pre-test scores of the control and experimental groups, the ANCOVA test was applied to both the 

groups’ scores in the spatial visualization pre-test. The results are shown in Table 7. 
 

Table 7: Results of the ANCOVA Test for the Effect of Teaching Method on  

Experimental and Control Groups’ Spatial Visualization 
Significance (P) F Mean Squares Df Sum of Squares Source 

0.000 1,009.151 15,259.42 1 15,259.42 Pre-test 

0.000 224.629 3,396.63 1 3,396.63 Group 

  15.121 115 1,738.92 Error 

   118 492,606.00 Total 

Source: Sawaftah and Almobasher 
 

Table 7 shows that the F value is 224.629 and that the P-value is 0.000, indicating that 

there is a statistically significant difference in favor of the experimental group at the 

significance level of (α = 0.05), between the average scores of controls and experimental groups 

attributed to the teaching method variable, hence proving the effectiveness of iPad usage in the 

improvement of the eighth-grade students’ spatial visualization in mathematics. 

This result agrees with the findings of many previous studies. According to Shehata (2014), 

students who used the iPad scored higher on the spatial visualization test than those who studied 

using the traditional manner, demonstrating the efficacy of iPad-based teaching and learning 

activities in improving spatial visualization skills. Al-Saidi (2014) also proved the efficacy of 

educational video games in the development of visual perception and the persistence of its 

learning impact on second-grade students with learning disabilities. Similarly, Kalmpourtzis 

(2014) concluded that iPad usage positively affects the development of spatial visualization 

ability, as well as helping students develop skills related to spatial perceptions associated with 

transformations and cycles. However, these results contradict those of Al-Bitar (2005), who 

indicated the absence of statistically significant differences between the average scores of the 

control and experimental groups in the 2D and 3D spatial ability test, as well as the positive 

correlation between academic achievement in construction accounting and 2D spatial ability. 

The positive impact of iPad usage on spatial ability can be attributed to the potential of the 

visual effects in the representation, construction, and rotation of geometric shapes and solids, 
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which embody the mental image for the students’ eye from multiple angles and help anchor the 

geometric shapes into the minds of the students. It’s no secret that students’ mastery of the 

geometric or 3D shapes in the form of visual effects allows them to explore, feel, and touch the 

geometric concept and its properties, prompting the students to understand the relationship 

between Euclidean geometry (flat plane) and non-Euclidean geometry, and to switch between 

them effortlessly. The visual effects also create virtual representations for the student, in which 

they can create and manipulate geometric shapes and solids, communicate with them, reduce 

and expand them, enumerate and diversify their forms, which in turn are useful in their 

engineering studies and improve their spatial ability. Furthermore, the visual effects helped 

learners in visual proofing a variety of algebraic generalizations, such as the rule of difference 

of two squares and others, as well as the transformation of learning algebra into a fun 

engineering game, in which the learner moves squares and rectangles and wraps them to 

complete algebra with geometry and deepen his engineering understanding. 

Rafi, Samsudin, and Ismail (2006) support the computer software programs’ ability to 

improve spatial visualization by stating,  

Computer-mediated instruction for spatial training of Engineering Drawing exercises 

substantially improved spatial visualisation however the mental rotation improvement 

was marginal. The performance gain for individual depends on the instructional 

methods, especially attributed to its high degree of interaction and interactive 

simulation feedback, enhancing learners’ understanding and comprehension. 

Performance improved by having less commission of errors and reduced reaction time 

as progression of training continued. (Rafi, Samsudin, and Ismail 2006, 157) 

Examples of visual effects abound with proofs that depend on the rotation and wrapping of shapes 

and solids, for example, that it is equal to 180, as well as the angles of a quadrilateral, the square of 

an algebraic number, the difference of two squares, or the sum and difference of two cubes. 

Accordingly, the spatial ability of the algebra learner has improved as a result of the visual effects. 

The current study’s findings are consistent with those of previous research in terms of the efficacy of 

computer software in improving spatial ability (Al-Bitar 2005; Basham 2006; Yuda 2011). 

