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Abstract: 

Mathematics fundamentally recognizes a digit as an individual numeral essential for forming values 

and quantities. This discipline uses a set of ten digits: 0 through 9, combining and repeating them to 

represent various values. This study presents a groundbreaking approach to teaching single-digit 

multiplication, moving away from traditional multiplication tables. It introduces a simplification 

method for mentally calculating the product of single-digit numbers 𝑎  and  𝑏, employing the concept 

of complements, defined as 𝑎′ =10 −  𝑎 and 𝑏′ =10 −  𝑏. 

The paper conducts an in-depth exploration of this technique across ten distinct cases, encompassing 

all conceivable multiplication situations. It also establishes a universal rule for multiplication, setting 

it apart from other non-traditional methods, including Vedic Mathematics, which are more skill-

focused. The research highlights the advantages of this novel approach, particularly in terms of speed, 

simplicity, and adaptability in educational contexts. 

Furthermore, the study advocates for a shift towards more dynamic and efficient instructional 

strategies in mathematics education. This shift aims to cater to varied learning styles and improve the 

understanding of fundamental concepts. The paper signifies the start of a series of educational 

innovations, such as the Zargelin Mathematical Chain [ZMC], and technological breakthroughs like 

the RealFlow Multiplier Algorithm (RFMA), promising to transform the landscape of mathematical 

education . 

Keywords: single-digit multiplication, mental arithmetic, Vedic Mathematics, innovative teaching 

methods, mathematics education.  

Certainly, let's revise the introduction and include all the references in the correct order : 

 

Introduction 

Multiplication, a foundational skill in mathematics, is often taught through rote memorization of tables. 

Recent educational research, however, suggests that alternative methods could enhance understanding 

and retention more effectively. This paper reviews these alternative approaches, emphasizing their 

practicality and impact in various learning settings. 

 

To effectively teach multiplication, assessing students' existing knowledge is crucial. Proficiency can 

be gauged using pre-tests, which measure the number of correctly solved problems within a specific 

timeframe [1][2]. Introducing multiplication facts in a certain order, from simpler to more complex, 

aids learning significantly [3]. Mixing known and unknown facts during practice has been shown to 
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bolster long-term memory and quicken retrieval [4][5]. Additionally, employing various strategies and 

techniques in teaching multiplication can further enhance students' understanding [6]. 

Understanding and performance in multiplication are influenced by how problems are structured and 

the intuitive models that students use. Framing multiplication problems as repeated addition or rate 

problems is often more effective than presenting them as Cartesian products [7][8]. The design and 

content of textbooks and educational materials play a crucial role in developing these intuitive models 

[9][10]. 

 

Progressing from concrete (using manipulatives) to abstract (symbolic) representation is a critical 

aspect of learning multiplication. The Singapore Math approach, which includes pictorial examples as 

a transitional phase, has proven effective in facilitating this understanding [11]. 

 

Proposition (New Rule of Multiplication) 

Consider two positive integers, 𝑎  and 𝑏, each with values no greater than 9. We introduce an 

innovative and efficient method for redefining the multiplication operation, expressed as 𝑎x𝑏, in the 

following manner  : 

𝑎 × 𝑏 = (𝑏 − 𝑎′): (𝑎′. 𝑏′) 

Here, 𝑎′ = 10 − 𝑎 and 𝑏′ = 10 − 𝑏. In this formula, (𝑏 − 𝑎′) indicates the calculation for the tens 

place, while (𝑎′. 𝑏′) a standard multiplication determines the ones place. The colon ":" in the equation 

acts as a divider, separating the calculations for the tens and ones places, which are then combined to 

yield the final product of 𝑎 × 𝑏. 

Proof : 

To validate this rule, we employ two approaches: a mathematical proof and a calculation proof . 

In the mathematical proof, our objective is to demonstrate that : 

𝑎 × 𝑏 = 10(𝑏 − 𝑎′) + 𝑎′. 𝑏′  

This can be clearly established using the distributive, associative, and commutative properties of 

mathematics . 

