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ABSTRACT 

The development and testing of environmentally friendly teaching aids for basic mathematics 

learning in Early Childhood Education (PAUD) focuses on creating engaging, sustainable, and 

effective learning media. One study developed an eco-friendly math learning tool called "situng" for 

first-grade students, which significantly increased interest and effectiveness in learning arithmetic 
operations, validated through expert assessments and statistical tests. Another approach involved 

training PAUD teachers to design educational game tools using recycled materials, enhancing their 

skills and motivation to create innovative, child-safe, and environmentally conscious teaching aids. 

Interactive digital media combining cultural elements like batik with basic math concepts also 

shows promise in improving children's mathematical understanding and engagement, although 
challenges such as limited digital access and teacher training remain. Additionally, the use of low-

cost, sustainable manipulatives like plastic straws demonstrated significant improvement in young 

learners' additional skills while promoting ecological awareness. These studies highlight the 

importance of integrating environmental consciousness with pedagogical innovation to enhance 

early mathematics education in PAUD settings effectively. 

Keywords: Basic Mathematics Learning; Educational Game Tools; Environmentally Friendly 

Teaching Aids; Interactive Media; PAUD; Sustainable Materials  

 

INTRODUCTION 

  The early childhood education (ECE) period is a critical phase for developing basic 

numerical skills. Early numerical skills—including number concepts, simple measurement, shape 

recognition, and basic quantitative relationships—are not only predictors of mathematical success in 

subsequent school years, but are also linked to logical thinking skills, problem-solving skills, and 

general academic readiness [1]. Early childhood mathematics education is qualitatively different 

from mathematics instruction for older children or adults: preschoolers are more responsive to 

sensorimotor experiences, symbolic play, and social interactions that enable the meaning of concepts 

through concrete manipulation (Clements & Sarama; Learning Trajectories) [2], [3]. Therefore, the 

use of concrete manipulatives is a key pedagogical strategy in elementary mathematics learning in 

early childhood education. Extensive empirical evidence supports the role of concrete manipulatives 

in helping children build conceptual mental representations of abstract mathematical structures, 
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facilitating the transition from concrete to symbolic experiences, and increasing motivation and 

engagement in learning [4]. 

  However, mathematics teaching practices in many early childhood education institutions 

still often place abstract symbols (numbers on paper, verbal counting without referent objects) in a 

central position — an approach that is often inappropriate for the cognitive developmental stage of 

preschool children [5]. Field studies and early education research show that many children show 

little interest in mathematical activities presented abstractly: they quickly become bored, show low 

levels of attention, or fail to associate symbols with real-world experiences [6]. This has two 

pedagogical consequences: first, lost cognitive learning opportunities (children do not acquire a 

strong conceptual foundation); second, the emergence of negative attitudes toward mathematics 

from an early age (aversion), which can lead to low mathematics achievement in elementary school. 

This constellation of problems emphasizes the urgency of providing concrete, meaningful, and 

contextual teaching aids for early childhood education children [7], [8]. 

  With increasing environmental awareness and the need for sustainable socio-economic 

solutions, the use of recycled/repurposed materials as a source of teaching aids has emerged as a 

pragmatic and meaningful alternative. In Indonesia, the large production of household waste and 

plastic waste provides a potential source of raw materials that can be processed into educational 

teaching aids; utilizing waste for learning tools not only reduces the cost of procuring toys/teaching 

aids, but also builds environmental awareness in children from an early age—integrating 

mathematics education with environmental education.(D'angelo & Iliev, 2012; Elmey et al., 

2025)Indonesian environmental statistics (KLHK/BPS and related publications) indicate large 

volumes of waste generation, including significant proportions of household waste and plastic 

waste; this enhances the relevance of reuse-upcycle programs for local elementary and early 

childhood education contexts [11], [12]. 

