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 Purpose of the study: This study systematically reviews the role of digital 

technologies in the design of mathematics teaching and learning over the past 

decade. It aims to evaluate how digital tools have been integrated into task and 

lesson design, identifying emerging trends, challenges, and innovations. 

Methodology: A systematic literature review (SLR) following the PRISMA 

framework was conducted, analyzing studies published between 2014 and 2023. 

A total of 32 studies were included, sourced from various academic databases. 

These studies were examined to explore the use of digital technologies such as 

GeoGebra, Dynamic Geometry Environments (DGE), mobile apps, and others in 

mathematics instruction. 

Main Findings: The review found that digital technologies, particularly 

GeoGebra and DGE, were frequently used to enhance mathematical exploration 

and conjecturing. Other tools, including mobile applications, augmented reality 

(AR), and AI, have contributed to innovative teaching strategies, increasing 

student engagement and understanding. However, challenges such as unequal 

access to technology and the need for teacher training in tool integration were 

identified. 

Novelty/Originality of this study: This study provides a unique contribution by 

focusing not only on the use of digital tools but also on their role within the broader 

teaching design context. It offers insights into how these technologies shape 

pedagogical strategies, helping educators design more effective and inclusive 

mathematics education environments. 
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1. INTRODUCTION 

Running for decades, the rapid pace of change in digital technology has significantly impacted education 

and research. Several studies have mentioned that the pandemic, as a peak of this progression, has transformed the 

virtual environment into a seamless learning space for students, leading to significant advancements [1]-[6]. The 
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majority of students, specifically the Generation Y and Z, have had opportunities to engage with digital 

technologies while growing up. They were evolving into more discerning users of technology within the 

classroom. However, it is yet crucial to acknowledge the argument presented by Kaput and Thompso [7] who 

asserted that “technology can reinforce any bias the user or designer brings to it”. If students fail to perceive the 

purpose or value of using technology, they may become hesitant to embrace it. When teachers do not actively 

employ these tools themselves, they do not gain a comprehensive understanding of how students can benefit from 

them [8]-[10]. 

In mathematics education research, Drijvers et al. [11] addressed the role of the teacher, educational 

context, and design as three decisive and crucial key factors to promote the integration of digital technology. The 

global definition of “design” related to the technology use in mathematics education defined as that technology 

design should provide an opportunity to make mathematics “more learnable” instead of being the aid to teach 

school mathematics [7], [12], [13]. Therefore, by using the term “design,” we mean not only the design of digital 

technology involved but also the design of corresponding tasks and activities and the design of lessons and 

teaching, in general.  

There are several terms that describe how digital technology is used in different ways in mathematics 

education. Borba et al. [14] consider trends of development about the use of digital technology, such as mobile 

technology as it is capable of expanding mathematics instruction and learning beyond the walls of the classroom. 

Another is the use of technology in collaborative learning including learning management system (LMS) by Barrot 

et al. [15]. Moreover, at the more subtle level, the technology development involved “a gradual reshaping or 

expansion of human experience from direct experience in physical space to experience mediated by the 

computational medium”. In the design manner, and particularly mathematics learning and teaching, the technology 

should act as interactive tool or as a medium in which one designs and builds interactive artifacts as mathematically 

expressive media with which to design an appropriate mathematics fitted to the learner. 

Regarding the literature review on digital technology tasks and lesson design in mathematics education, 

numerous studies have been conducted. However, there are limitations in the existing literature reviews as they 

mainly focus on the end product or specific competencies to be attained. The examples of several literature reviews 

on digital technology in the past decade are present as follows. We also included these articles in our Systematic 

Literature Review (SLR) process. By examining the discussions presented in these articles, we aim to review the 

topics that have been covered thus far and assess how digital technology has been addressed. Subsequently, we 

will examine how these discussions align with the design context we intend to explore.  

Recent studies have offered diverse perspectives on the integration of digital technologies in mathematics 

education. Rodríguez-Jiménez et al. [16] analyzed publications on the teaching–learning processes of mathematics 

through information and communication technologies (ICT) in primary education, while Verschaffel et al. [17] 

examined ICT-based environments designed to foster metacognitively oriented learning in K–12 contexts. In terms 

of game-based approaches, Hussein et al. [18] synthesized literature on the effectiveness of digital game-based 

learning (DGBL) applications in K–12 mathematics and provided a systematic review of DGBL, classifying 

outcomes into knowledge acquisition, perceptual and cognitive skills, and affective, motivational, and behavioral 

changes, with positive gains reported across categories. Expanding beyond games, Bulut and Ferri [19] reviewed 

the implementation of augmented reality (AR) in mathematics education, while Tang et al. [20] investigated both 

the effectiveness of mobile applications and curriculum development for mobile learning, complemented another 

systematic review of 52 studies that mapped research purposes, approaches, and methods in mobile learning. 

