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ABSTRACT 
 

This literature review explores the effectiveness of technology-enhanced learning tools in mathematics 

education, highlighting their role in transforming pedagogical practices across various educational levels. It 

identifies key tools such as virtual learning platforms, immersive technologies (VR and AR), flipped 

classrooms, and active learning methodologies, discussing their impacts on student performance, engagement, 

and attitudes toward mathematics. Empirical evidence shows that these interventions significantly improve 

mathematical understanding, spatial reasoning skills, and student attitudes, with particular benefits observed 

for underachieving and female students. Methodological approaches employed in the studies, including 

experimental and quasi-experimental designs, provide insights into the effectiveness of these technologies, 

though limitations regarding long-term retention and comprehensive assessment are noted. The review 

concludes by emphasizing the potential of technology-enhanced tools to address traditional challenges in 

mathematics education and suggesting future research directions to further investigate their integration and 

long-term effects in diverse educational contexts. 

 

1. Introduction 
The integration of technology in mathematics education has emerged as a significant area of focus among 

educators and researchers worldwide. Technology-enhanced learning tools offer innovative approaches to 

teaching and learning mathematics, potentially addressing traditional challenges in mathematics pedagogy 

through interactive, visual, and personalized learning experiences. The incorporation of advanced technologies 

like spatial visualization tools can enhance the learning experience and facilitate a deeper understanding of 

mathematical concepts [1]. As educational environments increasingly incorporate digital technologies, 

understanding their effectiveness becomes crucial for informing educational practices. 

The modern teaching and learning environment is increasingly rich with digital technologies and tools that are 

becoming integral to students' daily lives [2]. This evolution has prompted researchers to investigate how these 

technologies can be effectively leveraged to improve mathematical understanding and performance across various 

educational levels. In collegiate education particularly, mathematics subjects like calculus can be challenging for 

students who often struggle to visualize abstract concepts, as mathematics frequently emphasizes arithmetic 

operations over geometric understanding [3]. Technology-enhanced learning tools offer potential solutions to 

these challenges by providing visual representations and interactive experiences that can make abstract 

mathematical concepts more accessible. 

This literature review examines the effectiveness of various technology-enhanced learning tools in mathematics 

education, drawing on recent empirical research. The review focuses on different types of technological 

interventions, their impact on student performance and engagement, methodological approaches to assessing 

effectiveness, applications across educational levels, and current limitations and future directions in the field. 

 

2. Types of Technology-Enhanced Learning Tools in Mathematics Education 
2.1 Virtual Learning Platforms 

 

Virtual teaching and learning platforms have gained prominence in primary education in recent years. In 

Lithuania, for example, virtual teaching/learning platforms for mathematics, knowledge of nature, history, and 

language practice became more widely used approximately three years ago following the implementation of the 

EDUKA platform. Studies have been conducted to establish the effect of such virtual teaching/learning platforms 

on the learning outcomes of primary-grade students specifically in mathematics [2]. 
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Beyond standard virtual learning platforms, researchers have also developed ad-hoc solutions like "Lumen," 

designed specifically to visualize and combine mathematical surfaces in 3D based on their associated equations 

[4]. These specialized platforms address specific mathematical visualization challenges that general educational 

platforms might not adequately address. 

 

2.2 Immersive Technologies: VR and AR Applications 

Among the innovative solutions developed to address challenges in mathematical visualization, immersive, 

interactive VR graphing tools have emerged that are capable of displaying standard 2D graphs, solids of 

revolution, and other visualizations deemed potentially useful to struggling students. These tools, often developed 

within environments like the Unity 3D engine, leverage existing libraries for interaction and expression parsing 

while developing core functionalities independently [3]. 

The integration of spatial visualization tools, including virtual environments and 3D printing, represents an 

innovative approach to enhancing mathematics education. Research in this area explores the potential benefits 

and practical applications of these advanced technologies, examining their effectiveness in developing spatial 

reasoning skills and promoting active student engagement [1]. 

 

2.3 Flipped Classroom and Video-Based Learning 

Flipped classroom methodologies represent another technological approach to mathematics education. In these 

models, students learn content outside of class through technology-mediated instruction and use class time for 

application. For example, studies have used quasi-experimental designs with pre-/post-test control groups to 

investigate whether flipping an advanced pre-calculus class would lead to statistically significant gains in learning 

topics like conic sections. These interventions typically comprise flipping mathematics classes with video-assisted 

lessons and structured notetaking activities [5]. 

