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Abhorrent Mathematical Algorithms: Mathematical Abhorithms
Egan | Chernoff

solve a mathematics problem—are a staple of mathematics classrooms around the

world. The reasoning is simple: Following the steps you were taught (e.g., for long
division) will, if all goes well, lead you to the correct answer for a corresponding problem
(which is, of course, very important in math class). Let me be clear from the outset: I have
no issues with mathematical algorithms. I do, however, take issue with what I call
mathematical abhorithms.

Mathematical algorithms—that is, sets of rules or step-by-step procedures used to

A mathematical abhorithm is the name I give to an abhorrent mathematical algorithm. I
deem an algorithm abhorrent if the set of rules used to correctly solve a mathematics
problem—that is, the mathematical algorithm—either (1) has no mathematical basis, (2)
ignores any underlying mathematical basis, or if (3) the link between the abhorithm and
any mathematical basis is not adequately taught. Much like mathematical algorithms,
mathematical abhorithms are, unfortunately, epidemic in mathematics classrooms around
the world. And, far from being harmless, they represent a huge missed opportunity in the
teaching and learning of mathematics. Let’s take a look at a few examples.

Converting from Decimal to Percent

“To convert from a decimal to a percent, you move the decimal two places to the right, then
write the percent symbol.” This, I contend, is a mathematical abhorithm. Every year, I stand
in rooms full of future elementary, middle, and high school math teachers and ask them:
“To convert from a decimal to a percent you move the decimal two places to the right, then
write the percent symbol—right?!” The room is always quiet. After all, until that point,
many of the future math teachers have likely converted from decimal to percent all their
lives by moving the decimal two places to the right, then writing the percent symbol, with
little or no issues whatsoever. Maybe you have, too. So before reading on, ask yourself: To
convert from a decimal to a percent, you move the decimal two places to the right, then
write the percent symbol—right?!
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Well, yes and no. Yes, in the sense that you get the right answer. Nevertheless, the algorithm
is abhorrent. Why should decimals “move”? Why should you write down the percent
symbol? Those of you who are a step ahead of me with an explanation to make the example
less abhorrent might only be making matters worse. In particular, if you're thinking that
the reason you move the decimal two places to the right, then write the percent symbol is
because “you multiply by 100,” then, I contend, we definitely have a mathematical
abhorithm on our hands. Why?

Here’s why'. If you take a decimal, say 0.37, and multiply it by 100, the act of multiplying
by 100 changes the original number. No big deal, right? Wrong. Multiplication, as a gross
oversimplification, can be understood as scaling one number by a given factor. This is why
0.37 turns into 37 when you multiply it by 100: it has been scaled by a factor of 100.
However, when converting from decimal to percent, what we are trying to achieve is not
scaling, but rather preservation of the number (0.37) with a change in the way it is
represented—in this case, to a percent, that is, out of 100.

Here is one way we could make the change. We multiply the number (in this case, 0.37) by
1 (because 1 is the only number by which you can multiply without changing the original

number). But when we do so, we multiply by 1 “disguised” as 100/100 (0.37 x 100/100),

which results in (0.37x100)/100, which is equal to 37/100 and, finally, as we are told, you
can exchange “something out of 100” by appending the percent symbol to the numerator
(resulting in 37%). I think I know what you’'re thinking at this point: “What’s the big deal?”

Let’s call the above process Scenario 1: to repeat, we multiply 0.37 by 1 (knowing that

multiplying by 1 will not change the original number), expressed as 0.37x1, but we choose
to “disguise” 1 as 100/100 (100/100 = 1, even though it may not look like 1), which equals

(0.37 x 100)/100, which (after some calculation) is equivalent to 37/100, which is now an
expression that can be interpreted as “out of 100,” which

means that we can use the percent symbol, which literally “This algorithm is

means “out of 100” and, finally, we get the answer: 37%. abhorrent because it
Now let’s consider what we will call Scenario 2: Move the is not mathematically
decimal to places to the right, then add the % symbol. sound. But why, then,

. , ‘ would an abhorithm
Scenario 1 represents a school mathematics algorithm. ever take the place of

Scena?io 2, 1 ContenFl, represents. a school rpathematics an algorithm?”
abhorithm. In Scenario 2, the algorithm—that is, the set of

rules used to correctly solve the mathematics problem—is abhorrent because it is not
mathematically sound. But why, then, you might be asking, would an abhorithm ever take
the place of an algorithm? Good question!

