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Abstract : 

The integration of interactive simulation and digital storytelling has emerged as a promising 

approach for improving mathematics learning among students with learning difficulties. 
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However, limited research has compared the effectiveness of two-dimensional and three-

dimensional digital storytelling within interactive simulation environments. This study 

investigated the effects of these two instructional approaches on mathematics achievement and 

geometry skills among fifth grade female students with learning difficulties in Oman. 

A quasi-experimental design was employed involving 40 participants who were assigned to two 

experimental groups. One group learned through three-dimensional digital storytelling within an 

interactive simulation environment, whereas the other group learned through the corresponding 

two-dimensional approach. Mathematics achievement was measured using an achievement test, 

and geometry skills were assessed through an observation checklist. 

The findings revealed statistically significant improvements in mathematics achievement for 

both groups between pre and post assessments. Students who learned through three-dimensional 

digital storytelling achieved significantly higher mathematics achievement than those who 

learned through the two-dimensional approach, with a large effect size. Although both 

instructional approaches significantly improved geometry skills, no statistically significant 

difference was found between the two groups in the post observation assessment. 

The findings demonstrate that integrating digital storytelling within interactive simulation 

environments is an effective instructional strategy for supporting mathematics learning among 

students with learning difficulties. The study recommends incorporating both approaches into 

mathematics instruction while considering the added benefits of three-dimensional digital 

storytelling for enhancing academic achievement. 

Keywords: Interactive simulation; Two-dimensional digital storytelling; Three-dimensional 

digital storytelling; Mathematics achievement; Learning difficulties . 
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Introduction:  

Digital technology has become an ultimate pillar of modern education. The combination of 

interactive tools and technologies has contributed significantly to improving the quality of learning 

and moving beyond traditional instructional methods toward more interactive and innovative 

learning environments. Considering the rapid digital transformations, technology has emerged as 

a dominant instrument in redesigning modes of expression and learning. One of these digital 

transformations is storytelling, which is no longer confined to conventional text-based formats but 

has evolved into more interactive forms integrated with multimedia. This interactive simulation 

has emerged as an innovative method that offers impactful interactive experiences, combining 

audio, images, video, and animations to produce narrative content that enhances the learner’s 

experience and increases both cognitive and emotional engagement. 

Interactive simulation is regarded as one of the effective instructional methods within the 

educational process, as it supports learners in interacting directly with simulation components, 

thereby enhancing their engagement and motivation in learning. Rather than merely watching the 

learning content, students become active participants in the educational process, with opportunities 

to make decisions, modify pathways, and respond to outcomes based on their own thinking. 

Moreover, interactive simulation is considered an effective educational medium that improves 

comprehension and skill development among students. It provides an interactive prototype that 

allows learners to repeat learning experiences and acquire concepts and skills until mastery is 

achieved. This technology simulates educational situations engagingly and interactively (Eroglu 

& Okur, 2021). 

Accordingly, current scholars emphasize the importance of using interactive simulation 

environments as an integrated framework that integrates digital simulation within a structured 

educational system that comprises designed tools, assessments, and instructional methods, thereby 

contributing to the achievement of coherent and well-organized learning experiences (Mao et al., 

2019; Salari et al., 2020). 

From this perspective, the need has emerged to utilize more engaging and effective digital 

instructional methods based on interactive simulation environments, including digital storytelling, 
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which has evolved as an educational tool that integrates cognitive content with narrative structures 

supported by visual interaction. Previous studies have indicated that integrating digital storytelling 

with interactive simulation boosts deep understanding of abstract concepts, increases motivation, 

and develops problem-solving skills (Alqahtani, 2021; Robin, 2020). 

Digital storytelling incorporates interactive visual and auditory elements that improve the learning 

experience. Two-dimensional (2D) and three-dimensional (3D) digital stories are deemed among 

the modern instructional methods that have demonstrated effectiveness in improving academic 

achievement and developing thinking skills, particularly in mathematics instruction for students 

with learning difficulties. These methods deliver visual representations of geometric concepts, 

support interaction, and enhance students’ learning acquisition, leading to improved academic 

achievement using interactive digital simulation, which represents a dynamic and engaging 

medium for teaching mathematics to learners with learning difficulties (Yilmaz & Goktas, 2017). 

After conducting the related literature review, the researcher concluded that using different modes 

of digital storytelling (two-dimensional and three-dimensional) within interactive simulation 

environments may play a significant role in supporting female students with learning difficulties 

in mathematics, particularly in enhancing academic achievement and developing skills that this 

group often struggles to overcome. Results from previous studies have emphasized the importance 

of visual representations and simulation in assisting sensory and emotional understanding of 

abstract concepts, as demonstrated in the studies of Al-Jabriya (2024) and Abdul-Rahman (2021). 

Despite the noticeable expansion in the use of digital storytelling and interactive simulation 

technologies in education, the application of these modern approaches with female students with 

learning difficulties at the basic education level remains limited in both Arabic and international 

literature. Most existing studies have focused on the general impact of digital storytelling or have 

compared traditional and digital learning environments, without examining in depth the effects of 

different digital storytelling presentation modes (2D vs. 3D) within an interactive simulation 

environment. Furthermore, limited attention has been given to investigating the contribution of 

each mode to the development of academic achievement specifically in mathematics among 

learners with special educational needs. The available literature also lacks sufficient evidence 

regarding which presentation mode is more effective in supporting conceptual understanding and 
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mathematical skills among female students with learning difficulties, and it does not clearly 

explain how interactive simulation environments can meaningfully enhance their learning 

experiences (Amro et al.,2024). 

This shortage of empirical evidence underlines the need for an experimental study that compares 

those two digital storytelling modes within the context of Oman, to examine their actual impact on 

improving academic achievement among fifth-grade female students. Accordingly, the present 

study is directed toward investigating the impact of different digital storytelling presentation 

modes (3D versus 2D) within an interactive simulation environment, as one of the innovative 

educational platforms that combines visual appeal with dynamic interaction. Mathematics is 

deemed as one of the most challenging academic subjects for students, often leading to low 

academic performance and negatively influencing various subjects in the school. These aspects 

include mathematical challenges such as concept awareness, performing algebraic operations, and 

understanding the characteristics of shapes and solids, which frequently result in dyscalculia (Al-

Jabriya, 2024). Therefore, the present study aims to reveal an integrated perspective on how digital 

storytelling, in both its 2D and 3D models, can be employed to enhance academic achievement 

and develop geometry skills among fifth-grade female students with learning difficulties in Muscat 

Governorate.  

