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Abstract 

In September 2013, the Journal of Mathematics and Culture published a manuscript in which 
Vedic mathematics was used to make sense of a finger algorithm found in an elementary and 
middle grades teacher college textbook.  The authors of this manuscript decided to take their 
investigations further by exploring more Vedic mathematics as well as how Vedic mathematics 
might encourage students to engage in the standards for mathematical practice found in the 
Common Core State Standards for Mathematics.  This paper shares the authors’ further 
investigation into both Vedic mathematics and how the standards for mathematics can be 
prompted by such explorations. 
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Introduction 
 
In 2010, we began an investigation that would prove to be a very rewarding mathematical 

undertaking for both of us.  We described our investigation in the September 2013 issue of the 

Journal of Mathematics and Culture in an article titled, “Using Vedic Mathematics to Make 

Sense of the Finger Algorithm.”  In this article, we described a non-intuitive finger algorithm 

used to multiply two whole numbers between 6 and 10 and how it can be justified using Vedic 

Mathematics.  The finger algorithm is found as a problem in the exercises in the text 

Mathematics for elementary teachers: A contemporary approach by Gary L. Musser, William F. 

Burger, and Blake E. Peterson (2004) and was discussed in my Mathematics for Middle Grades 

Teachers course.    In the finger algorithm, you use one hand to represent a whole number 

between 6 and 10.  To do this, typically, you would use two hands, the first hand having all five 

fingers raised and the second hand having between 1 and 5 fingers raised.  In the finger 

algorithm, you represent a number between 6 and 10 by raising (on one hand) the number of 



Journal of Mathematics and Culture 
December 2016 10(3) 
ISSN-1558-5336 
 

71 

fingers you would raise on the second hand as described above.  Because the algorithm is used to 

find the product of two whole numbers, two hands will be used, each hand representing a factor 

in the product and each hand having between 1 and 5 fingers raised.  To illustrate the algorithm, 

consider the product 6×7.  On one hand, you will raise 1 finger (representing the 6) and on the 

other hand you will raise two fingers (representing the 7).   

 

6×7 

The total number of raised fingers (in this case 3) represents the number of tens in the product.  

The number of ones in the product is given by the product of the number of closed fingers on one 

hand with the number of closed fingers on the other hand (in this case, 4×3 = 12).  To 

determine the product of 6×7, add the tens to the number of ones.  In this case 6×7 = 3 ∙ 10+

12 = 42.  

We set out to understand why this mysterious algorithm works and we used Vedic mathematics 

to do so. This began our love affair with Vedic mathematics and with the Nikhilam algorithm (a 

Vedic algorithm) in particular. The Nikhilam algorithm had a strong connection to the finger 

algorithm.  In fact, we used the Nikhilam algorithm to justify why the finger algorithm is valid 

(Noblitt & Richter, 2013).  Details of the Nikhilam algorithm appear later in this paper.  
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Vedic mathematics is a mathematics based on sutras from ancient Hindu texts known as 

the Vedas (Tirthaji, 1965). While Vedic mathematics focuses on doing tedious calculations 

efficiently and often mentally (Tirthaji, 1965), we looked closely at the mathematics behind 

many of the Vedic algorithms.  By using Vedic mathematics to justify the finger algorithm, we 

had witnessed how Vedic mathematics could be used beyond the calculations and algorithms 

found in Tirthaji’s 1965 text. It made us want to learn more about the Vedic algorithms.  If they 

could be a tool used to justify the finger algorithm, what else could they be used for? 

Around the same time our work in Vedic mathematics began, Bethany’s state had just adopted 

the Common Core State Standards for Mathematics (CCSSM). With the CCSSM came a focus 

on standards for mathematical practice (SMPs).  As we continued our study in Vedic 

mathematics, it became obvious that we were engaging in some of the SMPs.  At the same time 

as we were engaging in the SMPs, we began to see even greater benefits to our Vedic 

mathematics explorations. We began to consider ways in which K-12 mathematics teachers 

could see the relevance Vedic mathematics could have in their classroom.  While we believe that 

the Vedic algorithms present worthwhile mathematics in and of themselves, we also understand 

that the algorithms may not seem relevant to teachers because of their unfamiliarity. The SMPs 

provide relevance to Vedic mathematics. While we believe that students could engage in the 

SMPs in their classrooms by exploring Vedic mathematics, we also believe that in order for 

teachers to facilitate the SMPs in their classrooms, they must first experience them in their own 

mathematical work.  An exploration of Vedic mathematics is a perfect means for teachers, both 

in-service and pre-service, to engage in particular SMPs.  In this paper, we will present some of 

our Vedic mathematics explorations related to the Nikhilam algorithm and discuss particular 
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SMPs that we engaged in during our work. It is our hope that teachers will see the value of both 

the Vedic mathematics and the SMPs. 

