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Abstract

This study aims to address the challenge of low mathematics performance among children aged 6-8 years in primary schools worldwide. It uses both quantitative and qualitative analysis to identify solutions that work best for these children. 

[bookmark: _GoBack]The innovative approach involves using technology and data analysis to solve existing challenges, rather than relying solely on traditional approaches that cannot keep up with rapid technological advancements. The study proposes a new approach called "Learn and Excel" to help the educational system keep up with the technological and scientific advancements of the world while improving mathematics performance.

The importance of this research lies in addressing the critical issue of low mathematics performance among children (6 to 8 years) due to existing teaching practices worldwide. By solving this challenge, we can build better socioeconomic status for those children at age 42. The research includes samples from countries divided by categories (High Income, Upper Middle Income, Lower Middle Income, and low income), with lower middle income and low income countries benefiting the most.

The methodological rigor of this study is founded on systematic, credible, and disciplined approaches that ensure the research's dependability and conformability, as well as the credibility of the findings. We are evaluating a sample of review papers published in government and non-governmental organization reports, as well as peer-reviewed published researches in educational publications.

This study’ impact is primarily to help children transition from kindergarten to primary school, improve their problem-solving and analytical skills, boost self-confidence, and develop problem-solving abilities, preparing them for future success. It also provides teachers with opportunities for ongoing learning and has a greater impact on parents working long hours or being illiterate. 
The findings can inform policies aimed at improving mathematical performance in children aged 6-8 years, and policymakers can use this information to design new policies. The study's findings are applicable to all countries.
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Background

The transition to primary school is an important milestone for children and their families. For children, this transition means adapting to a new physical and social environment and continuing to meet new academic demands (Authority, 2024).
An existing study at the university college London found that mathematical skills at age 6-8 years concluded that children are facing more challenges in mathematics compared to other subjects (e.g. reading): 11.1% of children had high attainment in math in contrast to 38% of children who had high attainment in reading. Also, the difference of attainments between mathematics and reading increases during the first two years of primary school (Outhwaite et al., 2022).
A study indicated that children’s math performance in first grade (6/7 years old) has an impact to their math ability that takes place in the upcoming years (Study: Kids Who Are Behind in Math in First Grade Don’t Catch up | Announce | University of Nebraska-Lincoln, 2013)
Parents also expressed that they intend to get their children to help them with their mathematics studies, but that it is difficult to do anything with their children at home due to lack of time, as many people, both men and women, work full-time these days. In some cases, parents are unable to support their children (National Center for Families Learning, 2014), or one or both parents are unable to support them because they are illiterate (Campbell, 2020).
This problem we are analyzing in this research is the low performance of children (6 to 8 years) with mathematics which lead to low performance in math in the following years of primary school. Which countries are facing the math performance challenge among children (6 to 8 years)? Does this current challenge have impact on short, medium and long term? What are the advantages and disadvantages of the current mathematics teaching approach among children (6 to 8 years)? What are the proven best practices we can use to remodel the math teaching approach while taking into consideration the lack of time of parents to support their child’s at home and the cases in which illiterate parents cannot add value to their children’s math performance?


Methodology


The study analyzed four categories of countries (high income, upper middle income, lower middle income and low income) and selected three countries from each category to examine the results.

The aim of this analysis is to analyze mathematical performance of children at the end of primary school because it has direct correlation with their previous performance in the first, second and third year of primary school (6-8 years) (Study: Kids Who Are Behind in Math in First Grade Don’t Catch up | Announce | University of Nebraska-Lincoln, 2013)

To understand the source of the problem, we must first examine whether there is a correlation between economic development and children's mathematics performance.

Next, we will analyze the current mathematics teaching methods in the countries selected for this study to evaluate the best practices. 

The countries selected for this analysis are (Based on World Bank classification):

Table 1: Sample countries listed by category
	High Income 
	Upper middle income
	Lower middle income
	Low income

	United States
	Armenia
	Zambia
	Madagascar

	Germany
	Serbia
	Myanmar
	Burkina Faso

	Australia
	Indonesia
	Philippines
	Togo


  
High income countries analysis:
Proportion of students at the end of primary education achieving at least a minimum proficiency level in mathematics, both sexes (%)
• In the United States, 78.6% and 76.6%  of children reached a minimum level of proficiency in mathematics at the end of primary school in 2015 and 2019 respectively (UNESCO, 2024).  
• In Germany, 76.73% and 74.65% of children reached a minimum level of proficiency in mathematics at the end of primary school in 2015 and 2019 respectively (UNESCO, 2024).  
• In Australia, 64.43% and 67.95% of children reached a minimum level of proficiency in mathematics at the end of primary school in 2015 and 2019 respectively (UNESCO, 2024).  
Table 2: The application of mathematics and technology in high-income nations
	