Artificial intelligence (AI) has also received attention, with Mohamed et al. [21] conducting a systematic review 

of AI applications in mathematics education, revealing approaches such as robotics, teachable agents, and 

autonomous systems, and noting the predominance of quantitative studies conducted in the USA and Mexico. 

Broader reviews have highlighted overarching trends. Engelbrecht and Borba [22] reviewed significant 

developments in digital technology in mathematics education over the past five years, focusing on themes such as 

STEAM integration, critical making, the redefinition of learning spaces, computer algebra systems, dynamic 

geometry packages, online collaboration, artificial intelligence, and the impact of COVID-19. Hwang et al. [23] 

performed a large-scale scoping review of more than 2,400 articles on technology in mathematics education (1981–

2022), using topic modeling to reveal research trends, popular keywords, and emerging areas of study. At the level 

of specific tools, Yohannes and Chen [24] systematically reviewed the integration of GeoGebra between 2010 and 

2020, finding that most studies were conducted at upper secondary and higher education levels, often focusing on 

geometry and analysis, and adopting task-based learning strategies. Their review also revealed research gaps, 

including limited attention to cognitive load, learning anxiety, and student engagement. Collectively, these studies 

illustrate not only the range of digital technologies applied in mathematics education from ICT, games, AR, AI, 

and mobile learning to specialized software but also the evolving research landscape that points to both promising 

outcomes and areas in need of further investigation. 

While these previous reviews have provided valuable insights into the integration of digital technology 

in mathematics education, most of them have primarily concentrated on outcomes such as student achievement, 

motivation, or the effectiveness of specific tools, without systematically examining how digital technologies are 
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embedded within the design of teaching–learning processesIn other words, existing reviews mainly evaluate 

technologies as finished products or isolated interventions, paying less attention to how they shape task design, 

lesson structure, pedagogical strategies, and the overall orchestration of mathematics learning. This represents a 

critical gap, given that the educational value of technology is not only determined by its inherent features but also 

by how it is intentionally designed into classroom practices. Therefore, the novelty and contribution of the present 

review lies in its focused investigation of the role of digital technologies within the design dimension of 

mathematics teaching and learning. By systematically analyzing how technologies have been conceptualized, 

adapted, and integrated in lesson and task design over the past decade, this SLR seeks to provide a deeper and 

more design-oriented understanding of their pedagogical potential. Such an approach not only complements 

existing reviews but also offers researchers and practitioners a clearer evidence base for designing mathematics 

learning environments that move beyond technology-as-tool toward its role within the design of mathematics 

teaching-learning.  

In light of these gaps, the present study makes two main contributions. First, it offers a design‑oriented 

synthesis of how digital technologies have been conceptualized and integrated into the design of mathematics 

teaching and learning over the last decade, going beyond outcome‑focused evaluations of isolated tools. Second, 

it maps the distribution of studies, technologies, mathematical topics, and methodological approaches, thereby 

providing a comprehensive overview that can inform both future research and classroom practice. To achieve these 

aims, we conduct a systematic literature review (SLR) following the PRISMA framework, focusing on 

peer‑reviewed journal articles published between 2014 and 2023. The remainder of this article is organized as 

follows. Section 2 describes the research method and SLR procedures. Section 3 presents the results according to 

the research questions and discusses the main trends and implications. Section 4 concludes the paper by 

summarizing the key findings, outlining limitations, and proposing directions for future research. 

This study is designed to address several key research questions. First, it examines the distribution of 

studies over a decade in terms of their publication years. Second, it identifies the types of digital technologies used 

in the research designs. Third, it explores the mathematical topics addressed in the selected studies. Fourth, it 

analyzes how the technologies are applied within the research designs. Finally, it investigates the research 

methodologies employed across the studies. 

 

2. THE COMPREHENSIVE THEORETICAL BASIS 

Sierpinska and Kilpatrick [25] emphasized the insufficient level of detailed explanations regarding task 

designs in mathematics eduction research reports. Nevertheless, in recent times, there has been an increasing focus 

on task design as a separate field of study, particularly in relation to digital tools. Drijvers et al. [11] describe a 

generic mathematics task as one that involves students in mathematical activities, enabling them to have 

meaningful encounters with mathematics. Conversely, a tool-based task is purposefully designed to establish an 

environment where students can utilize digital tools to actively participate in mathematical experiences [26]-[32]. 

The term "design" encompasses the notion of achieving goals within a specific environment while 

fulfilling particular requirements or constraints [33]-[34]. It serves as a strategic approach, providing a roadmap 

to meet expectations. Design inherently establishes boundaries, offering a structure or framework that fosters the 

development of meaning and knowledge. Within the domain of task design, the teacher or researcher assumes a 

vital role in defining and organizing activities within didactic teaching-learning environments [33]-[37]. In this 

context, technology acts as a defining element that not only sets limits but also shapes the activities undertaken by 

students and teachers. The design term was also foundationally presented by Simon [38] as the Hypothetical 

Learning Trajectory (HLT). We may come across tasks where students employ digital tools as supportive aids in 

problem-solving, without these tools being essential, and the context in which the activities arise need not 

necessarily be technological. 

