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Abstract 

The integration of digital technologies into mathematics education has accelerated globally, 

driven by the need for resilient learning systems and the potential to enhance pedagogical 

practices. This paper examines the theoretical foundations, didactic possibilities, and assessment 

mechanisms associated with using digital tools in mathematics teaching. It proposes a didactic-

methodological model grounded in constructivism, the TPACK framework, and competence-

based approaches. The model outlines a structured process from input conditions to learning 

outcomes, emphasizing the role of tools like Dynamic Geometry Software (DGS), Computer 

Algebra Systems (CAS), and AI-powered platforms. Analysis of international assessment data, 

such as PISA and TALIS, reveals a complex landscape: while moderate use of digital devices for 

learning correlates with higher mathematics scores [1], challenges related to teacher preparedness, 

equity, and cognitive overload persist. For instance, PISA 2022 results show a record 15-point 

drop in mean mathematics performance across OECD countries since 2018 [2], highlighting the 

urgency for effective digital integration. Conversely, TALIS 2024 data from Uzbekistan show a 

surprisingly high rate of AI adoption among teachers (62%) [3], suggesting varied national 

responses. This paper synthesizes these findings to provide evidence-based recommendations for 

designing effective digital learning environments and teacher professional development programs. 
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Introduction  

The 21st century has witnessed a profound shift in the educational landscape, with digital technologies 

moving from the periphery to the core of teaching and learning processes. This transformation is 

particularly critical in mathematics education, a domain fundamental to developing the analytical and 

problem-solving skills required in modern economies. The "why now?" question for integrating 

technology is answered by a confluence of factors: the global disruption caused by the COVID-19 

pandemic, which necessitated a rapid pivot to remote and hybrid learning [4], and the persistent 

challenge of improving student outcomes. Evidence from the Programme for International Student 

Assessment (PISA) 2022 revealed an unprecedented decline in student performance, with mean 

mathematics scores across OECD countries falling by 15 points between 2018 and 2022 [2]. This context 

underscores the urgent need for innovative pedagogical strategies that can effectively leverage 

technology to not only recover learning but also to foster deeper engagement and understanding. 
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However, the mere presence of technology in the classroom does not guarantee improved learning. The 

effectiveness of digital tools hinges on their purposeful integration into pedagogical practice, a concept 

encapsulated by the term "didactic affordances." This refers to the specific teaching and learning 

possibilities that a technology enables, such as visualizing abstract concepts, modeling complex 

problems, or providing personalized feedback [5]. To harness these affordances, educators require a 

robust theoretical and methodological framework. This paper draws on established learning theories like 

constructivism, which posits that learners actively build knowledge, and frameworks such as 

Technological Pedagogical Content Knowledge (TPACK), which emphasizes the synthesis of 

knowledge about technology, pedagogy, and subject matter [6]. 

Furthermore, the transition to digital assessment, as exemplified by the IEA's Trends in International 

Mathematics and Science Study (TIMSS) becoming fully digital in its 2023 cycle, signals a systemic 

shift [7]. This move not only changes how learning is measured but also creates opportunities for more 

sophisticated assessment methods, including the use of learning analytics to provide real-time feedback. 

Yet, this digital transformation is not without its challenges. Issues of equity in access, the digital divide, 

the need for extensive teacher training, and the risk of cognitive overload are significant barriers that 

must be addressed [4, 8]. This paper aims to synthesize these multifaceted aspects by proposing a 

comprehensive didactic-methodological model for integrating digital technologies in mathematics 

education. It analyzes international data, explores theoretical underpinnings, and provides practical 

recommendations for educators, policymakers, and teacher training institutions to navigate this evolving 

terrain. 

 

Methods 

This research employs a descriptive and analytical methodology, primarily based on a comprehensive 

review of secondary data and scholarly literature. The study synthesizes findings from large-scale 

international assessments, policy reports from global organizations, and peer-reviewed academic articles 

to construct a coherent framework for the use of digital technologies in mathematics education. The core 

of the methodology is the development of a didactic-methodological model derived from established 

educational theories and empirical evidence. 

 

Theoretical Foundations 

The proposed model is grounded in several key theoretical perspectives. First is “constructivism”, a 

learning theory suggesting that individuals construct their own understanding and knowledge through 

experiences and interactions [6]. In this context, digital tools are not seen as mere information delivery 

systems but as instruments for exploration, experimentation, and knowledge creation. Second, the 

“Technological Pedagogical Content Knowledge (TPACK)” framework is central to our approach. 

TPACK posits that effective technology integration requires a complex interplay between three core 

components of knowledge: technology (how to use digital tools), pedagogy (how to teach effectively), 

and content (deep knowledge of mathematics) [6]. 