  However, there are several practical and scientific constraints: not all used materials are safe 

or suitable for use as teaching aids; the design of teaching aids must consider aspects of safety, 

cleanliness, durability, mathematical representational capabilities (e.g., the ability to demonstrate 

quantity, operations, properties of shapes), and relevance to the PAUD numeracy curriculum [13], 

[14]. Furthermore, the pedagogical quality of teacher- and community-made teaching aids is often 

not systematically evaluated — many local projects produce innovative teaching aids but without 

standardized pilot studies measuring their impact on children's numeracy development (learning 

outcomes). This gap forms the basis for research proposing the development and piloting of 

environmentally friendly teaching aids designed to meet children's developmental stages, safety 

standards, and basic mathematics learning indicators [15], [16]. 

  Classical cognitive development theory (Piaget) and contemporary studies of mathematical 

developmental trajectories assert that children construct concepts of number and operations through 

interactions with concrete objects and meaningful contexts. Piaget placed preschoolers in the pre-

operational stage: symbolic thinking is developing but abstract logical reasoning skills are immature; 

therefore, concrete manipulative experiences provide a crucial bridge to the internalization of 

symbolic concepts. Research on learning trajectories (Clements & Sarama) provides an empirical 

map of the sequence of mathematical skills that can be targeted through hierarchically structured 

tasks, where concrete manipulatives play a key role in moving children from informal heuristic 
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solutions to more systematic strategies. Thus, teaching aids are not simply "toys" but cognitive tools 

that enable the formation of early numeracy schemes [17], [18]. 

  Meta-analyses and reviews indicate that the use of concrete manipulatives during 

mathematics instruction produces positive effects on students' conceptual understanding and 

performance, particularly when they are used with purposeful pedagogy (instruction that links 

concrete actions to symbolic notation). Quasi-experimental studies and RCTs in early education have 

shown improvements in understanding of number concepts, composition/partitioning skills, and 

flexibility of problem-solving strategies when manipulatives are used consistently across a range of 

learning tasks. However, effectiveness varies depending on the quality of pedagogical integration 

(whether the teacher mediates the transition steps to abstraction), the design of the manipulative, 

and the duration of the intervention. In summary, evidence supports the role of manipulatives—but 

the best results are achieved when they are used within a structured learning framework [19], [20]. 

  Pedagogical literature and practical case studies have shown that teaching aids made from 

local/recycled materials can effectively increase student motivation and engagement. Research on 

teacher-made and homemade manipulatives reports increased participation and understanding 

when students engage with objects that are representative and meaningful in their cultural context; 

several quasi-experimental studies have also found improved learning outcomes after the 

implementation of teacher-made teaching aids. Other advantages include low cost, ease of 

reproduction, and opportunities for community empowerment (teacher and parent involvement in 

the making).[21]However, systematic comparative studies are relatively limited and often fail to 

consider safety, hygiene, and long-term durability—critical issues when using recycled materials. 

Therefore, plans for developing environmentally friendly teaching aids should include safe design 

standards, cleaning procedures, and pedagogical evaluation [22]. 

  Using recycled materials to create teaching aids creates the opportunity to combine two 

curricular objectives: strengthening basic numeracy and environmental education. Children learn 

not only mathematical concepts but also environmental awareness values: reduce, reuse, and recycle 

(3R) [23], [24], [25]. This cross-curricular approach aligns with holistic early childhood education 

principles that encourage thematic and meaningful learning. Environmental education studies show 

that practical activities related to the environment (upcycling projects, simple waste processing) 

effectively build pro-environmental attitudes in children when formatted as exploratory and 

reflective experiences. For early childhood education, the combination of recycled manipulatives 

and numerical games can be a powerful pedagogical tool [26]. 

  Empirical evidence from classroom surveys, observations, and early research studies 

suggests that preschoolers and early grade students tend to be less interested in symbolic and 

abstract mathematical activities. They show greater interest in tasks involving the manipulation of 

real objects and contextual play [27]. A review of the educational literature emphasizes that a direct 

transition to symbols without a concrete phase leads to misunderstanding, boredom, and decreased 

motivation—effects that can persist. Therefore, the demand for concrete teaching aids is not simply 

a pedagogical preference, but rather a response to children's developmental patterns that require 

concrete representations to understand early numerical concepts [28]. 