The use of digital tools in the design of teaching-learning mathematics can be understood as the creation 

of pedagogical pathways or trajectories that enable the alignment of concepts and the maintenance of coherence 

across different mathematical domains. According to  Drijvers et al. [11], this approach involves a specific method 

of exploration in technology-rich environments, with the aim of familiarizing students with software and providing 

them with opportunities to develop various modes of interaction. As students become more comfortable and 

proficient in using the software, their focus gradually shifts from establishing routine tool usage to actively 

constructing mathematical meaning. In essence, empirical experiences are transformed into mathematical 

knowledge. This approach also encourages students to develop the ability to effectively communicate their 

mathematical reasoning and engage in mathematical argumentation [39]-[44] 
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Figure 1. Conceptual framework linking design, digital technology, and mathematics learning processes and 

outcomes. 

 

3. RESEARCH METHOD 

In this section, we outline the research methodology employed for conducting an SLR by the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) framework [45]. PRISMA provides a 

well-established and transparent procedure for identifying, screening, and synthesizing research evidence, ensuring 

both methodological rigor and reproducibility. Its stepwise approach comprising identification, screening, 

eligibility, and inclusion was particularly suited to this review because it allowed us not only to organize and 

classify digital technologies used in mathematics education but also to conduct a deeper thematic analysis. This 

analysis aimed to uncover emerging trends, challenges, and pedagogical shifts, while also enabling a comparative 

perspective with past systematic reviews in the field. By adopting PRISMA, we ensured that the selection process 

was comprehensive, minimized bias, and facilitated a critical synthesis of both established and novel insights. 

 

3.1. Identification 

 
Figure 2. PRISMA diagram 
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A comprehensive search strategy was developed to identify all potentially relevant studies related to the 

research question. The search was conducted on May 2023 using predefined search terms and Boolean operators. 

Various databases were utilized, including Scopus, ScienceDirect, ProQuest, and ERIC. The keywords used in the 

search were ("Learning Design" OR "Task Design" OR "Learning Model") AND ("ICT" OR "Technology" OR 

"Digital Technology") AND ("Mathematics" OR "Mathematics Classroom" OR "Mathematics Education"). The 

results of the search yielded a total of 1,215 records. The distribution of the records across the different databases 

is as follows: Scopus (439 records), ERIC (172 records), ProQuest (281 records), and ScienceDirect (314 records). 

In addition to these databases, other sources such as grey literature and reference lists of relevant articles were also 

examined, resulting in the identification of 9 additional records (see Figure 2). 

The initial search aimed to ensure a comprehensive and unbiased search for studies that address the 

research question. The next step in the systematic review process will involve the screening and selection of these 

records based on predefined inclusion and exclusion criteria. 

 

3.2. Screening 

We proceeded with the screening phase of the study identification process. In this stage, we filtered the 

initial set of studies based on predefined inclusion and exclusion criteria. These criteria were established to ensure 

that only studies meeting specific characteristics and relevance to our research question were considered for further 

evaluation. 

The criteria we used encompassed several factors. We considered the publication year, including studies 

published between 2014 and 2023. This timeframe allowed us to focus on research from decade while still 

capturing a substantial body of literature. Secondly, we selected studies from indexed journals (Figure 1), as the 

consideration of reliable and high-quality research. Lastly, we included studies published in English, as it was the 

primary language for conducting this review. We applied exclusion criteria to eliminate studies that did not meet 

the defined criteria. For publication year, we excluded studies published before 2014 or after 2023. Additionally, 

we excluded studies from document types other than indexed journals, as well as studies published in languages 

other than English. The screening process consisted of two phases: title/abstract screening and full-text screening. 

During the title/abstract screening phase, we conducted a quick review of the titles and abstracts of the identified 

studies. This allowed us to exclude studies that were irrelevant to our research question. After this phase, the 

remaining studies underwent full-text screening, where they were assessed in more detail to determine their 

eligibility for inclusion in the review. 

Following the screening process, we obtained a total of 838 articles that did not meet our criteria. These 

numbers represent the studies identified from each respective database after removing duplicates. There are 371 

articles remaining to proceed to the next phase. We categorized our inclusion and exclusion criteria on the 

following Table 1. 

