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1 What Is This All About?

Welcome crackbitswilp.in learners! Today, we're going to learn how to understand the
“story” of a set of numbers.

Imagine you're looking at the test scores for your entire class. Some scores are high,
some are low, and many are somewhere in the middle. How can you quickly understand
how the class performed as a whole? Are most students clustered together, or are the
scores spread all over the place? Is there one student who received a super-high or super-
low score compared to everyone else?

That’s exactly what we’re learning today. We will explore how to describe the shape of
data and how to identify any numbers that are “odd ones out.” It’s like being a detective
for numbers, looking for clues to understand the bigger picture.

2 Key Definitions

Let’s start with some key ideas. We’'ll use simple analogies to make sense of them.

2.1 The Shape of Data: Symmetric vs. Asymmetric

Imagine you have a collection of LEGO blocks, and you stack them in columns based on
their value.

e Symmetric Data (Like a Pyramid)
If you have a few low numbers, a lot of middle numbers, and a few high numbers,
your stack of blocks would look like a pyramid—balanced and even onboth sides.
This is symmetric. The left side is a mirror image of the right side.

— Real-World Example: The heights of students in a grade. Most students
are around an average height, with fewer students who are very short or very
tall.

— In symmetric data, the three main measures of the center (Mean, Median,
and Mode) are all equal and located at the exact center of the data.

The Three ”M’s” Explained:

* Mean: The number you get when you add all the values up and
divide by how many values there are. This is the most common type
of ”average.”

x Median: The value that is exactly in the middle of the list when it’s
sorted in order.

* Mode: The value that appears most frequently in the list.

In a perfectly symmetric dataset, these three are all the same!

e Asymmetric Data (Lopsided)
What if your stack of blocks is lopsided? This is called asymmetric or skewed.
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— Positively Skewed (or Right-Skewed): Imagine most of your friends have
a small amount of pocket money ($5-$10), but one friend’s parents are billion-
aires and give them $1,000 a week. That one super-high value pulls the shape
to the right. The “tail” of the data is on the right.

— Negatively Skewed (or Left-Skewed): Imagine a super-easy test where
almost everyone got a 95% or 100%, but a couple of people who didn’t study
got a 20%. Those few super-low scores pull the shape to the left. The “tail” is
on the left.

2.2 The 5-Point Story (The “Five-Number Summary”)

This is a very fast way to summarize any group of numbers. It gives you the five most
important highlights. Think of it as a movie trailer for your data.

1. Minimum (Min): The smallest number in your list.
2. Maximum (Max): The largest number in your list.
3. Median (or Q2): The value exactly in the middle of the sorted list.

e For an odd number of values, it’s the single value right in the middle.

e For an even number of values, it’s the average of the two middle values.
This number splits the data perfectly in half. We denote the median as (5.

4. First Quartile (Q1): This is the median of the lower half of the data~thé values
to the left of the overall median). “Quartile” is a word for a quarter. ); marks the
25% point.

5. Third Quartile (Q3): This is the median of the upper half of the data (the values
to the right of the overall median). ()3 marks the 75% point.

These five numbers (Min, @;, Median, @3, Max) give you a great snapshot of your
data!

2.3 The Odd One Out (An “Outlier”)

Definition 2.1 (Outlier). An outlier is a data point that is significantly different from
the other data points in a set.

e Analogy: Imagine the prices of pizzas in your town are $15, $17, $16, $18, and
$500. That $500 pizza is an outlier! It’s either a mistake or a very special pizza
with gold flakes on it.

e Qutliers are important because they can be a sign of an error, or they can be a true,
fascinating piece of information that you need to investigate.

3 Core Rules and Properties

Now that we know the key players, let’s learn the rules they play by. These rules help us
formally identify outliers.
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3.1 Rule 1: The Interquartile Range (IQR)

This sounds complicated, but it’s very simple. The IQR is the distance between the third
quartile (Q3) and the first quartile (Q1).

e What it means: The IQR tells you the spread of the “middle 50%” of your data.
It’s the range where the bulk of the data lies.

e The Formula:

IQR = Q3 — Q1

— IQR: Stands for Interquartile Range. “Inter” means between. So, it’s the
range between the quartiles.

— @3: The third quartile (the 75th percentile value).
— @1: The first quartile (the 25th percentile value).

By focusing on the middle 50%, the IQR isn’t affected by super-high or super-low outliers.
It gives us a stable way to measure spread.