  Indonesian Environmental Statistics and BPS/KLHK publications show that Indonesia 

produces tens of millions of tons of waste per year; the large proportion of household waste and the 

still high percentage of final disposal indicate the availability of potential materials for upcycling 
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[29], [30]. A 2022 report shows that national waste generation reaches tens of millions of tons per 

year, with organic and household waste being the largest components; plastics contribute a 

significant proportion in some urban areas [31], [32]. In this context, early childhood education 

centers (PAUD) in urban areas can partner with local waste management programs or community 

initiatives to source safe materials (plastic bottles, cardboard, used fabrics, bottle caps) that can be 

transformed into educational tools. These statistics provide a pragmatic argument that developing 

environmentally friendly teaching aids is not simply a normative idea, but rather an intervention 

that utilizes abundant local resources [33], [34]. 

  Based on the literature review and field observations, several key research gaps were 

identified that serve as the justification for this study. First, there is a lack of standardized trials for 

recycled teaching aids, as existing creative projects have not been supported by adequate 

experimental or quasi-experimental designs to measure the impact of recycled teaching aids on 

children's numeracy outcomes. Existing studies generally use small sample sizes or pre-post 

methods without adequate comparison groups. Second, safety and hygiene aspects are often 

overlooked, as practical literature rarely provides replicable cleaning standards, non-toxic material 

selection, and maintenance strategies for recycled teaching aids. 

  Third, the lack of pedagogical models that integrate learning trajectories with local teaching 

aid design, often results in ad-hoc teaching aid design without linking specific learning objectives 

such as subitizing or number composition with manipulative forms and teacher usage guidelines. 

Fourth, there is a lack of attention to sustainability and community empowerment, where research 

rarely evaluates how making teaching aids from recycled materials can improve the capabilities of 

teachers and parents while reducing the cost burden on institutions [35]. Therefore, research that 

develops, validates the safety aspects, and tests the empirical effectiveness of environmentally 

friendly teaching aids integrated with the PAUD curriculum is a strategic step that not only provides 

empirical evidence for educational practices, but also provides a holistic implementation model that 

combines educational goals and environmental sustainability [36], [37]. 

  Based on the background described, this research is formulated with several main objectives. 

First, to develop a prototype of basic mathematics teaching aids for early childhood education 

(PAUD) that utilizes locally recycled materials, taking into account safety and hygiene standards, as 

well as their suitability with learning trajectories for early childhood numeracy development. 

Second, to conduct a field trial (pilot test/quasi-experimental) to assess the impact of using 

environmentally friendly teaching aids on basic mathematics learning outcomes (including aspects 

of number recognition, counting, and number composition), the level of children's involvement and 

interest, and the level of acceptance from teachers and parents. Third, to develop comprehensive 

operational guidelines that include material specifications, cleaning and maintenance procedures, 

learning activity scenarios, and assessment indicators that allow for replication in other PAUDs. 

Fourth, to evaluate environmental and social aspects including the potential for local waste 

reduction, the level of community empowerment through the involvement of parents and teachers 

in the production process, and an analysis of relative economic costs compared to the procurement 

of conventional teaching aids. The scope of the research covers all stages starting from the design 

phase, safety validation, teacher training, implementation over a period of 8-12 weeks, pre-post 

measurements, to qualitative analysis of user experiences (teachers, parents, and children). 
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RESEARCH METHODS 

  Research and Development (R&D) using the ADDIE model is a systematic approach widely 

applied in the development of educational products, including early childhood mathematics 

teaching aids. The ADDIE model consists of five phases: Analysis, Design, Development, 

Implementation, and Evaluation, which guide researchers in creating effective and validated 

learning tools [38], [39]. In the Analysis phase, researchers identify learning needs, learner 

characteristics, and contextual factors, such as the specific requirements of early childhood education 

students and environmental considerations for eco-friendly materials. The Design phase involves 

planning the structure, content, and media of the teaching aids, ensuring alignment with learning 

objectives and pedagogical principles. During Development, the actual creation of the teaching aids 

occurs, followed by Implementation, where the product is tested in a real educational setting, such 

as an early childhood education center in City X for a period of six months. Finally, the Evaluation 

phase assesses the validity, practicality, and effectiveness of the product through expert validation, 

observation, interviews, and performance tests with children [40]. 