 

Table 1. Inclusion and exclusion criteria 

Criterion Inclusion Exclusion 

Publication year Published between 2014 and 2023 Before 2014 and after 2023 

Document type Journal articles Other document types 

Language English Other languages 

Study field Specific to mathematics education Other study fields 

Technology used 
Digital technology in the design of 

mathematics teaching-learning 
Other technology in education 

 

Table 1 summarizes the inclusion and exclusion criteria guiding the screening process. We focused on 

journal articles published in indexed sources between 2014 and 2023, written in English, and situated specifically 

within mathematics education. Studies outside this time frame, in other languages, or addressing broader 

educational fields or non‑digital technologies were excluded. These criteria ensured that the review captured 

recent, peer‑reviewed research directly relevant to the design of digital technology in mathematics teaching and 

learning. 

 

 

2.3. Eligibility 

We applied predefined criteria to evaluate the suitability of the studies that passed the initial screening 

process for inclusion in our SLR. Our goal was to select studies that align with our research objectives and provide 

valuable information for the review. To ensure consistency and accuracy, any discrepancies or uncertainties 

encountered during the eligibility assessment were resolved through discussions among the members of our review 

team or by seeking consultation from experts in the field. 

In this phase, we specifically excluded articles that focused on digital technology in a design manner. 

Instead, we considered digital technologies that align with our predefined terms of or design as of corresponding 
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tasks and activities and the design of lessons and teaching. Furthermore, we excluded any articles that did not 

discuss the use of digital technology within the field of mathematics education. This criterion allowed us to narrow 

down the pool of articles to those specifically related to our research topic. 

After conducting a thorough assessment of the collected articles, we identified a total of 32 studies that 

met our eligibility criteria and were considered for quality appraisal. During this stage, 2 studies were excluded 

because of insufficient methodological information, and 9 additional studies were excluded due to the 

unavailability of full text. As a result, 21 articles were retained for inclusion in the final synthesis (see Figure 1). 

 

2.4. Inclusion 

In this step, the included studies were catalogued and organized for data extraction and analysis. After 

applying the quality appraisal and full‑text availability criteria, a total of 21 articles were retained and considered 

for further analysis and review. For each article, we extracted key information including bibliographic details 

(author, year, country), study design (e.g., case study, experimental, qualitative), participants and educational 

levels, type of digital technology used, pedagogical strategies or design approaches, and reported outcomes related 

to mathematics teaching and learning. These categories were selected to align with the review objectives and to 

enable comparison across studies. 

The extracted data were then systematically coded using a standardized coding sheet. Codes captured 

both descriptive information (e.g., technology type, mathematics topic) and analytical aspects (e.g., role of 

technology in supporting mathematical thinking, challenges reported, pedagogical implications). Following this, 

a thematic analysis was conducted to identify recurring patterns, emerging trends, and gaps in the literature. This 

process ensured that the synthesis addressed not only what technologies were used but also how they shaped the 

design of mathematics learning environments. 

Additionally, the included studies were assessed for their quality and risk of bias to strengthen the 

reliability of the findings. For our review, we excluded 9 articles due to the unavailability of full text. After this 

exclusion, a total of 21 articles were retained and considered for further analysis and review. The final set of 21 

articles reflects a carefully justified selection process. The restriction to studies published between 2014 and 2023 

ensured that the review captured the most recent decade of technological developments, a period marked by rapid 

innovation and increased integration of digital tools in mathematics education. Limiting the sources to indexed 

journals guaranteed the inclusion of peer-reviewed and high-quality research, thereby strengthening the reliability 

of the findings. The choice of English-language studies was pragmatic, as English serves as the dominant medium 

for disseminating international research, thus maximizing comparability and accessibility. Finally, focusing on 

mathematics education specifically, rather than broader educational contexts, enabled us to target literature directly 

relevant to the discipline’s pedagogical design issues. These inclusion criteria were therefore essential to ensure 

that the synthesis addresses the research objectives with depth, clarity, and disciplinary relevance, while also 

allowing comparison with prior SLRs and identification of new directions. 

 

 

4. RESULTS AND DISCUSSION 

A total of 21 studies were included in the analysis, which aimed to synthesize and evaluate the available 

evidence on digital technology on the design of mathematics teaching-learning. This section presents the 

preliminary findings derived from the comprehensive analysis of the included studies according to the research 

questions. 

 

3.1. Distribution of Studies Based on Year of Publication 

 

 
Figure 3. Distribution of Studies Based on Year of Publication 
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In response to the first research question, we aim to examine the phenomenon of rapid technological 

advancement over a decade in our research by mapping the year of publication against the number of publications 

(n), enabling us to assess the trends that occur. The findings revealed that the studies spanned from 2014 to 2023, 

with a total of 21 publications included in the review. The average number of studies per year was approximately 

2. The analysis indicates variations in the number of studies conducted in different years. Figure 3 shows how the 

trend of the number of publications. 

Notably, there was a significant increase in research activity between 2019 and 2022, with five studies 

published in each of these years. This suggests a growing interest in the subject during this period. In comparison, 

the years 2014, 2015, and 2016 each had only one study published, indicating a relatively lower level of research 

activity during those years. Among the included studies, Benton et al. [46] and Barman and Kjällander [47] were 

the only authors with two publications each, demonstrating their sustained interest in the topic. Overall, the 

systematic literature review revealed a diverse distribution of studies over the decade, with an increase in research 

activity in recent years and variations in interest among different authors. 