The effectiveness of flipped classroom approaches can be further enhanced by combining them with other 

pedagogical models such as inquiry-based learning. Implementing inquiry-based learning in flipped classroom 

scenarios requires careful planning of arrangements for both in- and out-of-class activities. Design heuristics based 

on established models like the 5E inquiry model have been developed to support teachers in planning inquiry-

based flipped classroom lessons [6]. 

 

2.4 Active Learning and Computer-Based Interventions 

Innovative active learning approaches in mathematics, such as the Modeling Practices in Calculus (MPC) model, 

have been implemented and studied in higher education settings. Using randomized-control trial research designs, 

students have been randomly assigned to either traditional, lecture-based classrooms, or classrooms employing 

active learning methodologies enhanced by technology [7]. 

Computer-based interventions designed to develop mathematical reasoning skills have also been implemented, 

particularly for underachieving students. These online game-based intervention programs are often designed to 

strengthen basic mathematical skills in line with the curriculum. Beyond assigning tasks, digital intervention 

programs can perform motivational functions, handle differentiation, and provide feedback, essentially taking on 

some traditional teaching responsibilities [8]. 

 

3. Empirical Evidence on Effectiveness 
3.1 Impact on Academic Performance 

Several studies have demonstrated the positive impact of technology-enhanced learning tools on students' 

mathematical performance across different educational levels. 

Research on the EDUKA virtual learning platform showed that in mathematical diagnostic progress tests 

(MDPTs), both male and female seven-year-old children achieved satisfactory, basic, and advanced results, with 

differences between the pre-test and post-test advanced and basic levels showing significant increases. In 

particular, the post-test showed control group scores of 5.10 vs. experimental group scores of 5.04 (p = 0.560) for 

satisfactory results, control group scores of 6.28 vs. experimental group scores of 6.42 (p = 0.630) for basic results, 

and control group scores of 1.90 vs. experimental group scores of 2.27 (p = 0.025) for advanced results [2]. 

Studies on the "Lumen" software designed for 3D mathematical visualization showed significant learning gains. 

Several activities were designed to measure learning gain and problem-solving skills, with a mean learning gain 

of 43% observed among 242 students on pre- and post-tests for the first monitored activity, and a mean learning 

gain of 30% observed among 210 students for the second monitored activity [4]. 

The effectiveness of flipped classroom instruction has also been empirically validated. Results from some studies 

have indicated statistically significant differences between the mean scores of treatment groups (using flipped 

instruction) and control groups (using conventional methods), reflecting the positive impact of flipped instruction 

on mathematics performance [5]. 
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Computer-based interventions have likewise shown promising results. The effect size of one such program proved 

to be significant across different grade levels (d = .22 and .38, respectively). These results confirm the potential 

of intervention programs to close, or at least significantly reduce, learning gaps in basic mathematical skills, 

without requiring additional teacher work—an important aspect of successful implementation—particularly in 

challenging areas for 9-to-11-year-old pupils [8]. 

 

3.2 Enhancement of Spatial Reasoning and Visualization Skills 

Research on spatial visualization tools has demonstrated their effectiveness in developing important mathematical 

abilities. When assessing progress in spatial visualization ability using instruments like the Revised Purdue Spatial 

Visualization Test (Revised PSVT: R), studies have found that while control groups exhibit no significant 

development (p = 0.163) and have minimal effect sizes of change (g = 0.035), experimental groups using these 

technologies demonstrate substantial improvement in spatial visualization ability (p < 0.05) with noteworthy 

medium effect sizes of change (g = 0.325). Analysis of variance comparing mean normalized changes in spatial 

visualization ability between control and experimental groups establishes, with 95% confidence, that the 

normalized spatial visualization change is significantly higher in experimental groups. Specifically, experimental 

groups have shown increases of 25% in spatial visualization skills, compared to only 5% increases in control 

groups [1]. 

Qualitative research on VR tools for calculus has also yielded promising results. Surveys of students currently or 

previously enrolled in Calculus II/III courses have revealed the potential effectiveness of immersive technologies. 

These surveys primarily aimed to determine the tools' viability for future educational endeavors, and the positive 

responses suggest both immediate usefulness and promising future applications in educational settings [3]. 

 

3.3 Effects on Student Attitudes and Engagement 

Beyond performance metrics, technology-enhanced learning tools have demonstrated positive effects on student 

attitudes toward mathematics and their engagement with mathematical content. 

Studies comparing active learning approaches with traditional instruction have found that technology-enhanced 

active learning methodologies show improvement over traditional instruction by having less negative impact on 

student attitudes. The enjoyment and self-confidence subscales of the Attitudes Towards Mathematics Inventory 

(ATMI) showed significant differences at course completion when controlling for pre-ATMI scores and term [7]. 