  In this study, the trial subjects included two media experts, two material experts, one PAUD 

teacher, and 15 children from group B, thus providing a comprehensive picture of the quality and 

usefulness of the teaching aids. Data collection techniques included an expert validation 

questionnaire, an observation checklist to monitor implementation accuracy, structured interviews 

to gather qualitative feedback, and a performance test to measure children's math abilities [41]. The 

research instruments included expert validation sheets, implementation observation sheets, 

interview guidelines, and a rubric for assessing children's mathematical abilities, ensuring 

systematic and reliable data collection. Data analysis combined quantitative descriptive methods for 

validation scores and qualitative analysis for observation and interview data, allowing for a nuanced 

understanding of the impact of the teaching aids and areas for improvement [42]. 

  The research and development approach using the ADDIE model ensures that 

environmentally friendly mathematics teaching aids developed for PAUD are pedagogically 

insightful, contextually relevant, and environmentally responsible [43], [44]. The iterative nature of 

ADDIE's continuous improvement based on feedback from experts and users, increases the 

product's effectiveness in fostering early mathematics learning while promoting sustainable values 

[45]. A structured design and evaluation process is essential to producing innovative educational 

tools that meet cognitive and ecological goals in early childhood education. 

RESULTS AND DISCUSSION 

Results of Needs Analysis and Initial Design 

  An analysis of the need for teaching aids for basic mathematics in early childhood education 

(PAUD) demonstrates the urgency of developing teaching aids that are not only safe and affordable, 

but also contextual and environmentally friendly. This need arises from the fact that existing 

teaching aids often use plastic materials, which can potentially harm children's health and the 

environment, and are less relevant to children's local contexts [46]. Safety is a key aspect because 

young children are highly vulnerable to hazardous materials, so teaching aids must meet strict safety 

standards. Furthermore, affordability is crucial for ensuring widespread access to teaching aids by 

early childhood education institutions from diverse economic backgrounds [47]. Contextuality of 

teaching aids is also very necessary so that learning materials can be more easily understood and 
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connected to children's daily experiences, thereby increasing interest and motivation in learning 

mathematics [48]. 

  The urgency of developing environmentally friendly teaching aids can be understood 

through Dienes' concrete learning theory, which emphasizes the importance of direct experience and 

manipulation of real objects in the mathematics learning process. According to Dienes, effective 

mathematics learning must begin with concrete experiences before moving on to abstract concepts, 

so the teaching aids used must enable real and meaningful physical interaction for children [49]. By 

using environmentally friendly materials, such as creatively processed waste materials, these 

teaching aids not only fulfill the principles of concrete learning but also teach the values of 

sustainability from an early age. This aligns with the principles of Education for Sustainable 

Development (ESD), which emphasize the integration of environmental, social, and economic 

aspects in the educational process to shape a generation that is aware of and responsible for 

environmental conservation [50]. 

  Sustainable education demands a transformation in learning methods and media, including 

the selection of materials used in teaching aids. Using local and recycled materials for teaching aids 

can reduce negative environmental impacts while providing additional educational value in the 

form of ecological awareness for children [51]. Furthermore, this approach supports the 

development of creative and innovative skills in optimally utilizing existing resources. Recent 

studies have shown that learning that integrates sustainability principles and concrete experiences 

can increase children's engagement and understanding of basic mathematical concepts, while 

fostering a caring attitude toward the environment [52]. 

  Discussions regarding the need for environmentally friendly teaching aids also highlighted 

challenges in implementation, such as limited resources, teachers' knowledge of environmentally 

friendly materials, and the need for training to optimize the use of these teaching aids [53]. Therefore, 

the development of teaching aids must be accompanied by training and mentoring for PAUD 

teachers so that they can maximize the potential of teaching aids in effective and sustainable 

mathematics learning [54]. In addition, continuous evaluation of the effectiveness of teaching aids in 

real-life learning contexts is essential to ensure that they meet both pedagogical and environmental 

needs simultaneously. 

