APPROACHES TO LEARNING MATHEMATICS USING DIGITAL TOOLS
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Abstract- Traditional methods of teaching mathematics has been completely transformed by the introduction of digital resources, which increase accessibility, engagement, and interactivity. With the aid of these resources, students can more effectively complete calculations, investigate patterns and visualize difficult ideas. To accommodate different learning styles and speeds, online platforms and apps offer instant feedback, adaptive tests, and tailored learning experiences. Virtual simulations and collaborative technologies also promote problem-solving abilities and peer interaction. In addition to giving abstract mathematical concepts a concrete form, these tools enable students to think critically and get a greater comprehension of the material. 
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I. INTRODUCTION

Today, in the modern way of life, the digitalization of the educational system enables students to develop logical thinking, enrich knowledge, and improve skills, attitudes, and values [1].	
The International Society for Technology in Education (ISTE, 2016) emphasizes the importance of increasing students' competencies as digital citizens, knowledge producers, innovative designers, computational thinkers, creative communicators, global collaborators, and empowered learners, considering the growing role of computers and automation systems in our lives [2].
The innovations in the teaching process have replaced the traditional memorization-based approach [3]. Moreover, in the 21st century, the education of the digital native generation can take place in any environment with internet access, independent of time and place. Therefore, teachers adopting outdated teaching methods may fall short of meeting the interests and needs of today's students. To address this, educators need to closely monitor the latest developments in information and communication technology, redesign instructional environments by incorporating contemporary methods and techniques, and strive to enhance the quality of the education process [4].
In the Philippines, 16% of students attained at least Level 2 proficiency in mathematics, significantly less than on average across OECD countries (OECD average: 69%). At a minimum, these students can interpret and recognize, without direct instructions, how a simple situation can be represented mathematically (e.g. comparing the total distance across two alternative routes, or converting prices into a different currency). Over 85% of students in Singapore, Macao (China), Japan, Hong Kong (China)*, Chinese Taipei and Estonia (in descending order of that share) performed at this level or above. Almost no students in the Philippines were top performers in mathematics, meaning that they attained Level 5 or 6 in the PISA mathematics test (OECD average: 9%). Six Asian countries and economies had the largest shares of students who did so: Singapore (41%), Chinese Taipei (32%), Macao (China) (29%), Hong Kong (China)* (27%), Japan (23%) and Korea (23%). At these levels, students can model complex situations mathematically and can select, compare, and evaluate appropriate problem-solving strategies for dealing with them. Only in 16 out of 81 countries and economies participating in PISA 2022 did more than 10% of students attain Level 5 or 6 proficiency [5]. 
In this process, digital tools used in the distance education process have become the biggest collaborators of educators. One of these collaborative tools, digital educational escape room games, has a scenario that is different from both traditional games and familiar digital games [6]. In light of this digital environment, mathematics teachers should continually update their skills to effectively utilize these tools in teaching and monitoring their impact on students’ mathematical learning. Thus, while digital tools offer great potential in mathematics education, it is crucial to consider factors such as digital skills, usage patterns, and the changing digital landscape. Teachers may play a vital role in adapting to these advancements, ensuring that these tools are effectively employed to promote meaningful learning experiences for students, and to enhance their communication behavior in the classrooms or outside [7].
National Focus Group on Teaching of Mathematics pointed out the problems of mathematics education and provided some recommendations in year 2005 with reference to curriculum, pedagogy and classroom environment. Although paradigm shift in all important aspects of teaching- learning process has been recommended in 2005, still the performance in mathematics is deteriorating (National Achievement Survey, 2017) across the nation [8]. Surprisingly, this rapid integration has not only been embraced by the industrial community but also by the educational sector, traditionally depicted as immune to the fast integration of technology [9]. This paradigm shift revolutionizes the way students interact with educational ecosystems and fundamentally shapes their perceptions of personalized learning in the digital age. The heart of this transformation lies in their capacity to seamlessly blend traditional education systems with evolving personal learning environments supported by AI-powered digital educational tools [10].
Currently, mathematics teachers are increasingly utilizing digital tools to facilitate remote collaboration among student groups and enhance their collaborative, communicative, and pedagogical skills [11]. Mathematics is considered as a science of numbers and calculation surrounded by the dominance of a definite answer whereas in the broadest sense it is a matter of inference that leads to logical conclusions. Mathematics is the study of abstract concepts made up of abstract elements. Mathematics is not just a science of numbers or calculation but much more about generalization formation, relationship viewing, logical thinking, and the development of reasoning. Many students struggle with it and become dissatisfied because they are constantly interrupted in their engagement [12].
Society should ensure the satisfaction of the needs of the current generation without jeopardizing the future generations in meeting their needs, and thus it is necessary to look - a step forward - and meet the needs of students and teachers [13].

