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Abstract: The high stakes competitive examinations are used as main institutions' entry points for admission and job appointment in 

an academic and professional selection in today's world. They are almost invariably timed tests and candidates have to answer difficult 

numerical and quantitative aspects of the questions with at the same time fastness and accuracy. The paper discusses the strategic value 

of mental mathematics techniques with special emphasis on the methods developed with Vedic Mathematics, Trachtenberg speed systems 

and modern cognitive mental arithmetic methods in maximizing the performance of candidates. The cognitive mechanisms underlying 

these techniques are discussed; they are linked to working memory optimization, cognitive load reduction and the reduction of 

mathematical anxiety. Moreover, the paper investigates the efficiency of certain mental math heuristics in solving matrices from the 

standardized test papers to show the algorithmic shift from serial computational processing to parallel heuristic processing a candidate 

has to go through in mental arithmetic. In conclusion, we propose that structured mental calculation should be an integral part of the 

school curriculum in secondary and higher levels of schooling as a necessary precondition for being able to perform equally in present-

day competitive testing environments. 
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1. Introduction 
 

The SAT, GMAT, GRE, CAT, JEE and different kinds of 

civil service aptitude tests are competitive exams organized 

all over the world, not just to test how well a candidate 

understands concepts of mathematics, but also to test how 

efficient he/she can be on the cognitive level during a 

stressful situation. These assessment ecosystems are ones 

where time is a limited and restricted resource. Candidates 

who are only able to use classical, pen and paper algorithmic 

steps (procedural arithmetic taught in primary school) often 

have a structural disadvantage. 

 

Historically, standard arithmetic algorithms have been 

designed to be accurate and audible on paper and they are 

designed to check the steps of the algorithm rather than 

running them quickly. Mental mathematics techniques, on 

the other hand, rely on the knowledge of the structure of the 

number system, and eliminate the need for unnecessary 

intermediate steps. This paper discusses the effects of 

systematic mental mathematics on quantitative performance 

and re-engineering the way that numerical data is processed 

in the human mental system. 

 

No competitive exam in the world—from the SAT, GMAT, 

GRE, CAT, JEE to all other aptitude tests conducted for civil 

service exams—is aimed at only testing the candidate's 

conceptual understanding of mathematics but at testing the 

efficiency of his/her operations under cognitive stress. The 

assessments are high stakes, ecosystems with limited time 

and highly constrained resources, and, in many cases, where 

the ability to process quantitative information quickly and 

accurately is an important factor in success as much as 

accuracy. Here, the answer that is right in 30 seconds and the 

same answer that is right in 90 seconds may make all the 

difference, not only because of the number of questions, but 

also because of the inexorable pace demanded and the strict 

time limits set. 

 

Historically, the traditional arithmetic algorithms which were 

the standard way of teaching arithmetic in primary school 

were optimized for accuracy, reproducibility and clarity on 

paper. They highlight the need to verify incrementally and 

make sure that each intermediate step can be verified and 

corrected as needed. This is a great way to learn and 

document but unfortunately it undermines speed. Those who 

are only classically trained in these methods are at a 

structural disadvantage in competitive exams, in which there 

is no time to do the detailed calculations. 

 

In contrast, mental mathematics techniques reverse the 

process of problem solving and focus on pattern recognition 

and mental short-cuts. They all take advantage of the brain's 

ability to chunk, symmetry detection and numerical 

estimation to help the candidate skip unnecessary steps along 

the way and arrive at a solution more efficiently. Mental 

mathematics isn't merely about performing calculations on 

numbers, it's about seeing the numbers as patterns to be 

recognized and used. It's a paradigm change from 

algorithmic execution to cognitive optimization on numerical 

data in the human mind. 

 

This paper examines the importance of systematic mental 

Mathematics in improving the quantitative ability in 

competitive exams. It discusses the cognitive architecture of 

mental computation, problem-solving strategies for solving 

problems quickly and accurately, and the implications for 

teaching mental computation in preparatory frameworks. 

Finally, the conversation does not call into question the value 

of traditional arithmetic, but rather the value of mental 

Paper ID: SR26530134727 DOI: https://dx.doi.org/10.21275/SR26530134727 85 

http://www.ijsr.net/


International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

Impact Factor 2025: 7.089 

Volume 15 Issue 6, June 2026 
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal 

www.ijsr.net 

mathematics as another set of skills that can be learned and 

applied in the context of situations where speed, accuracy, 

and resiliency to pressure are all needed. 

