
1.1 Object Recognition and

Conditional Response

De�nition: Mathematics is the study of numbers, shapes, and other
entities by logical means.1

The above is the formal de�nition of mathematics. Many mathe-
maticians will tell you that mathematics is the study of de�nitions,
and the creation of analogies and analogies of analogies. Any way
you choose to de�ne mathematics, there is no doubt that it is an ex-
tremely powerful tool. Mathematics is the backbone of modern soci-
ety and a means of understanding the natural world. The versatility
of mathematics is vast and limitless. However, the most common
question asked of mathematics instructors is without a doubt �When
will we use this in the real world?� The teacher could list many real-
world applications, but the speci�c application of mathematics is not
entirely the point of practicing mathematics as a discipline. Practic-
ing mathematics will awaken parts of the brain that are responsible
for quantitative reasoning and logical thought. Mathematics actually
teaches us how to think more e�ciently and logically.

Mathematics instructors are constantly exposed to misunderstand-
ings that surround the subject. One of the most careless is the idea
that there are �math people� and �non-math people.� Being rela-
tively successful in mathematics is not entirely a biological gift. Being
able to dunk a basketball requires certain physical blessings. How-
ever, mathematics only requires proper direction and continuous dis-
cipline, not a physiological edge. This misunderstanding has become
so widely accepted in our culture that it is perpetrated at every level
of the educational system. There is no truth to the claim that math
requires a special gift. The student needs to recognize the di�erence
between what is di�cult and what is time consuming. Exercising
patience and properly implementing e�ective practice methods will
yield results. Remember that it is not practice that makes perfect,
but perfect practice makes perfect.

There are two key components to e�ectively practice mathematics:
object recognition and conditional response. Every math problem
can be categorized based upon the most e�ective technique to solve
the given problem. Recognizing a problem and then immediately
knowing how to categorize it based upon its solution requires object
recognition. One must practice and be exposed to many di�erent

1Penguin Dictionary of Mathematics, 1998
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problems in order to become familiar with both their similarities and
di�erences. Often the most di�cult step in solving a problem is
knowing where to begin. If a problem is unrecognizable, then we can
not take this �rst step. Herein lies the greatest challenge to learning
mathematics. Consider the following scenario. A 30-year-old man
that was born blind is given the gift of sight. Now suppose that
this person's favorite food is apples. He may eat one or more apples
a day. For 30 years he has learned to recognize an apple by taste,
touch, and smell. However, he has no idea what an apple looks like
because he has never seen one. Upon receiving the gift of sight, he
will not be able to distinguish between an apple and an orange by
only looking at them. Simply put, he lacks object recognition. To
achieve object recognition, the man will need to practice gazing upon
the apple while feeling it, smelling it, and tasting it. Correlating
the senses that recognize the apple with the new sense of sight is
the most e�ective way to achieve object recognition. This is exactly
how we will approach problems in pre-calculus. We will focus on a
problem and learn the most e�ective means to solve that problem.
Then we will make a list of all other problems that are most e�ectively
solved using the same technique. This will help us to achieve object
recognition based upon the characteristics of the problem.

Object recognition also alleviates panic when confronted with a new
math problem. Mathematics can be intimidating mostly because it
seems that there are an in�nite number of problems and an in�nite
number of solutions. We will prove this assertion false by showing one
solution for e�ectively solving an in�nite number of problems, rather
than a multitude of ways to solve one problem. Humans are naturally
xenophobic as a result of evolution. It is instinctive to be upset by the
unfamiliar. Snakes with intricate patterns and/or bright colors tend
to be poisonous. The black widow spider has a bright red hourglass
�gure on its abdomen which alerts us to stay away. When taking an
exam, if we encounter an unfamiliar problem we may panic a bit thus
triggering the sympathetic nervous system. This is otherwise known
as the �ght-or-�ight response. There are several biological e�ects that
take place when this happens that we want to avoid. These include
the production of stress hormones cortisol and adrenaline. Cortisol
interferes with learning and memory, while adrenaline increases heart
rate and blood pressure. The e�ects may be avoided by taking long
steady breaths in through the nose and out through the nose. This
will regulate heart rate and help to avoid panic. Of course the best
way to avoid panic is to be familiar with the types of problems one
might encounter during an exam. Accomplishing this requires object
recognition.
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Achieving object recognition in order to trigger a conditional response
is the goal when practicing mathematics. You want to recognize these
problems and react to them e�ectively under duress. Many students
complain of test anxiety. There is no better way to alleviate test anx-
iety than through practice. This method works. In fact, before SEAL
Team Six raided Osama bin Laden's Pakistani compound in May of
2011, they practiced raiding full-scale replicas of the compound sev-
eral times a day for several weeks. Through e�ective practice, SEAL
Team Six sustained zero casualties and successfully completed the
mission. A mathematics exam is certainly not as stressful as com-
bat, but performing mathematics under duress is considered just as
stressful as public speaking. You must practice to the point that the
task becomes second nature in order to sti�e a panic response.