 

3.2. The digital technologies in the learning design 

To initiate the exploration of digital technology, this second research question examines which digital 

technologies were used in the previously included studies based on the criteria presented in Table 2. The SLR 

revealed a wide range of digital technologies applied in the design of educational materials. Dynamic Geometry 

Environments were employed by Fahlgren and Brunström [48], Guerrero-Ortiz and Camacho-Machín [49], and 

Leung [50]. GeoGebra, another frequently used tool, was reported by Guerrero-Ortiz and Camacho-Machín [49], 

Ferri et al. [51], Ishartono et al. [52], Nursyahidah and Albab [53], and Kholid et al. [54]. 

Math Text was utilized by Ahn and Edwin [55], while Mathematical Digital Boundary Objects (MDBO) 

were discussed by Pedersen et al. [56]. Benton et al. [46] emphasized the use of dynamic and graphical tools, 

including Computer Algebra Systems (CAS). Other digital technologies identified across the reviewed studies 

included SimCalc [51], video animation [52], Khan Academy video [45], internet-based learning [53], Digimat 

[41], web-based learning environments [54], Moodle [55], tablet-based games [56], Mathema [57], iPads [58], and 

multimedia learning tools [59]. 

 

3.3. Mathematical topics addressed 

The reviewed studies were also analyzed to identify the mathematical topics addressed. General 

mathematics emerged as a frequently discussed topic, as highlighted in the works of Fahlgren and Brunström [48], 

Pedersen et al. [56], Engelbrecht and Borba [22], Tezer et al. [58], Papadimitriou and Gyftodimos [61], and Al-

Mashaqbeh [62]. Geometry was another dominant topic, investigated by Guerrero-Ortiz and Camacho-Machín 

[49], Leung [50], Ishartono et al. [52], Nursyahidah and Albab [53], Kholid et al. [54], Rahajo and Kumyat [44], 

as well as Komatsu and Jones [64]. 

 

 
Figure 4. Mathematics Topics Assessed 

 

The intersection of Geometry and Algebra was explored by Fernández et al. [59] and Hoyles et al. [57]. 

Additionally, Benton et al. [46] also focused on Calculus, while Ahn and Edwin [55] addressed Algebra. 

Computation was the subject of investigation for Barman and Kjällander [47], and Fernández further examined 

Differential Equations [59]. Finally, Çakıroğlu’s work centered on Arithmetic [63]. By examining these studies 
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collectively, it becomes evident that a wide range of mathematical topics were addressed, including General 

Mathematics, Geometry, Algebra, Calculus, Computation, Differential Equations, and Arithmetic.. 

 

3.4. Digital Technology in the Designs of Teaching-Learning 

To address the fourth research question, we catalogued how different digital technologies were positioned 

within teaching–learning designs in the 21 included studies. Table 3 provides an overview of technologies, 

publication years, and brief descriptions of how they were integrated into task, lesson, or course designs. 

 

Table 2. Digital technology in the design 

Author 
Publication 

Year 

Technology 

Used 
How digital technology used in the design 

Fernandez et al. 2014 Moodle By a model with various elements for planning and 

conducting classroom activities. 

Kholid et al. 2014 GeoGebra With the importance of accurate visualizations and 

the use of GeoGebra in solving transformation and 

distance problems 

Pedersen et al.  2014 Mathematical 

Digital 

Boundary 

Object 

(MDBO) 

By outsourcing of representation competency when 

using digital technologies and offered suggestions 

for designing mathematical tasks. 

Hoyles et al. 2014 SimCalc By balancing closed simulations and open-ended 

toolkits. 

Fahlgren & 

Brunström 

2014 Dynamic 

Geometry 

Environments 

By engaging mathematical activities such as 

exploration, conjecturing, explanation, and 

generalization. 

Leung, Allen 2014 Dynamic 

Geometry 

Environments 

As the pedagogical tool of drag-mode in for 

generating mathematical conjectures 

Waiyakoon et al. 2015 Tablet Game Using Math Makes Sense Model for promoting 

mathematical understanding 

Çakiroğlu & Taşkin 2016 Multimedia 

learning 

environment 

As the positive role of interactive and fun activities 

in improving children's number concept and 

motivation. 

Barrera-Mora & 

Reyes-Rodriguez 

2016 GeoGebra Using dynamic characteristics of this tool are useful 

to explore phenomena of change and variation 

Al-Mashaqbeh 2016 iPad Using iPads software for enhancing students' math 

skills 

Papadimitriou & 

Gyftodimos 

2017 Mathema By implementing and exploiting the following 

techniques: curriculum sequencing, adaptive 

presentation, adaptive and meta-adaptive navigation 

support, interactive problem-solving support, and the 

adaptive group formation and peer helping. 