 

I think I can also include a little bit of history (such as the 

origins of mental Mathematics in cultures such as Vedic 

mathematics in India, or abacus training in the east) to add a 

bit more to the introduction. This might provide your paper 

with a more international flavor.  

 

2. Cognitive Architecture and Mental 

Arithmetic 
 

2.1  Working Memory and Cognitive Load Theory  

 

The human working memory only has a limited capacity, 

which is especially true for novel information, as per the 

Cognitive Load Theory of Sweller. In standard long division 

or multi-digit multiplication, there are multiple temporary 

storage locations for intermediate products, place holders and 

carry-over digits. This automatically produces a high 

intrinsic cognitive load and overloads the candidate's 

working memory workspace: 

 

Total Cognitive Load = Intrinsic Load + Extraneous Load + 

Germane Load 

 

If a candidate's working memory is taken up with basic 

arithmetic skills, less remains to be used on the higher-order 

problem solving skills required for tasks like understanding 

complex word problems, spotting logical pitfalls or 

developing geometric solutions. Mental mathematics 

techniques reduce this natural load by making multi-step 

calculations into single line visual patterns to allow working 

memory space be used for strategic executive processing. 

 

2.2. Mitigating Mathematical Anxiety 

 

Under psychological stress in high-stakes exams, a rise in 

cortisol and activation of the amygdala directly compromise 

the region of the brain responsible for processing math, the 

prefrontal cortex. This is called "Mathematics anxiety," and 

is a psychological block. Mental mathematics frameworks 

build cognitive resilience by establishing predictable and 

quick heuristics to replace the intimidating, abstract 

calculations, to make the students feel self-confident and 

Mathematics fluent under the pressure of timed calculation. 

 

The stress reaction that occurs during high-stakes 

examinations may activate a sequence of events involving 

neurochemicals which have a direct impact on cognitive 

functioning. High cortisol levels and increased activity in the 

amygdala affect the activity of the prefrontal cortex- the seat 

of logical thinking and mathematical calculation in the brain. 

This is caused by a blockage, a psychological one, which 

appears as math anxiety, and by which even well-prepared 

candidates are unable to use their problem-solving ability. 

This vicious cycle continues as stress exacerbates cognitive 

inefficiency, which, in turn, increases feelings of inadequate 

performance and consequently increases stress. 

 

The mental Mathematics frameworks provide a balance by 

developing a resilience to the mind. Rather than dealing with 

intimidation and abstract calculations in lengthy procedures, 

students are taught to use convenient, efficient heuristics that 

transform problems to patterns that they can handle easily 

and quickly. This change speeds up the computing process, 

while also improving the self-efficacy of the student and 

eliminate the psychological burden of solving problems in 

time. The mental math techniques provide candidates with a 

way of working with maths which is fluent, intuitive and not 

stressful, which helps them to keep calm when competing 

under exam conditions and improves their accuracy and 

speed.  

 

3. Algorithmic Frameworks and Performance 

Optimization  
 

In order to see how mental math can speed up computation, 

one needs to look at the particular algorithmic models which 

replace the conventional computational models. 

 

3.1 Vedic Mathematics Sutras  

 

Vedic Mathematics is a collection of 16 sutras (aphorisms) 

by Swami Bharati Krishna Tirtha, which offer general and 

specific heuristic methods to arithmetic from 1911 to 1918.  

 

3.1.1  Urdhva-Tiryagbhyam (Vertically and Crosswise):  

A general method of multiplying that can be used to 

calculate all the digits in one line, which means that you 

don't have to write down lots of rows of partial products. 

Algebraic expansion is straightforwardly the visual cross-

multiplication matrix for a 2×2 system, so for an expert 

practitioner, there are no pen and paper steps required. 

 

The Urdhva-Tiryagbhyam sutra is a special technique from 

Vedic Mathematics that is a generalised formula for 

multiplication, based on the principle of multiplication digit-

wise both vertically and crosswise. This method allows all 

digits to be multiplied in a single line, instead of writing out 

several lines of partial products and then adding them up, as 

is done in conventional multiplication. The efficiency is due 

to the way it is structured - the method is not just a series of 

multiplications and carries, but has been designed in such a 

way that it includes a series of multiplications that are 

applied in a vertical and diagonal way, and then combined 

together to produce the final answer. 

