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Preface

This is an introductory book on statistics. The intended readers are:

Those who need to conduct data analysis for research or business
Those who do not necessarily need to conduct data analysis now but are interested in 
getting an idea of what the world of statistics is like
Those who have already acquired general knowledge of statistics and want to learn 
more

Statistics is one of the areas of mathematics most closely related to everyday life and 
business. Familiarizing yourself with statistics may come in handy in situations like:

Estimating how many servings of fried noodles you can sell at a food stand you are 
planning to set up during a school festival
Estimating whether you will be able to pass a certification exam
Comparing the probability that a sick person will get better between a case in which 
medicine X is used and a case in which it is not used

This book consists of seven chapters. Basically, each chapter is organized in the follow-
ing sections:

Cartoon
Text explanation to supplement the cartoon
Exercise and answer
Summary

You can learn a lot by just reading the cartoon section, but deeper understanding and 
knowledge will be acquired if you read the other sections as well.

I would be very pleased if you start feeling that statistics is fun and useful after reading 
this book.

I would like to thank the staff in the development department of Ohmsha, Ltd., who 
offered me the opportunity to write this book. I would also like to thank TREND-PRO, 
Co., Ltd. for making my manuscript into a cartoon, the scenario writer, re_akino, and the 
illustrator, Iroha Inoue. Last but not least, I would like to thank Dr. Sakaori Fumitake of the 
College of Social Relations at Rikkyo University. He provided me with invaluable advice while 
I was preparing the manuscript for this book.

Shin Takahashi

•
•

•

•

•
•

•
•
•
•





Our Prologue:  
Statistics with  

Y Heart-Pounding Excitement Y



i'M HOME!

HELLO!

This is Mr. igarashi. He 
works for me. i asked 
him to stop by because 
we were Having a drink 
together near here.

Nice to 
meet you.

WeLL, weLL. 
Welcome to 

our home sweet 
home.

Wow! 
He's cool!

?

OH! 
YOU'RE 
BacK.

2 Our Prologue



i'm home, rui! 
Say heLLo to 

mr. igarashi. He 
works for me.

Good 
evening.

Please take 
a seat.

Please use 
the cushion.

Would you 
like a cup of 

coffee?

You have 
a pretty 

daughter.

You flatter me!

But i do not 
deny it!

Mr. igarashi, what kind 
of work do you do?

WeLL, as i work 
for the same 
company as 

your father...

in short, 
i do marketing.

Marketing?

TH...
THaNK YOU.

OH!

Y Statistics with Heart-Pounding Excitement Y 3



Sorry, i have never 
heard of it.

You are honest! Do you 
know what statistics is, 

then?

Hmmmm...

Maybe you don't know 
that either. Roughly 

speaking, statistics is a 
study that estimates the 
status of a population 
by using information 
gained from samples. 

Did i make 
it too 

difficult?

Oh, here 
is a good 
example!

Look at today's 
paper.

To explain it fuLLy, i 
do market research 
using statistics...But 
i guess marketing is 
an unfamiliar word 
for a high school 

girl like you.

In
co

mpr
eh

en
si

ble

Rui, 
are 
you 
ok?

chomai Times

4 Our Prologue



It says that "according 
to a chomai times 
survey, the cabinet 

approval rating is 39%."

What about 
it?

Hmmmm. Neither of 
you were surveyed, 

but the cabinet 
approval rating is 

in the paper.

That's weird. You 
two both have the 

right to vote, don't 
you?

That's my point. 
That's where 

statistics comes in.

How?

Rui, do you 
know how 

many voters 
there are in 

japan?

Let me 
see...  
A lot!

I've never been 
contacted by the chomai 
times about the cabinet. 

No.

Not once.

How about you, 
mr. Takatsu?

I know!

Y Statistics with Heart-Pounding Excitement Y 5



Right. You can get 
the precise cabinet 
approval rating if 
you survey every 

single voter.

However, it is 
unrealistic to survey 
everyone. There are 

too many people.

Yeah.

Definitely.

That is why only 
a limited number 

of randomly 
selected voters 

are surveyed.

See, rui? The real group that should 
be surveyed is called a population. 
A group made of samples selected 

from the population is called a 
sample. Those are statistical 

terms.

Dad is tormenting me 
by talking about hard 

topics.

Yes...

Po
pul

at
io

n?
Sam

ple?

WAH! Shock! 
I am not 

torment ing 
you...

I quit!

This is 
nonsense!

I agree.

6 Our Prologue



What he is saying is...in the case 
of the approval rating of 

the cabinet, the population is 
aLL voters.

it says that the survey was 
conducted with 2,000 people, so 
in this case, the sample is those 

2,000 people.

But that is technicaLLy 
impossible. What am i 

going to do?

if possible, i want 
to examine the 
population...

How can i get an idea 
of the population's 
status? it does not 
have to be strictly 
precise, but it had 

better be as accurate 
as possible.

That's where 
statistics 
comes in 

handy.

Please! Please 
teLL me more.

WeLL, maybe 
next time.

Smile

He is soooo 
good looking!

aLL VOTERS

Which 
plant 

is most 
abundant 

in this 
land?

i'LL examine only 
1 square meter.

That is too 
difficult!

Population Sample

Sampling

100m
2 100m

2 100m
2

I see!

2,000 
VOTERS

Hmmmm...

i don't 
want to 
do it!

1m2

Y Statistics with Heart-Pounding Excitement Y 7



Thinking of 
him makes me 
feel happy....

THE NEXT 
DaY

i have to think of a 
way to get close to 

mr. igarashi...

Perfect 
plan!

Good 
for 
you!

SQUeeZE!

Hi! We 
meet 
again.

Yes, thanks 
to you.

Daddy, i want 
to learn more 

about statistics!

i've asked 
Mr. igarashi 
to teach you.

Under-
stood?

Y 

pit-a-pat

Lovey-dovey

Tee-Hee-Hee

Pr
iva

te
 Le

ss
on

� Our Prologue



Here you 
are, dad. Oh, thank 

you.