Theoretical Literature : 

Education has experienced rapid growth in recent days as a result of integrating modern methods 

into the learning process, leading to the improvement of interactive learning environments. Among 

the most famous of these developments is the interactive simulation–based learning environment, 

which provides learners with chances for practice in the educational systems that simulate real-life 

contexts and enhance critical and problem-solving skills. Within this framework, 2D and 3D digital 

storytelling have emerged as effective instructional methods that employ narrative elements and 

multimedia to foster interaction, motivation, and improve comprehension, particularly when 

integrated into interactive simulation environments. 

The importance of this kind of integration becomes more feasible when targeting students with 

learning difficulties, as digital storytelling helps simplify abstract concepts and enhances academic 
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achievement and geometry skills through a motivating educational environment that supports 

attention and broadens conceptual understanding. 

The Interactive Simulation–Based Learning Environment 

Interactive simulation is a modern instructional method that plays a vital role in promoting active 

learning. It assists learners to simulate real-world environments and apply theoretical knowledge 

and abstract concepts within practical, authentic contexts. As a result, simulation has become an 

integral component of contemporary teaching strategies. It is considered as an innovative 

instructional approach with a significant role in enhancing active learning. Moreover, studies have 

highlighted the importance of interactive simulation in enriching and strengthening the overall 

learning experience (Eroglu & Okur, 2021). Previous studies have also revealed that interactive 

simulation may increase learners' motivation and reduce frustration, as it provides a safe 

environment for experimentation and trial-and-error, which in turn might enhance learning 

outcomes and foster creative thinking (Alshaye, 2021). 

Considering the above discussion, interactive simulation can be defined as electronically designed 

situations that closely approximate real-life scenarios. Such environments can simulate learners to 

live in these situations based on clear and well-defined rules that govern interaction in the learning 

process, allowing them to make decisions in response to those situations. 

The interactive simulation environment is grounded in the principles of constructivist theory, 

which emphasizes the importance of building knowledge through active interaction between the 

learner and the surrounding environment. Because simulation environments allow learners to 

engage directly and experimentally with instructional elements, they support the development of 

enduring understanding and transferable skills through discovery-based and experiential learning. 

Furthermore, they align with social cognitive theory, which highlights the value of collaborative 

learning and the use of interactive digital stories to motivate learners and facilitate comprehension 

through active participation (Smith & Jones, 2023). 

Based on the literature and studies reviewed by the researcher, several types of simulation can be 

identified, including: 
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1. Physical Simulation: This type of simulation is used to explore the properties of materials, 

such as understanding spatial geometry in mathematics. 

2. Procedural Simulation: This type of simulation is used to track sequential steps, such as 

calculating area units or perimeter. 

3. Operational (Practical) Simulation: This simulation focuses on activating the learner’s 

role by enabling them to explore relationships and identify outcomes. 

4. Situational Simulation: In this type of simulation, the learner plays a primary role in 

delivering the content, serving as an instructional model rather than merely a recipient of 

information. 

5. Three-Dimensional Simulation: This type of simulation focuses on presenting realistic, 

embodied models using virtual environments, such as digital stories, that allow learners to 

interact authentically. These are electronic programs that incorporate animated graphics 

and three-dimensional digital objects. 

Numerous studies have highlighted the advantages of interactive simulation, including the works 

of Li et al. (2024), Tan (2023), and Cheng et al. (2022). These studies collectively revealed several 

merits. First, interactive simulation supports learners in exploring knowledge and skills engagingly 

and dynamically. Interactive simulation enhances the use of simulation within the instructional 

process by promoting student involvement in curricular activities, which in turn increases 

academic achievement. Moreover, learners engage with a realistic, interactive simulated 

environment, thereby increasing their motivation to learn. Second, interactive simulation creates 

an atmosphere of enjoyment and excitement during instructional situations, particularly when 

teaching abstract concepts. Third, interactive simulation facilitates learners’ engagement with real-

world knowledge that might otherwise be inaccessible due to spatial or temporal constraints, such 

as studying planets, thus reinforcing active learning. Through simulation, learners can interact with 

realistic scenarios, allowing them to apply theoretical concepts in authentic contexts. 

The simulation that is applied in this study can be meaningfully connected to the Omani context 

by using interactive simulation to design 3D models that help students understand their properties 

and identify lines of symmetry in patterns. This can be achieved by linking learning tasks to real-

life contexts through the creation of shapes and models inspired by traditional Omani architecture, 
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such as the ornamental designs found in the Sultan Qaboos Grand Mosque and other cultural 

buildings. Such an approach enriches skill performance and fosters creative thinking. 

This integration of interactive simulation aligns with Oman’s educational vision 2040, which 

emphasizes embedding cultural identity and citizenship across all school grades by integrating 

interactive digital learning and designing activities tailored to the abilities and needs of learners, 

particularly students with special educational needs such as those with learning difficulties. This 

perspective also guided the researcher in connecting geometric content with Omani heritage 

through the design of simulations that reflect the local environment, thereby adding a distinctive 

national dimension to the current study. 

Digital Stories (2D and 3D) in Interactive Simulation–Based Learning Environments 

 Digital storytelling is considered as a novel and innovative instructional method, specifically 

when stories are integrated within an interactive simulation–based environments using educational 

objects and interactive multimedia. Previous studies have exhibited that the use of digital 

storytelling enhances students’ self-expression abilities, supports the development of critical 

thinking skills, and highlights the effectiveness of technological storytelling (Alshaye, 2021; 

Koroglu, 2020). It can also improve reading, writing, listening, and expressive skills among 

learners (Alshaye, 2021; Koroglu, 2020; Schirone et al., 2024). 

One of the key theories that has examined the impact of different modes of digital story 

presentation (2D and 3D) is the Cognitive Theory of Multimedia Learning, which explains how 

individuals learn from various forms of media. The theory highlights the necessity of dual channels 

(visual and verbal), limited processing capacity, and the need for active information processing, as 

well as how new information integrates with prior knowledge (Mayer, 2024). 