II. IMPLEMENTATION

Rapid technological improvements in the classroom now highlight the value of creative approaches to teaching mathematics, as well as the application and practice of technological pedagogical content and knowledge [14]. If taught properly and in an orderly manner, mathematics education is an essential and essential component of the curriculum and is crucial to the advancement of our country. 
All available means should be implemented and practiced to improve mathematics education so that everyone can participate in mathematics education at least at the school level. However, the fact that most students find mathematics difficult to learn and that understanding requires appropriate intelligence makes it imperative for schools to improve the quality of mathematics education by using all resources and strategies to help students understand. [15]
Implementing innovations in one classroom can be a challenging endeavor, and it is even more demanding across a whole school. However, it becomes exponentially more challenging when scaling up an innovation aims to reach many schools, a district, or even a state or nation [16].
Lack of proper presentation on the part of teachers leads to problems of implementation because choosing one convenient teaching strategy for different types of students and teaching it to all is not successful, it indicates lack of innovative pedagogical planning of teaching. If teachers introduce appropriate strategies through proper planning such as teaching using innovative practice, then the education system will lead to proper implementation. There are a variety of methods that can be employed and teachers can use innovative and creative ideas in the classroom to encourage students to study and understand mathematics in the best possible way. It is very important to employ different techniques and innovations to teach mathematics [17].
A key concern in the use of alternative teaching methods with modern supervisory tools is the strengthening of teaching. This is facilitated by exploring sources for knowledge acquisition in order to help modernize teaching and contribute to the understanding of teaching units by providing content to the theoretical framework of teaching [18]. Some forms of new technologies seem to be widespread and used more extensively by teachers, while others are not yet widespread and integrated into teaching. The term New Technologies includes educational software, internet, e-learning, educational multimedia, and interactive whiteboard [19]. 
[bookmark: _Hlk185791170]This allows teachers and students to work without interruptions. This also makes learning worthwhile by promoting the value of collaborative learning and social interaction. Even teachers and peers can applaud their students and partners when necessary. With the help of these ICT tools, as virtual encouragement as possible, students will become motivated to learn and actively participate in the learning process in mathematics [20]. The digital tools applied in this mode of education are helpful
in terms of regulating the learning process, facilitating learning, and assessing the learning of students [21]. 
Also, the use of digital technology in classroom activities can enhance new forms of dialogue.[22]






III. APPROACHES

Innovation in mathematics education can be diversified in terms of teaching methods, pedagogical resources, and some modern approaches used in the teaching-learning process.

Constructivist Approach
The majority of school teachers are unaware of this approach till now. NEP (2020) also emphasized such an approach which promotes higher-order thinking instead of rote memorization. The constructivist approach radically changes the process of teaching and learning mathematics, connecting it with daily life, rather than teaching only abstract formulas and using a creative approach to mathematical task solving [24]. It is a learner-centered approach in which the learner is the constructor of knowledge rather mere receiver. The teacher acts as a facilitator and provides students such experiences that allow them to hypothesize, predict, and manipulate mathematical facts. Under this approach, actions such as research, investigating, imagining, inventing, and posing questions are performed by the learner [25]. Students’ intuitive mathematical thinking gradually becomes more abstract and powerful through interaction with mathematical tasks and other students [26]. Some identifiable characteristics distinguish a Constructivist approach-based classroom as compared to a conventional classroom such as; Learner activeness, democratic environment, and interactive and student-centered activities. In the constructivist classroom, students are encouraged to base what they create on heroes of knowledge and experience. This helps pupils develop a good attitude toward mathematics and has a positive impact on their mathematical achievement [27]. 

Inquiry-Based Learning
Inquiry-based learning involves students’ centered activities that develop confidence and ability to do mathematics on their own. It starts by posing questions rather than simply presenting facts or portraying a smooth path to knowledge. It allows students to develop and practice critical thinking skills by providing the opportunity to explore the situation presented before them. It improved the mathematical creativity of the students and developed problem-solving ability among students. Problem posing problem solving and modeling activities are core areas in inquiry-based teaching. Prior knowledge is used to start the communication that helps students to develop their strategies. When using an inquiry-based teaching approach in mathematics, some mathematical content is more obvious than others, and students benefit from engaging in different mathematical tasks [28]. 