𝑎 × 𝑏 = 10(𝑏 − 𝑎′) + 𝑎′. 𝑏′ 

            = 10𝑏 − 10𝑎′ + (10 − 𝑎). (10 − 𝑏)  

            = 10𝑏 − 10(10 − 𝑎) + 100 − 10𝑏 − 10𝑎 + 𝑎. 𝑏                          

           = 10𝑏 − 100 + 10𝑎 + 100 − 10𝑏 − 10𝑎 + 𝑎. 𝑏       

           = 𝑎. 𝑏  which the same as the usual multiplication and completing the proof. 

Note that: 𝑎 ×  𝑏 = 𝑏 × 𝑎. (the new multiplication operation is commutative).  Since from the 

definition  
𝑎 × 𝑏 = (𝑏 − 𝑎′): (𝑎′. 𝑏′)    𝑎𝑛𝑑   𝑏 × 𝑎 = (𝑎 − 𝑏′): (𝑏′. 𝑎′)    

so (𝑏 − 𝑎′) = 𝑏 − 10 + 𝑎 = 𝑎 + 𝑏 − 10 = 𝑎 − (10 − 𝑏) = (𝑎 − 𝑏′) 
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In the calculation approach, we understand that the product of 𝑎 × 𝑏, where 𝑎 and   b are single-digit 

numbers, will not exceed 81. Consequently, the result will be a two-digit number at most, consisting 

of tens and ones . 

Let's illustrate this with examples using the new rule, 𝑎 × 𝑏 = (𝑏 − 𝑎′): (𝑎′. 𝑏′) . 

Example 1: Calculating 8×9 Using the New Rule 

Let 𝑎 = 8, and 𝑏 = 9. According to the rule, 𝑎′ = 10 − 𝑎 =2 and 𝑏′ = 10 − 𝑏 = 1. 

Thus, 8𝑥9 is calculated as 10(9 − 2) + 2 . 1 = 70 + 2 = 72. 

In other words, 8𝑥9 is computed as (9 − 2): (2 . 1) = 7: 2. 

Example 2: Calculating 7𝑥8 Using the New Rule 

Let 𝑎 = 7 and 𝑏 = 8. Following the rule, we find 𝑎′ = 10 − 7 =3 and 𝑏′ = 10 − 8 = 2. Therefore, 

7𝑥8  is determined as (8 − 3): (3 . 2) = 5: 6.  

Illustrative and Special Cases 

This section presents the application of our proposed multiplication rule through various cases. These 

cases demonstrate the rule by substituting either 𝑎 or 𝑏 with any of the ten digits. Each case is supported 

with examples for better clarity. Table 1, included in the study, lists all single-digit multiplication 

inputs (in the left column), their single-digit multipliers (at the top row), and the corresponding 

operations and outputs (within the cells). For all cases, 𝑎 ' is defined as previously discussed. 

Case I: When 𝑏 = 9 

For any positive integer a within [0.9], the equation 𝑎𝑥9 simplifies to 𝑎 × 9 = (9 − 𝑎′): (𝑎′. 1), which 

further reduces to 𝑎 × 9 = 10(9 − 𝑎′) + 𝑎′. 

Case II: When 𝑏 = 8 

For any 𝑎 ∈ [0,9], the equation 𝑎 × 8 transforms into 𝑎 × 8 = (8 − 𝑎′): (𝑎′. 2), leading to 𝑎 × 8 =
10(8 − 𝑎′) + 2𝑎′. 

Case III: When 𝑏 = 7. 

For 𝑎 ∈ [0,9],, the equation 𝑎 × 7 modifies to 𝑎 × 7 = (7 − 𝑎′): (𝑎′. 3), resulting in 𝑎 × 7 =
10(7 − 𝑎′) + 3𝑎′. 