	United States
	Germany
	Australia

	Mathematic Approach
	In addition to emphasizing computational thinking and mathematical fluency to solve issues and provide a deeper understanding, mathematics standards in all states are increasingly emphasizing studying mathematical content in the context of real-world circumstances (The Mathematics Curriculum in Primary and Lower Secondary Grades – TIMSS 2015 Encyclopedia, n.d.)
	Problem-solving application (Use the Math), procedural skills & fluency (Do the Math), and conceptual comprehension (make sense of Math) (The Mathematics Curriculum in Primary and Lower Secondary Grades – TIMSS 2015 Encyclopedia, n.d.-b) (FIS G1 Math Year Long Map for Families, n.d.)
	The foundation of the model is comprehension, fluency, reasoning, and problem-solving. 
Throughout their years of education, this method has been used to guarantee that pupils' mathematical ability grows and that their abilities become more complex (The Mathematics Curriculum in Primary and Lower Secondary Grades – TIMSS 2015 Encyclopedia, n.d.-c)

	Use of technology (6 to 8 years)



	In schools, having access to a computer has become standard. Schools can use digital devices and content provided by the government (Instruction for Mathematics and Science in Primary and Lower Secondary Grades – TIMSS 2015 Encyclopedia, n.d.)

	17.25% of schools use computers (Instruction for Mathematics and Science in Primary and Lower Secondary Grades – TIMSS 2015 Encyclopedia, n.d.-b)
	Computers are widely available (Instruction for Mathematics and Science in Primary and Lower Secondary Grades – TIMSS 2015 Encyclopedia, n.d.-c)



Upper middle income countries analysis:
Proportion of students at the end of primary education achieving at least a minimum proficiency level in mathematics, both sexes (%)
· In Armenia, 54.56% and 64.34% of children have reached the minimum proficiency level in mathematics at the end of primary school in 2015 and 2019 respectively (UNESCO, 2024). 
· In Serbia, 71.65% and 67.95% of children have reached the minimum proficiency level in mathematics at the end of primary school in 2015 and 2019 respectively (UNESCO, 2024). 
· In Indonesia, 17.54% of children have reached the minimum proficiency level in mathematics at the end of primary school in 2015 (UNESCO, 2024).
Table 3: The application of mathematics and technology in upper middle income nations 
	
	Armenia
	Serbia
	Indonesia

	Mathematic Approach
	The conventional method of teaching arithmetic involves giving students clear instructions and demonstrating a single, standard method for completing assignments (The Mathematics Curriculum in Primary and Lower Secondary Grades – TIMSS 2015 Encyclopedia, n.d.-d)

	Establish a foundation for students' future mathematical education and self-education by teaching them the fundamentals of math and how to use that knowledge to solve problems in daily life. Additionally, foster students' mental faculties and their capacity to adopt a scientific perspective on the world, as well as their overall personality development (The Mathematics Curriculum in Primary and Lower Secondary Grades – TIMSS 2015 Encyclopedia, n.d.-e)

	The conventional method of teaching arithmetic involves giving students clear instructions and demonstrating a single, standard method for completing assignments (The Mathematics Curriculum in Primary and Lower Secondary Grades – TIMSS 2015 Encyclopedia, n.d.-f)


	Use of technology (6 to 8 years)



	All schools are equipped with computers, they are used to deliver animated content (Instruction for Mathematics and Science in Primary and Lower Secondary Grades – TIMSS 2015 Encyclopedia, n.d.-d)
	There is at least one computer in every Serbian school, but not all teachers have access to it or the Internet (especially in small remote schools and branch departments) (Instruction for Mathematics and Science in Primary and Lower Secondary Grades – TIMSS 2015 Encyclopedia, n.d.-e)

	Some primary schools have access to computers (Instruction for Mathematics and Science in Primary and Lower Secondary Grades – TIMSS 2015 Encyclopedia, n.d.-f)



Lower middle income countries analysis:
Proportion of students at the end of primary education achieving at least a minimum proficiency level in mathematics, both sexes (%)
· In Zambia, 3.5% and 2.1% and 16% of children reached minimum proficiency in mathematics at the end of primary school in 2016,2021 and 2023 respectively (UNESCO, 2024).
· In Myanmar, 12% of children reached minimum proficiency in mathematics at the end of primary school in 2019 (UNESCO, 2024).
· In Philippines, 17% of children reached minimum proficiency in mathematics at the end of primary school in 2019 (UNESCO, 2024).
Table 4: The application of mathematics and technology in lower middle income nations 
	
	Zambia
	Myanmar
	Philippines

	Mathematic Approach 
	The conventional method of teaching arithmetic involves giving students clear instructions and demonstrating a single, standard method for completing assignments (Nakawa et al., 2020)

	With JICA's assistance, a new curriculum is created to encourage children's critical thinking, profound comprehension, creativity, morality, and improved interpersonal communication (Case Study | What We Do - JICA, n.d.) 