Experiential Learning
NEP, 2020 proposed the adoption of experiential learning for all stages of school education. Experiential learning is the practice of learning through doing. It encourages the students to have firsthand experiences with the materials, rather than learning through someone’s else experience in textbooks and lectures. Experiential learning focuses on individual learning. It is defined as learning through reflection on doing. It involves one more step i.e., reflection if compared with other strategies such as activity-based, problem-based, and discovery learning. Experiential learning may be helpful in subjects like mathematics where students are involved in their understanding of mathematical concepts and practices. Introducing experiential learning activities in mathematics classrooms is a way to create a classroom environment that helps students overcome their math anxiety. Teachers need to associate activities with the concept so that students may be involved and reflect on their actions e.g., in primary school if a teacher wants to teach the duration and timing of rising and setting of sun. He should ask them to prepare a chart on the rising and setting of the sun for a few days that will provide a deep understanding of the duration of a day instead of telling them directly. Similarly, in middle school, an activity related to selling self-made edible items involves purchasing and measuring the ingredients and they can reflect on the process they adopted for all the activities involved. In secondary school concept of probability may be taught through experiential learning involving concrete items such as coins, cards, and dice-related activities [28].

Problem-based learning
Another learner-centered strategy begins with the problems. Problem drives the learning when it is taken from the real world. Problem-based learning environment helps students construct a deep understanding of mathematical ideas and processes by engaging them. Problems are solved by creating, conjecturing, exploring, testing, and verifying mathematical situations. [29] 
Traditionally, math textbooks often just provide fixed examples without providing rich experiences in problem-solving. Problems should be presented before the students so it can arouse students interest and they become motivated to solve them. Using this approach, the teacher provides pertinent instructions, which the students follow by identifying the problem, formulating a solution, implementing the solution, and then going over the plan. It helps students build critical and creative thinking skills as well as problem-solving skills that will serve them well in life.

Technology-Enabled Learning
Technology reduces the effort of human beings and increases efficiency in all spheres of life. Education is not the exception where technology enters and contributes in increasing the efficiency of teaching teaching-learning process. Various types of technology-enabled learning strategies can be categorized based on hardware, software, and utility purposes. Web quest learning, m-learning, and blended learning are few of them that must be practiced in mathematics classrooms to make learning interesting and joyful [30].

WebQuest
WebQuest learning is the result of building knowledge using online resources. A WebQuest is a kind of inquiry-based lesson or activity in which students primarily use internet resources to gather their information. By combining a constructivist approach with technology, it aims to provide meaningful learning in the classroom [31]. 
Teachers can create WebQuest using different programs, but the most common and simple form is to create a word-processing document that includes links to websites. "WebQuests were created by Dodge in 1995, during the early stages of widespread Internet access. It includes group work, prior knowledge, and cooperative learning.

Blended Learning
Blended learning is the combination of e-learning and face-to-face learning environments. It combines online educational material and opportunities for interaction online with traditional classroom methods. Thousands of videos on trigonometry, statistics, algebra, and arithmetic are available freely on Khan Academy and YouTube. This online material is frequently used by teachers for blended learning environments. Lin, Tseng, and Chiang (2016) conducted an experimental study to see the effectiveness of blended learning on high school mathematics students in Taiwan [32]. They found not only a positive effect on learning outcomes but also attitudinal change towards mathematics found the result in favor of blended learning in mathematics classrooms concerning achievement and attitude. Generally, the Moodle Learning platform is utilized for such a learning environment. Teachers can conduct interactive activities for online group discussion, examination, and assessment. This strategy provides flexibility in the context of time and space [33].

M-learning 
Another method that uses social, technical, and content interactions to facilitate learning in a variety of circumstances. Mobile phones, tablets, notebooks, and portable computers are examples of personal electronic devices that can be used to access m-learning technologies. They found that mathematics teaching supported by mobile phone applications improves school student’s achievement. Apart from web-based learning, many mobile applications such as Socratic, Photo Math, ‘My script Calculator Two’ etc. are used commonly by the students. ‘Socratic’ is a photo-based free software that provides step-by-step solutions to math problems. My script Calculator Two’ is an app that is more than a calculator. It converts the handwriting into text and then solves the problem. The app includes support for basic operations like addition and subtraction, powers, roots, exponents, trigonometry, logarithms, constants (like pi), and more. Apart from that various learning management software such as Google Classroom, Moodle, and EDMODO are popular nowadays to connect with students anytime anywhere [34]. 