Case IV: When 𝑏 = 6 

For 𝑎 ∈ [0,9], the equation 𝑎 × 6  changes to 𝑎 × 6 = (6 − 𝑎′): (𝑎′. 4), with the outcome 𝑎 × 6 =
10(6 − 𝑎′) + 4𝑎′. 

Case V: When 𝑏 = 5 

For 𝑎 ∈ [0,9], the equation 𝑎 × 5  adjusts to 𝑎 × 5 = (5 − 𝑎′): (𝑎′. 5), thus 𝑎 × 5 = 10(5 − 𝑎′) +
5𝑎′. 

For cases where 𝑏 ∈ {1,2,3,4}, we can apply the commutative property, as proven earlier in the paper. 

Final Case: When 𝑏 = 0 

For any 𝑎 ∈ [0,9], the equation 𝑎 × 0  is simplified to 𝑎 × 0 = (0 − 𝑎′): (𝑎′. 0), which simplifies 

to 𝑎 × 0 = 10(0 − 𝑎′) + 10 .  𝑎′ = 0. 
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To further validate this method, we can use a comprehensive table covering all possible combinations 

of 𝑎 and  𝑏. This table will demonstrate the effectiveness of the new rule across a full range of single-

digit multiplication scenarios . 

Table 1 is designed to comprehensively demonstrate the calculation proofs for all possible single-digit 

multiplication scenarios using integers. The table is organized to display each pair of single-digit 

multipliers, along with the corresponding outputs and calculation methods as per the new rule of 

multiplication. It covers all combinations of integers from 0 to 9, ensuring a complete representation 

of the single-digit multiplication spectrum. 

Each cell of the table corresponds to a specific multiplication case, showing the calculation process 

and the final product. For example, when multiplying 3 by 7, the table will show the operation as per 

the new rule, along with the resulting product. This table acts as a practical tool for verifying the 

proposed multiplication method across the entire range of single-digit numbers, serving both as an 

instructional aid and a proof of concept for the new multiplication technique. 

 
Table 1: Calculation Proofs for Integer Single-Digit Multiplication 

× 9 8 7 6 5 4 3 2 1 0 

9 9-1,  

1   

8-1, 

 1   

7-1, 

1   

6-1, 

1   

5-1,  

1 . 5 

4-1, 

 1   

3-1, 

1   

2-1, 

1   

1-1, 

1   

0-1 

10 . 1 

81 72 63 54 45 36 27 18 9 0 

8 9-2, 

 2   

8-2, 

 2   

7-2, 

 2   

6-2,  

2   

5-2, 

2   

4-2,  

2   

3-2, 

2   

2-2, 

2   

1-2, 

2   

0-2 

10 . 2 

72 64 56 48 40 32 24 16 8 0 

7 9-3, 

3   

8-3, 

 3   

7-3, 

 3   

6-3, 

3   

5-3, 

 3   

4-3, 

3   

3-3, 

3   

2-3, 

3   

1-3, 

3   

0-3 

10 . 3 

63 56 49 42 35 28 21 14 7 0 

6 9-4, 

 4   

8-4, 

 4   

7-4, 

4   

6-4,  

4   

5-4, 

4   

4-4, 

4   

3-4, 

4   

2-4, 

 4   

1-4, 

 4   

0-4 

10 . 4 

54 48 42 36 30 24 18 12 6 0 

5 9-5, 

5   

8-5, 

5   

7-5, 

5   

6-5, 

5   

5-5, 

 5   

4-5, 

 5   

3-5, 

 5   

2-5, 

5   

1-5, 

 5   

0-5 

10 . 5 

45 40 35 30 25 20 15 10 5 0 

4 9-6, 

6   

8-6, 

 6   

7-6, 

6   

6-6, 

 6   

5-6, 

6   

4-6, 

 6   

3-6, 

 6   

2-6, 

 6   

1-6, 

 6   

0-6 

10 . 6 

36 32 28 24 20 16 12 8 4 0 

3 9-7, 

7   

8-7, 

7   

7-7, 

 7   

6-7, 

7   

5-7, 

 7   

4-7, 

 7   

3-7, 

7   

2-7, 

7   

1-7, 

 7   

0-7 

10 . 7 

27 24 21 18 15 12 9 6 3 0 
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Analysis of Results from Simplified Multiplication Method 