Dad...could you 
hire a statistics 
tutor for me?

...So i can learn 
more about your 

job?

You? interested in 
my job?

i'LL have a tutor 
teach you every 

saturday.

You have my 
word.

Yes!

Saturday

Thanks for 
coming. come in.

Thank you, dad. 
The tutor could 
be one of your 
workers. (Like 
mr. igarashi...)

D
in

g
-d

o
n
g
!

TEARS

Y Statistics with Heart-Pounding Excitement Y 9



HE'S HERE!

Rui! Your 
teacher is 

here.

coming!

Hi...

STOMPSTOMPSTOMP

10 Our Prologue



Who is this 
guy?!

Rui, this is my 
employee, 
mamoru 

yamamoto.

How do 
you do.

Dad...isn't 
mr. igarashi 

coming?
igarashi? 

Mamoru lives 
closer to 
our house. 

He is good at 
teaching, too.

Study 
hard!

HO

Y Statistics with Heart-Pounding Excitement Y 11
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ShaLL we 
begin, rui?

This is a nightmare.

i'LL use him to study 
statistics, and then approach  

mr. igarashi!

Never give up!

Let's 
start 
right 
now!

Thus the lesson began.

Oh...
OK.

Rui?

i have 
an idea!

Great! Why don't 
you work with me.

This is not what 
I had in mind...

Mr. igarashi, i 
worked hard 

to master 
statistics!

unnngh...

12 Our Prologue

Um...
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So, 

Mr. Yamamoto, 
what must i 
learn first?

1. categorical Data and Numerical Data

WeLL...

a simple 
example wiLL 

be better for 
a beginner...

Oh! You have the 
whole series 
of melon High 
School Story! 

Yes, it's my 
favorite 
comic.

14 chapter 1



i confess, i kind 
of like this 
comic too.

But what does it have to 
do with statistics?

aha, found it!

Melon High School Story Vol. 5
Reader Questionnaire

THANK YOU FOR YOUR CONTRIBUTION. YOUR VALUABLE 
OPINION WILL BE REFLECTED IN OUR FUTURE PUBLICATIONS.

A Rina keychain will be 
given away to 30 lucky 
winners among those 
who send back this 
questionnaire!

Q1. What is your impression of 
Melon High School Story Vol. 5?

1. Very fun
2. Rather fun
3. Average
4. Rather boring
5. Very boring

Q2. Sex

Q3. Age

Q4. How many comics do you 
purchase per month?

1. Female
2. Male

years old

titles

kind of like...? 
You obviously 
like it!
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What about this 
questionnaire?

if you 
answer that 

questionnaire...

I 

believed 

you!
i'LL 

do my 

best!

i made 
this.

But 
i like 
you!You might be able to 

get a rina keychain! 
(if you are lucky 

enough...)

God, i wish i could win one...

You dork!

Now, back to studying...
Just answer that 

questionnaire.

Good.

aLL right.

Done!

So 
suddenly?

Flash!

Scrib
ble

scrib
ble
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Suppose the 
results of the 
questionnaire 

looked like this.
Yeah?

Rui

a

B

c

D

E

F

G

H

i

...

Very fun

Rather fun

average

Rather boring

Rather fun

Very boring

Very fun

Rather fun

average

average

...

Female

Female

Male

Male

Female

Male

Female

Female

Male

Female

...

17

17

1�

22

25

20

16

17

1�

21

...

2

1

5

7

4

3

1

2

0

3

...

Questionnaire Results

Q1
Your impression of 

melon High School Story

Q2
Sex

Q3
age

Q4
comic Book 
Purchases 
per Month

Respondent
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PersonaLLy, i am 
extremely anxious 
to know if melon 

High School Story 
was weLL received 

by the readers!

When you look at data, 
there are two types: Data that you can 

measure and data that 
you cannot measure.

But let's stay 
focused. The point 
of today's lesson 
is to categorize 

data.
What 

do you 
mean?

1� chapter 1



For example, the 
answers to the 

questionnaire can 
be categorized like 

this.

Data that cannot be measured is 
caLLed categorical data, and data 

that can be measured is caLLed 
numerical data.*

Melon High School Story Vol. 5
Reader Questionnaire

THANK YOU FOR YOUR CONTRIBUTION. YOUR VALUABLE 
OPINION WILL BE REFLECTED IN OUR FUTURE PUBLICATIONS.

A Rina keychain will be 
given away to 30 lucky 
winners among those 
who send back this 
questionnaire!

Q1. What is your impression of 
Melon High School Story Vol. 5?

1. Very fun
2. Rather fun
3. Average
4. Rather boring
5. Very boring

Q2. Sex

Q3. Age

Q4. How many comics do you 
purchase per month?

1. Female
2. Male

years old

titles

17

2

CanNot be 

measured

Can be measured

CanNot be 

measured

Can be measured

Determining Data Types 19

* categorical data is also sometimes 
caLLed qualitative, and numerical data 
is sometimes caLLed quantitative.



2. an Example of Tricky categorical Data 

But to me...

The first 
question does 
not look like 
categorical 

data...

i understand why 
you feel that way.

TeLL me why 
it is!

Though it does not 
look like categorical 

data, this is indeed 
data that cannot be 

measured. How 
come?

Because the 
data cannot 
be equaLLy 
separated.

i stiLL don't 
get it.

Here's 
a good 
example.

Q1. What is your impreMelon High School Stor
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Now, teLL me 
your...umm...

What?

Weight.

That is 
something 

you 
should 

never ask 
a lady!

Then, could 
you teLL me 
your height?

151cm.

When you measure 
your height, you 
use the scale, 

don't you?

Of course!

Why didn't you 
ask me that in the 

first place?

i'm glad you're 
not upset by this 
question.

I'm 
sorry...
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151cm exactly.

Look at this 
scale.

it's divided into single 
centimeters.