 

The visual cross-multiplication matrix for a simple 2×2 

multiplication system (for instance, multiplying two 2-digit 

numbers) is simply the algebraic expansion itself. The 

product is obtained by adding together all of the vertical 

multiplications, and all of the crosswise multiplications, each 

one using a single digit. For instance, the following may be 

an example of how to multiply AB×CD: A×C is multiplied 

down the columns, A×D+B×C is multiplied across the rows, 

and B×D is multiplied down the columns. Once the 

practitioner is trained, this structured approach removes the 

need for any intermediate paper-and-pencil steps, and can be 

done quickly and accurately mentally. Urdhva-Tiryagbhyam 

essentially converts multiplication into a heuristic that is 

based on a pattern rather than a lengthy algorithm. 
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3.1.2 Nikhilam Navatashcaramam Dashatah (All from 9 

and the Last from 10):  

A quick algorithm that works well with numbers near 

operational bases (10, 100, 1000). The sutra changes the way 

you multiply large numbers, such as 98 × 97, to a simple way 

of subtracting and minor multiplication, 2 × 3. 

 

This Vedic Maths sutra is a powerful Vedic multiplication 

trick which is most useful in multiplying numbers close to a 

base number like 10, 100 or 1000. The method does not 

multiply the big numbers directly, but instead restates the 

problem by using the complements of these big numbers 

with respect to the nearest base. For example, when 

multiplying 98×97, both numbers are close to 100. Their 

complements are 100−98=2 and 100−97=3. The sutra is not 

actually multiplying the two numbers, but rather moving the 

calculation to the smaller number, 2×3=6, which is much 

easier to multiply mentally. A simple subtraction step is then 

added to this small product and used in the algorithm. For 

98×97, the difference between the two numbers that are 

closest to 100 is 98−3=95. This is part of the answer on the 

left. The right-hand side is the minor product 2×3=6, but 

adjusted to fit the base (in this case, a base of 100, or two 

digits). So, the output will be 9506. This method turns a 

seemingly complex multiplication into a quick mental 

computation of the small product and subtraction,  

 

that saves having to do lengthy calculations in pen/paper. 

The sutra essentially works on the principle of closeness to 

operational bases which enables easier computation, 

particularly in exam situations, where speed and accuracy are 

paramount. 

 

3.2 The Trachtenberg System 

 

This method was developed by Jakow Trachtenberg during 

his time in a concentration camp, and is based on high-speed 

pattern recognition rules of multiplication and division 

without the use of multiplication tables. The system specifies 

spatial shifting rules for each of the digits of the multiplier 

(e.g., "add the neighbor" when multiplying by 11): 

multiplicative operations are transformed into simple and 

fast linear additions. 

 

The Trachtenberg system of mathematics was created by 

Jakow Trachtenberg while he was imprisoned in a 

concentration camp. It is based on a group of very fast 

algorithms for mental multiplication that override the need 

for multiplication tables. Each rule has been designed to 

make complicated operations easier to perform, and 

frequently make multiplication and division into a series of 

additions and subtractions. For example, the multiplying by 

11 rule, "add the neighbor," turns what is otherwise a multi-

step multiplication into a quick linear addition process that is 

efficient and easy to do in the head. 

 

The important thing about the Trachtenberg system is that 

the emphasis is on pattern recognition and the spatial shifting 

rules. Learners use consistent, repeatable, and predictable 

heuristics that make use of the structure of numbers, rather 

than memorizing large tables or doing lengthy calculations. 

This method speeds up computation and is also a good way 

of removing the daunting nature of working with numbers. 

The Trachtenberg system proves beneficial in competitive 

exams, where time efficiency and precision are crucial, as 

candidates can avoid complex algorithms and instead use a 

streamlined mental approach, saving valuable cognitive 

resources and minimizing stressful situations during exams.  

 

3.3. Comparative Computational Efficiency 

 

The operational advantage of mental math over standard 

algorithms can be quantified by comparing the number of 

discrete cognitive or physical operations required: 

Table 1: Arithmetic Operations 

Arithmetic 

Operation 

Standard  

Algorithm Steps 

Mental 

Heuristic  

Steps 

Speed 

Multiplier 

Multi-digit 

Multiplication 

(3× 3) 

9 Multiplications + 

3 Rows of 

Addition 

1 Line 

Parallel 

Computation 

2.5 × 4 ×2.5 

Faster 

Squaring Near 

a Base (e.g., 

$96^2$) 

Long-form multi-

row product 

Base 

Complement 

Offset (96-4 

\mid 4^2) 

Instantaneous 

(9216) 

Fractional 

Comparisons 

Common 

Denominator 

Conversion 

Cross-

Multiplication 

Comparison 

3x Faster 

 

4. Empirical Impact on Competitive 

Examination Performance  
 

When it comes to standardized tests, candidates usually have 

less than 60-90 seconds to solve each Maths question, 

making them need to work efficiently within a limited time 

frame. This limitation distinguishes the process of problem 

solving into two stages, conceptualization and computation. 