Research has found that achievement in active learning environments is less dependent on initial attitudes toward 

mathematics in terms of correlation. Active learning approaches show higher gains in grades than lecture-based 

instruction when controlling for attitudes and demographic variables. Effect sizes of active learning instruction 

on grades of students with low attitudes toward mathematics were larger than those of students with higher 

attitudes. Furthermore, active learning courses had a large effect size (d = 0.81) on female students with lower 

attitudes toward mathematics, confirming its role as a gender equalizer [9]. 

Participants in flipped classroom interventions have reported enjoying the experience, suggesting that the 

approach positively affects not only performance but also student satisfaction with the learning process [5]. 

 

4. Methodological Approaches in Assessing Effectiveness 
4.1 Experimental and Quasi-Experimental Designs 

Many studies employed pre-test/middle-test/post-test experimental strategies to evaluate the effectiveness of 

technology-enhanced learning tools. These designs are often chosen to avoid disruption of educational activities 

due to the random selection of children in each group [2]. 

Quasi-experimental designs with pre-test/post-test control group formats have been used to investigate the impact 

of flipped classrooms on mathematics performance. These designs typically involve testing subjects on their prior 

knowledge before starting the experiment and retesting them after the intervention to measure learning gains [5]. 

Studies examining the effectiveness of the STEM approach in enhancing students' mathematics performance have 

similarly employed quasi-experimental designs of unbalanced groups through pre-test and post-test comparisons 

for treatment and control groups [10]. 

 

4.2 Assessment Tools and Metrics 

Mathematical diagnostic progress tests (MDPTs) have been employed as an objective way to measure skills and 

abilities. These tests are often divided into sections with tasks allocated according to performance levels, content, 

fields of activity, and cognitive skills. Assessments typically categorize students' performance into levels such as 

unsatisfactory, satisfactory, basic, and advanced [2]. 

The Attitudes Towards Mathematics Inventory (ATMI) has been used to measure student attitudes at the 

beginning and end of courses, allowing researchers to compare results between different instructional approaches. 

These attitudinal measures provide important complementary data to performance metrics [7]. 
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Specialized instruments like the Revised Purdue Spatial Visualization Test (Revised PSVT: R) have been 

administered as both pre-tests and post-tests to assess progress in specific mathematical abilities, such as spatial 

visualization. Statistical analyses, including analysis of variance, have been conducted to compare mean 

normalized changes between control and experimental groups [1]. 

 

5. Applications Across Educational Levels 
5.1 Primary Education 

Research has found that intensively integrating virtual learning platforms like EDUKA into formal education—

specifically in mathematics—has a significant impact on primary school children's mathematical performance. 

After experimental interventions, statistically significant differences (p < 0.05) have been observed in primary 

school children with higher achievement levels. The integration of virtual learning platforms into formal 

mathematics learning processes has been shown to have a positive impact on access to mathematics, with students' 

mathematics learning achievements being positive in progressive mathematics [2]. 

Online game-based intervention programs designed for third- and fourth-grade pupils (aged 9–11) have 

demonstrated effectiveness in developing mathematical reasoning skills and strengthening basic mathematics 

skills in line with the curriculum. With effect sizes ranging from d = .22 to d = .38 across different grade levels, 

these interventions show promise for closing learning gaps in basic mathematics skills without requiring additional 

teacher work [8]. 

 

5.2 Secondary Education 

Studies involving secondary school students have shown that flipped classroom approaches can be effective in 

enhancing mathematics performance. Research with 11th graders learning conic sections via flipped classroom 

models compared to traditional didactic approaches has demonstrated statistically significant differences in post-

test mean scores, reflecting the effectiveness of the flipped instruction approach [5]. 

Research examining the effectiveness of the STEM approach among 14-year-old secondary school students has 

shown significant and moderate differences in mathematics performance between students participating in STEM 

approaches and those taught using conventional methods. Post-test performance scores for STEM approaches 

have been consistently higher compared to conventional methods. These results demonstrate that implementations 

involving both inquiry-based learning and problem-based learning can effectively improve students' academic 

performance in mathematics [10]. 

 

5.3 Higher Education 

At the undergraduate level, ad-hoc technological learning environments have facilitated the development of 

mathematical competencies. Solutions like the "Lumen" software for visualizing and combining mathematical 

surfaces in 3D have yielded significant learning gains among university students, with mean learning gains of 

43% and 30% observed in different monitored activities. These results suggest that while remote learning poses 

challenges, ad-hoc technological applications support the reinterpretation of the learning process by shifting focus 

to skill development through active learning [4]. 

Immersive, interactive VR graphing tools for calculus have shown promise in collegiate education. Qualitative 

surveys of students in Calculus II/III courses have indicated the potential effectiveness of these tools, with positive 

responses suggesting both immediate usefulness and promising future applications in educational settings [3]. 