So the graduation above 
151cm is 152, and it proceeds 

to 153, 154, and so on, in 
equal intervals.

if the intervals between 
each graduation are 

equal...

YEaH.



This implies that 
"height" can be 

measured and thus is 
a numerical data type. i see!

Now, let's move 
on to the next 

example.

Now 
what?

Let me find some 
information on 

the web...

i believe you have passed grade 
pre-2 of the test in practical 

english proficiency by the society 
for testing english proficiency.

What's that?

i mean, the 
so-caLLed 
step test.

Oh, that. 
Yes, i am a 

grade pre-2 
holder.

Wallpaper?!
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Guess which 
type of data the 
grades of the 
STEP test are.

Ummm...
Numerical?

Got you!

Look at the difficulty 
of the step test 

grades.

There are big 
differences in 
the required  

vocabulary between 
each grade.

Right. But in addition, 
vocabulary is not 

the only difference 
between grades. 
There are other 

aspects.

(from the Society for Testing English Proficiency, http://www.eiken.or.jp/)

The STEP Test Grades

Grade Requirements

Grade 1 Advanced university graduate level, vocabulary 10,000 – 15,000 words

Grade 2 High school graduate level, vocabulary 5,100 words

Grade 3 Junior high school graduate level, vocabulary 2,100 words

Grade 4 Intermediate junior high school level, vocabulary 1,300 words

Grade 5 Beginner junior high school level, vocabulary 600 words
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Thus, the interval 
between each 

grade is not the 
same.

That 
means...

Step test grades 
are immeasurable 

data. in other 
words, they are 

categorical data. i see!

Now, you should 
be able to 
answer this 
question.

Do the answers to Q1 
have equal intervals?   

No!  
They do not.

They are 
categorical 

data.

correct!

That depends on each 
person's taste...

Melon High School Story Vol. 5Reader Questionnaire

THANK YOU FOR YOUR CONTRIBUTION. YOUR VALUABLE OPINION WILL BE REFLECTED IN OUR FUTURE PUBLICATIONS.

Q1. What is your impression of Melon High School Story Vol. 5?
1. Very fun
2. Rather fun
3. Average
4. Rather boring
5. Very boring

Q2. Sex

Q3. Age

Q4. How many comics do you purchase per month?

1. Female
2. Male

years old

titles

17

2
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So, let me give 
you a quiz. Temperature 

is...

Numerical!

Home 
prefecture is...

Judo rank is...

categorical!

categorical!

Weight is...

Numerical!

Print run of 
melon high 

school Story is...

Numerical!

Weather is...

categorical!

Very good! Now let's 
end today's lesson.

Thank you for the 
lesson.

See you next 
week.

By the way...
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Would you 
mind if...

i answer this 
questionnaire?

...

He sure is 
a weirdo!

anyway, 
statistics is 

more fun than i 
thought.

i'LL be able to 
work with him 

soon. Wait for me, 
mr. igarashi!

in my name...

Melon High School Story Vol. 5Reader Questionnaire

A Rina keychain will be given away to 30 lucky winners among those who send back this questionnaire!

Q1. What is your impression of Melon High School Story Vol. 5?1. Very fun
2. Rather fun3. Average
4. Rather boring5. Very boring

Q2. Sex

Q3. Age

Q4. How many comics do you purchase per month?

1. Female
2. Male

years old

titles

17

2
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3. How Multiple-choice answers are Handled in Practice

As mentioned on page 25, the multiple-choice answers for the first question of the readers’ 
questionnaire are categorical data. However, in practice, it is possible to handle such data as 
numerical data when processing consumer questionnaires and so on. Some examples are 
below.

Very fun   5 points

Rather fun   4 points

Average   3 points

Rather boring   2 points

Very boring   1 point

Very fun   2 points

Rather fun   1 point

Average   0 points

Rather boring  −1 points

Very boring  −2 points

The same data is handled differently in theory and in practice. Keep in mind that data 
may be categorized differently in different situations.
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Exercise and answer

Summary

Data is classified as categorical data or numerical data.
Some data, such as “very fun” or “very boring,” is theoretically categorical data. 
However, in practice, it is possible to treat it as numerical data.

•
•

Exercise

Determine whether the data in the following table is categorical data or numerical data.

Respondent Blood  
type

Opinion on 
sports drink X

Comfortable air 
conditioning 
temperature (°C)

100m track 
race record 
(seconds)

Mr./Ms. A B Not good 25 14.1

Mr./Ms. B A Good 24 12.2

Mr./Ms. C AB Good 25 17.0

Mr./Ms. D O Average 27 15.6

Mr./Ms. E A Not good 24 18.4

... ... ... ... ...

answer

Blood type and opinion on sports drink X are examples of categorical data. Comfortable 
air conditioning temperature and 100m track race record are examples of numerical 
data.
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i was looking at 
this magazine to 

choose which 
restaurant to 

eat at.

What are you 
reading? You 
like ramen?

They aLL 
look so 

good, don't 
they?

HeLLo, Rui.

OH!

*The 50 Best Ramen Shops

HeLLo, Mr. 
Yamamoto!

1. Frequency Distribution Tables and Histograms

*

SQUEAK
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prices at ramen shops in The 50 Best Ramen Shops

HmmM. ...

i made a price 
chart.

You start the 
lesson so 
suddenly.

Weirdo!

scritch scritch scritch

Price (¥) Price (¥)Shop Shop



What do you 
think about this 

table?

i feel like 
going out 
for ramen.

WHAT?!

You must feel 
something 

other than that.

But i reaLLy 
don't...

WeLL, one thing i 
can see is that the 
prices vary widely.

But this table is just 
a bunch of numbers. 

it doesn't mean 
anything.

How can we 
make this 

table more 
meaningful?

Hmm.

Maybe you 
can make 
this into a 

graph?

cOrrEcT!
To make a graph, we 

first must make price 
groups.

?