Third, we incorporate the “SAMR (Substitution, Augmentation, Modification, Redefinition)” model as 

a lens to evaluate the level of technology integration. This model provides a hierarchy, from technology 

acting as a direct substitute for a traditional tool (e.g., a PDF worksheet instead of a paper one) to 

technology enabling the creation of new tasks that were previously inconceivable (Redefinition) [9]. 
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Finally, to address the specific nature of mathematical learning, the model incorporates principles from 

“Instrumental Genesis”. This theory describes the process by which a technological artifact (like a 

calculator or software) becomes a cognitive instrument for a user through the development of mental 

schemes for its use [10]. It highlights that a tool’s potential is only realized through the user's interaction 

and developing proficiency. 

 

Data Sources and Analysis 

The empirical basis for this paper is drawn from a range of authoritative sources. Data on student 

performance, digital tool usage, and teacher attitudes are primarily sourced from the OECD's PISA 2022 

and Teaching and Learning International Survey (TALIS) 2024, as well as the IEA's TIMSS 2023. These 

assessments provide internationally comparable data on education systems, including student 

achievement and contextual factors like school resources and teacher practices [2, 3, 7]. For instance, 

TIMSS 2023 introduced a fully digital, group-adaptive design, which varies the difficulty of assessment 

booklets based on the country's expected performance level, providing more precise measurement across 

diverse populations [11]. Reports and databases from the World Bank and UNESCO are used to analyze 

policy trends, educational investments, and specific country contexts, such as Uzbekistan's education 

reforms and its surprising learning gains during the COVID-19 pandemic [12, 13]. The analysis involves 

synthesizing statistical findings, policy documents, and research studies to identify patterns, challenges, 

and best practices in digital mathematics education. 

 

The Proposed Didactic-Methodological Model 

Based on the synthesis of theoretical frameworks and empirical data, a didactic-methodological model 

is proposed. This model, illustrated in the conceptual diagram in the Results section, presents a 

systematic pathway for integrating digital technologies. It begins with “Input Conditions” (student 

characteristics, technology access, curriculum goals) and moves through “Didactic Principles” 

(constructivism, TPACK). These principles guide the selection and application of “Methods and Tools” 

(e.g., Dynamic Geometry Software, Learning Management Systems). This, in turn, facilitates specific 

“Learning Processes” (visualization, problem-solving), leading to desired “Learning Outcomes” 

(mathematical competencies, digital literacy). The model concludes with a feedback loop of 

“Assessment and Monitoring”, which informs adjustments to the process. This structured approach aims 

to provide a practical yet theoretically sound guide for educators and curriculum designers. 

 

Results 

The analysis of international data and research literature reveals a complex and varied landscape 

regarding the adoption and impact of digital technologies in mathematics education. The findings are 

presented in three parts: trends in digital technology adoption, a proposed didactic model and its 

components, and an overview of the affordances and challenges of specific digital tools. 

 

Trends in Digital Technology Adoption and Impact 

The use of digital tools in education has seen a significant increase over the past decade, a trend 

accelerated by the pandemic. As shown in Figure 1, the adoption of various forms of digital technology 

in mathematics education has grown steadily. While the use of basic digital tools was already prevalent, 
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more sophisticated applications like interactive platforms and AI-assisted learning have seen rapid 

growth, reflecting a systemic shift towards more dynamic and data-driven pedagogical approaches. 

 

 
Figure 1. Trends in Digital Technology Adoption in Mathematics Education (2018-2024). 

Source: Synthesized from OECD and UNESCO reports [4, 14]. 

 

However, increased usage does not uniformly translate to better outcomes. PISA 2022 data indicate a 

nuanced relationship between screen time and performance. Students who spent up to one hour per day 

on digital devices for learning activities at school scored, on average, 14 points higher in mathematics 

than students who spent no time. Conversely, using digital devices for leisure for more than one hour 

during school was associated with a 9-point drop in scores [1]. This suggests that the context and purpose 

of technology use are critical. Furthermore, while technology holds the promise of bridging gaps, it can 

also exacerbate them. PISA 2022 found that socio-economically disadvantaged students in OECD 

countries are seven times more likely than advantaged students to lack basic mathematics proficiency 

[2]. 

Teacher preparedness is another critical factor. The TALIS 2024 survey provides insightful data, 

particularly from a country like Uzbekistan, which has been actively pursuing education reform. Despite 

low overall PISA scores [15], 62% of Uzbek teachers reported using AI in their work, significantly 

higher than the OECD average of 36%. Moreover, 78% of recent teacher graduates in Uzbekistan felt 

their initial education prepared them well for using digital resources [3]. This contrasts with the broader 
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challenge of teacher shortages and qualifications reported in many systems; in 2022, principals in 

schools representing 47% of students across the OECD reported that instruction was hindered by a lack 

of teaching staff [16]. 