 

"Natural Count" Product Prototype. 

  The development of the environmentally friendly teaching aid prototype "Natural 

Counting" was based on the need for concrete media that can facilitate the cognitive development of 

early childhood, particularly in understanding basic mathematical concepts. According to Piaget 

(1952), children aged 4–6 years are in the preoperational stage, a period when knowledge is built 

through the manipulation of concrete symbols and sensorimotor experiences [55], [56]. In the context 

of mathematics learning, concrete teaching aids have a central function in helping children connect 

abstract concepts—such as numbers, values, and sequences—with real objects that can be touched, 

seen, and operated [57]. Meanwhile, environmental issues, particularly the high production of 

household waste and everyday materials, provide an opportunity to integrate mathematics learning 

with environmental education through the repurposing of used materials. Therefore, the "Natural 

Count" prototype was designed not only as a numeracy tool but also as a medium for sustainability 

education and environmental literacy from an early age [58]. 
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  The counting board is made from cleaned and sanded pieces of used wood from pallets or 

fruit crates. Wood was chosen for its strength, natural aesthetics, and relative safety compared to 

easily breakable plastic [59]. The board is arranged with five rows of holes or slots, allowing children 

to insert beads to count the numbers 1–10. Each row is marked with a visual marker in the form of a 

carving or water-based paint to ensure it is safe for children [60]. 

  Wood as the primary material has pedagogical relevance. Its texture stimulates fine sensory 

stimulation and improves hand-eye coordination as children insert and remove beads. Furthermore, 

the use of reclaimed wood provides a concrete experience of the concept of reuse, supporting the 

early childhood education curriculum, which promotes environmental stewardship [61]. 

  The second component is beads made from medium-sized seeds such as sago palm seeds, 

rubber seeds, or dried ketapang seeds. These seeds are chosen for their varied colors, attractive 

shapes, and light weight, making them safe for manipulation. To prevent choking hazards, the seeds 

are selected at a size greater than 2.5 cm and coated with food-grade varnish to prevent cracking 

[62]. 

  The selection of seeds has ecological educational value because it introduces children to local 

biodiversity and the use of natural elements as learning media. In nature-based learning theory, 

natural objects enrich children's exploration, increasing focus and emotional engagement with the 

environment [63]. 

  Number cards are made from cardboard used for food or milk packaging, or rough 

cardboard. Each card is cut to a standard 10x12 cm size with rounded corners for safety. The front 

of the card is printed or written with the numbers 1–10, accompanied by illustrations of dots or 

objects corresponding to the number [64]. 

  Cardboard was chosen because it is readily available, easy to shape, and allows children to 

be involved in the creation process (e.g., coloring or gluing dots). This process aligns with the 

constructivist approach, which emphasizes that children construct understanding through direct 

involvement. 

 

Expert Validation Results and Revisions 

  Expert validation is a crucial stage in the development of teaching aids, including 

environmentally friendly teaching aids for basic mathematics learning in early childhood education 

(PAUD), as it ensures product quality meets pedagogical standards and the characteristics of early 

childhood. The validation process typically involves media and materials experts who provide 

scores and provide feedback to refine the teaching aids before widespread use. For example, research 

by Rohmadheny and Laila (2020) showed that content validation by early childhood education 

experts resulted in scores indicating the instrument's suitability for implementation after minor 

revisions based on expert recommendations.[65]This validation is important to ensure that the 

teaching aids are not only attractive and environmentally friendly, but also effective in supporting 

the achievement of basic mathematical competencies according to the cognitive and motor 

development needs of PAUD children. 

  Furthermore, expert validation helps tailor teaching aids to children's characteristics, such 

as concentration levels, fine motor skills, and more concrete and visual learning styles. This aligns 

with the principle of teaching aid development, which must consider children's psychological and 

pedagogical aspects to ensure meaningful and enjoyable learning. Another study confirmed that 
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high-quality expert reports and evaluations, including discussions of limitations and alternative 

solutions, enhance the credibility and effectiveness of the developed product.[66]Therefore, 

revisions made based on expert validation results are not only technical in nature, but also pay 

attention to pedagogical aspects so that teaching aids can be used optimally in the context of early 

childhood education. 