To maximize pro�ciency in problem solving we need to make math-
ematical procedures as e�cient as possible. Any excess must be cut
from the arithmetic process. Algebra is a binary operative system,
which means there are only two operations: addition and multiplica-
tion. We have been trained to recognize four operations: addition,
subtraction, multiplication, and division. The former is an example
of excess. The minimalist approach is to reduce the number of es-
sential moves and clear out any redundancies. Subtraction is simply
the addition of a negative number. Division is multiplication by the
reciprocal. That is, x − a = x + (−a) and x

a = x( 1a ). Here the num-
ber of essential operations is reduced by half. We want to apply this
reduction process whenever possible, but at the same time including
enough to justify our conclusion.

In clearing out these redundancies from our practice, we may realize
that our arithmetic has been excessive. This brings us to a new
approach to algebraic manipulation: a kinetic approach. We will call
this KALM: the Kinetic Approach to Learning Mathematics.

Suppose we want to solve the following equation for x.

x+ a = b

We may have been taught that this requires subtracting a from both
sides of the equation.

x+ a− a = b− a

x = b− a
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Although this particular strategy may be useful when �rst learning
algebra, it does not promote long-term growth. Instead, let us now
think of the procedure as �moving� the a to the other side of the equa-
tion. The result of this movement changes the sign of a. In this case
making it negative. This incorporates movement into the arithmetic
process and grants the student a greater capacity for algebraic ma-
nipulation over time. In other words, it allows one to more e�ectively
mature mathematically and streamline the conditional response.

x+ a = b

x = b+ (−a)

When dealing with multiplication, a movement from one side of the
equation to the other changes a numerator to a denominator, and
vice versa, as follows.

x · a = b

x = b
a

When dividing one fraction by another fraction, we �ip the bottom
fraction and multiply. Remember that division is multiplication by
the reciprocal.

a

b
c

d

=
a

b
· d
c

With KALM, arithmetic is reduced to two basic moves that involve
only two operations: addition and multiplication.

Now we will review some basic properties of algebra keeping in mind
the concepts introduced in this section. When reviewing any work in
this book, the student must copy the procedures several times. No
matter how simple the idea may appear, remember that it is per-
fect practice that makes perfect, and the only way to achieve object
recognition and conditional response is through repetition and e�ec-
tive practice. There is little to nothing gained in mathematics by
merely watching some one else work. This is equivalent to preparing
for basketball team try-outs by watching others play, or preparing to
perform a musical piece by listening to someone else play. It may
help, but it is certainly not as bene�cial as practicing on your own.
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Distributive Property: a · (x+ y) = a · x+ a · y

Also (a+ b) · (x+ y) = a · x+ a · y + b · x+ b · y

When written as the latter, it is often called FOIL: First Outside
Inside Last. This is just another example of unnecessary excess. In
the former you want to visualize physically moving the a term over
the x and the y. In the latter, it is the same. First you carry the a over
the x and the y, and then the b over the x and then the y. You want
to see these two forms as the same and not di�erent. Using terms
like FOIL only serves to inhibit your understanding of mathematics
by clogging up your mind with redundancies. If you want to do well
in mathematics, you will learn to avoid such short cuts.

The purpose of this book is to demonstrate the absolute necessity of
rehearsing fundamental properties in mathematics. Michael Jordan,
undoubtedly one of history's greatest basketball players, claims that
he is successful because he focuses on the fundamentals of basket-
ball. In this book, we have carefully selected math problems that
exhibit the most fundamental properties of the subject. This is very
important. If you want to do well in pre-calculus and calculus, you
will copy each problem and the given solution provided here verba-
tim several times over. The minimum number of times required to
copy each problem and solution in order to retain the mechanics is
as many as it takes to reproduce the problem perfectly on your own.
It may take three, four, �ve, or even ten repetitions. If you want to
succeed in mathematics, you must be able to reproduce the mechan-
ics of selected problems. Once again, this is the most important idea
to take away from this book. Perfect practice and the repetition of
fundamental concepts is the key to success.

Achieving object recognition and conditional response through rep-
etition and e�ective practice is paramount to becoming pro�cient in
mathematics. Let us consider the seven basic graphs now, since they
will be used throughout this book. Each graph is very important. Re-
write each of the following several times until you are able to recreate
them on your own. Consider the points x = −1, 0, 1 on each graph.
Find the y-value by substituting the given x-value for each equation
and then plot them on the graph, provided they exist. It is very
important to commit each of these to memory. Do so by re-writing
each one perfectly several times.
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y = x

y = x2
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y = x3

y =
√
x
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y = 3
√
x

y = |x|
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y =
1

x
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