
Numeracy 
Imagine Thanos snapping his finger and wiping out human species. An alien comes to our 

planet and examines the front door of several houses. What would it conclude? It might find out 

that the doors are about 7 feet tall. Humans average height can’t be taller than 7 feet, too hard to 

enter the house. Their average height can’t be shorter than 5 feet, why waste materials. 

 

Without time traveling the alien can infer a lot using the height of a door. Numbers are effects, 

and a trained mind can reverse engineer the cause. The ability of intuitively understanding 

numbers is numeracy. The book of nature is written in the language of mathematics. The 

knowledge to grok numbers empowers one to read nature effectively. This post is a result of my 

passion for developing numeracy, which is a skill I am continuing to improve. 

 

How Grace Hopper visualizes nanoseconds? 

 

How on earth will we understand nanoseconds (one billionth of a second) when we have trouble 

understanding a billion? Light travels 300 million meters in one second. Grace Hopper made 

her students visualize one nanosecond to a piece of wire that is one feet long, which is the 

maximum distance that electricity could travel in a billionth of a second. 

 



 

 

How long would the wire be if we need to measure one microsecond? It would be 984 feet, 

which is the maximum distance that electricity could travel in one microsecond. By making 

programmers compare 1 feet with 984 feet, Grace Hopper made them realize what they're 

throwing away when they throw away microseconds. 

 

How Eratosthenes measured the circumference of the earth? 

 

Eratosthenes was a librarian in the famous library of Alexandria around 250 BCE. He discovered 

that in the town of Syene on June 20, one could see the sun by looking down into a well. This 

was possible because, on June 20, the sun was directly overhead, and the light rays from the sun 

went straight into the well. Eratosthenes also observed that on that same date in Alexandria, an 

obelisk cast a distinct shadow. 

 

Therefore, the sun was not directly overhead in Alexandria on June 20. The distance between 

Alexandria and Syene is 5,000 stadia (925 kilometers). Using this information and the fact that 

Earth is a sphere he measured the circumference of the Earth to be 240,000 stadia (44,400 

kilometers). The actual circumference of the Earth is 40,075 km. Eratosthenes guesstimation 

https://www.youtube.com/watch?v=JEpsKnWZrJ8


isn’t bad at all. The diagram below shows how Eratosthenes measured the Earth, accessed from 

Simon Fraser University Online. 
 

 

 

How Warren Buffett visualized the supply of gold on Earth? 

 

In 2011, gold was selling at a peak price crossing $2,000 per pound. At that time, Buffett wrote 

in his letter to shareholders on why he would not buy gold and instead buy US cropland and 

several Exxon Mobil's. How he visualized the supply of gold and compared it with US cropland is 

a testament for numeracy. Buffett writes: 

 

Today the world’s gold stock is about 170,000 metric tons. If all of this gold were melded 

together, it would form a cube of about 68 feet per side. (Picture it fitting comfortably within a 

baseball infield.) At $1,750 per ounce – gold’s price as I write this – its value would be $9.6 

trillion. Call this cube pile A. 

http://www.sfu.ca/phys/100/lectures/lecture3/Eratosthenes.html
http://www.berkshirehathaway.com/letters/2011ltr.pdf


 

Let’s now create a pile B costing an equal amount. For that, we could buy all U.S. cropland (400 

million acres with output of about $200 billion annually), plus 16 Exxon Mobils (the world’s 

most profitable company, one earning more than $40 billion annually). After these purchases, 

we would have about $1 trillion left over for walking-around money (no sense feeling strapped 

after this buying binge). Can you imagine an investor with $9.6 trillion selecting pile A over pile 

B? 

 

Beyond the staggering valuation given the existing stock of gold, current prices make today’s 

annual production of gold command about $160 billion. Buyers – whether jewelry and 

industrial users, frightened individuals, or speculators – must continually absorb this additional 

supply to merely maintain an equilibrium at present prices. 

 

A century from now the 400 million acres of farmland will have produced staggering amounts of 

corn, wheat, cotton, and other crops – and will continue to produce that valuable bounty, 

whatever the currency may be. ExxonMobil will probably have delivered trillions of dollars in 

dividends to its owners and will also hold assets worth many more trillions (and, remember, you 

get 16 Exxons). The 170,000 tons of gold will be unchanged in size and still incapable of 

producing anything. You can fondle the cube, but it will not respond. 