Ahn & Edwin 2018 Math Text By a problem-solving activity for teachers using 

basic geometric ideas 

Hoyles et al. 2018 Dynamic 

Geometry 

Environments 

and Computer 

Algebra 

Systems (CAS) 

The interdependence of learning activities and 

processes and the potential contributions of design 

research with digital technologies. 

Tezer et al. 2019 Web-based 

learning 

environments 

By online mathematics learning   

Komatsu & Jones 2019 Dynamic 

Geometry 

Environments 

With principles for using tasks and tools to enhance 

students' mathematical reasoning 

Engelbrecht et al. 2020 Internet By a new approach in mathematics education, 

including the design of new settings, social 

interaction, and tools 
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Author 
Publication 

Year 

Technology 

Used 
How digital technology used in the design 

Nursyahidah & 

Albab 

2021 GeoGebra Using ethnomathematics and Geogebra to support 

the activity of the volume of a cylinder 

Ishartono et al. 2022 GeoGebra By a three-stage syntax for GeoGebra-based 

learning media. 

Barman & 

Kjällander 

2022 Digimat Digital resources used for playful learning about 

digital math, beyond app-based games 

Meryansumayeka et 

al. 

2022 Video 

Animation 

By improving students' learning trajectories in 

cuboid volume. 

Guerrero-Ortiz & 

Camacho-Machín 

2022 Dynamic 

Geometry 

Environments 

and GeoGebra 

The two currents digital environment associated 

with the teaching-learning of modelling and 

mathematics. 

 

As summarized in Table 2, Dynamic Geometry Environments (including GeoGebra) dominate the design 

landscape, frequently used to support exploration, conjecturing, and visualization in geometry and related topics. 

Learning management systems such as Moodle tend to structure whole courses or blended learning models, while 

other tools (e.g., SimCalc, tablet games, iPad, multimedia environments) are more often embedded in specific 

activities or interventions. Rather than listing each study in detail, the key point is that technologies differ in the 

level at which they operate in the design: some shape individual tasks, others reconfigure entire learning 

environments. 

 

3.5. Methodologies used in the research 

As part of the review process conducted over a decade, a variety of research studies and their 

methodologies were examined, as illustrated in Figure 3. The findings revealed that several researchers employed 

qualitative approaches, including Ahn and Edwin [55], Borba et al. [14], Fahlgren and Brunström [48], Fernández 

et al. [59], Guerrero-Ortiz and Camacho-Machín [49], Kaput et al. [12], Komatsu and Jones [64], Leung [50], and 

Pedersen et al. [56]. 

Furthermore, a group of studies adopted design-based research approaches. Notable researchers in this 

category included Barman and Kjällander [47], Hoyles et al. [57], Ishartono et al. [52], Meryansumayeka et al. 

[44], and Nursyahidah and Albab [53]. Design-based research was employed to examine the design and 

effectiveness of instructional materials, learning environments, and educational interventions.. 

 

 
Figure 5. Methodologies used 

We also identified several studies that adopted quantitative approaches. Kholid et al. [54] and Tezer et al. 

[58] employed quantitative methods to collect and analyze numerical data, aiming to generate statistical inferences 

and generalizable findings. Additionally, Waiyakoon et al. [60] conducted a study using a research and 

development (R&D) approach. Meanwhile, Papadimitriou [61] employed a qualitative approach, whereas Al-

Mashaqbeh [62] utilized a quantitative methodology. Furthermore, Çakıroğlu and Taşkın [63] were also 

categorized under research and development–based studies. 

The findings provide valuable insights of how the design of mathematics teaching-learning employs 

digital technology. Comparing the findings of the reviewed studies with previous literature reviews in the field 

open up the discussion we provide in this section. 
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Earlier of the decade, publication numbers remained low, reflecting the limited availability of advanced 

technologies and the relatively small research community exploring this intersection [14], [68]. In contrast, recent 

years show a marked increase in research output, coinciding with greater accessibility of digital tools, more 

widespread adoption in schools, and external pressures such as the COVID-19 pandemic that accelerated 

technology use in classrooms [69]-[72]. These trends mirror wider societal shifts toward digitalization [53] and 

suggest that technology has moved from being a complementary feature to becoming integral to the design of 

mathematics education. 

The patterns identified in this review both align with and diverge from earlier analyses of educational 

technology in mathematics education. Previous reviews emphasized the transformative potential of digital tools 

but often noted their limited adoption and scattered impact across topics [12], [73], [74]. The more recent surge of 

studies confirms the trajectory anticipated by these earlier works, where technology has become embedded not 

only as a supplement but as an essential part of learning designs. At the same time, our findings indicate a stronger 

integration of socio-cultural perspectives and interdisciplinary approaches, aspects that were less prominent in 

older reviews. This suggests that the field is not merely growing in volume but also evolving in theoretical 

grounding and pedagogical ambition, broadening the scope of how mathematics education is conceptualized 

through digital means. 