In our previous Vedic work, we used the Nikhilam algorithm for determining the product of two 

single digit numbers justifying the finger algorithm (Noblitt & Richter, 2013).  A natural 

extension of that work was to apply the Nikhilam algorithm to multi-digit numbers.  We had 

applied the Nikhilam algorithm to another problem we had encountered.  In order to take 

advantage of Vedic mathematics in future applications like we had the finger algorithm, we 

needed to explore more. We asked ourselves, “will the algorithm still work with multidigit 

numbers?” and “will the same justification work?”  Below is an example of the Nikhilam 

algorithm for the product 89×95.   

89        − 11                      
95           − 5    
84              55 

The −11 and −5 are the integers you must add to 100 (the base) to get the factors of 89 and 95, 

respectively.  The 55 is the product of −11 and −5.  This gives the number of “ones” in the 

product 89×95.  The 84 is the difference 89+−5 or 95+−11.  This is the number of hundreds 

in the product 89×95.  Thus, the final product of 89×95 is 8,455. Because we had seen the 

same algorithm for a one-digit by a one-digit, we weren’t surprised by the result, but nonetheless, 

it still seemed non-intuitive to us.  Why does this work?  We used the same justification as we 

used in our previous work but with a base of 100 (Noblitt & Richter, 2013). The base used for a 

particular problem is determined by the power of ten to which the two factors are closest.  The 

reasoning behind the Nikhilam algorithm for 89×95 is found below. 
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Consider 89×95 as 100+ (−11) × 100+ (−5) .   

89×95 = 100+ (−11) × 100+ (−5)  

= 100 100 + 100 −5 + −11 100 + −11 −5    

= 100 100− 5− 11 + −11 −5  

= 100 84 + 55 

Here we see the 84 hundreds and the 55 ones, or 8,455. 

But, what if we were multiplying two numbers that were closer to 1000 than 100?  Will the 

justification above still work?  We wanted to generalize this proof.  Tirthaji (1965) represented 

the product of the two numbers as 𝑥 + 𝑎 𝑥 + 𝑏 , where 𝑥 is the base and 𝑎 and 𝑏 are integers 

as 𝑥 𝑥 + 𝑎 + 𝑏 + 𝑎𝑏.  But where did that come from?  We looked at it like this: 

𝑥 + 𝑎 𝑥 + 𝑏 = 𝑥! + 𝑏𝑥 + 𝑎𝑥 + 𝑎𝑏 = 𝑥 𝑥 + 𝑎 + 𝑏 + 𝑎𝑏 

Thus, the value of 𝑥 + 𝑎 + 𝑏  is the number of 𝑥’s; that is, 𝑥 + 𝑎 + 𝑏  is the value in the 𝑥 

position in the base ten numeration system.  It was our work justifying the algorithm that 

prompted our thinking about the standards for mathematical practice and how particular 

standards for mathematical practice were surfacing as we worked.  In what follows, we present 

those standards, along with a discussion of the mathematics that prompted our engagement of the 

standards.  

SMP 3: Construct Viable Arguments and Critique the Reasoning of Others 

In Vedic mathematics, Tirthaji (1965) presents many computational algorithms that while 

efficient and interesting, are presented without much, if any, justification.  While we were 

willing to use the algorithms and accept their validity in order to begin our learning, eventually 
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we needed more.  We wanted to understand why the algorithms worked and prove their 

generalizations.  In other words, as discussed above, we critiqued Tirthaji’s reasoning and tried 

to construct our own arguments for the Vedic algorithms.  There are particular statements found 

in SMP 3 (National Governors Association Center for Best Practices & Council of Chief State 

School Officers , 2010) that we believe highlight how we engaged in SMP 3.  

Mathematically proficient students understand and use stated assumptions, definitions and 
previously established results in constructing arguments. 