3.2 Rule 2: The Outlier Fence (The 1.5 x IQR Rule)

This is our official “outlier detector.” Think of it as building a fence around the main
group of your data. Any number that falls outside the fence is an outlier. Here’s how we
build the fence:

1. Find the Lower Fence:
Lower Bound = @ — (1.5 x IQR)

We start at )1 (the bottom edge of our middle 50%) and go down by a distance of
1.5 times the IQR. Anything below this point is an outlier.

2. Find the Upper Fence:
Upper Bound = @3 + (1.5 x IQR)

We start at Q3 (the top edge of our middle 50%) and go up by a distance of 1.5
times the IQR. Anything above this point is an outlier.

Why 1.57 It’s a widely accepted rule of thumb in statistics. It was chosen by
the famous statistician John Tukey because it provides a good balance, effectively
catching most meaningful outliers without being overly sensitive to random fluctu-
ations.
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4 Step-by-Step Method

Here is your game plan for tackling any dataset. Just follow these five steps!

5]

1.

Line "Em Up: Take your list of numbers and arrange them in order, from smallest
to largest. This is the most important first step!

. Find the 5-Point Story: Calculate the five-number summary: Minimum, @),

Median, ()3, and Maximum.

. Get the Middle Spread: Calculate the IQR by subtracting @7 from Q3. (IQR =

Q3 — Q1)

. Build the Fences: Calculate the lower and upper bounds using the 1.5 x IQR rule.

e Lower Fence: @1 — (1.5 x IQR)
e Upper Fence: @3 + (1.5 x IQR)

Spot the Outsiders: Look at your original list of numbers. Is any number smaller
than the lower fence? Is any number larger than the upper fence? If yes, you've
found your outliers!

Worked Examples

Let’s walk through some examples together. We will narrate every single step.

Example 5.1 (A Dataset with an Odd Number of Points). Let’s analyz€ ‘the followinyg
set of test scores: {10, 20,20, 25,30, 35, 100}.

Step 1: Line ’Em Up

The numbers are already in order. Great!

10, 20, 20, 25, 30, 35, 100

Step 2: Find the 5-Point Story

We have 7 numbers in our list (an odd number).

o Minimum (Min): The smallest number is 10.

e Maximum (Mazx): The largest number is 100.

e Median (Q2): The number right in the middle. With 7 numbers, the middle is the

4th one. That’s 25.
10, 20, 20, 25, 30, 35, 100

e First Quartile (Q)1): Now we look at the numbers to the left of the median:

{10,20,20}. The middle number of this small group is 20.

e Third Quartile (Q3): Now we look at the numbers to the right of the median:

{30,35,100}. The middle number of this group is 35.

So, our 5-Point Story is: Min=10, Q1 =20, Median=25, Q3=35, Max=100.
Step 3: Get the Middle Spread (IQR)
We use our formula: IQR = Q3 — Q1

IQR=135-20=15
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The spread of the middle half of our scores is 15 points.
Step 4: Build the Fences
Time to calculate our outlier boundaries.

e Lower Fence: ()1 — (1.5 x IQR)

20 — (1.5 x 15) =20 — 22.5 = —2.5

e Upper Fence: Q3 + (1.5 x IQR)

35+ (1.5 x 15) = 35+ 22.5 = 57.5

Our “safe zone” for data is between -2.5 and 57.5.
Step 5: Spot the Outsiders
Let’s check our original numbers: {10, 20, 20,25, 30, 35, 100}.

e [s any number smaller than -2.5¢ No.
o [s any number larger than 57.57 Yes! The score 100 is way above our upper fence.

Conclusion: The number 100 is an outlier. This might be a student who is a genius, a
data entry error, or perhaps there was a bonus question!

Example 5.2 (A Dataset with an Even Number of Points). Let’s analyze the ages,of
people at a party: {5,10,15,20,25, 30, 35,40,45,50}.
Step 1: Line ’Em Up
They are already in order. Perfect.
5,10, 15, 20, 25, 30, 35, 40, 45, 50
Step 2: Find the 5-Point Story
We have 10 numbers (an even number).

e Minimum (Min): The smallest is 5.
e Mazximum (Max): The largest is 50.

e Median (Q)y): There’s no single middle number. We look at the two middle num-
bers (the 5th and 6th), which are 25 and 30. We find their average.