A consistent theme across the reviewed studies is the way technology enhances the visual and spatial 

aspects of mathematics, particularly in geometry. Digital tools such as GeoGebra and other dynamic geometry 

environments (DGEs) allow for interactive exploration of mathematical entities, making abstract ideas more 

tangible and supporting skills such as conjecturing and generalization [75]-[77]. The positive impact of such 

designs has been empirically demonstrated: Ndagijimana et al. [78] found that embedding GeoGebra within a 

socio-cultural classroom design significantly improved students’ understanding of points, lines, and angles 

compared to traditional instruction. These findings resonate with earlier arguments that mathematics education 

should focus not only on isolated subject knowledge but also on versatile problem-solving and critical thinking 

skills [79]-[81]. By situating digital tools within thoughtful designs, educators are able to bridge different domains 

such as geometry and algebra, aligning with contemporary paradigms of interdisciplinary learning [82]-[85]. 

Beyond geometry, other technologies highlight how design choices influence outcomes. Shurygin et al. 

[86] demonstrated that students using the MalMath application outperformed peers in traditional instruction and 

reported higher motivation, echoing results of prior research on the motivational benefits of mobile applications. 

Here again, the success was not inherent to the app itself but to its role within a design that positioned technology 

as central to problem solving and exploration. This illustrates a broader pattern in which digital tools gain 

pedagogical meaning only when embedded in coherent instructional frameworks. 

Nevertheless, the distribution of topics reveals some imbalances. While geometry and general 

mathematics topics dominate, other areas such as algebra, calculus, computation, differential equations, and 

arithmetic are less frequently addressed. This uneven focus may reflect challenges in creating digital designs for 

more abstract or procedural domains, but it also suggests a research gap that merits further exploration. 

Investigating how digital tools can support these less-studied areas could extend the benefits of technology more 

broadly across mathematics education. Earlier studies have already highlighted that the role of digital technology 

in learning design is complex and multifaceted, shaped not only by individual tools but by their synergistic use 

across topics and contexts [53], [87], [88]. 

Another important aspect concerns pedagogy and teacher roles. Technology-supported designs are 

shifting instruction away from rote transmission toward inquiry-based, blended, and student-centered approaches 

[89]-[91]. Teachers are increasingly positioned as facilitators and designers of digital resources rather than as mere 

transmitters of knowledge. Weigand et al. [92] emphasizes this shift, pointing to the need to conceptualize teachers’ 

mathematical and digital competencies and to support their long-term development. This aligns with our review, 

which shows that effective designs integrate digital tools as core components of teaching, learning, and assessment, 

not as peripheral add-ons. 

Despite these promising developments, integrating digital technologies into mathematics education is not 

without challenges. Several studies highlight issues of unequal access to devices and reliable internet, which can 

exacerbate educational inequalities [49], [53]. Teacher preparedness remains another critical limitation, as not all 

educators possess the necessary digital and pedagogical competencies to design effective technology-supported 

instruction [92]. Furthermore, there are risks of over-reliance on tools, where the novelty of the technology may 

overshadow deeper mathematical understanding or critical engagement. Addressing these limitations requires 

sustained professional development, careful consideration of contextual constraints, and policies that ensure 

equitable access. Acknowledging these challenges not only tempers overly optimistic narratives but also directs 

attention to the structural and pedagogical conditions under which digital technologies can truly enhance 

mathematics teaching and learning. 

The findings also connect to broader educational aims such as inclusivity and the development of twenty-

first century skills. Game-based designs for learners with disabilities illustrate how digital tools can enhance 

accessibility, while the integration of computational thinking and digital literacy extends the scope of mathematics 
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education to prepare students for a technology-driven society [41], [43], [93]. In early childhood settings, 

interactive multimedia environments help demystify abstract mathematical ideas, laying foundations for later 

learning. Together, these examples highlight the breadth of contexts in which technology can enrich learning 

designs. 

 

3.6.2. Methodological Considerations and Future Directions 

From a methodological perspective, the dominance of qualitative and design-based research underscores 

the field’s emphasis on exploring how digital technologies are integrated and iteratively refined [93]-[98]. 

Quantitative approaches, though less common, provide valuable evidence of impact, as seen in studies such as 

Ndagijimdana et al. [78] and Shurygin et al. [86]. At times, however, results appear contradictory: while some 

designs report significant gains in performance and motivation, others highlight limitations or mixed effects [49]. 

These inconsistencies suggest that context plays a critical role, with factors such as infrastructure, teacher 

readiness, and cultural learning practices influencing outcomes. 