  In the context of developing environmentally friendly teaching aids, the selection of 

materials and product design must also be validated to ensure they comply with the principles of 

sustainability and safety for children. Media expert validation assesses the aesthetics, safety, and 

ease of use of teaching aids, while material experts assess the suitability of the content to basic 

mathematics learning objectives. Research on the development of early childhood creativity 

assessment instruments involving various experts shows that multidisciplinary validation produces 

valid and effective products for use in learning [67]. Thus, expert validation and systematic revision 

are important foundations in producing teaching aids that are high-quality, environmentally 

friendly, and appropriate to the characteristics of PAUD children, thus optimally supporting the 

basic mathematics learning process. 

 

Product Test Results and Effectiveness 

  The results of a trial of environmentally friendly teaching aids for basic mathematics 

learning in early childhood education (PAUD) showed significant improvements in children's 

understanding of number concepts, recognition of geometric shapes, and enthusiasm during the 

learning process. Intervention studies adopting a play-based learning approach indicate that this 

method is more effective in improving children's mathematical competence than traditional 

instructional approaches, especially for children with higher initial abilities [68]. The use of 

environmentally friendly and interactive teaching aids allows children to learn in a concrete and 

enjoyable way, thus facilitating the understanding of abstract concepts such as numbers and 

geometric shapes through direct experience and exploration [69]. 

  Data from various studies supports that learning mathematics through engaging games and 

teaching aids can increase children's engagement and motivation, which in turn strengthens their 

understanding of basic mathematical concepts. For example, the integration of game-based learning 

in arithmetic instruction has shown significant improvements in academic performance and student 

engagement compared to conventional methods [70]. In addition, digital game-based learning has 

also been proven effective in strengthening mathematical problem-solving skills and maintaining 

conceptual understanding in the long term, which is relevant for early childhood cognitive 

development [71]. 

  This analysis of the effectiveness of environmentally friendly teaching aids also highlights 

the importance of designs that address the developmental characteristics of preschool children, such 

as fine motor skills and the need for concrete and visual learning. A play-based learning approach 

allows children to learn actively and socially, supporting simultaneous cognitive and affective 

development [72]. Comparison with similar studies shows that teaching aids that combine game 

elements and interactivity not only improve understanding of mathematical concepts, but also foster 

enthusiasm and a positive attitude towards learning mathematics from an early age. 
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CONCLUSION 

The development and testing of environmentally friendly teaching aids for basic 

mathematics learning in early childhood education (PAUD) showed positive and promising results 

in improving the quality of mathematics learning in early childhood. Validation by media and 

materials experts resulted in high validity scores, indicating that the teaching aids are suitable for 

use and are in accordance with the pedagogical needs and developmental characteristics of PAUD 

children. The product trials showed significant improvements in understanding number concepts 

and recognition of geometric shapes, as well as high enthusiasm among children during the learning 

process, indicating the effectiveness of the teaching aids in supporting play-based learning. 

The advantages of these eco-friendly teaching aids lie not only in their educational aspects, 

but also in the use of sustainable and child-safe materials, which simultaneously fosters ecological 

awareness from an early age. Studies on the use of eco-friendly learning media such as "situng" and 

plastic straw manipulatives show that they are effective in improving basic math skills while 

reducing negative environmental impacts. This learning approach that integrates environmental and 

mathematical aspects aligns with the principles of holistic education that prioritize children's 

cognitive, affective, and social development simultaneously. 

Furthermore, the use of contextually developed interactive technology and digital media has 

also positively contributed to improving the motivation and mathematics learning outcomes of early 

childhood education (PAUD) students. Media such as illustrated e-LKPD (learning materials) and 

interactive digital batik art-based applications have significantly improved children's logical 

mathematical intelligence and engagement, although infrastructure and teacher training challenges 

remain. This demonstrates that innovative learning media that combine environmental aspects, 

technology, and play approaches can be an effective solution for basic mathematics learning in 

PAUD. 
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