 

Admittedly, when people a century from now are fearful, it’s likely many will still rush to gold. 

I’m confident, however, that the $9.6 trillion current valuation of pile A will compound over the 

century at a rate far inferior to that achieved by pile B. 

 

How many petrol stations are there in the UK? 

 

I came across this question in the book The Tiger That Isn't Seeing Through a World of 

Numbers. In it the authors write: Not many people know the answer and the temptation is to 

feel stumped. But making the number personal can get us remarkably close. Think of the area 

you live in, and in particular of an area where you know the population. 

 

For most of us that is the town or city we live in. Now think about how many petrol stations 

there are in that area. It is hard if you have only just moved in, but for most adults this is a fairly 

straight-forward task, and people seem very good at it. Now divide the population by the 

number of petrol stations. This gives you the number of people per petrol station in your area. 

For us, the answer was about one petrol station for every 10,000 people. Most people give 

answers that lie between one for every 5,000 and one for every 15,000. 

 

We know the total population of the UK is about 60,000,000. So we just need to divide the 

population by the number of people we estimate for each petrol station. With one petrol station 

for every 10,000 people, the answer is 6,000 petrol stations. With one in 5,000, the answer is 

12,000 petrol stations. The correct answer is about 8,000. The important point is that almost 

everyone, just by breaking things down like this, can get an answer that is roughly right.  

https://www.amazon.com/gp/product/1846681111/ref=dbs_a_def_rwt_bibl_vppi_i3
https://www.amazon.com/gp/product/1846681111/ref=dbs_a_def_rwt_bibl_vppi_i3


 

Using the same ideas would produce roughly accurate numbers for how many schools there are, 

or hospitals, or doctors, or dentists, or out- of-town supermarkets. All that is happening is that 

rather than being beaten by not knowing the precise answer, we can use the information we do 

have to get to an answer that is roughly right, which is often all we need. As long as we know 

something that is relevant to the question, we should be able to have a stab at an answer. 

 

What can we learn from Grace Hopper, Eratosthenes, Warren Buffett, and the 

petrol station examples? 

 

Before answering the question, we need to understand what existed before we humans invented 

numbers. Imagine that you’re a shepherd 5,000 years back. You start your day with 50 sheep. 

How do you know if you haven’t lost any of your sheep at the end of the day? You can’t count 

1,2,3 as the decimal system didn’t exist. 

 

One way to solve the problem is to start your day with 50 marbles in your left pocket. At the end 

of the day you move one marble for each sheep to the right pocket. If the left pocket is empty, 

then you didn’t lose any sheep, otherwise you lost. 

 

It works for 50 sheep. However, what if you want to keep track of 500 sheep? You need a better 

system. Remember the tally marks we learned in school? It works. However, the challenge is 

that it gets harder to count as the number of tally marks increase. For example, IIIIIIIIII has ten 

marks. It’s hard to count 10. Think about how hard it will be to count 100? 

 

Why is it challenging to count non-grouped tally marks? It is because of the limitations of our 

short-term memory. At one time, our short-term memory can only handle around 4-5 pieces of 

information. Humans overcome the limits of our short-term memory by grouping or chunking. 

How hard is it to count the tally marks in the image below? 

 

 

As humans developed trade, there was a need for counting numbers larger than 500. Tally 

marks hit its limitations, and that gave rise to number systems like roman numerals. Like tally 

marks, roman numerals handled more significant number by introducing new symbols. 

Grouping is how we humans worked around the limitations of short-term memory. 

 



 

 

Roman numerals needed seven symbols (I, V, X, L, C, D, and M) to handle numbers up to 1000. 

It used parenthesis or bars to represent bigger numbers. For example, (M) is used for 

representing one million. Doing arithmetic on roman numerals is not easy. Try multiplying 

DCCLXXXI(781) * CDLXXXVII (487)? The decimal system used place value notation, and with 

ten symbols (0, 1, 2, 3, 4, 5, 6, 7, 8, 9) we can represent numbers compactly and use simple rules 

for doing arithmetic. 