WeLL...

i must?

shops in The 50 Best Ramen
ce (¥)

Price
Shop

34 chapter 2



5f
¥900–1000

4f
¥800–900

3f
¥700–800

2f
¥600–700

1f
¥500–600

5 18 47

37 38 46

2 8 9 11 19 21 24 31 36

26 30 33 34 39 40 41 49 50

1 6 10 12 15 20 22 23 25

3 4 13 14 16 17 28 35 42

43 44 45 48

7 27 29 32

FloOr (ClasS)

Equal or greater/
LesS than

Suppose... there is a huge 
shopping maLL 

consisting of 50 
ramen shops...and 
Only ramen shops.

i would go 
every day!

Somehow Rui has 
turned into an 
elevator girl?

Each shop serves 
only one type of 

ramen, 

and the shops are 
located on different 

floors according 
to the price of their 

ramen.

Such a group division 
is caLLed a class in 
statistical terms.

HmmM.

*PUSH
*
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FloOr

≥ ‹
Shop Name

ClasS
midpoint

9505f
¥900–1000

FloOr Guide

8504f
¥800–900

7503f
¥700–800

6502f
¥600–700

5501f
¥500–600

On each floor, 
there is a sign 
indicating the 

middle price of 
each class.

The second 
floor is class 
600–700 yen, so 
the display says 

650 yen!

This is caLLed 
a class 
midpoint.

Since this shopping 
maLL places each shop 
on a different floor 

according to prices, the 
number of shops on each 

floor varies.

The number of 
shops on each 
floor is caLLed 

frequency.

That's true.

Now, try calculating 
the relative frequency 
of shops on the third 

floor.

Elevat
or 

girl?

The floor with the 
most shops is the 
third floor. There 

are 1� shops.

4 ON THE first 
FLooR, 13 ON 
THE second 

FLooR...

hee-
hee!
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Relative 
frequency? 
What's that?

The number of values included in a class

The total number of values

Something similar to 
percentage. Percentage 

is familiar to you, isn't it?

it's the ratio against 
the total when the 

total is considered 1.

This is the 
formula.

There are 1� shops on 
the third floor, and 

there are 50 shops in 
this maLL...So...

Very good! The relative frequency 
of ramen shops in class 700–�00 

yen—in other words, shops with class 
midpoint 750 yen—is 0.36. You get the 
percentage by multiplying by 100, so 

this is equal to 36%.

Oh, no! This 
is getting 

mathematical...

Relative 
frequency

=

 = 0.36!
1�
—
50

36
—

100
 = 
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are you 
foLLowing 

me?

50 Best Ramen Shops Frequency Table

class (equal 
or greater/
less than)

class 
midpoint

fre-
quency

relative 
frequency

Sum

Sigh...This 
is aLL math 
after aLL.

To summarize 
what i have 
explained up 
to this point, 
look at this 

table.

WeLL, it is.
Maybe this seems 
difficult because 

there are too many 
numbers. it may 

become easier if 
we use a graph.

if we describe aLL 
this using... a bar chart caLLed a 

histogram...

3� chapter 2

500–600

600–700

700–�00

�00–900

900–1000

550

650

750

�50

950

4

13

1�

12

3

0.0�

0.26

0.36

0.24

0.06

50 1.00



Our horizontal 
axis shows 

the variables—
in this case, the 
price of ramen.

The width of 
each bar is the 
range of the  

class.

The center 
of each bar 
is the class 

midpoint.

The 
vertical 

axis

is this 
easier to 

understand?

WELL...

i feel 
like i am 
sort of 

beginning 
to...

Grasp the 
overaLL 
image of 

ramen 
prices.

To "feel like" 
grasping is 

important. The 
frequency table 
and histogram 

exist to give you 
a better sense 
of aLL the data.

is that so?

Histograms Based on  
50 Best Ramen Shops Frequency Table

Histogram (vertical axis is frequency)

Histogram
(Vertical axis is relative frequency)

shows the 
frequency
 in the first 
histogram

and the relative 
frequency in 
the second 
histogram.
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The other day, i went 
bowling with aLL the 
girls in my homeroom 

class.

Did you knock 
over any pins?

What?! I'll knock you 
over, you pinhead!

aLL the girls 
in your 

homeroom 
class...That 

must be a lot.

WeLL, there were 
1� of us, so we 
formed 3 teams 
of 6, and played 

1 game.

These are 
the score 

cards.

2. Mean (average)

COFFee 
BREAK!

I'm good at 
bowling!

Just 
kidding!
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Oh! This is good 
material for 
today's class.

is this you? "rui-rui" 
is your nickname?

Yes, they caLL me 
"rui-rui," and i 
scored �6.

Roughly speaking, 
your score seems 
to be around the 
average for your 

team.

Do you understand 
that the average is 
the score we can 
expect a person 
on your team to 

receive?

Of course i do. 
The average 
is the middle 
score of a 

team.

if i am above 
average, you 
have to buy 

me a piece of 
cake.

Why don't we 
try calculating 

the average.

Results of bowling tournament

Team a

i'LL have to think 
about that.

Team B Team c

ScORE ScORE ScORE

So 
what?

Rui-Rui

Jun

Yumi

Shizuka

Touko

Kaede

Kimiko

Megumi

Yoshimi

Mei

Kaori

Yukiko

Shinobu

Yuka

Sakura

Kanako

Kumiko

Hirono

Player Player Player



Since the game was 
played between 

teams, i guess you 
compared the sum of  
the scores of each 

team.

You get the average by 
dividing the sum of the 

scores by the number of 
team members, so...

Thus, your team's 
average is �7.

Would you buy me 
a piece of cake?

Exactly.

Team c is so 
strong.

and rui-rui's 
score was 

�6.

Team a

Team B

Team c

You upset me

WHY?
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You have 
no right 

to caLL me 
Rui-rui.

Don't be so 
angry...

S...
Sorry

Oh, 
weLL.

instead of buying you 
cake, i'LL give you a 

smaLL tip.