5 E’s Learning Model
The 5 E’s Learning Model comprises five phases: Engagement Phase- Learners are engaged in any task in any form of classroom where it serves as an opportunity for students to build a relationship between previous knowledge and existing concepts. Exploration Phase- Learners discuss and explore in groups, engaging in events and materials. They create a platform for general experience and therefore a vast field of experience. Explanation Phase- Students with general experience begin to lay the groundwork for abstract experience and to clarify their miscommunication under the teacher’s interpretation. Elaboration Phase- Students describe their knowledge in detail and therefore expand their knowledge. Students apply the acquired ideas to connect with other related fields and therefore gain real-world perceptions. Evaluation Phase- In evaluation stage determines whether the student has acquired the necessary knowledge and perception. The 5E instructional model serves as a flexible learning cycle that helps curriculum developers, classroom teachers, and school librarians create STEM lessons that illustrate constructivist, reform-oriented, best teaching practices. Each stage of instruction details the ideas, concepts, and skills needed for student inquiry [35].

Play Way Method 
Another useful method that produces joyful learning and helps to create interest in the subject for lower grades. Mathematical puzzles, riddles, and jigsaw are the ways to teach the students through play. This method is very useful in the foundational and preparatory stages of school education (NEP, 2020). NCF (2005) pointed out that making mathematics a part of children’s life experience is the best mathematics education. Project Based Method is a way to connect classroom learning to life outside the school. It is ideal to arouse curiosity, promote creativity, and inculcate the spirit of inquiry among the students. Students handle the problems in a natural setting. A sense of confidence may be brought through engagement in projects involving mathematical concepts [36].

Laboratory Method 
This method includes most aspects of teaching such as ‘learning by doing’, ‘learning by observing’ ‘concrete to abstract’ etc. It provides a practical basis for our inductive reasoning. Present-day education is heavily criticized because it provides a bundle of theoretical knowledge without any practical basis. The laboratory method is quite efficient for testing this evil. It can help us learn mathematics as it is used in our daily life. In this way, theory and practice can go hand in hand and hence it can make the teaching and learning process as interesting, useful, and lively as possible. Laboratory methods require a well-equipped laboratory and a laboratory-conscious, competent mathematics teacher. Emphasizing the necessity of a laboratory in this manner, ‘Young’ remarked that a room specially furnished with drawing instruments, suitable tables and desks, good blackboards, and necessary equipment for course experiments is essential for the best success of this course [37].

IV. DIGITAL TOOLS IN TEACHING MATHEMATICS

The use of digital technologies in education has so far mainly been limited to higher education and various online courses, as well as for high school students who, due to geographical or other reasons (special educational needs, elite athletes, etc.), could not regularly attend classes. The increasing prevalence of digital technologies in education has led to the need to redefine traditional teaching and learning methods and introduce innovative forms of teaching that would be more suitable for the new generation of students described as digital natives [38].

Graphing Software: Software for graphing is very popular in math classrooms, with tools like Desmos and GeoGebra. This software allows students to graph, manipulate, and investigate graphs of a wide variety of mathematical functions and equations. Instructors can leverage these tools to visualize ideas such as transformations, intercepts, and asymptotes to make abstract concepts more tangible [39].

Interactive Simulations: Role interactive simulations facilitate college students' experimentation with arithmetic phenomena in digital environments. Yes, interactive math simulations available on Websites like PhET Interactive Simulations can help students explore probability, geometry, and algebra through hands-on experimentation [40].

Virtual Reality (VR): The use of VR technology in math instruction has started to gain traction. Students can gain a stronger understanding of geometry and spatial reasoning by immersing themselves in three-dimensional mathematical spaces through virtual reality [41]. 

Augmented Reality (AR): By superimposing digital data on the real world, augmented reality applications produce dynamic and captivating educational experiences. Students' spatial visualization abilities have been improved by using AR apps such as AR Math to visualize geometric forms and transformations [42].

Dynamic Geometry Software: Students can dynamically create and work with geometric figures using dynamic geometry software, which includes programs like Cabri Geometry and The Geometer's Sketchpad. By encouraging students to create hypotheses and test them, these resources foster inquiry and discovery [43].