Innovative active learning approaches like the Modelling Practices in Calculus (MPC) model have been 

implemented in university Calculus I courses with positive results. Students in active learning sections have shown 

improvement over those in traditional instruction, particularly in maintaining more positive attitudes toward 

mathematics. The enjoyment and self-confidence dimensions have shown significant differences at course 

completion, and notably, these approaches have demonstrated a positive impact on female students' self-

confidence compared to male students, suggesting a potential gender-equalizing effect [7]. 

 

6. Limitations and Future Directions 
6.1 Methodological Limitations 

Many studies on technology-enhanced learning tools in mathematics education employ pre-test/middle-test/post-

test experimental strategies, which, while valuable, may not always account for all variables affecting student 

performance. The focus on measuring immediate learning outcomes may overlook long-term retention and 

transfer of mathematical knowledge [2]. 

Some research relies heavily on qualitative information from surveys to assess the effectiveness of technological 

tools. While these provide important insights into student perceptions and experiences, they may not always 

objectively measure learning gains. Many studies are described as "pilot" research, indicating preliminary 

explorations rather than definitive findings [3]. 
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6.2 Implementation Challenges 

Research on flipped classroom approaches indicates that while design heuristics help teachers set up lesson plans 

that generally align with educational models like the 5E model, certain phases, particularly the evaluation phase, 

are often insufficiently addressed. Studies have shown that even with revised design heuristics, teachers continue 

to struggle with choosing appropriate assessment techniques, an issue that has proven difficult to resolve [6]. 

Research on STEM approaches has found that student attitudes toward implementation are often at moderate 

levels, suggesting room for improvement in how these approaches are presented and integrated. For more 

comprehensive assessment of these approaches, researchers have suggested adding more research samples to 

expand study contexts, prolonging treatment durations, and examining additional variables such as student 

interests and motivations [10]. 

 

6.3 Future Research Directions 

The positive responses to immersive technologies suggest potential for immediate usefulness and promising future 

applications in educational settings. Researchers have indicated interest in further exploration and adaptation of 

these tools, such as transitioning virtual reality applications into augmented reality (AR) environments, which 

might offer different advantages for mathematics education [3]. 

Further research is needed to explore the full potential of integrating spatial visualization tools in mathematics 

education. Current studies demonstrate the significance and effectiveness of these tools in enhancing students' 

spatial reasoning skills and mathematics understanding, but broader implementation and longitudinal studies 

could provide more comprehensive insights [1]. 

Research suggests that while remote learning in contexts like the COVID-19 pandemic poses difficult challenges 

for learners and professors, the use of ad-hoc technological applications is an important resource that supports the 

reinterpretation of the learning process. Future studies could explore how these tools might be integrated into post-

pandemic educational environments [4]. 

 

7. Conclusion 
This literature review has examined the effectiveness of various technology-enhanced learning tools in 

mathematics education across different educational levels. The evidence strongly suggests that these tools, when 

appropriately designed and implemented, can positively impact students' mathematical performance, spatial 

reasoning abilities, and attitudes toward mathematics. 

Virtual learning platforms like EDUKA have demonstrated significant positive effects on primary school 

children's mathematical performance, particularly for students at higher achievement levels. These platforms have 

improved access to mathematics and fostered positive learning achievements in progressive mathematics [2]. 

Spatial visualization tools have proven particularly effective in enhancing spatial reasoning skills, with 

experimental groups showing substantial improvements compared to control groups. These tools provide 

immersive learning experiences that help students better understand and engage with mathematical concepts [1]. 

Flipped classroom approaches using videos and notetaking have shown statistically significant improvements in 

mathematics performance compared to traditional teaching methods, with students reporting enjoyment of these 

instructional approaches [5]. 

Active learning methodologies supported by technology have demonstrated not only performance benefits but 

also positive effects on student attitudes, particularly in terms of enjoyment and self-confidence. Notably, these 

approaches appear to have a gender-equalizing effect, especially benefiting female students' self-confidence in 

mathematics [7]. 

Computer-based interventions have shown promise in closing learning gaps in basic mathematics skills without 

requiring additional teacher work, making them practically viable for educational implementation [8]. 

While methodological limitations and implementation challenges exist, the overall body of research suggests that 

technology-enhanced learning tools represent a valuable approach to improving mathematics education. Future 

research should address identified limitations, explore longitudinal effects, and investigate how these tools can be 

most effectively integrated into diverse educational contexts. As technology continues to evolve, so too will the 

opportunities for enhancing mathematics education through innovative, technology-enhanced approaches. 
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