What's that?

The average is caLLed the 
mean in statistics. and the mean 

we were talking about just 
now is something caLLed the  

arithmetic mean, to be precise.

There are other types of mean, 
such as geometric mean and 
harmonic mean. You do not 
have to learn the formulas 

now, but i suggest you 
remember these names.

Too bad this 
tip is not as 

delicious 
as cake.

Geometr
ic mean

Harmonic mean
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3. Median

What is it 
this time?

Now, back to 
the score 

card.

Let's 
ignore 
teams a 

and b for 
now, and 
look at 
team c...

Here, i don't 
think you 

can reaLLy 
say that the 
average is 

"roughly the 
score of each 

person."

i agree. The average 
is above 100...but 
5 people scored 

below 100.

in cases like this, 
when there is a value 

that is extremely 
large or smaLL, 

it is more 
appropriate to use 
the median instead 

of the mean.

Median?

Shinobu 
was 
very 
good.

Results of bowling tournament

Team a

ScORE

Rui-Rui

Jun

Yumi
Shizuka
Touko
Kaede

Kimiko
Megumi

Yoshimi

Mei
Kaori
Yukiko

Shinobu

Yuka

Sakura

Kanako
Kumiko
Hirono

Team B Team c

ScORE ScORE
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The Median is 
the value that 
comes in the 

middle when you 
put the values 
in order from 
smaLLest to 

largest.

First, we sort the 
scores of each 

team by their sizes.

if the number of 
values is odd, the 

score that is in the 
middle is the median.

can you calculate 
the median of 

team c?

if the number of values 
is even, as in the case 
of this bowling game, 

the average of the two 
values in the middle is the 

median.

it's 
(77 + ��) ÷ 2 = �2.5.

Correct!

NUMBER OF values = Odd

NUMBER OF values = EVEN
Median

Median is the average 
of these two

Team a

Team B

Team c
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One more tip 
in regard to 
averages...

another 
tip instead 
of cake...

are you saving any 
money?

True, you can't eat a tip, but 
this is as good as cake...

Though the total of my 
account is stiLL less 

than ¥10,000.*

Yes, i am. 

Then you must wonder 
why the "average savings" 
reported in newspapers 

and on tv news is so high.

Yes, i do. My savings 
doesn't come close, 
and even my dad does 
not seem to be that 

rich.

*less than $100
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are you 
listening?

You 
dampen my 
spirits...

The average is high 
because of some 

miLLionaires. You need not be 
disappointed because 

your savings is 
much less than the 

average.

in such cases, the median 
is much closer to 
common people.

i must marry a 
rich guy whose 
savings is way 
higher than the 

median!

Millionaires...
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This time, look at 
the scores of 

4. Standard Deviation

Team a and 
team b.

Okay...

Draw a 
number line.

Write down the names of 
the players according to 

their scores.

Even though the 
average score 
of each team 

was �7...

Team a
aVERaGE

aVERaGE

Team B
the trends 

described by the 
number lines are 
quite different.

Rui-Rui

Jun YumiShizukaToukoKaede

Kimiko

Megumi Yoshimi

Mei

Kaori

Yukiko

4� chapter 2
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They sure are. 
Team a's scores 

vary from low to 
high, but Team B's 
scores are more 

similar.

Standard deviation 
is used to describe 
such scattering of 

data.

another 
new term?!

in short, standard 
deviation is an 

indicator to show 
the diFFerence 

from the mean of 
each value in that 

set.

indicator to show 
the difference...?

0 (Minimum)

no scattering  
(aLL values are the same)

scattered

The minimum standard deviation is 
zero, and as the "scattering of data" 

increases, so does the standard 
deviation.

Guess which standard 
deviation is larger, Team a's 

or Team b's?

HmmM...

MaYBE Team a's?

Getting the Big Picture: Understanding Numerical Data 49



Right. The formula 
is as foLLows.

sum of (each value − mean)²

number of values

it is suddenly
Starting to 
sound like 

mathematics.

it's easy. You just 
put some numbers 
into the formula.

Okay, i'LL 
give it a 

try.

First, team a.

it's easier 
than i 

thought. i 
think i can 

do this.

Then try figuring 
out the standard 

deviation of Team B 
by yourself.

Team a

Let's try it 
together.
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i put this number 
here, and...

What is the square 
root of �9.6?

correct! 
See? You can 

do it!

Finished!

Sure, piece of 
cake!

Members of team b 
had scores similar to 
each other. thus the 
standard deviation is 
smaLLer than team a's.

Team B

about 
9.5

Standard Deviation
WONDERFUL!

Clap 
Clap Team a Team B
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You subtract 1 
from the total 

number of 
values?

Yes.Another 
formula?

The second formula is 
applied when calculating 
the standard deviation of 

a sample.

GeneraLLy speaking...

So, a population 
is the real 
group you 

actuaLLy want to 
examine. and a sample is a 

group of people 
selected from the 

population.

population

SaMPLE

number of values

sum of (each value − mean)²

sum of (each value − mean)²

number of values − 1

i told you that the formula for standard 
deviation is:

There's also a different formula, which is:

The first formula is applied 
when calculating the 

standard deviation of an 
entire statistical population.
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Good memory! There is 
no problem when you 

can get the data for aLL 
the members of a group, 

as we did with your 
bowling team.

But usuaLLy that 
is impossible.

Thus, the second 
formula is 

actuaLLy used more 
frequently.

is that so...

*6 Members

This is the end of 
today's lesson.

Thank you, 
Mr. Yamamoto.

*
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5. The Range of class of a Frequency Table

If you felt that something was unclear in “Frequency Distribution Tables and Histograms” on 
page 32, take another look here at the table introduced on page 38.