 

 

Marbles, tally marks, roman numerals, and decimal system are abstractions invented by humans 

to handle the messy reality. Abstraction is a powerful tool to handle the real world complexities 

and work around the limitations of our short-term memory. However, abstractions distance us 

from reality when the numbers go outside the normal range, below 0 and above 1000. 

 

Research indicates that children's ability to count degrades right after they are taught 

arithmetic. Nassim Taleb writes in AntiFragile, “When you ask children how many intervals 

there are between fifteen poles, those who don’t know arithmetic figure out that there are 

fourteen of them. Those who studied arithmetic get confused and often make the mistake that 

there are fifteen.” 

 

https://www.amazon.com/Antifragile-Things-That-Disorder-Incerto/dp/0812979680


If handling numbers outside the normal range is hard, then how did Grace Hopper, 

Eratosthenes, and Warren Buffett developed proficiency in visualizing a nanosecond, measured 

the circumference of the earth, and converted the supply of gold in earth and fit inside a football 

field as a cube? They and other numerate people use simple techniques like landmark numbers, 

compare-and-contrast, visualization, divide-and-conquer, and ratios-and-rates. Let me explain 

the techniques in detail. 

 

Landmark Numbers, Compare-and-Contrast, and Visualization 

 

During my recent trip to New York, I visited the Empire State Building. It used to be the tallest 

building, tip height of 443 meters, in the world from 1931 until 1972. Most of us have trouble 

visualizing 443m. Why is that? The meter is an International System of Units (SI) defined as the 

length of the path traveled by light in a vacuum in of a second. SI unit optimizes / 299, 92, 581 7 4  

for high precision: you need high precision for going to Mars. 

 

Unlike computers, our brain works on approximation and not precision. This is why our 

ancestors came up with units that used body parts and everyday items. For example, feet and 

inches are more intuitive than meters. I still remember my childhood days when we play cricket 

on any flat surface. A few jumps to approximate 22 yards for the pitch. To get a better hang of 

the height of the Empire State Building, we need to compare it with other taller buildings. 

 

Burj Khalifa is the tallest building in the world (829m). It will be overtaken in 2020 by Jeddah 

Tower (1000m). That too might get surpassed by the building in Azerbaijan measuring (1054m). 

Let us approximate the height of the future tallest building to 1km. To make it memorable, we 



can compare it with a marvel created by mother nature. Mount Everest is almost 9km tall. 

Human intelligence can build structures that can reach 11% of Mount Everest. 

 

Our brain is associative. We learn new things by linking them with things that we already know. 

Numbers are abstract, and SI units make it even more abstract. Using the height of Mount 

Everest (9 km) as a landmark number, we compared the Empire State Building with other tall 

buildings and made the height (443m) of the Empire State Building memorable. 

 

Warren Buffett once said that to simplify things, he would multiply by 3 rather than 𝞹. 

Approximation is a powerful tool to understand how things work. We can estimate the roof 

height of the building from the number of floors. A skyscraper's height around 3.5 meters per 

floor, plus ten meters. Empire State Building has 102 floors and using the formula the height 

comes to 367m, which is close to the actual roof height of 381m. 

 

Divide and Conquer 

 

I was born and brought up in Chennai. Playing and watching cricket used to be my hobby. I still 

remember watching the 1999 test match in MA Chidambaram stadium in Chennai, in which 

India lost to Pakistan in a nail-biting finish. Getting a ticket to watch crucial matches in 

Chidambaram stadium isn't easy. I neither bothered to find out the capacity of the stadium nor 

the reason why getting a ticket is difficult. Can we estimate the capacity of the stadium? 

 

To solve this problem, we need to start small. The image below shows a small part, around 25%, 

of the stadium. In it, I am going to focus on the circled block and guesstimate the number of 

seats. The circled block is broken down into upper and lower lot. The middle block in the upper 

lot has around 25 rows and 30 columns adding up to 750 seats. Extrapolating it, we can guess 

that the circled block has about 3,000 seats. 