Data Visualization Tools: These resources aid students in comprehending statistical ideas and sizable datasets. Students can explore patterns, distributions, and correlations more easily by using software like Tableau and Excel to create visual representations of data. [44].

Photomath: A tool that allows students to take a picture of a math problem and get an instant solution, along with step-by-step explanations. Photomath can be applied to: arithmetic (basic operations such as addition, subtraction, multiplication, and division), algebra (systems of equations, solving linear equations and inequalities, polynomials and factoring), geometry and trigonometry (basic geometric figures and properties, trigonometric ratios and functions), calculus (limits and continuity, derivatives and integrals), discrete mathematics, statistics, and probability (sequences and series, mathematical induction, descriptive statistics, probability calculations and combinatorics.

Quizlet: A free online tool that allows students to create flashcards and study sets for math concepts, and formulas, and Quizlet is an online learning tool that allows users to create and study custom flashcards and other learning activities that can be applied to various mathematics curriculum domains. The main curriculum domains to which Quizlet can be referred are similar to one in Photomath and can be equally applied in arithmetic, algebra, calculus, geometry and trigonometry, discrete mathematics, combinatorics and statistics, number theory, etc.

Mathway: A tool that provides step-by-step solutions to mathematical problems, including algebra, calculus, and statistics. It also offers a graphing calculator and practice problems. 

Wolfram Alpha: From simple arithmetic to intricate calculus problems, Wolfram Alpha is a computational knowledge engine that can provide answers. Wolfram Alpha is a powerful tool for exploring a wide range of mathematics curriculum domains, providing step-by-step solutions, visualizations, and detailed explanations for various mathematical problems.

Prodigy: A platform for learning through games that provides tests and practice in math for pupils in grades one through eight. Students in elementary and middle school are the target audience for Prodigy, which covers a wide range of mathematical topics. Through interactive and adaptive gameplay, this game-based method is very successful at getting students to practice and grasp fundamental mathematical concepts. By clearly and coherently explaining mathematical thinking, solving time, money, and real-world problems, solving problems involving ratios, rates, and proportions, plotting points and comprehending the coordinate plane, recognizing and classifying shapes and their properties, comprehending and applying place value in various contexts to aid students in developing and improving their number sense, and more, it improves the learning process. 

Matific: Students in grades K–6 can participate in interactive math games and activities on this gamified learning platform. Activities centered around addition, subtraction, multiplication, and division, games and exercises for comprehending, comparing, and carrying out operations with fractions, decimals, and percentages, games that involve identifying and extending number patterns and sequences, exercises to develop skills in estimation and rounding numbers, reading and interpreting various graphs and charts, and many other activities that can help students build a strong foundation in mathematics through hands-on learning and problem-solving experiences can all be applied to Matific, an educational platform that offers interactive math activities and games.

V. SUMMARY, CONCLUSION, FURTHER STUDY

It is very important to employ different techniques and innovations to teach mathematics. If teachers introduce appropriate strategies through proper planning such as teaching using innovative practice, then the education system will lead to proper implementation [46]. Many studies highlighted that using visualization tools in teaching mathematics improved conceptual understanding among college students. Visualizations helped clarify abstract mathematical concepts, making them more accessible and tangible. This theme underscores the potential of visual aids to fill the knowledge gap between theoretical mathematics and real-world application. A prominent result emerging from the systematic review was the positive impact of visualization tools on student engagement and motivation. Incorporating interactive and visually appealing materials captured students' interest and sustained their attention. Visualizations promoted active participation and more profound involvement in the learning process.
The reviewed studies consistently highlighted the value of visualization tools in catering to diverse learning styles and abilities within college-level mathematics education. Visualizations provided alternative avenues for understanding, accommodating students who may struggle with traditional teaching methods. This theme emphasizes the inclusivity and adaptability of visual aids in a classroom setting. A recurring finding was that visualization tools facilitated better retention and application of mathematical concepts. Students reported being able to recall and apply what they had learned more effectively when visual aids were incorporated into the instruction. This outcome underscores the potential of visualizations to enhance the long-term comprehension and practical utility of mathematical skills. [47]. 
Learning mathematics with the help of digital tools encourages the digitalization of learning materials, which enables faster access to information and its processing. This is the only way to face the new era and respond to new challenges in the educational process, especially in the teaching of mathematics [48].
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