When digital stories are integrated within an instructional simulation environment, chances for 

effective learning significantly increase, especially for students with learning difficulties. The 

combination of these two modes creates a rich, multisensory environment that enhances levels of 

comprehension and understanding. Findings from a study showed that such an environment has a 

substantial impact on improving academic achievement (Kaya & Yildiz, 2021). 



8 

 

Based on the studies of Li et al. (2021) and Hwang et al. (2020), the researcher summarizes the 

importance of digital stories as follows. First, they can accommodate diverse learner styles and 

meet their varied needs. Second, they may simplify abstract knowledge and concepts for learners. 

Third, they could cultivate the learner’s personality across cognitive, psychological, physical, and 

emotional dimensions. Fourth, they provide learners with information and skills while organizing 

their thinking. Finally, they reduce learners’ anxiety and promote emotional balance through 

enjoyment and positive feelings. 

The studies by Mansfield et al. (2024) & Kamranian (2024) also indicated that the digital story is 

a short visual narrative technique that uses multimedia, such as videos, audio recordings, text, and 

images, to produce a brief personal or instructional narrative typically ranging between 3–5 

minutes. Both studies aimed to clarify the role of this type of narrative in education and social 

engagement. They utilized a descriptive-analytical approach through reviewing applied models 

and they focused on the general educational population without specifying a particular sample. 

The findings confirmed that digital storytelling is an effective tool for encouraging students and 

making them more interactive and participatory in educational and social contexts. 

Based on the above discussion, the researcher thinks that there is a strong relationship between 

interactive simulation and digital stories. The recent years have witnessed a growing interest in 

employing simulation and digital storytelling in instructional settings. Both are regarded as 

effective tools and strategies for enriching the learning experience and motivating students to 

understand and internalize concepts more deeply and sustainably. Furthermore, simulation 

provides an interactive learning environment that mirrors real-world situations, contributing to the 

development of critical thinking and problem-solving skills. 

Digital Storytelling in Simulation Environments and Academic Achievement among 

Students with Learning Difficulties 

Previous studies have demonstrated that digital storytelling modes represent an effective 

instructional method for improving academic achievement among students with learning 

difficulties. Educational research findings indicated that integrating digital stories into the teaching 

process can develop mathematical problem-solving skills. For example, Goksun and Gursoy's 
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(2024) study focused on identifying the core components of digital storytelling. It aimed to clarify 

how elements such as perspective, emotional content, visuals, sound effects, and the power of 

music can be integrated to produce purposeful digital stories. The study used a descriptive–

analytical design through the analysis of applied examples rather than an experimental design. The 

results confirmed that these seven elements constitute essential criteria for the effectiveness and 

quality of digital storytelling in educational contexts. 

In addition, the University of Washington (UW, 2021) identified several characteristics of 

dyscalculia, including: 

 Difficulty distinguishing some numbers, such as (2–6–9) and (7–8). 

 Confusion between place scores while counting and writing, often reversing numbers. 

 Lack of mastery of basic mathematical operations, such as addition, multiplication, 

subtraction, and division. 

 Difficulty in recognizing the properties related to geometry units, including the number of 

angles (vertices) and sides in 3D shapes, as well as axes of symmetry in polygons and 

patterns. 

 Limited ability to engage in strategic planning for problem-solving. 

Simulation environments based on digital storytelling are rendered modern interactive tools that 

combine technological interaction with a narrative component, where learning is enhanced, 

particularly for students with learning difficulties. This instructional tool relies on embedding 

mathematical concepts within engaging story-based frameworks that reflect real-life situations 

drawn from students’ everyday experiences within the Omani context. As a result, learning 

becomes meaningful and closely connected to learners’ realities in general and to students with 

learning difficulties in particular. Such method may improve students' understanding, strengthen 

mathematical thinking skills, and enhance learner motivation through interactive experiences that 

support perception and visual representation of abstract concepts in an appealing and engaging 

manner (Alshaye, 2021; Al-Jabriya, 2024). 

Therefore, integrating digital storytelling with interactive simulation environments might enhance 

academic achievement among students with learning difficulties, which may lead to: 
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1. Increased engagement and participation. 

2. Enhanced long-term retention. 

3. Improved motivation and comprehension. 

4. Making learning enjoyable and aligned with their abilities. 

Digital Storytelling in Developing Geometry Skills among Students with 

Learning Difficulties 

The identification of learning difficulties initially emerged within the medical field, particularly in 

neuroscience, through the work of the German physician Franz Joseph Gall, who demonstrated 

that specific regions of the brain control particular patterns of mental activity and highlighted the 

relationship between brain injuries and language and speech disorders. In the mid-twentieth 

century, significant contributions to this field were made by psychologists. During the 1960s, the 

term learning difficulties became widely recognized, and in 1971, Newell Kephart conducted a 

study on perceptual–motor disorders associated with slow learning. He concluded that perceptual 

development is achieved through motor skills that precede conceptual understanding. Accordingly, 

intervention should focus on motor processes before introducing academic concepts and subjects 

to this group of learners. Kephart also developed the Purdue Perceptual Motor Survey and designed 

therapeutic activities and training programs that included various techniques for assessing and 

treating perceptual–motor functioning ((Alshaye, 2021). 

Amro et al. (2024) define learning difficulties as disorders affecting one or more basic processes 

and skills related to comprehension and perception in language or mathematics, which are not 

attributable to intellectual, visual, auditory, or other disabilities. Similarly, Al-Jabriya, (2024), as 

well as Park& Kim (2022), define mathematics learning difficulties as a condition that affects 

learners’ ability to acquire arithmetic skills and comprehend basic mathematical terminology, 

resulting in weak understanding of mathematical concepts and facts and an inability to accurately 

solve problems and master the required skills. 

From the researcher’s perspective, students with mathematics learning difficulties are those who 

experience challenges in visual representation, understanding arithmetic operations, and 

comprehending relationships among geometric shapes. Such students may benefit from interactive 
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simulation environments based on digital storytelling to develop academic achievement and 

geometry skills clearly. 