Imagine, for a moment, the following conversation between a teacher and a student
immediately after their math class has just been presented with Scenario 1:

Student: “Excuse me, Sir, it looks like you can just take the decimal move it two
places to the right, write the percent symbol, and get the right answer. Is this true?

! For those of you who are chomping at the bit to find flaw in my impending explanation, I make no
guarantees that it is bulletproof. I ask, however, that you try to see the forest for the trees here. Me,
I can sleep at night knowing that my way is less abhorrent than “move the decimal two places to the
right, then write the percent symbol.”
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Teacher: “Yes, but...”

Student: “And if I just take the decimal move it two places to the right and write the
percent symbol, will I get every question right on all my homework before next
class?”

Teacher: “Yes, but...”

Student: “Awesome, and if I just take the decimal move it two places to the right and
write the percent symbol, will I get every question right on the quiz we’re gonna
have on this topic?”

Teacher: “Yes, but...”

Student: “Wow! Ok, and if I just take the decimal move it two places to the right and
write the percent symbol, will I get every question right on our upcoming chapter
test?”

Teacher: “Yes, but...”

Student: “Sir, one last question. If I just take the decimal move it two places to the
right, write the percent symbol, and get every question right on the homework and
on the quiz and on the test, I'll get a pretty high mark in math, right?”

Teacher: “Yes, but...”

Student: “Sir, if I get a pretty high mark in math, then people like my parents will
think I'm pretty good at math, right?”

Teacher: “Yes, but...”

Student: “Sir, actually, one final question, why would I bother with your example
[Scenario 1] when I can just convert from a decimal to a percent by moving the
decimal two places to the right and writing the percent symbol?”

Another good question! And, if you consider the situation from the student’s perspective,
it’s hard to see why, exactly, you shouldn’t just move the decimal two places to the right
and write the percent symbol, knowing full well that this abhorithm will get you the right
answer. Every. Single. Time.

But wait! There’s more.

Adding and Subtracting Fractions

The “bow tie” method for adding and subtracting fractions is, I contend, another
mathematical abhorithm. To demonstrate the bow tie method, consider the addition of 1/2
and 1/3. According to this particular abhorithm:

Step 1: Multiply the two numbers on the bottom (2x3) and write that number on the
bottom;

Step 2: Multiply the two numbers that lie on the 45-degree angle that starts on the
bottom right and moves towards the top left of the page (3x1), and write that
number on the top;

Step 3: Multiply the two numbers that lie on the 45-degree angle that starts on the
bottom left and moves towards the top right of the page (2x1), and write that
number on the top;

Step 4: Add the two top numbers together (3+2/6 =5/6);

Step 5°: Enjoy the fruits of your labour.

See Figure 1 for an illustration.

2In the interest of full disclosure, I added Step 5.
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numerator

Figure 1: The “bow tie” method for adding fractions

Voila: the correct answer. Every. Single. Time. Sure, the answer will not necessarily be in
“lowest terms” (a convention that also tends not to be fully justified for students in math
class), but barring any arithmetic errors, the bow tie method will always work.

The reason that I contend the bow tie method is abhorrent is because the action of
multiplying numbers along a horizontal line, followed by multiplying numbers along 45-
degree angles, is not why you get the right answer. However, lots and lots of students do
think that multiplication along some particular angle is “why” 1/2 + 1/3 = 5/6. The bow

tie method is also abhorrent because it represents a missed

“Lots and lots of opportunity for studying a topic (fractions) that, for many
students do think people, was a stumbling block to pursuing further school
that multiplication mathematics. So let’s take a minute and look at the missed
along some opportunity associated with the bow tie method.