Table 2-1: 50 Best Ramen Shops Frequency Table

Class (equal or 
greater/less than)

Class 
midpoint

Frequency Relative 
frequency

500–600 550  4 0.08

600–700 650 13 0.26

700–800 750 18 0.36

800–900 850 12 0.24

900–1000 950  3 0.06

Sum 50 1.00

As you can see, the range of class in this table is 100. The range was not determined 
according to any kind of mathematical standard—I set the range subjectively. Determining 
the range of class is up to the person who is analyzing the data.

But shouldn’t there be a way to set the range of class mathematically? A frequency 
table may seem invalid if its range is determined subjectively.

There is a way to figure out the range of class mathematically. This is explained on the 
following pages. You’ll also find a sample calculation using the data in Table 2-1.
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Step 1
Calculate the number of classes using the Sturges’ Rule below:

Step 2
Calculate the range of class using the formula below:

log10 (number of values)

log102
1 +

log1050

log102
1 + = 1 + 5.6438... = 6.6438... ≈ 7

(the maximum value) − (the minimum value)

the number of classes calculated from the Sturges’ Rule

980 - 500

7
=

480

7
= 68.5714... ≈ 69
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Below is a frequency chart organized according to the range of class as calculated by 
the formula in step 2.

Table 2-2: 50 Best Ramen Shops Frequency Table  

(range of class determined mathematicaLLy)

Class (equal or 
greater/less than)

Class 
midpoint

Frequency Relative 
frequency

500 –569 534.5  2 0.04

569–638 603.5  5 0.10

638 –707 672.5 15 0.30

707 –776 741.5  6 0.12

776 –845 810.5 10 0.20

845 –914 879.5 10 0.20

914 –983 948.5  2 0.04

Sum 50 1.00

What do you think of this? Does this table seem even less convincing compared to 
Table 2-1? And why is the interval 69 yen?

If you try to explain to people that “this was calculated by a formula called the Sturges’ 
Rule,” they will only get mad and say, “Who cares about Stur . . . whatever! Why did you set 
the interval to a weird amount like 69 yen?”

To summarize, some people may hesitate to set the range of class subjectively. How-
ever, as the table above indicates, determining the range of class with the Sturges’ Rule 
does not necessarily provide a convincing table. A frequency table is, after all, a tool to help 
you visualize data. The analyst should set the range of class to any amount he or she thinks 
is appropriate.
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6. Estimation Theory and Descriptive Statistics 

In the prologue, we explain that statistics can make an estimate about the situation of the 
population based on information collected from samples. To tell the truth, this explanation is 
not necessarily correct.

Statistics can be roughly classified into two categories: estimation theory and descrip-
tive statistics. The one introduced in the prologue is the former. What, then, is descriptive 
statistics? It is a kind of a statistics that aims to describe the status of a group simply and 
clearly by organizing data. Descriptive statistics regards the group as the population.

Perhaps this explanation of descriptive statistics is abstract and difficult to understand. 
Here is an example to help clarify things. Remember when I figured out the mean and 
standard deviation of Rui’s bowling team? This was not because I was trying to estimate the 
status of a population from the information collected from Rui’s team. I calculated the mean 
and standard deviation purely because I wanted to describe the status of Rui’s team simply. 
That kind of statistics is descriptive statistics.

Exercise and answer

Exercise

The table below is a record of a high school girls’ 100m track race.

Runner 100m track race 
(seconds)

Ms. A 16.3

Ms. B 22.4

Ms. C 18.5

Ms. D 18.7

Ms. E 20.1

1. What is the average?

2. What is the median?

3. What is the standard deviation?
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Summary

To visualize the big picture of the data intuitively, create a frequency table or draw a 
histogram.
When making a frequency table, the range of class may be determined by the Sturges’ 
Rule.
To visualize the data mathematically, calculate the arithmetic mean, median, and stan-
dard deviation.
When there is an extremely large or small value in the data set, it is more appropriate 
to use the median than the arithmetic mean.
Standard deviation is an index to describe “the size of scattering” of the data.

•

•

•

•

•

answer

1. The arithmetic mean is 

2. The median is 18.7.

3. The standard deviation is

16.3 + 22.4 + 18.5 + 18.7 + 20.1

5
= =  19.2

96

5

16.3 18.5 18.7 20.1 22.4

(16.3 − 19.2)² + (22.4 − 19.2)² + (18.5 − 19.2)² + (18.7 − 19.2)² + (20.1 − 19.2)²

5

(−2.9)² + 3.2² + (−0.7)² + (−0.5)² + 0.9²

5
=

8.41 + 10.24 + 0.49 + 0.25 + 0.81

5
=

20.2

5
=

4.04=

≈  2.01
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1. cross Tabulations

Do you remember that 
categorical data is 
a type of data you 
cannot measure?

Yes!

at least up 
to today.

Why are you 
staring at me?

You are wearing 
your school 

uniform today.

Oh, this?

i am 
going to 
miss this 
uniform.

Soon i wiLL 
have to say 
good-bye 

to it.

Our school is 
getting new 
uniforms!

How come?  
You aren't 

graduating, are 
you? i thought 
you were stiLL 

a junior.



Look, this is our 
new uniform.

We 
conducted 
a survey on 
the uniform 

design in our 
class.

Here are the 
results.

Do you like or dislike the new uniform design?

response

like

neither

neither

dislike

dislike

dislike

dislike

neither

neither

neither

neither

neither

neither

like

like

like

like

like

like

like

like

like

like

like

like

like

like

like

like

like

like

like

like

like

like

like

like

like

like

like

Wow! The 
results of 

this survey are 
categorical 

data.

You can't 
"measure" likes 

and dislikes, 
right?

a plaid sailor 
outfit? 

That's rather 
unusual.

response response
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Let's make a table to 
get the big picture of 

aLL the data.

i remember 
that!

i caLL this 
a cross 

tabulation.

By the 
way, what 
was your 
answer to 
this survey 
question?

i answered 
that i like 

it.

Here is a review 
question.

What is the frequency 
of like?

There were 
2� people who 
answered "like," 

so the frequency 
is 2�.

Thus the percentage 
is...