	Critical thinking, problem-solving, reasoning, communication, connections, representations, and real-world decision-making are all used in the teaching of mathematics (Republic of the Philippines, Department of Education, 2016)

	Use of technology



	Primary schools continue to lack computers in spite of government attempts (“REPORT OF THE COMMITTEE ON EDUCATION, SCIENCE AND TECHNOLOGY FOR THE THIRD SESSION OF THE TWELFTH NATIONAL ASSEMBLY,” 2018)

	No use of technology (How Many Primary Schools Have Electricity, Clean Water or Accessible Facilities?, 2019)
	Low computer and internet access rates (PIDS Study Reveals Serious School Infrastructure Gaps in PH Basic Educ Sector, n.d.)



Low income countries analysis:
Proportion of students at the end of primary education achieving at least a minimum proficiency level in mathematics, both sexes (%)
· In Madagascar, 4.7% and 6.3% of children reached the minimum proficiency level in mathematics at the end of primary school in 2015 and 2019 respectively (UNESCO, 2024).
· In Burkina Faso, 21.9% and 25% of children reached the minimum proficiency level in mathematics at the end of primary school in 2014 and 2019 respectively (UNESCO, 2024).
· In Togo, 15.9% of children reached the minimum proficiency level in mathematics at the end of primary school in 2019 (UNESCO, 2024).
Table 5: The application of mathematics and technology in low income nations 
	
	Madagascar
	Burkina Faso
	Togo

	Mathematic Approach
	The conventional method of teaching arithmetic involves giving students clear instructions and demonstrating a single, standard method for completing assignments (Madagascar | SharEd, 2024)
	In primary schools, ASEI/PDSI is utilized when teaching mathematics (Tiendrebeogo & Tamura, 2021)
	Traditional approach of teaching math (UNICEF Togo, 2019)

	Use of technology



	Lack of computers in schools (UNICEF Innocenti – Global Office of Research and Foresight et al., 2023)
	No use of technology (Lakica & Lakica, 2024)
	No use of technology, only 24% of schools have electricity (How Many Primary Schools Have Electricity, Clean Water or Accessible Facilities?, 2019b)




Countries expenditure on education, Total (% Of GDP) analysis:
The goal of this analysis is to compare education expenditure of the selected countries in relation to the size of their economy (UNESCO, 2024) to come up with a suitable solution for lower middle income and low income countries
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 According to the World Bank collection of development indicators
· Government expenditure on education, total (% of GDP) in United States was reported at 4.93% and 4.95% in 2015 and 2019 respectively (UNESCO, 2024).
· Government expenditure on education, total (% of GDP) in Germany was reported at 4.85 % and 5.11% in 2015 and 2019 respectively (UNESCO, 2024).
· Government expenditure on education, total (% of GDP) in Australia was reported at 5.46% and 5.5% in 2015 and 2019 respectively (UNESCO, 2024).
· Government expenditure on education, total (% of GDP) in Armenia was reported at 2.8 % and 2.57% in 2015 and 2019 respectively (UNESCO, 2024).
· Government expenditure on education, total (% of GDP) in Serbia was reported at 3.78 % and 3.61% in 2015 and 2019 respectively (UNESCO, 2024).
· Government expenditure on education, total (% of GDP) in Indonesia was reported at 3.58 % and 0.96% in 2015 and 2019 respectively (UNESCO, 2024).
· Government expenditure on education, total (% of GDP) in Zambia was reported at 3.47 % and 3.1% in 2016 and 2021 respectively (UNESCO, 2024).
· Government expenditure on education, total (% of GDP) in Myanmar was reported at 1.99976 % in 2019 (UNESCO, 2024).
· Government expenditure on education, total (% of GDP) in Philippines was reported at 3.4 % in 2019 (UNESCO, 2024).
· Government expenditure on education, total (% of GDP) in Madagascar was reported at 2.7% and 3.01% in 2015 and 2019 respectively (UNESCO, 2024).
· Government expenditure on education, total (% of GDP) in Burkina Faso was reported at 4.05 % and 5.4% in 2014 and 2019 respectively (UNESCO, 2024).
· Government expenditure on education, total (% of GDP) in Togo was reported at 4.2% in 2019 (UNESCO, 2024).

The use of data analysis:
Higher student performance can result from using data to inform instructional decisions, according to research (Wayman, 2005; Wayman, Cho, & Johnston, 2007; Wohlstetter, Datnow, & Park, 2008). 
By offering insights into students' performance and engagement, data analytics can improve educational results. It enables educators and educational institutions to make wise choices that benefit both students and institutions (iLearnings, 2024).
Data analysis makes it simple for teachers to pinpoint pupils' areas of weakness and use that information to help them stay on course (Courtney, 2023).