A Didactic-Methodological Model for Digital Integration 

To navigate this complexity, a structured model is essential. Figure 2 presents a didactic-methodological 

model designed to guide the purposeful integration of digital technologies in mathematics education. 

The model is cyclical and adaptive, emphasizing a continuous process of planning, implementation, and 

evaluation. 

 
Figure 2. A Didactic-Methodological Model for Integrating Digital Technologies in Mathematics 

Education. 

 

The model begins with “Input Conditions”, acknowledging that effective teaching must be tailored to 

the specific context, including student needs, available infrastructure, and curriculum standards. It then 

proceeds to “Didactic Principles” 

like constructivism and TPACK, which serve as the pedagogical foundation. These principles inform 

the selection of “Methods/Tools”, which are then used to facilitate active “Learning Processes” such as 

modeling and collaborative problem-solving. The goal is to achieve specific “Learning Outcomes”, 

which encompass not only mathematical competencies but also broader skills like digital literacy. 

Finally, the “Assessment/Monitoring” stage uses methods like learning analytics and e-portfolios to 

provide formative feedback, which loops back to inform and refine the entire process, leading to 

improved performance and engagement. 

 

Digital Tools, Didactic Affordances, and Associated Risks 

The "Methods/Tools" component of the model encompasses a wide array of technologies, each with 

unique didactic affordances and potential risks. Table 1 provides a structured overview of these tools, 

linking them to specific learning objectives, pedagogical methods, and assessment indicators. For 

example, Dynamic Geometry Software (DGS) affords powerful visualization of geometric concepts, 
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best used through guided discovery methods and assessed via students' construction logs. Conversely, 

the use of Computer Algebra Systems (CAS) can lead to a focus on "answer-getting" without conceptual 

understanding if not managed properly. The table also outlines mitigation strategies for the identified 

risks, emphasizing the need for careful pedagogical design. 

 
Digital Tool 

Category 

Primary Didactic 

Affordance 

Recommended 

Pedagogical Method 

Key Assessment 

Indicator 

Potential Risk & Mitigation 

Strategy 

Dynamic Geometry 

Software (DGS) 

(e.g., GeoGebra) 

Visualization & Exploration:  

Allows students to 

manipulate geometric 

objects and observe invariant 

properties. 

Guided Discovery; 

Inquiry-Based 

Learning. Students 

formulate and test 

conjectures. 

Construction 

protocols; Quality of 

conjectures; 

Explanation of 

observed properties. 

Risk:  Aimless "playing." 

Mitigation:  Structure tasks 

with clear, open-ended 

questions that guide 

exploration towards a 

learning goal. 

Computer Algebra 

Systems (CAS) 

(e.g., 

WolframAlpha, 

Maple) 

Procedural Fluency & 

Modeling:  Automates 

complex calculations, 

allowing focus on problem 

formulation and 

interpretation of results. 

Problem-Based 

Learning; 

Instrumental Genesis. 

Teach the tool as a 

cognitive instrument. 

Problem-solving 

strategy; 

Interpretation of CAS 

output; Model 

validation. 

Risk:  "Black box" effect; 

focus on answer-getting 

without understanding. 

Mitigation:  Require 

students to explain the steps 

the CAS took or to verify 

results with estimation or 

simpler cases. 

Learning 

Management 

Systems (LMS) & 

Interactive 

Platforms 

(e.g., Moodle, 

Eduten) 

Personalized Practice & 

Formative Feedback:  

Delivers adaptive exercises 

and immediate feedback on 

performance. 

Mastery Learning; 

Flipped Classroom. 

Use for pre-class 

preparation and in-

class problem-

solving. 

Completion rates; 

Error patterns 

(Learning Analytics); 

Time on task. 

Risk:  Cognitive overload; 

superficial engagement. 

Mitigation:  Curate content 

carefully; integrate platform 

data into classroom 

discussions to address 

common misconceptions. 

AI Tutors & 

Adaptive Systems 

(e.g., CENTURY 

Tech) 

Adaptive Scaffolding & 

Personalization:  Adjusts 

difficulty and provides 

tailored hints based on 

individual student 

performance. 

Personalized Learning 

Pathways. Students 

work at their own pace 

with AI support. 

Learning trajectory 

analysis; Mastery of 

specific skills; Student 

self-regulation. 

Risk:  Academic dishonesty 

(e.g., using AI to solve 

problems); reduced student-

teacher interaction. 

Mitigation:  Design tasks 

that require higher-order 

thinking (e.g., explaining 

the 'why'); use AI data to 

inform targeted, small-

group teacher interventions. 

Source: Synthesized from research on educational technology and didactic frameworks [5, 17, 18]. 