Sum

Fre-
quency %

like

neither

dislike
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Let's make this into 
a graph. it should 
become easier to 

understand.

i am more 
used to 

looking at 
graphs.

The graph shows that 
more than half of the 

students answered that 
they "like" it. i guess the 

design of this uniform was 
fairly weLL received.

i am not 
surprised. 

This uniform 
is cute.

WeLL, if i were 
asked, i would 
answer that i 
"like" it too.

Don't worry, 
we wiLL never 
ask you that 

question.

 like  neither  dislike
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Exercise and answer

Summary

One way to see the big picture of all the data is to make a cross tabulation.•

Exercise

A newspaper took a survey on political party A, which hopes to win the next election. 
The results are below.

Respondent Do you expect party A to win 
or lose against party B?

1 Lose

2 Lose

3 Lose

4 I don’t know

5 Win

6 Lose

7 Win

8 I don’t know

9 Lose

10 Lose

Make a cross tabulation from these survey results.

answer

Below is the cross tabulation.

Response Frequency    %

Win  2  20

I don’t know  2  20

Lose  6  60

Sum 10 100
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1. Normalization and Standard Score Today's lesson is in 
a coffee shop. Rui's 
friend Yumi joins the 

class.

am i 
bothering 
you two 

lovebirds?

EXCUSE ME...

No! iT's 
nothing like 

that.

So, what 
should i teach 

you today?

Sir! Please 
teach us about 

standard 
score.*

Standard 
score?! 

That might 
be a good 

topic.

We both scored 90, 
but on different 

tests.

This is 
yumi.

HeLLo.

Nice to 
meet you.

On an 
english 

test.

On a 
classical 
japanese 

test.

66 chapter 4

* adjusting test results based on standard score is commonly known as grading on a curve.



But somehow, yumi got 
a higher adjusted score 
(and standard score) in 
classical Japanese than 

i got in English.

That is because the 
range of scores 
and the average 

scores are different 
between English and 
classical Japanese.

if you can show me aLL of your 
classmates' raw scores, i can 

explain...

What?!

That's 
impossible.

i have them!

Great!

i see...

Raw Test Scores (Out of 100)

English

Rui

Yumi

classical  
Japanese

i don't 
know 
why, 

either...

Rustle

Rustle

Why?

Yumi, how 
did you...

Low

High

English
classical  
Japanese
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calculate the 
mean of each 

subject.

OK.

Done!

average

average

compare 
each score's 
distance from 
the average.

This should make 
you understand the 
difference between 
your score of 90 

and her score of 90.

This is so 
discouraging...

Oh, don't be 
disappointed. 
90 is a good 
score, after 

aLL.

i'LL buy a piece 
of cake for 
each of you.

Cake!

English

classical
Japanese

English

classical  
Japanese

average

Hurr
ay!

Hurray!
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But come 
to think 
of it...

The class 
average for 
both history 
and biology 

was 53.

But our adjusted 
scores were 

different in this 
case as weLL.

Even though the 
differences between 
our scores and the 
averages were the 

same!

Hmmm... What is the 
standard 
deviation 
of these 
subjects?

WeLL, standard 
deviation is...
an index to 

describe "the 
range of 

scattering!"

and my history 
score and her 
biology score 
were the same, 

too!

Best 

friends!

*Whoosh!

History Bio
lo

gy

History

Rui

Yumi

Biology

average

Wow! You're 
smart, Rui!

Low
High

*

History Biology
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its formula 
is...

Standard deviation

History

History

average

Biology

Biology

There!

The smaLLer the standard 
deviation is, the smaLLer 

the "range of scattering" 
of the data...

So, your classmates 
had more similar 

scores in biology 
than in history.

What do 
you mean?

if i were a high 
school junior 
applying for 

coLLege, i'd study 
hard for biology.

One or two points 
may affect your 

rank greatly.

sum of (each value − mean)²　

Number of values

Tee-hee!

a high school 
uniform suits him 

so weLL!

average
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Now i 
understand...Our 

scores were the 
same, but your 73 
in biology was 
more valuable...

i didn't know 
that it would be 
so annoying to 

compare scores.

That is why normalization 
was introduced.  

it is also caLLed 
standardization.

Normalization!?

it is a calculation 
using the distance 
from the mean and 

the standard deviation 
of the data...

That makes it 
easier to figure 
out how much a 
score is worth.

cheer up, 
Rui!

Slump!

(Back up 
again!)

i 
agree.

She has 
a good 
point!
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This is how you calculate 
standardization. The 

standardized data is caLLed 
the standard score.*

You can think of the standard score as 
the number of standard deviations a value 
is above or below the mean. For example, 
a standard score of 1 means that the test 

results are 1 standard deviation (in this case, 
22.7 points) above the class average...

(each value) - (mean)

standard deviation

standard 
score

Wow!

Roger!

So these 
are the 
values.

History

Rui
Yumi

average

standard deviation

Biology

standard score 
of Rui's history 

test

standard score 
of Yumi's biology 

test

Standard score 
of History

Standard score 
of Biology

results and standard scores of history and biology Tests

...and a standard score of −1 
means the results are 1 standard 

deviation below the class 
average. Let's apply this to the 
test scores we were talking 

about.

72 chapter 4

* Standard score is also caLLed z-score.
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(1) No matter what the maximum value of your variable is, the 
arithmetic mean of the standard score is always 0, and the 
standard deviation is always 1.

(2) Whatever the unit of the variable in question is, the arithmetic 
mean of the standard score is always 0, and the standard 
deviation is always 1.

So what are 
these numbers?

You can compare 
values with 

different units, such 
as batting average 

and number of 
home runs.

By getting the standard 
scores of 0.�� (History) and 
1.09 (biology), it is obvious 
which score had a greater 
value relative to the other 
scores on the same test.

2. characteristics of Standard Score There are certain 
characteristics of standard 
scores that are figured out 

by standardization.

Now i have no 
doubt i'm the 

loser.