 

1. Result for b = 9:  

   In this scenario, the simplification of the multiplication process is quite evident. Since  𝑏′ equals 1 (𝑏′ 

= 1 for b = 9), the right digit of our result becomes simply 𝑎′. This is effectively multiplication without 

traditional multiplication, as the operation boils down to basic subtraction and addition. This is clearly 

demonstrated in row 1 of Table 1, where each multiplication with 9 showcases this simplification. 

 

2. Result for b = 8:  

   Similar to the case of b = 9, when b = 8, the goal of simplifying the multiplication is also achieved. 

Here 𝑏′ equals 2 (𝑏′ = 2 for b = 8), which means the right digit of the result is 𝑎′ .  𝑎′. This again avoids 

traditional multiplication, relying on simple arithmetic operations. The process and results for this case 

are detailed in row 2 of Table 1. 

 

3. Result for b = 2:  

   The case of b = 2 also achieves the goal of simplification. In this instance, the result is essentially 𝑎 +
𝑎, or double the value of 𝑎, which is a straightforward arithmetic operation. This effectively eliminates 

the need for conventional multiplication methods. 

 

4. Result for 𝑎 ≥ 6 and b ≤ 5:  

   When 𝑎 is greater than or equal to 6 and 𝑏 is less than or equal to 5, the multiplication can still be 

simplified by utilizing the commutative property of multiplication. This means we can interchange 𝑎 

and  𝑏 to make the calculation easier, again steering clear of traditional multiplication methods. This 

approach is particularly useful for pairs of numbers where one is significantly larger than the other, as 

it allows for a more streamlined calculation process. 

 

These results collectively demonstrate the effectiveness of the proposed multiplication method in 

simplifying calculations, especially in reducing the reliance on memorizing multiplication tables. The 

examples and cases outlined in Table 1 provide a clear illustration of how this new method can be 

applied across various single-digit multiplication scenarios. 

 

 Conclusion and Main Findings 

2 9-8, 

8   

8-8, 

 8   

7-8,  

8   

6-8, 

8   

5-8, 

 8   

4-8, 

8   

3-8, 

8   

2-8, 

8   

1-8, 

8   

0-8 

10 . 8 

18 16 14 12 10 8 6 4 2 0 

1 9-9, 

9   

8-9, 

 9   

7-9, 

9   

6-9, 

 9   

5-9, 

 9   

4-9, 

9   

3-9, 

 9  

2-9, 

9  

1-9, 

 9   

0-9 

10 . 9 

9 8 7 6 5 4 3 2 1 0 

0 9-10, 

10  

8-10, 

10 

7-10, 

10 

6-10, 

10 

5-10, 

10 

4-10, 

10 

3-10, 

10 

2-10, 

10 

1-10, 

10 

0-10 

10.10 

0 0 0 0 0 0 0 0 0 0 
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This research demonstrates that the proposed method for single-digit multiplication is a viable 

alternative to traditional multiplication tables, achieving simplification and ease in many cases. Key 

findings, such as the case where b = 9 (where the right digit of the result is simply 𝑎′, as detailed in 

row 1 of Table 1), showcase the method's success in making multiplication more intuitive and less 

reliant on memorization.  

However, it's important to note that this goal of multiplication without using multiplication tables is 

only partly achieved. Certain scenarios still require further exploration and refinement, which we aim 

to address in our subsequent work. This ongoing research will continue to focus on simplifying 

mathematical learning, making it more accessible and engaging, especially for young students. The 

pursuit of these solutions will contribute further to the field of mathematics education, offering 

innovative approaches to traditional mathematical challenges. 
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