 
We took Tirthaji’s assumptions, definitions and results and worked to make sense of them in 

order to understand the algorithms.  As we did this, we started to question why they work.  It was 

then that we used Tirthaji’s assumptions and definitions to construct our own arguments in 

support of his results.  Once we had established why the algorithm worked for a one-digit by 

one-digit product, we used that work to understand an argument not only for why the algorithm 

works in that case, but why it works in all cases where the base is a power of ten.  

Students at all grades can listen or read the arguments of others, decide whether they make 
sense, and ask useful questions to clarify or improve the arguments. They are able to analyze 

situations by breaking them into cases. 

This is exactly what we did in our exploration.  We read Tirthaji’s arguments and sometimes 

they made sense to us.  Sometimes they did not.  When they didn’t, we asked questions not only 

about his arguments, but also about other situations in which we might be able to apply his 

arguments.  Some of our questions were: What if the numbers are multi-digit numbers?  What if 

the base is any power of ten, not just 10 or 100?  We also asked other questions that have not yet 

been discussed in this article:  What about multiplying a two-digit number by a three-digit 

number?  What if the factors are less than the base?  What if one factor is greater than the base 

and one factor is less than the base?  These questions gave rise to different cases when Tirthaji’s 

algorithms were useful.  For example, a quick look into the case of multiplying a two-digit 
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number by a three-digit number yielded the realization that the algorithm works the same way 

with the same justification and is left to the reader to explore.  

Another case that we considered emerged from the question, “what if both of the factors are 

greater than the base?”  Consider the product 108×111.   

108              8                      
 111            11     
 119            88 

If we proceed as previously discussed and follow the Nikhilam algorithm by finding the 

complements of the factors with respect to 100, we get 8 and 11.  Then, after multiplication and 

subtraction, the 88 represents the number of ones in the product and the 119 represents the 

number of hundreds in the product, giving the final product of 11,988. 

The previous case led naturally to the case of when one of the factors is greater than the base and 

the other is less than the base.  What makes this case interesting is that negative numbers are 

involved differently from the above example. Consider the product 16×8.  Again, proceeding as 

before, the complements from 10 will yield a +6 and a −2.  If we do that, we get the following 

after applying the Nikhilam algorithm. 

16            6                      
   8          − 2    
14          − 12 

Interpreting this as before, we have −12 ones and 14 tens.  That would suggest the product is 

14(10)+−12 or 140− 12 = 128.  So, while the negative values are important to the 

algorithm, they do not affect the application of the algorithm.  These cases of using the algorithm 

arose when we asked questions in order to make sense of the Nikhilam algorithm.  We continued 

to ask questions, some of which pushed us to engage in other standards for mathematical 
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practice. We engaged in SMP 7 as we explored our next question, “what happens when the two 

factors are not close to a power of ten?”  

SMP 7: Look For and Make Use of Structure 

Mathematically proficient students look closely to discern (a pattern or) structure…They also 
can step back for an overview and shift perspective.  They can see complicated things …as being 

composed of several objects. 

After exploring several different cases of the Nikhilam algorithm, we wondered if the algorithm 

was useful only when the two factors were close to a power of ten.  Would the algorithm be 

helpful to determine a product such as 46×44?  We did not doubt that if we used the algorithm 

and a base of 100 we would get a correct product.  But, considering that 46 and 44 are both “far 

from” both ten and 100, it seemed that the computation would be, in Tirthaji’s (1965) word, 

“cumbrous” (p. 17).  So, how did Tirthaji address this?  Interestingly, he described a way to use a 

working base that is not a power of ten to do the computation and then convert to a power of ten 

base (Tirthaji, 1965).  Consider 46×44.  Because both of these numbers are close to 50, Tirthaji 

(1965) suggested base 50.  Proceeding as before, using base 50, we get the following. 

46           − 4                      
44           − 6    
40             24 

Because we are using a working base of 50, we cannot interpret this as before. In other words, 

40 does not represent the number of hundreds. Tirthaji (1965) provides two different ways to 

deal with the conversion from base 50 to base 100.  First, think of 50 as 10×5 and apply this to 

the argument used earlier to make sense of the algorithm for 89×95.   