Conceptualization requires an understanding of the problem 

and logical thinking and recalling formulas or strategies, 

while computation is the mechanical performance of 

arithmetic steps. The formula 

𝑇𝑜𝑡𝑎𝑙 𝑇𝑖𝑚𝑒 = 𝑇𝑖𝑚𝑒𝐶𝑜𝑛𝑐𝑒𝑝𝑡𝑢𝑎𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛

+ 𝑇𝑖𝑚𝑒 𝐶𝑜𝑚𝑝𝑢𝑡𝑎𝑡𝑖𝑜𝑛                   (1) 

 

This bifurcation is well captured by the graph of c. 

Conceptualization is mostly about knowledge and reasoning, 

whereas computation is administrative in nature, and it may 

be repetitive and time-consuming if done using traditional 

pen & paper method. 

 

Empirical research has established that candidates who have 

been trained with mental mathematics will be able to speed 

up their calculation time by up to 70%, providing them with 

a clear strategic advantage. First, by following the Surplus 

Allocation Strategy, they can use the surplus time to try and 

solve questions where they need to reach a deeper 

understanding of the information and/or multi-layered 

reasoning, that requires more than a simple plug-and-play 

approach. Second, the Verification Buffer ensures they 

complete the part before time, allowing them to return for 

“fuzzy” problems and to reduce careless arithmetic errors. 

As a whole, these benefits make mental math an effective 

way to speed up your calculations and to change your 

approach to exams, allowing candidates to make intelligent 

choices between speed, accuracy and confidence when they 

are under pressure for time. 
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5. Educational and Pedagogical Implications  
 

The obvious benefits of mental mathematics in competitive 

testing environments are widely recognised but in the 

modern educational curricula, mental mathematics is often 

relegated to informal extra-curricular activities or 

commercial coaching centres. This results in an equity gap: 

students who can afford private training in speed arithmetic 

will outperform their peers in national selection 

examinations. Higher education policies should promote the 

formal inclusion of structured speed math modules alongside 

fundamental algebraic theory to democratize competitive 

academic performance, so that computational agility is 

available to all students. 

 

Modern educational curricula like to treat mental 

mathematics as peripheral, and it is not incorporated into 

formal instruction, but rather offered as an extracurricular 

club or in commercial coaching centres. This marginalization 

leads to structural inequity. Those with access to private 

training in speed arithmetic have a measurable advantage in 

competitive exams, while those without such resources are 

left at a disadvantage, even with comparable conceptual 

knowledge. This leads to an ever-widening performance gap 

in national selection processes, where computational agility 

can be as important as subject mastery. The results of these 

examinations can reproduce socioeconomic inequality 

because education systems treat mental arithmetic as 

something peripheral to the mainstream curriculum. 

 

Higher education policy should seek to formally include 

structured speed math modules alongside the foundations of 

algebraic theory to redress this inequity. This integration 

would democratize access to computational efficiency, 

ensuring that all students, not just those who can afford 

specialized coaching, can perform rapid and accurate 

calculations under time pressure. Embedding these modules 

into the curriculum would normalize mental mathematics as 

a core skill just as algebra or geometry, while building 

confidence and resilience in quantitative reasoning. 

Institutions would not only provide a level playing field in 

competitive testing situations but also prepare students for 

lifelong numerical agility that goes beyond exams into 

professional and everyday situations. 

 

6. Conclusion  
 

The techniques of mental mathematics are not mere parlor 

tricks or historical curiosities; they are highly optimized 

cognitive tools well-adapted to the needs of modern 

competitive examinations. These methodologies convert 

arithmetic calculations from long-form serial steps into 

parallel, pattern-driven mental heuristics, greatly reducing 

the cognitive load on working memory and relieving test-

induced mathematical anxiety and optimizing time 

management. As competitive measures more and more 

demand greater cognitive efficiency, the blending of 

conceptual mathematical logic with rapid mental 

computation will continue to be an invaluable tool for 

success in academics and the workforce. 
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