25+30 55
= — =275
2 2

Our median is 27.5.

e First Quartile (Q)1): The median splits our data into a lower and upper half.
Lower half: {5,10,15,20,25}
The middle number of this lower half (which has 5 values) is 15. So, Q1 = 15.

e Third Quartile (Q)3):
Upper half: {30, 35,40, 45,50}
The middle number of this upper half (which has 5 values) is 40. So, Q3 = 40.
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Step 3: Get the Middle Spread (IQR)

IQR = Q3 —
IQR =40 — 15 = 25

Step 4: Build the Fences
e Lower Fence: ()1 — (1.5 X IQR)

15 — (1.5 x 25) = 15 — 37.5 = —22.5

e Upper Fence: Q3+ (1.5 x IQR)

40+ (1.5 x 25) =40+ 37.5 =775

Our safe zone is between -22.5 and 77.5.
Step 5: Spot the Outsiders
Let’s check our numbers: {5,10,15, 20,25, 30, 35,40, 45,50}.

e Are any numbers outside the fences? No. The smallest is &5 (which is greater than
-22.5) and the largest is 50 (which is less than 77.5).

Conclusion: There are no outliers in this dataset. Everyone at the party is within a
typical age range for this group.

6 Common Mistakes (Watch Out For These Traps!)

1. Forgetting to Order the Data: If you don’t sort the numbers from smallest to
largest first, ALL of your other calculations (Median, @, @3) will be wrong. This
is the most common mistake!

2. Confusing Mean and Median: The mean is the total sum divided by the count
(the traditional average). The median is the middle value. Outliers dramatically
affect the mean, but not the median.

Common Mistake

Imagine the annual salaries in a small team:
{$50k, $55k, $60k, $65k, $1 million}.

e The Median is $60k, which describes the typical employee’s salary well.

e The Mean is $246k, which is not representative of anyone except the
one high-earning outlier.

For skewed data, the median is almost always a better measure of the “center”
than the mean.

J

3. Calculating Quartiles Incorrectly with Even Datasets: When you have an
even number of data points, remember to split the list perfectly in half to find your
Q1 and Q3. The lower half contains all data points to the left of the median’s
position, and the upper half contains all points to the right.
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4. Thinking Outliers are “Bad”: Outliers aren’t necessarily bad! They are just
interesting. Don’t just delete them. Always ask why that number might be an
outlier. Was it a typo? A measurement error? Or is it a real, fascinating event like
a record-breaking sale or a medical anomaly?

7 Practice Problems

Time to try on your own! Use the step-by-step method. The answers are below, but no
peeking!

Problems

Problem 1: A group of friends tracks how many minutes they exercise each day. Here
are the numbers for one week: {30, 22,38, 25, 45,50, 15, 28, 40, 20, 34} First, put the data
in order. Then, find the five-number summary and identify any outliers.

Problem 2: Here are the prices in dollars for different video games at a store:
{15, 20,100, 12, 25,18, 14, 22,16, 30, 10} First, put the data in order. Then, find the five-
number summary and identify any outliers.
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Solutions

Solution to Problem 1:

1.

2.

Order: {15,20,22,25,28,30,34,38,40,45,50} (11 numbers)
5-Point Story:

e Min = 15, Max = 50

e Median (6th number) = 30

e ()1 (median of lower half {15,20,22,25,28}) = 22
e ()3 (median of upper half {34, 38,40,45,50}) = 40

. IQR: IQR = 40 — 22 = 18

Fences:
e Lower: 22 — (1.5 x 18) =22 — 27 = -5
e Upper: 40 + (1.5 x 18) =40 + 27 = 67
Outliers: The data ranges from 15 to 50. All numbers are safely inside the fences

(-5 to 67). There are no outliers.

Solution to Problem 2:

1.

2.

Order: {10,12,14, 15,16, 18,20, 22, 25,30, 100} (11 numbers)
5-Point Story:

e Min = 10, Max = 100

e Median (6th number) = 18

e ()1 (median of lower half {10,12,14,15,16}) = 14
e ()3 (median of upper half {20, 22, 25,30,100}) = 25

. IQR: IQR =25 — 14 =11

. Fences:
e Lower: 14 — (1.5 x 11) =14 — 16.5 = —-2.5
e Upper: 25+ (1.5 x 11) =25+ 16.5 =41.5
Outliers: The number 100 is larger than the upper fence of 41.5. The value 100

is an outlier. (Maybe it’s a special collector’s edition!)
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8 Summary
Great job today! You've learned a powerful new skill for understanding data.

e You can now look at a set of numbers and understand its shape (symmetric or

skewed).

e You can tell its 5-Point Story (Min, @)1, Median, )3, Max) to get a quick and
robust summary.

e And most importantly, you can act like a data detective and use the IQR and
outlier fences to formally identify any numbers that are significantly different
from the rest.
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