Findings:
· All countries have issues in children's mathematics performance (6 to 8 years), ranging from medium to very high.
· Countries with the best performance use innovative techniques to teach mathematics, either with or without technology (challenge is medium).
· Countries with high challenges in children's mathematics performance often use conventional ways with technology as a tool.
· Countries with high challenges in children's math performance often use old or new approaches without technology.
· Education is a top priority for all nations in the sample, with the exception of Indonesia, as measured by total government education expenditure (% of GDP). As a result, solutions including government investment are not a challenge for lower middle and low income countries.
· Data analysis is crucial for continual development in education, regardless of the effectiveness of the paradigm.

Innovativeness

What is the Learn & Excel model for children (ages 6-8)?
The Learn & Excel model is an innovative model that was developed through the benchmarking of the best practices which proved in our analysis and the evidence based insights to provide outstanding results in combination with the use of technology as a learning tool and data analysis for teachers and schools to use for regular analysis and continuous improvements,
This model is based on 50% technology use as a learning tool, 50% innovative teaching methods and the use of data analysis (submitted by children through IPads) to ensure continuous improvement in mathematics’ education for 6-8 year olds. 
The teachers’ mathematics teaching approach is based the following:
1. “Why” behind mathematical notions.
2. “How” behind solving process.
3. “Where” and “when” behind solving real world scenarios.

The Learn & Excel math model combines the use of technology, data analysis and an innovative teachers’ approach in tandem:
Role of teacher

	
Spend 30% of overall time

	
Spend 40% of overall time

	
Spend 30% of overall time
	
Outside of class schedule

	
· Explain mathematical notions, solving process, and real world scenarios
· Display fun educational videos
· Explain 50% of the content using a computer with a projector 
· Explain 50% of the material using regular whiteboards

	
· Plan and set up different tasks in different ways (traditional dashboard, computer screen and group team)
· Ask students questions to help them understand the task better
· Guide students through  brainstorming to identify possible answers to  homework assignments
	
· Review student work (submitted through IPads)
· Evaluate responses
· Re-practice other tasks where students showed weaknesses 
	
· Analyze the data to categorize strengths and weaknesses and develop opportunities and solutions
· Analyze the data to highlight the most effective and efficient types of tasks that will produce better results
· Repeat  

	
· Active listening
· Asking questions and clarification
· Taking notes on the textbook





	
· Work time to practice on textbook
· Use prior learning to assist
· Submit answers on IPads
· Partner with other peers
	
· Provide feedback in the form of emoji’s for each exercise and rate it as easy, medium or difficult
· Ask new questions
	
· NA



Role of student

Importance

Why is it important for all educational institutions around the world to switch to the Learn & Excel model, especially the lower middle income and low income countries?
Existing research demonstrated that numerical and arithmetic skills at age 7 predict socioeconomic status at age 42, after controlling for other variables (Ritchie, 2013).             
Children’s mathematics low performance (6 to 8 years) has medium term impact on their primary math performance as a whole and long term impact on defining their socioeconomic status at age 42.
Mathematics also supports child development in a variety of areas (e.g. reading comprehension, oral language, etc.) (Sarama, 2012). 
Most countries in the world have problems with primary school students' math performance, ranging from medium, high to very high.
The importance of the Learn & Excel model is to assess the mathematics performance of children (ages 6-8) around the world and to ensure that they continue their education with a strong foundation. In particular children living in lower middle income and low income countries.


The impact


This new innovative approach promotes interaction between teachers and children (ages 6-8), reduces children's stress and makes them see mathematics as an interesting subject rather than a difficult one. The data obtained from children's interactions on the IPads can be used by schools to analyze children's performance and gain useful insights to improve teachers' performance. The foundations that children build at age 6-8 have a significant impact on their subsequent performance in primary school (Allen et al., 2015). Only by providing a solid foundation can they develop better problem-solving and analytical skills and foster a confident generation that can contribute positively to their country in the future (House, 2024). This methodology has an impact on children by developing their brainstorming skills, increasing their self-confidence, and providing them with problem-solving and analytical skills from a young age, which will help determine their socioeconomic level (Ritchie, 2013). This model is especially important for children in lower middle-income and low-income countries because the economy of these countries cannot improve without improving the internal resources (children); to build a smart generation that will add value to their countries in all industries.  
This strategy requires teachers to undergo training before becoming operational. It also gives teachers opportunity for continuous learning and growth while assessing student responses and feedback. 
This approach will benefit parents who work long hours or are illiterate, and it was created with their needs in mind. 
The government's role in this concept is to supply digital courses and a software for storing data in public primary schools. 
The findings can inform policies aiming at increasing mathematical performance in children aged 6 to 8, and policymakers can utilize this information to develop new policies. The study's conclusions apply to all countries.
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