Alshaye (2021) revealed that difficulties in geometry skills include learners’ inability to perceive 

certain shared properties or attributes that carry mathematical significance. In addition, those 

students may not assign appropriate names or symbols, particularly with respect to the geometric 

properties of 3D shapes. 

Based on the above discussion, the researcher concludes that there may be a need to identify 

instructional methods that are appropriate for teaching students with mathematics learning 

difficulties. Among the modern instructional strategies used to address mathematics learning 

difficulties (dyscalculia) are simulation and interactive modeling approaches, such as digital 

storytelling, which serve as core elements in teaching and improving understanding and 

achievement. In this method, the teacher designs a model, either presented directly or 

electronically, which students then simulate based on observation. This process involves 

explanation, elaboration, and decision-making related to problem-solving activities. 

Study Methodology: 

The researcher used a quasi-experimental design to investigate the effect of the independent 

variable, namely the mode of digital storytelling presentations (3D digital stories and 2D digital 

stories), on the dependent variable, which represents the development of achievement and 

geometry skills among fifth-grade female students with learning difficulties. The study sample 

was divided into two experimental groups: the first group received instruction through 3D digital 

storytelling using an interactive simulation environment, while the second group was taught 

through 2D digital storytelling using the same type of environment. 

The researcher developed the interactive simulation environment using Articulate Storyline to 

measure academic achievement and geometry skills based on the Grade 5 mathematics textbook, 

which is one of the recently updated curricula in the Sultanate of Oman, belonging to the 

Cambridge Science and Mathematics Curriculum Series. The academic year 2025–2026 
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represents the sixth year of implementation of this mathematics textbook in Omani schools 

Study Sample: 

The study population consisted of fifth-grade female students with learning difficulties in 

mathematics from a school in the Muscat Governorate in the Sultanate of Oman. A pilot sample 

of five (5) students was initially selected. The main study sample comprised forty (40) students 

distributed across eight fifth-grade sections at the school. 

The participants were divided into two equal experimental groups: the first experimental group 

consisted of 20 students, and the second experimental group included 20 students. They were 

assigned to the two modes of digital storytelling presentation (3D / 2D) within the interactive 

simulation environment, with an equal number of students in each mode.  

Participants and Ethical Considerations:  

Informed consent was freely obtained from the parents or legal guardians of all 

participating students prior to their participation in the study. Participation was 

voluntary, and all participants were informed about the purpose and procedures of 

the study. The study protocol was approved by the Research Ethics Committee of 

the Arab Open University, and all procedures were conducted in accordance with the 

committee’s ethical guidelines. 

 Study Instruments: 

After reviewing previous studies related to the use of e-learning supported by 

interactive simulation, as well as research examining the two modes of digital 

storytelling (3D and 2D) and their impact on achievement and geometry skills, the 

researcher designed and developed digital stories in both modes (2D and 3D), in 

addition to preparing an interactive simulation environment based on these stories. 

The researcher then developed an achievement test to assess the scientific 

knowledge related to the geometry unit in fifth-grade mathematics, in addition to an 
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observation checklist designed to measure the acquisition of performance-based 

geometry skills for the geometry unit. 

 

First: The Achievement Test for Scientific Skills in the Geometry Unit 

The test was reviewed by a panel of experts in curriculum and instruction, as well as 

a group of mathematics supervisors, to ensure its face validity. Construct validity 

was also verified by examining the consistency of the test items with the total test 

score through Pearson correlation coefficients, which indicated that most 

correlations were appropriate and acceptable for the study sample. 

The researcher conducted a pilot study for the 20-item scale to determine the 

appropriate of time administration and to assess its reliability by calculating 

Cronbach’s alpha, which was (α = 0.69). Additionally, the test items were analyzed 

to determine their discrimination and difficulty indices. The difficulty indices ranged 

between (0.5 and 0.90). The overall difficulty index for the test was (0.62), which is 

suitable. The discrimination indices also fell within the acceptable range, with an 

overall discrimination index of (0.29), which is considered appropriate when it is 

higher 0.20. Finally, the total score for the test was set at 20 points, with one point 

assigned to each item. 

Second: Observation Checklist for Measuring Geometry Unit Skills 

The observation checklist is considered one of the tools used to monitor and assess learners’ 

performance. Therefore, the researcher developed an observation checklist to measure the extent 

to which female students mastered the skills of the geometry unit. The instrument was 

implemented through the following steps: 
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1. Defining the purpose of the checklist: 

In this step, the researcher specified the purpose of the checklist, which is to measure the 

level of mastery and proficiency of female students in the geometry unit skills specified 

in the instructional content of the current study through the use of interactive simulation 

technologies. 

2. Determining the dimensions of the observation checklist: 

Based on the teacher’s guidelines, the target skills were analyzed in a sequential manner 

aligned with the content of the unit. Consequently, the researcher identified the 

dimensions of the checklist. The observation checklist consisted of four domains, each 

comprising several criteria corresponding to the level of mastery of the required geometry 

skills. 

3. Quantitative rating of student performance: 

A quantitative scoring system was proposed for each domain and for each geometry skill. 

Three performance levels were specified for evaluation: (1) Low, (2) Moderate, and (3) 

Excellent. 

4. Formulating the observation checklist instructions: 

The three-point rating scale was obviously clarified, and the checklist included students’ 

identification information as well as the criteria used to observe their performance. 

5. Pilot testing the preliminary version of the observation checklist: 

The initial version was administered to a pilot sample to verify its reliability. Cronbach’s 

alpha coefficient was calculated, with values ranging from (0.71–0.84) in the pre- and 

post-applications. The overall reliability coefficient of the checklist was (0.76) in the pre-

application and (0.85) in the post-application. 

6. Establishing the validity of the checklist: 

The checklist was reviewed by eight experts specialized in education, mathematics 

curricula and instruction, measurement and evaluation, and educational technology. 