 

Chidambaram stadium has 12 such blocks. The sizes of the blocks are not equal. Also, the 

Terrace block appears to be bigger, so I am counting it as three. Based on the above 

assumptions, the stadium should have a capacity for 36,000 (3,000 * 12) people. The actual 

capacity is 50,000. I was off by 28%, which is a decent guesstimate based on a few images from 

Google. 

 

Chennai city has an estimated population of 10 million. The stadium, with 50,000 seats, can 

accommodate only 0.5% of the population. The idea behind the divide and conquer technique is 

simple. You break the bigger problem into small pieces that are easy to solve. Then bring 

together the smaller pieces to solve it. 

 

We dealt with a single dimension, height and number of seats, in the Empire State Building and 

the MA Chidambaram stadium examples. Real life is full of objects with more than one 

dimension. I find it hard to visualize things that have more than one dimension. Why is that? 

 

The struggle happens because of the square-cube-law, which explains the relationship between 

length, area, and volume. When the linear dimension (length) of the object changes, the surface 

area doubles, and the volume triples. Our brain is a linear machine, the reason why we humans 

have trouble understanding compound interest. 

 

It takes practice to understand the nonlinearity. Texas state in the US has an area that is almost 

five times that of New York (269k vs. 55k square miles). However, their average distance from 



one end of the state to another is only 2x higher. Let’s look at another example dealing with 

volume (3 dimensions). 

 

How many Earths could fit inside the sun? The planet Jupiter is roughly 10 times as wide as 

Earth, and the sun is 10 times as wide as Jupiter. So the sun is 100 times as wide as Earth. Our 

sun is 864,000 miles wide, and Earth is 8,000 miles wide. If one dimension is 100 times bigger, 

then the volume of the sun will be (100 * 100 * 100) bigger. We can fit one million earths inside 

the sun. 

 

If used wisely, two and three dimensions are excellent tools for shrinking a big number into a 

smaller one and make it memorable. Do you remember how Warren Buffett placed the supply of 

gold inside a baseball field? How did he do it? Buffett converted solid gold of 170,000 metric 

tonnes to a three-dimensional volume of about 311k cubic feet. He took the cube root, with each 

side of around 68 feet. Buffett then placed the cube inside a baseball infield, with side length of 

90 feet. 

 

Ratio and rates 

 

Can we compare gross domestic product (GDP) between the two countries? You can, but it can’t 

come up with an action plan from that. For example, India and the UK have similar GDP. But, 

their per capita GDP for India is around $2k, and for the UK it is $43k. Ratio and rates help us 

normalize numbers and make it comparable. 

 

Whenever I come across good examples of rates, I make a special note of it. One such example is 

how Dakshana measures the cost efficiency and effectiveness of its program. Dakshana helps 

bright and impoverished students predominantly from rural India to prepare for IIT and 

medical entrance exams. Take a look at the table below. What do you see? 

 

https://www.aqua-calc.com/calculate/weight-to-volume
https://dakshana.org/


 

We can see that the average cost-per-scholar has gone down over the years. Being cost efficient 

is necessary, but not sufficient. What we need is the effectiveness of the program. Are people 

getting into IIT and Medical schools? The last two columns clearly show that Dakshana program 

is both effective and efficient. 

 

Rate is a powerful tool used in understanding how stock changes over time through the effect of 

flows. What is a stock and a flow? A stock is the foundation of any system. Stocks are the 

elements of the system that you can see, feel, count, or measure at any given time. For example, 

water in a bathtub, a population, the books in a bookstore are stocks. 

 

Stocks change over time through the actions of a flow. Flows are filling and draining, births and 

deaths, addition and removal of books. A stock is the memory of the history of changing flows 

within the system. Stock and flows are powerful tools that allows partial reconstruction of the 

past and extrapolate into the future. 

 

Let's use the idea of stock and flows to answer the question: How do you go about finding the 

time it will take for a new entrant to build a social network to match Facebook scale? Take a look 

at the table below. Facebook, on average, added 273 million new users in the last six years. At 

that rate, it would take the new entrant around 8.5 years, almost 9 users/second. 
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Appendix 

 

“Good Enough” Arithmetic - The Design of Everyday Things 

 

Most of us can’t multiply two large numbers in our head: we forget where we are along the way. 