46×44 = 50+ −4 × 50+ −6  
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= 50 50 + 50 −6 + 50 −4 + (−4)(−6) 

= 50 50− 6− 4 + −4 −6  

= 50 40 + 24 

As we can see, the 40 represents the number of 50s in the product. Rewriting 50 as 10×5, we 

get (10×5) 40 + 24.  Thinking of this as 10 (5×40)+ 24, we see (5×40) represents the 

number tens.  This was a place where we were clearly making use of structure to make sense of 

the algorithm.  Understanding and applying the associative property allowed us to more deeply 

understand the algorithm.  Returning to the original notation of the algorithm, we get the 

following, which yields a representation of the product as 200 tens and 24 ones.  

46           − 4                      
44           − 6    
40             24 
×5                      
200           24 

Thus, the product is 2,024.  As we worked to understand the algorithm with a working base of 

50, we noted that the conversion from the working base to the base that is a power of ten only 

affected the number of tens and not the number of ones.  This is clear to see in the above 

computations. 

Once we understood the above way of working with a different base, the working base of 50, we 

realized that Tirthaji (1965) had also presented us with a different perspective when the base is 

not a power of ten. In the above work, we considered 50 as10×5.  The other perspective Tirthaji 

offered is presented below with a discussion of Tirthaji’s changed perspective following. 

46           − 4                      
44           − 6    
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40             24 
÷ 2                      
20             24 

Knowing the product is 2,024, it should be clear that here, the 20 represent the number of 

hundreds and the 24 is still the number of ones.  But, why divide by 2?  To answer this question, 

we look at 46×44 as a product written in terms the base 50. 

46×44 = 50+ −4 × 50+ −6  

= 50 50 + 50 −6 + 50 −4 + (−4)(−6) 

= 50 50− 6− 4 + −4 −6  

= 50 40 + 24 

At this point, we had to realize that Tirthaji changed his perspective.  In order to convert to a 

base that is a power of ten, he thought of 50 as 100÷ 2 (instead of 10×5).  In order to make 

sense of that, we realized that we need to get the base 100 by multiplying 50 by 2.  But the 

question was how to do this without changing the value of  46×44. 

50 40 + 24 = 50×2×
1
2 40 + 24 

= 50×2 ×
1
2×40 + 24 

= 50×2 × 40÷ 2 + 24 

This gave us the 100 that we wanted. Now we have  

50×2 × 40÷ 2 + 24 = 100 20 + 24,  



Journal of Mathematics and Culture 
December 2016 10(3) 
ISSN-1558-5336 
 

80 

which clearly shows the solution 2,024.  We believe this part of our investigation also illustrates 

structure not only by again using the associative property, but also as viewing complicated things 

as being composed of several objects.  On the surface, 46×44 is not a “complicated thing,” but 

viewing the product as an application of the Nikhilam algorithm added some complexity when 

we asked ourselves about why the algorithm works.  The work above shows how 46×44 can be 

viewed as a composition of a base (50), multiplication by 1 ×2÷ 2 , and the associative 

property.  

As our investigations in Vedic mathematics progressed, one phrase from the standards for 

mathematical practice stood out as capturing what we believe was Tirthaji’s main objective. That 

phrase is “…look both for general methods and for shortcuts”, found in SMP 8: Look for and 

express regularity in repeated reasoning (National Governors Association Center for Best 

Practices & Council of Chief State School Officers, 2010). We learned and used Tirthaji’s 

shortcuts, but by engaging in the other SMPs, we were able to make sense of them.  This 

included not only understanding why they work, but also which of the algorithms are more 

useful in particular situations. Tirthaji himself placed importance on knowing which algorithms 

were the most efficient for a particular situation (Tirthaji, 1965). 

The exploration that we described in our previous Journal of Mathematics and Culture article 

fueled our passion to learn more about Vedic mathematics.  That investigation only involved a 

limited view into the Nikhilam algorithm.  But, that investigation led us to explore other uses for 

the Nikhilam algorithm, such as multiplying multidigit numbers and numbers that are not close 

to a power of ten.  These investigations proved to be rich learning opportunities for us 

mathematically and pedagogically.  One question (among others, I am sure) for future 

investigations in the Nikhilam algorithm is:  What if the factors are numbers that are not close to 
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the same base?  Other questions for future investigations in Vedic Mathematics include (among 

others, I am sure):  What about the other operations?  Are there algorithms for other operations?  

What are they and how do they work? In this article, we hope that we have described how our 

learning has continued and how Vedic mathematics can be relevant to the K-12 classroom by 

providing opportunities for teachers and students to engage in the standards for mathematical 

practice.  
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