particular angle is

‘why” 1/2 + 1/3 = As with the previous example of converting from a decimal
5/6.” to a percent, let’s look at two possible scenarios that could be

presented to students who are learning to add fractions. For
the sake of consistency, we'll call the “bow tie” method Scenario 2. In Scenario 1, on the other
hand, we will try to move from abhorithm to algorithm. If you remember adding fractions
from your days in school, then you probably remember the following phrase: “You can’t
add halves and thirds.” I am not particularly fond of this phrase, because you certainly can
add halves and thirds; however, you first need to change the way in which these numbers
are represented. Here, we return to the “1 in disguise” notion that was presented earlier in
the case of converting from a decimal to a percent. In adding 1/2 and 1/3, we want to
preserve the numbers that we are starting with, but change the way in which they are
represented. To do so, we take the number 1/2 and multiply it by 1 (because doing so won't
change the number), but not by 1 as 1, but rather 1 “disguised” as 3/3. So, we get 1/2 x
3/3 = 3/6 (yes, yes, I know—using the abhorithm® “top times top and bottom times
bottom”). Similarly, we take the number 1/3 and multiply it by 1 (because doing so won’t
change the number), but we choose a different disguise for 1, which in this case is 2/2. Now,
1/2 + 1/3 is represented as 3/6 + 2/6, which “allows” us to add the two numerators
together because we have a common denominator. We thus get the answer, 5/6.

Let’s consider a similar conversation between a student and a teacher after the class has just
been presented with Scenario 1:

3 Utilizing the multiplication of fractions in the addition and subtraction of fractions, even though in
most textbooks and curricula the topic of fraction multiplication is presented after the addition of
fractions, is another issue for another time.
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Teacher: “So, class, are you comfortable with the addition of fractions?”

Student: “Yes, but... Sir, it appears that if I just use this bow tie method, I'll get the
right answer!”

Teacher: “Yes, but...”

Student: “Sir, if I use the bow tie method, then I will get every question right on the
homework and the quiz and the test, which means I'll get a pretty good mark in
math, right?”

Teacher: “Well, yes, that's true, but you won’t really understand what’s really going
on when you add fractions. You won't be able to explain why the bow tie method
works.”

Student: “Yeah, but I'll still get the right answer every time, right?”

Teacher: “Yes, but...”

Despite the fact that it produces correct results (Every. Single. Time.), the bow tie method
is a mathematical abhorithm, just like the method of moving the decimal two places to the
right (because you're multiplying by 100), then writing the percent symbol to convert from
a decimal to a percent. When considered together, the two abhorithms start to snowball.
However, they also represent a huge missed opportunity in the teaching and learning of
mathematics.

House of Cards
Consider, again, a student’s perspective on the two abhorithms. There are two disjoint
procedures that need to be remembered: In the first example, a student has to remember to
move the decimal two places to the right and write down the percent symbol, and in the
second example, to implement the bow tie method. Now, here’s the missed opportunity:
At its core, the underlying notion associated with the two examples is one and the same—
that is, the key to both the bow tie method and the method of moving the decimal, then
writing the percent symbol when converting from decimal to percent is a distinction
between number and numeral. In other words, both examples are asking to have the
numbers in question preserved while their representation is _
changed, which requires using different numerals. In both “Having to remember
examples, this is achieved by multiplying by the number 1 two things instead of
under different disguises. When the disguises are chosen one isn’t really that
properly, the rest of the question takes care of itself. big of a deal. But
what if you were

In keeping with the theme, let’s look at things in terms of bombarded with
two different scenarios. In Scenario 1, a student has a grasp mathematical
of the underlying concept for the two distinct, yet related : -

O abhorithms—Ilots of
examples (the distinction between number and numeral). In them?”
Scenario 2, the student does not make the underlying '
connection between the two different examples and, in order to answer corresponding
questions, needs to recall two distinct mathematical abhorithms. Alternatively stated, in
Scenario 2, the student is not aware, or does not care about the underlying concept that
underlies the two problems.