Statistical Procedures and Analyses: 

To achieve the objectives of the study and verify its hypotheses, the researcher employed 

Microsoft Excel and SPSS to calculate the means and standard deviations of the scores of both 

experimental groups on the post‐achievement test and observation checklist. Additionally, a 
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paired‐samples t-test was applied. At the end of the chapter, the researcher outlined the statistical 

procedures used, which included: calculating means and standard deviations for the post‐

measurements, using the t-test to verify the equivalence of the two groups in the pre-test, 

applying Analysis of Covariance (ANCOVA) to control for differences when comparing post-test 

results, and interpreting effect size based on Cohen’s (1988) criteria. 

Study Results: 

1. There is a statistically significant difference at the significance level (α ≤ 0.05) between 

the mean scores of the pre- and post-achievement tests among students who studied the 

geometry skills unit using the 3D digital story presentation mode within an interactive 

simulation environment, in favor of the post-test scores. 

To address this hypothesis, the means and standard deviations of the achievement scores in the 

pre- and post-tests were calculated for the group that received the digital story in the 3D format. 

To verify the significance of the differences between the two measurements, a Paired Samples T-

test was applied. Table (3) presents the results: 

Table (3): The results of the Paired Samples t-test for the Differences Between the Pre- and Post-

Measurements of Academic Achievement for the Group Taught Using the 3D Digital Story 

Presentation Mode: 

Measurement N Mean Standard 

Deviation 

t-

value 

df Significance 

level 

Effect 

Size 

(η²) 

Pre-test 20 8.90 1.77 15.38 19 0.000 0.93 

Post-test 20 14.00 0.73 - - - - 

      The results presented in Table (3) indicate statistically significant differences at the level (α = 

0.05) between the mean scores of the pre-test (8.90) and the post-test (14.00), in favor of the post-

test. The effect size was (η² = 0.93), which is considered very large according to Cohen’s (1988) 

criteria. This demonstrates that the 3D digital story, delivered within an interactive simulation 
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environment, had a highly effective impact on improving academic achievement among students 

with learning difficulties. 

2. There is a statistically significant difference at the significance level (α ≤ 0.05) between 

the mean scores of the pre- and post-achievement tests among students who studied the 

geometry skills unit using the 2D digital story presentation mode within an interactive 

simulation environment, in favor of the post-test scores. 

To address this hypothesis, the means and standard deviations of the achievement scores in the 

pre- and post-tests were calculated for the group that received the digital story in the 2D format. 

To determine the significance of the differences between the two measurements, a Paired Samples 

t-test was applied. Table (4) presents the results: 

Table (4): Results of the Paired Samples t-test for the Differences Between the Pre- and Post-

Measurements of Academic Achievement for the Group Taught Using the 2D Digital Story 

Presentation Mode: 

Measurement N Mean Standard 

Deviation 

t-

value 

df Significance 

level 

Effect 

Size 

(η²) 

Pre-test 20 8.60 0.88 16.05 19 0.000 0.93 

Post-test 20 11.95 0.76 - - - - 

The results presented in Table (4) indicate statistically significant differences at the level (α = 0.05) 

between the mean scores of the pre-test (8.60) and the post-test (11.95), in favor of the post-test. 

The effect size (η² = 0.93) is considered very large according to Cohen’s (1988) classification, 

indicating that the 2D digital story within an interactive simulation environment had a strong and 

notable impact on improving academic achievement among students with learning difficulties. 

3. There is a significant difference between the mean post-test scores of students who studied 

the geometry skills unit using the two digital story presentation modes (3D/2D) within an 

interactive simulation environment, in favor of the 3D digital story mode. 
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To address this hypothesis, the means and standard deviations of the post-test achievement scores 

for both experimental groups (3D and 2D) were calculated. To determine whether there were 

statistically significant differences between the two groups, an Independent Samples t-test was 

used. Table (5) presents the results: 

Table (5): The results of the Independent Samples t-test for the Differences Between the Two 

Experimental Groups (3D and 2D) in the Post-Test Academic Achievement: 

   

  The results shown in Table (5) indicate a statistically significant difference at the significance 

level (α = 0.05) between the two groups in the post-test academic achievement, in favor of the 

group taught using the 3D digital story. The mean score for this group was (14.00), compared to 

(11.95) for the group taught using the 2D digital story. The effect size (η² = 0.67) is considered 

very large according to Cohen’s (1988) classification, indicating that presenting the digital story 

in a 3D format was more effective in developing academic achievement in the geometry unit 

among students with learning difficulties. 

4. There is a statistically significant difference at the significance level (α ≤ 0.05) between 

the mean scores of the observation checklist in the pre- and post-measurements for the 

development of geometry skills among female students who studied the geometry skills 

unit using the three-dimensional digital storytelling presentation mode within an interactive 

simulation environment, in favor of the post-test scores. 

Variable Grou

p 

N Mea

n 

Standard 

Deviatio

n 

t-

valu

e 

df Significanc

e level 

Effec

t Size 

(η²) 

 

Academic 

Achievemen

t 

3D 

Digital 

story 

2

0 

14.00 0.73  

8.73 

 

3

8 

 

 

0.000 

 

0.67 

2D 

Digital 

story 

2

0 

11.95 0.76 
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To verify this hypothesis, means and standard deviations of the observation checklist scores for 

geometry skills in both the pre- and post-measurements were calculated for the group that was 

exposed to the three-dimensional digital storytelling approach. To examine the significance of the 

differences between the two means, a paired-samples t-test was employed. Table (13) presents the 

results. 

Table (6): Results of the Paired-Samples t-Test for Differences Between Pre- and Post-

Measurements in Geometry Skills for the Group Exposed to Three-Dimensional Digital 

Storytelling. 

Measurement N Mean Standard 

Deviation 

t-

value 

df Significance 

level 

Effect 

Size 

(η²) 

Pre-test 20 1.21 0.07 221.54 

 

0.07 0.000 0.96 

Post-test 20 2.28 0.24 0.24 - - 

The results presented in Table (6) indicate statistically significant differences at the level of (α = 

0.05) between the pre-measurement mean score (1.21) and the post-measurement mean score 

(2.28), in favor of the post-measurement. This indicates a substantial improvement in students’ 

performance after the implementation of 3D digital storytelling within an interactive simulation 

environment. The effect size reached (η² = 0.96), which is considered a very large effect according 

to Cohen’s (1988) guidelines. This finding indicated that this instructional method had a strong 

impact on the development of geometry skills among female students with learning difficulties, 

thereby reinforcing its effectiveness as an innovative educational approach that supports the 

acquisition of practical skills. 