The evidence suggests that the role of digital technology in mathematics education is best understood as 

dependent design. From GeoGebra’s ability to foster socio-cultural interaction to MalMath’s effect on motivation, 

the impact of technology stems from how it is positioned within intentional pedagogical frameworks. While 

substantial progress has been made in understanding its potential, further research is needed to extend applications 

to underrepresented mathematical topics, to investigate long-term effects, and to theorize how contextual factors 

mediate outcomes. By doing so, the field can continue moving toward more equitable, innovative, and evidence-

based uses of digital technologies in mathematics education. 

Taken together, the present review offers a distinct contribution to the literature by foregrounding the 

design dimension of digital technology in mathematics education. Whereas many previous reviews have 

concentrated on learning outcomes or on the effectiveness of particular tools, our synthesis systematically 

examines how digital technologies are conceptualized and embedded within task, lesson, and 

learning‑environment designs across a decade of research. This design‑oriented perspective provides a more 

nuanced understanding of the pedagogical functions of technology, clarifying the links between design decisions, 

forms of technological mediation, and observed learning processes and outcomes. Methodologically, the review 

also highlights the central role of qualitative and design‑based approaches in this field, while pointing to underused 

opportunities for mixed‑methods and longitudinal designs that can more robustly capture both the processes and 

impacts of technology‑rich interventions. 

The findings carry several implications for both researchers and practitioners. For researchers, the mapped 

trends suggest the need to extend design‑oriented investigations beyond geometry and general mathematics to 

less‑represented domains such as algebra, calculus, computation, and differential equations. Future studies could 

also more explicitly theorize the role of context (e.g., infrastructure, teacher expertise, socio‑cultural factors) in 

shaping how digital technologies function within designs. For practitioners, the review underlines that technology 

alone is insufficient; its educational value emerges when it is intentionally integrated into coherent task and lesson 

designs that promote exploration, conjecturing, reasoning, and collaboration. Teacher education and professional 

development should therefore focus not only on technical skills, but also on supporting teachers to act as designers 

of technology‑rich learning environments. 

This review is subject to several limitations that should be acknowledged explicitly. First, the scope was 

restricted to peer‑reviewed journal articles published in English between 2014 and 2023, which means that relevant 

work in other languages, conference proceedings, book chapters, or earlier studies may have been excluded. 

Second, despite using multiple databases and a systematic procedure, the selection remains dependent on the 

chosen search terms and indexing practices, so some eligible studies may have been missed. Third, the synthesis 

is based on what authors reported; incomplete methodological descriptions limited the depth of our quality 

appraisal for some studies. These limitations suggest that future reviews could broaden the range of sources, 

include non‑English publications, and adopt more fine‑grained coding frameworks to capture design features and 

contextual factors in greater detail. Nevertheless, within these boundaries, the present SLR provides a timely and 

design‑focused overview of how digital technology has been integrated into the design of mathematics teaching 

and learning over the past decade, and offers a foundation for more context‑sensitive and theory‑driven research 

in this area. 

 

5. CONCLUSION 

This SLR focused on the integration of digital technology in mathematics education, particularly in terms 

of teaching-learning design. The review identified various digital technologies used in the design of educational 

materials, including Dynamic Geometry Environment, Geogebra, Math Text, Mathematical Digital Boundary 

Object (MDBO), and others. The mathematical topics addressed in these studies encompassed General 

Mathematics, Geometry, Algebra, Calculus, Computation, Differential Equations, and Arithmetic. The review also 

explored how learning designs incorporated technology. It found that digital technologies provided opportunities 

for students to engage in mathematical activities such as exploration, conjecturing, explanation, and generalization. 
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Researchers emphasized the importance of finding the right balance between closed simulations and open-ended 

toolkits, as well as the interdependence of learning activities and processes. Principles for using tasks and tools to 

enhance mathematical reasoning were discussed, along with the significance of accurate visualizations and the use 

of specific tools like GeoGebra. Building on these findings, several directions for further research can be proposed. 

Future studies could extend design‑oriented investigations beyond the currently dominant focus on geometry and 

general mathematics to under‑represented domains such as algebra, calculus, computation, and differential 

equations. There is also a need for more mixed‑methods and longitudinal designs that systematically link design 

features, classroom implementation, and long‑term learning outcomes in authentic settings. In addition, 

comparative studies across educational levels and contexts could deepen understanding of how infrastructure, 

teacher expertise, and socio‑cultural factors condition the role of digital technologies in design. Given the rapid 

emergence of artificial intelligence and new interactive environments, future research should also explore how 

these technologies can be integrated into task and lesson design in ways that promote equity, inclusivity, and the 

development of higher‑order mathematical reasoning. 

 

 

USE OF ARTIFICIAL INTELLIGENCE (AI)-ASSISTED TECHNOLOGY 

The authors used ChatGPT during the preparation of this work to design graphics and images. After 

utilizing the tool, the authors thoroughly reviewed and edited the content as necessary and assumed full 

responsibility for the publication's content. 
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