Finally, the third research question that aims to discover whether there is a statistically 

significant (α = 0.05) relationship between the eighth-grade students’ spatial visualization level 

and their mathematical achievement will be answered by calculating the Pearson correlation 

coefficient between the students’ scores in the achievement and spatial visualization tests. 

Values of the Pearson correlation coefficient and its significance are shown in Table 8. 
 

Table 8: Pearson Correlation between the Students’ Scores in the  

Pre- and Post-achievement Tests and the Pre- and Post-Spatial Visualization Tests 
Spatial Visualization Post-test Spatial Visualization Pre-test Variable/Pearson Correlation (r) 

0.86* 0.81* Achievement Pre-test 

0.84* 0.87* Achievement Post-test 

*Correlation is significant at the significance level of α = 0.05 

Source: Sawaftah and Almobasher 

 

As indicated in Table 8, the Pearson correlation coefficient (r) between achievement pre-

test and the spatial visualization pre-test scores was calculated to be 0.81. For the achievement 

post-test and the spatial visualization post-test scores, the value of r is 0.84. In addition, the r-

value between the achievement pre-test and the spatial visualization post-test scores is 0.86, and 

for the achievement post-test and spatial visualization pre-test scores, the value of r is 0.87. 

Consequently, the pre- and post-achievement tests, as well as the pre- and post-spatial 

visualization tests have statistically significant relationships at the significance level of α = 0.05. 

These findings agree with those of Abu-Mostafa (2010), which showed a strong correlation 

between students’ mathematical achievement and spatial ability, with high-achieving students having 
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better spatial ability than their intermediate and low-achieving peers. Moreover, Nasser (2007), also 

indicated the presence of a positive correlation between spatial visualization and mathematical 

achievement among third-grade students. Furthermore, another congruent study, published by 

Afouneh (1996), found a statistically significant correlation between students’ mathematical 

achievement and spatial visualization. On the other hand, these results contradict Al-Bitar (2005), 

who indicated the absence of a relationship between academic achievement and 2D spatial ability. 

The relationship between spatial and mathematical abilities is debatable. In particular, 

logical thinking was shown to have a greater link to spatial ability than numerical or 

mathematical ability. On the basis of the statistically significant positive correlation between 

mathematics and spatial ability, this high average in spatial visualization test scores indicates 

that if students are allowed to express their abilities and skills, they will understand 

mathematics. It can also be argued that students’ mathematical achievement would increase if 

they were taught using visual methods rather than traditional ones. Hence, the researcher 

recommends the inclusion of more visual aids in school curricula, with emphasis on using 

pictures and 3D shapes. As a hint of what could be the trigger behind male students’ inferiority 

against females in spatial abilities, some researchers indicated that this might be attributable to 

the so-called lateral thinking or the impact of cultural and economic factors. 

Conclusion 

This study successfully proved the effectiveness of the iPad-enhanced 3D shapes unit in 

promoting the eighth-grade students’ mathematical achievement. The ANCOVA test results 

have shown a difference, which is statistically significant at the significance level of (α = 0.05), 

between the experimental and control groups’ achievements, attributed to the teaching method 

variable. This difference was in favor of the experimental group. 

In line with the effectiveness of iPad usage in promoting the eighth-grade students’ spatial 

visualization in mathematics, the ANCOVA test results have shown a difference, which is 

statistically significant at the significance level of (α = 0.05), between the experimental and 

control groups’ achievement, attributed to the teaching method variable. This difference was in 

favor of the experimental group, where the experimental group’s average scores were higher 

than those of the control group. 

In addition, there is a statistically significant correlation between the eighth-grade students’ 

mathematical achievement and spatial visualization ability at the significance level of (α = 

0.05). The results indicate that the Pearson correlation coefficient between the scores of the 

achievement post-test and the spatial visualization post-test is statistically significant at the 

significance level of (α = 0.05). 

The difference in the iPad-improved 3D shapes unit’s effectiveness in promoting the 

mathematical achievement and spatial visualization of eighth-grade students is also attributable 

to their gender. This difference favored the female students. The female students’ average 

scores in the achievement and spatial visualization post-tests were higher than those of the male 

students in the achievement and spatial visualization pre-tests. 
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