5. There is a statistically significant difference at the significance level (α ≤ 0.05) between 

the mean scores of the observation checklist in the pre and post measurements for the 

development of geometry skills among female students who studied the geometry skills 

unit using the two-dimensional digital storytelling presentation mode within a digital 

storytelling environment, in favor of the post-test scores. 
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To verify this hypothesis, the means and standard deviations of the geometry skills test scores in 

the pre- and post-measurements were calculated for the group that was exposed to the two-

dimensional digital storytelling approach. To examine the significance of the differences between 

the two means, a paired-samples t-test was employed. Table (14) presents the results. 

Table (7): The results of the Paired-Samples t-Test for Differences Between Pre- and Post-

Measurements in Geometry Skills for the Group Exposed to Two-Dimensional Digital 

Storytelling. 

Measurement N Mean Standard 

Deviation 

t-

value 

df Significance 

level 

Effect 

Size 

(η²) 

Pre-test 20 1.15 0.11 41.04 

 

19 

 

0.000 

 

0.99 

 
Post-test 20 2.26 0.12 

The results indicate a statistically significant difference at the level of (α = 0.05) between the pre-

measurement mean score (1.15) and the post-measurement mean score (2.26), in favor of the post-

measurement. This reveals a substantial improvement in students’ performance after implementing 

the 2D digital storytelling within an interactive simulation environment. The effect size reached 

(η² = 0.99), which is considered a large effect based on Cohen’s (1988) guidelines. This finding 

displayed that this instructional approach had a very strong impact on the development of geometry 

skills among female students with learning difficulties, confirming its effectiveness as an efficient 

educational approach in supporting learning processes for this group. 

6. There is a statistically significant difference between the mean scores of female students 

who studied the geometry skills unit using the two digital storytelling presentation modes 

(three-dimensional and two-dimensional) within an interactive simulation environment in 

the post-observation measurement, in favor of the three-dimensional mode. 

To verify the sixth hypothesis, the means and standard deviations of the post-measurement 

performance scores were calculated for both experimental groups (three-dimensional digital 
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storytelling and two-dimensional digital storytelling). To examine the significance of the 

differences between the two groups, an independent samples t-test was employed. Table (15) 

presents the results. 

Table (8): The results of the Independent-Samples t-Test for Differences Between the Two 

Experimental Groups (3D and 2D) in the Post-Measurement of Geometry Unit Skills. 

Variable group N Mean 

Standard 

Deviation 

t-

value df 

Significance 

level 

Geometry 

Unit Skills 

Three-

dimensional 20 2.28 0.24 0.22 38 0.824 

 

Two-

dimensional 20 2.26 0.12 
   

The results shown in Table (8) indicate that there are no statistically significant differences at the 

level of (α = 0.05) between the two experimental groups in the post-measurement of geometry unit 

skills. This could suggest that both instructional methods, 2D and 3D digital storytelling, had 

comparable effects on skill development, with neither method exhibiting superiority over the other. 

Discussion and Interpretation of the Study Results 

This chapter of the current study discusses and interprets the results presented in the previous 

chapter, based on the theoretical framework and prior research. It aims to provide a detailed 

explanation of the findings and link them to the scientific context, thereby clarifying the degree to 

which the objectives and hypotheses of the study have been achieved and addressing its research 

questions. 

Furthermore, recommendations for future research will be presented to enhance understanding of 

the topic. This chapter serves as the concluding section of the current study, offering a 

comprehensive perspective grounded in the results and supported by scientific interpretation. 
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Discussion of the First Hypothesis 

The first hypothesis stated that: “There is a statistically significant difference at the significance 

level (α ≤ 0.05) between the mean scores of the pre- and post-achievement tests among students 

who studied the geometry skills unit using the 3D digital story presentation mode within an 

interactive simulation environment, in favor of the post-test’ ,Based on the results, the null 

hypothesis was rejected, and the alternative hypothesis was accepted 

The results of the Paired Samples t-test showed statistically significant differences at the level (α 

≤ 0.05) between the pre- and post-measurements in academic achievement for the group taught 

using the 3D digital story mode, in favor of the post-test. The mean score increased from 8.90 (pre-

test) to 14.00 (post-test), with a very large effect size (η² = 0.93). This indicates that the 

instructional method—3D digital storytelling—was the main factor behind the substantial 

improvement, rather than random or individual differences among students. 

This result may be attributed to the higher mean scores obtained by the students in the post-test 

compared to the pre-test for the three-dimensional digital storytelling group. The integration of 

interactive visual elements with textual content contributed to the formation of clearer mental 

representations of geometric concepts and reduced the cognitive load experienced by the study 

sample. Moreover, the interactive simulation environment provided substantial opportunities for 

attention and active engagement, which was positively reflected in students’ academic 

achievement. 

These findings are aligned with the results of most previous studies, including those by Alzahrani 

(2022) and Kamranian (2024), which emphasized the role of interactive digital media in improving 

academic achievement among learners with learning difficulties and highlighted the impact of 3D 

elements in enhancing achievement and learning motivation. 

However, the findings of the present study differ from those reported in some previous research, 

such as Schloss et al. (2021) and Porter et al. (2019). These studies found that learners who used 

virtual reality environments incorporating 3D technology did not show statistically significant 

improvement compared to learners who used 2D images or WebGL-based two-dimensional 
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simulations in pre- and post-tests. In addition, these studies did not focus on direct achievement 

differences; rather, they primarily examined learners’ attitudes and satisfaction and were 

descriptive in nature. 

Furthermore, higher post-measurement scores may be attributed to the fact that three-dimensional 

digital stories provided interactive visual representations closely aligned with real-world contexts, 

which helped students construct clear mental images of complex geometric concepts. This result 

aligns with Visual Learning Theory, which emphasizes that the integration of textual and visual 

elements enhances comprehension and memory processes. 

The Cognitive Theory of Multimedia Learning (CTML) also serves as a key theoretical framework 

underpinning the current study in explaining how differences in visual dimensionality in digital 

storytelling (2D vs. 3D) influence learning outcomes. According to the updated version of the 

theory proposed by Mayer (2024), learning occurs more effectively when verbal and visual 

information is presented in an integrated and well-organized manner that reduces cognitive load 

and supports the construction of mental models. 