Of course, having to remember two things instead of one isn’t really that big of a deal. But
what if, in the mathematics classroom, you were bombarded with mathematical
abhorithms—Ilots of them? For example:
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e To convert from decimal to percent, move the decimal two places to the right and write the
percent symbol

e Toadd fractions, use the bow tie method

e You can’t subtract a bigger number from a smaller number

e Reasons for which we shall not discuss, negative times negative equals a plus

o Why ask why? Just invert and multiply

e When you multiply by ten, add a zero

e When you multiply by one hundred, add two zeros

e When you drag a number across the equals sign, you turn a positive into a negative

e To complete the square, you add 35 and subtract 35 from the equation

e To solve an inverse function, swap y and x, solve for x, then swap back

e [Insert your favourite mathematical abhorithm here]

e [And here]

e [And here]

e [And here]

Each mathematical abhorithm that a student encounters is another distinct set of “rules”
that they must become familiar with and remember. How many mathematical abhorithms
could one deal with, realistically, before things became difficult to manage? Let me phrase
o that a little bit differently. Let’s say that each mathematical
Let’s say .that each  abhorithm represents a single card in a house of cards. How
mathe_ma“cal big do you think your house of cards could get before it came
abhorithm crashing down?
represents a single
card in a house of Unfortunately, for many students, this ever-growing house
cards. How big do of cards represents their school mathematics experience.

you think your Students are tasked with building bigger and bigger houses
house of cards of cards, but, of course, the foundation of these houses is not
could get before it as sturdy as one would like. Yes, some people’s houses get
came crashing bigger than others’, for various reasons. Some are simply able
down?” to remember more mathematical abhorithms—that is, some

are better at following orders than others. Perhaps some are
able to establish conceptual connections that are not presented, or inadequately presented.
However, most of these houses of cards will eventually come crashing down. This
particular point in time is, perhaps (and if so, to nobody’s surprise) when the individual
develops a distaste for mathematics.

Most people that I've asked have a distaste for either fractions or algebra, or both. And
when I ask at which particular point mathematics started to overwhelm them, they
typically respond—you guessed it—"“fractions” (the other other f-word) or “algebra.” In
some cases, though, the house of cards comes crashing down much later. For those who are
able to build a house of cards big enough to get through high school, their house of cards
usually comes crashing down during their first-year Calculus class in university. Imagine
sitting in the back of a room with 300 other first-year calculus students, barely able to see
the professor at the front of the room, and slowly realizing to yourself: “Uh oh!!” What a
horrible feeling this must be: All those different abhorithms, at one point manageable,
suddenly become unmanageable. As they say, the bigger they are, the harder they fall.
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I was lucky: My own house of cards came crashing down—oh yes, it did come crashing
down (“Prove that angle-side-angle proves congruency?!”)—much later than those of many
others. Looking back, though, I can relate; I completely understand why some houses
collapse earlier. Consider the following phrase: “The first rule of dividing fractions is you
never divide fractions.” To reiterate: The first rule of dividing fractions is you never divide
fractions. Any discerning student should be questioning things “The fi le of

at this point. But wait, there’s more to the statement: “The first Ihe 7irst rule of
rule of dividing fractions is you never divide fractions. Instead, dividing fra ctions 1s
you flip the second number—only the second number!—and you OGV@{' divide
then multiply the resulting fractions to get the answer.” By fr actions. Any

now, students should have a number of questions that they discerning student
want to ask... shouldn’t they?! For example: “Why do we flip should be

the second number and not the first?” Once again, though, we questioning things
need to take the student’s perspective into account. at this point.”

From a student’s perspective, it makes sense to not ask why, to “just invert and multiply”—
armed with this abhorithm, they will likely get every question right on every homework
assignment and quiz and test related to fraction division that they will ever be given. As a
result, they will get a good mark in math—and people will even think that they are good at
it! No harm done, perhaps; after all, students are less often presented with scenarios where
they truly need to know “why.” If we truly want to honour the students in our math
classrooms, then, we have to realize that from their perspective, it makes good sense to try
to keep track of all of the mathematical abhorithms that they are taught—even though this
will result in a house of cards that will, eventually, come crashing down.
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