Memory experts can multiply two large numbers quickly and effortlessly in their heads, amazing 

audiences with their skills. Moreover, the numbers come out left to right, the way we use them, 

not right to left, as we write them while laboriously using pencil and paper to compute the 

answers. These experts use special techniques that minimize the load on working memory, but 

they do so at the cost of having to learn numerous special methods for different ranges and 

forms of problems. 

 

Isn’t this something we should all learn? Why aren’t school systems teaching this? My answer is 

simple: Why bother? I can estimate the answer in my head with reasonable accuracy, often good 

https://www.amazon.com/That-Big-Number-Andrew-Elliott/dp/0198821220
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enough for the purpose. When I need precision and accuracy, well, that’s what calculators are 

for. 

 

Remember my earlier example, to multiply 27 times 293 in your head? Why would anyone need 

to know the precise answer? an approximate answer is good enough, and pretty easy to get. 

Change 27 to 30, and 293 to 300: 30 × 300 = 9,000 (3 × 3 = 9, and add back the three zeros). 

The accurate answer is 7,911, so the estimate of 9,000 is only 14 percent too large. In many 

instances, this is good enough. Want a bit more accuracy? We changed 27 to 30 to make the 

multiplication easier. That’s 3 too large. So subtract 3 × 300 from the answer (9,000 – 900). 

Now we get 8,100, which is accurate within 2 percent. 

 

It is rare that we need to know the answers to complex arithmetic problems with great precision: 

almost always, a rough estimate is good enough. When precision is required, use a calculator. 

That’s what machines are good for: providing great precision. For most purposes, estimates are 

good enough. Machines should focus on solving arithmetic problems. People should focus on 

higher-level issues, such as the reason the answer was needed. 

 

Unless it is your ambition to become a nightclub performer and amaze people with great skills of 

memory, here is a simpler way to dramatically enhance both memory and accuracy: write things 

down. Writing is a powerful technology: why not use it? Use a pad of paper, or the back of your 

hand. Write it or type it. Use a phone or a computer. Dictate it. This is what technology is for. 

The unaided mind is surprisingly limited. It is things that make us smart. Take advantage of 

them. 

 

Scale of size and Time - Seeking Wisdom: From Darwin to Munger 

 

Changes in size or time influences form, function and behavior. If something of a certain size is 

made bigger or smaller, it may not work the same way. Some things get better and others get 

worse. For example, changes in the size of an organism affect its strength, surface area, 

complexity, metabolism, longevity, and speed of movement. 

 

How do weight, strength and surface area change when we change size? 

 

If we double the length of a similarly shaped object, surface area increases 4 times and volume 8 

times. Surface area increases at the square of length and volume at the cube of length (to get 

areas we multiply two lengths together, and to get volumes we multiply three lengths). Volume 

always grows faster than surface area as we increase size, independent of an object's shape. This 

places limitations on the size of things. 

 

What about the giants we see in the movies? 

 

Assume we make a human 10 times larger than normal. This means he is now 10 times longer, 

10 times wider, and 10 times higher. He now weighs 1,000 times more but he is only 100 times 

https://www.amazon.com/Seeking-Wisdom-Darwin-Munger-3rd/dp/1578644283


stronger (as muscular strength is proportional to the cross section area of a muscle). Since the 

load-bearing capacity of bones scales in the same manner his bones would be subject to ten 

times more stress than normal. He needs thicker bones to support more weight. Otherwise his 

legs will crush. 

 

This is why elephants have such thick stumpy legs to support their weight. The giant has 1,000 

times more meat on the body but only 100 times the skin to hold it together meaning ten times 

the pressure on its skin (since pressure is proportional to area). This also means that his skin 

surface area is too small to remove the heat emitted from his huge body. He would suffer from 

overheating since the amount of heat his body produces is proportional to the cube of his length 

(1,000), while the amount of heat he dissipates through the skin is proportional to the square of 

his length (100). 

 

What is the difference between ratio and rate? 

 

A rate is simply a specific type of ratio. The difference is that a rate is a comparison of two 

numbers with different units, whereas a ratio compares two numbers with the same unit. 
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