From this perspective, 3D digital storytelling may provide a higher level of interaction and visual 

representation compared to 2D storytelling, thereby contributing to enhanced visual understanding 

and cognitive immersion, if it does not exceed learners’ cognitive processing capacity. 

Discussion of the Second Hypothesis 

The second hypothesis stated that: “There is a significant difference at the significance level (α ≤ 

0.05) between the mean scores of the pre- and post-achievement tests among students who studied 

the geometry skills unit using the 2D digital story presentation mode within an interactive 

simulation environment, in favor of the post-test.” Based on the results, the null hypothesis was 

rejected, and the alternative hypothesis was accepted. 

The Paired Samples T-test results showed statistically significant differences between the pre- and 

post-test mean scores for the 2D digital story group, in favor of the post-test. The mean score 

increased from 8.60 to 11.95, with a large effect size (η² = 0.93). This indicates that 2D digital 
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storytelling had a substantial positive impact on achievement among students with learning 

difficulties. 

This result may be attributed to the fact that employing 2D digital storytelling within an interactive 

simulation environment provided a simplified and easily traceable visual presentation, which 

supported students in gradually and systematically understanding geometric concepts. Moreover, 

interactive digital narration accompanied by images and illustrative graphics contributed to 

increased attention and reduced comprehension difficulties, which was positively reflected in 

academic achievement. 

This finding is consistent with previous studies indicating that two-dimensional interactive digital 

content contributes to simplifying mathematical concepts and improving academic achievement 

among learners with learning difficulties. Several studies have also supported this hypothesis by 

demonstrating that interactive simulation enhances skill performance. 

Although the results of the current study revealed statistically significant differences in favor of 

the post-measurement when using two-dimensional digital storytelling within an interactive 

simulation environment, some studies reported contrasting findings and did not demonstrate the 

superiority of this mode. Mansfield et al. (2024) and Goksun and Gursoy (2024) indicated that 

elementary school students who learned through a dynamic geometry environment, compared with 

a three-dimensional printing environment, exhibited varying levels of improvement in geometry 

achievement. In some respects, the dynamic environment characterized by features closer to 

interactive two-dimensional representations showed superiority, while progress was not 

conclusive across all indicators. This suggests that the effectiveness of visual dimensionality may 

vary depending on instructional design and learning context, leading to inconsistent findings across 

studies. Moreover, these studies did not focus on measuring practical performance but rather 

emphasized design elements or characteristics of digital storytelling. 

Accordingly, the two-dimensional storytelling presentation mode contributed to reducing 

distraction and increasing focus, consistent with Digital Narrative Theory, which supports the use 

of multimedia and highlights its influence on learner engagement and learning outcomes. 
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Discussion of the Third Hypothesis 

The third hypothesis stated that: “There is a statistically significant difference between the mean 

post-test scores of students who studied the geometry skills unit using the two modes of digital 

story presentation (3D/2D) within an interactive simulation environment, in favor of the 3D digital 

story.” Based on the results, the null hypothesis was rejected, and the alternative hypothesis was 

accepted. 

The Independent Samples t-test revealed a statistically significant difference between the two 

groups in favor of the 3D digital story group. The mean score for the 3D group was 14.00, 

compared to 11.95 for the 2D group, with a very large effect size (η² = 0.67). This indicates that 

3D content provided deeper understanding due to its realistic and multi-sensory visual 

representation. 

These findings align with Kaya & Yildiz (2021), who reported that 3D media yield higher 

achievement outcomes than 2D instructional tools because of enhanced sensory and visual 

interaction. 

This result may be attributed to the richer visual and perceptual experience provided by 3D 

storytelling, which allows learners to interact with content in a more realistic manner. This 

supports the formation of more accurate mental representations of geometric concepts and 

increases learning motivation. Although 2D stories are effective, their visual stimulation potential 

is more limited. 

Some studies, however, have yielded different results. For example, Schirone et al. (2024) reported 

that using 3D scans versus 2D images in teaching animal anatomy produced positive learning 

outcomes in both cases, without a decisive advantage for either mode. 

Discussion of the Fourth Hypothesis: 

The fourth hypothesis, which stated that there is a statistically significant difference 

at the significance level (α ≤ 0.05) between the mean scores of the observation 

checklist in the pre- and post-measurements for the development of geometry skills 
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among female students who studied the geometry skills unit using the three-

dimensional digital storytelling presentation mode within an interactive simulation 

environment, in favor of the post-measurement, was examined. Based on the 

statistical results, the null hypothesis was rejected, and the alternative hypothesis 

was accepted. 

The results of the paired-samples t-test revealed statistically significant differences 

between the pre- and post-measurement mean scores for the group that was taught 

using three-dimensional digital storytelling, in favor of the post-measurement. The 

mean score increased from (1.21) to (2.28), with a very large effect size (η² = 0.96), 

indicating a substantial improvement in geometry skills following the 

implementation of this instructional approach. 

This result may be attributed to the fact that integrating three-dimensional digital 

storytelling within an interactive simulation environment provided students with 

substantial opportunities for hands-on interaction with geometric concepts. This 

integration supported the development of spatial understanding and practical 

application skills, rather than limiting learning to theoretical comprehension alone. 

Interaction with animated visual elements also enhanced students’ ability to connect 

geometric concepts and represent them both mentally and practically. These findings 

are consistent with the studies of Alamri and Fawzi (2021) and Fidan and Debbağ 

(2021), which reported that integrating three-dimensional interactive technologies in 

mathematics instruction contributes to improved geometric understanding and 

enhanced spatial skills among learners. 

Although the current study demonstrated statistically significant differences in favor 

of three-dimensional digital storytelling in the observation checklist, some studies 

suggest that three-dimensional media may generate higher cognitive load in certain 
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contexts, which could hinder learning. For instance, Dan and Reiner (2024) observed 

that two-dimensional instructional videos resulted in higher cognitive load than 

three-dimensional videos within a similar educational setting. 