 

Discussion 

The results present a compelling yet challenging picture for the future of mathematics education. The 

clear trend of increasing digital adoption (Figure 1) confirms that technology is no longer an optional 

add-on but a fundamental component of the modern learning environment. However, the simultaneous 

decline in PISA mathematics scores [2] serves as a stark reminder that technology is not a panacea. The 

key to unlocking its potential lies in the deliberate and pedagogically sound application envisioned in 

our proposed didactic-methodological model (Figure 2). This model argues for moving beyond simple 

substitution (SAMR model) towards modification and redefinition, where technology enables new ways 

of thinking about and doing mathematics. 
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The findings underscore the centrality of the teacher. The TPACK framework suggests that effective 

teaching requires a holistic competence that technology alone cannot provide. The case of Uzbekistan is 

particularly instructive. While the nation's students perform below the OECD average in PISA 

mathematics [15], its teachers report high levels of satisfaction, value within society, and a remarkable 

rate of AI adoption [3]. This paradox suggests that while systemic factors and student outcomes are 

lagging, there is a proactive and motivated teaching workforce that could be a powerful engine for 

change if provided with the right support. The success of Uzbekistan's television-based distance learning 

during the pandemic, which led to unexpected learning gains in mathematics for Grade 5 students [13], 

further demonstrates that low-tech or hybrid solutions tailored to the local context can be highly 

effective, bypassing the digital divide that hampers purely online initiatives [4]. 

 

Addressing Challenges and Limitations 

The path to effective digital integration is fraught with challenges. The most significant is ensuring 

“equity”. The digital divide persists not only in access to devices and connectivity but also in the quality 

of digital pedagogy. As the World Bank notes, bridging gaps in digital infrastructure, human 

infrastructure (teacher and student skills), and administrative systems is crucial [4]. Without targeted 

policies, technology risks widening the gap between socio-economically advantaged and disadvantaged 

students [2]. Our model attempts to address this by making "Input Conditions," including student 

background and access, the explicit starting point for any pedagogical design. 

Another major challenge is managing “cognitive load”. While tools like interactive simulations can 

enhance understanding, an overabundance of features or poorly designed interfaces can overwhelm 

students, hindering rather than helping learning [10]. The pedagogical methods outlined in Table 1, such 

as guided discovery and structured problem-based learning, are essential for mitigating this risk. Finally, 

the rise of powerful AI and CAS tools introduces new dilemmas around “academic integrity”. The focus 

must shift from assessing the final answer to assessing the process, reasoning, and interpretation. 

Assessment methods like e-portfolios, which showcase a student's entire problem-solving journey, and 

rubrics that reward explanation over calculation, become indispensable. 

 

Practical Recommendations and Conclusion 

Based on this analysis, several practical recommendations emerge for schools and higher education 

institutions (HEIs) responsible for teacher training. 

1. Revamp Teacher Professional Development (TPD):  TPD should move from one-off workshops on 

"how to use a tool" to sustained, collaborative programs grounded in the TPACK framework. This 

involves creating resource banks of high-quality digital lesson plans, using micro-teaching sessions for 

practice, and establishing professional learning communities where teachers can share experiences and 

co-design materials. 

2. Develop Clear Institutional Digital Strategies:  Schools and districts need to establish minimal 

technical standards and a curated list of approved, pedagogically vetted digital tools. This prevents a 

fragmented ecosystem of apps and platforms and ensures that investments are directed towards tools that 

align with the curriculum and didactic principles, as seen in initiatives like the Finnish Eduten platform 

being piloted in Uzbekistan [17]. 
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3. Integrate Digital Pedagogy into Initial Teacher Education (ITE):  ITE programs must embed digital 

competency across all subject-methodology courses, not just in a standalone "EdTech" class. Future 

teachers should graduate with a portfolio of digital teaching materials and experience in designing, 

implementing, and assessing technology-enhanced lessons. 

4. Adopt a Balanced Approach to Technology Use:  Policymakers and school leaders should promote a 

balanced "digital diet." As PISA data suggests, moderate and purposeful use for learning is beneficial, 

while excessive or distracting use is detrimental [1]. This includes developing school policies on device 

use and teaching students digital citizenship and self-regulation skills. 

In conclusion, the effective integration of digital technologies in mathematics education is a complex, 

socio-technical challenge that requires more than just hardware and software. It demands a profound 

shift in pedagogical thinking, supported by robust theoretical models, continuous professional 

development, and a commitment to equity. While international assessments paint a concerning picture 

of student performance, they also highlight pockets of innovation and resilience. By adopting a 

structured, evidence-based approach as outlined in the proposed model, education systems can better 

harness the didactic affordances of technology to foster a new generation of mathematically literate, 

digitally competent, and critically thinking citizens. 
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