Discussion of the Fifth Hypothesis: 

The fifth hypothesis, which stated that there is a statistically significant difference at the 

significance level (α ≤ 0.05) between the mean scores of the observation checklist in the pre- and 

post-measurements for the development of geometry skills among female students who studied 

the geometry skills unit using the two-dimensional digital storytelling presentation mode within a 

digital storytelling environment, in favor of the post-measurement, was examined. Accordingly, 

the null hypothesis was rejected, and the alternative hypothesis was accepted. 

The results revealed statistically significant differences in favor of the post-measurement, as the 

mean score increased from (1.15) to (2.26), with a large effect size (η² = 0.99). This indicates that 

interactive practical engagement through the two-dimensional digital storytelling mode enabled 

students to directly apply geometric concepts, leading to the development of practical performance 

skills. 

This result may be attributed to the fact that employing two-dimensional digital storytelling 

supported the gradual development of geometric comprehension and practical application skills 

through structured narration accompanied by simple illustrative graphics. This approach enhanced 

students’ ability to follow procedural steps and understand geometric relationships. These findings 

confirm the effectiveness of differing digital storytelling presentation modes (3D/2D) within 

interactive simulation environments in enhancing academic achievement and geometry skills 

among fifth-grade female students with learning difficulties in mathematics in the Sultanate of 

Oman. 

This result is consistent with the findings of Putri and Rachmadtullah (2020), who reported that 

two-dimensional digital media improve mathematical and geometric skills among learners, 

although with a relatively lower impact compared to three-dimensional media. However, the 

current study differs from other research (Alqahtani, 2023; Mishal, 2023; Nguyen& Smith,2021), 
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which reported statistically significant differences in favor of the three-dimensional mode. In 

contrast, the present study demonstrated—through the observation checklist—a clear superiority 

of three-dimensional digital storytelling over the two-dimensional mode in the post-measurement. 

Although the two-dimensional mode proved effective, its impact remained relatively lower than 

that of the three-dimensional mode, which provides a deeper visual and sensory learning 

experience, consistent with Mayer’s Cognitive Theory of Multimedia Learning. 

Discussion of the sixth Hypothesis 

The sixth hypothesis stated that there is a statistically significant difference between the mean post-

observation scores of female students who studied the geometry skills unit using the two digital 

storytelling presentation modes (three-dimensional and two-dimensional) within an interactive 

simulation environment, in favor of the three-dimensional mode. Based on the statistical analysis, 

the null hypothesis was retained, while the alternative hypothesis was not supported because no 

statistically significant differences were found between the two groups. The findings indicated that 

there were no statistically significant differences between the mean post-measurement scores of 

the two groups in geometry unit skills as measured by the observation checklist. 

This result may be attributed to the overall effectiveness of both digital storytelling modes (3D and 

2D) within the interactive simulation environment in developing academic achievement and 

geometry skills among female students with learning difficulties. Both modes provided rich 

interactive learning environments that enhanced visual–sensory perception and supported learners’ 

ability to engage with abstract geometric concepts, resulting in comparable positive outcomes for 

both groups. 

The absence of significant differences may also be explained by the possibility that the narrative 

structure and interactive simulation, regardless of the visual dimensionality, constituted the 

primary influential factor in skill acquisition. Both instructional approaches incorporated elements 

of engagement, motivation, and interactive learning that supported students’ learning processes. 
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These findings are consistent with several previous studies, including those by Schirone (2024) 

and Porter (2019), which reported no statistically significant differences between groups taught 

using three-dimensional images and those taught using two-dimensional images in anatomy 

instruction, despite both groups achieving post-intervention improvement. Similarly, no 

significant differences were found between students who learned through three-dimensional 

virtual reality environments and those who used two-dimensional images and simulations in 

physics instruction, as explained by Dual Coding Theory (2025). 

However, the results of the present study differ from those reported by Kaya and Yildiz (2021) 

and Fidan and Debbağ (2021), who found that students exposed to three-dimensional multimedia 

achieved higher levels of academic achievement and learning motivation compared to those who 

learned through two-dimensional media, with notable improvements in geometric understanding 

and spatial skills. 

Based on the discussion of the results, the researcher draws the following main conclusions: 

1. Effectiveness of Digital Storytelling: 

The findings of the current study revealed that digital stories in both formats (3D and 2D) 

had a positive effect on improving academic achievement and geometry skills among 

fifth-grade students with learning difficulties. The post-test means scores increased 

significantly, indicating meaningful academic progress. 

2. High Effect Size: 

The results showed that the effect size (η²) was high across most measurements, 

demonstrating the strong impact of the instructional content delivered through digital 

storytelling. This confirms that the observed changes among students were not random 

but were closely linked to the experimental treatment. 

Recommendations 

Based on the results of the present study, the researcher recommends the following: 
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1. Integrating 3D digital stories into mathematics and geometry curricula for students with 

learning difficulties, given the high effectiveness demonstrated in improving academic 

achievement and developing geometry skills. 

2. Utilizing 2D digital stories as supportive instructional tools, particularly in earlier 

learning stages or with students who require simplified and well-structured content before 

progressing to more complex formats. 

3. Providing training for teachers on how to design and implement both 3D and 2D 

digital stories, and how to integrate them effectively with simulation-based learning 

environments to enhance instructional practice. 

The researcher proposes conducting future studies in the following areas: 

1. Experimenting interactive 3D digital stories in other subjects, such as science and 

Arabic language, to measure their impact on improving comprehension and academic 

achievement in these areas. 

2. Comparing various types of digital technologies and learning environments—

including virtual reality (VR), augmented reality (AR), and educational games—to 

determine their effectiveness in enhancing higher-order thinking skills among students 

with learning difficulties 

In conclusion, the researcher found, through comparing the two digital story presentation modes 

(3D and 2D), that 3D digital stories demonstrate greater effectiveness in enhancing academic 

achievement and developing skills, although both modes proved beneficial in improving learning 

outcomes. These results underscore the importance of integrating digital stories with interactive 

simulation environments as an innovative pedagogical approach that helps address conceptual, 

behavioral, and cognitive gaps among students with learning difficulties. Such integration also 

supports guiding learners toward accurate understanding and positively shaping their attitudes 

toward mathematics. 
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