You can compare 
the scores of 

two tests whose 
maximum values 
are 100 and 200.

0.�� 
and 
1.09
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3. Deviation Score

Let's move on to deviation 
score. This is simply a 

transformed version of 
standard score: it's centered 

at 50 instead of 0 and has 
a standard deviation of 10 

instead of 1.

This is the formula.

Deviation score = standard score × 10 + 50

What you said 
was true. 

The formula 
does include 

standard score.OH!

Standard 
score

(1) No matter what the maximum value of your variable 
is, the arithmetic mean of the standard score is always 
0, and the standard deviation is always 1.

(2) Whatever the unit of the variable in question is, the 
arithmetic mean of the standard score is always 0, and 
the standard deviation is always 1.

(1) No matter what the maximum value of your variable 
is, the arithmetic mean of the deviation score is always 
50, and its standard deviation is always 10.

(2) No matter what units of measurement your variable 
uses, the arithmetic mean of the deviation score is 
always 50, and its standard deviation is always 10.

Deviation 
score

These are 
your deviation 

scores.

Let me 
explain these  

characteristics.

These answers are exactly 
what we were informed were 

our deviation scores!

Rui 
(History)

Yumi 
(Biology)
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YEAH!

Mushroom house cupcake

Cake 
time!

That's 
convincing.

i guess our 
teachers use the 
deviation score 
because in cases 

like tests, the 
value of a single 
point is important.

WeLL, let's end 
today's lesson here.

i'd like to have  
this...and this! My choice is...

Thank you, 
Mr. Yamamoto!

Uh-oh!

i hope i can 
afford this.

Fruit tart and  
strawberry Napoleon
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4. interpretation of Deviation Score

Special caution is necessary when interpreting deviation scores. As explained on page 74, 
the definition of deviation score is:

deviation score = standard score × 10 + 50 =  × 10 + 50

As mentioned on page 62, Rui’s class has a total of 40 students, and as mentioned 
on page 40, there are 18 girls in the class. The example of deviation score on page 69 is 
not for the whole class, but is for the girls only. If the story were about the whole class, 
the mean and standard deviation would have been different from those for the girls only. 
Naturally, the deviation scores for Rui and Yumi would have been different as well. In fact, 
when everybody in the class is taken into consideration, Rui has the higher deviation score. 
Table 4-1 shows the test results for the whole class. Try calculating the deviation score. 

To tell you the answer in advance, the deviation score for Rui’s history test is 59.1, and 
that of Yumi’s biology test is 56.7. 

Suppose the same test is given to students in classes 1 and 2. The mean and standard 
deviation of class 1 are calculated individually, and deviation scores are obtained accord-
ing to those amounts. Similarly, mean, standard deviation, and deviation scores for class 2 
are obtained. Student A in class 1 has a deviation score of 57. Student B in class 2 has the 
same deviation score of 57. Outwardly, students A and B seem to have the same ability. 
However, the mean and standard deviation used to calculate these two deviation scores dif-
fer, because they come from two different classes. Unless the mean and standard deviation 
of the two classes are equal, you cannot compare the deviation scores of the two students. 

Here is another example. Suppose student A takes an entrance exam at a prep school 
in April and gets a deviation score of 54. After studying hard at a special summer course, 
student A takes an entrance exam at a different prep school in September. The deviation 
score is 62. It may seem that student A’s proficiency has increased. However, the exam 
and the students taking it in April are different from the exam and the students taking it 
in September. Therefore, you cannot compare the deviation scores for these two exams, 
because the data used to calculate the mean and standard deviation of the April and Sep-
tember exams is different. In exam situations, you can only compare deviation scores for a 
group of students who all take the same exam. Keep these facts in mind when you interpret 
deviation scores.

(each value − mean)

standard deviation
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Table 4-1: Test results of history and biology (aLL members of Rui’s class)

Girls History Biology Boys History Biology

Rui  73 59 a  54   2

Yumi  61 73 b  93   7

A  14 47 c  91  98

B  41 38 d  37  85

C  49 63 e  44 100

D  87 56 f  16  29

E  69 15 g  12  57

F  65 53 h  44  37

G  36 80 i   4  95

H   7 50 j  17  39

I  53 41 k  66  70

J 100 62 l  53  14

K  57 44 m  14  97

L  45 26 n  73  39

M  56 91 o   6  75

N  34 35 p  22  80

O  37 53 q  69  77

P  70 68 r  95  14

s  16  24

t  37  91

u  14  36

v  88  76

Average of the whole class 48.0 54.9

Standard deviation of the whole class 27.5 26.9
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Exercise and answer

Exercise

Below are the results of a high school girls’ 100m track race.

Runner 100m track race 
(seconds)

Ms. A 16.3

Ms. B 22.4

Ms. C 18.5

Ms. D 18.7

Ms. E 20.1

Mean 19.2

Standard deviation 2.01

1. Demonstrate that the mean of the standard scores of the 100m track race is 0.

2. Demonstrate that the standard deviation of the standard score of the 100m 
track race is 1.
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answer

1. Mean of the standard score of the 100m track race

2. Standard deviation of the standard score of the 100m track race

5
= 

= 

(16.3 − 19.2) + (22.4 − 19.2) + (18.5 − 19.2) + (18.7 − 19.2) + (20.1 − 19.2)
2.01

5

= 

16.3 + 22.4 + 18.5 + 18.7 + 20.1 − 19.2 − 19.2 − 19.2 − 19.2 − 19.2
2.01

5

= 

= 

= 

96 − 19.2 × 5
2.01

5

= 

96 − 96
2.01

5
0
5

16.3 − 19.2
2.01

 + 
22.4 − 19.2

2.01
18.5 − 19.2

2.01
18.7 − 19.2

2.01
20.1 − 19.2

2.01
 +  +  + 

0

16.3 − 19.2
2.01  +  − 0  − 0  − 0  − 0  − 0

22.4 − 19.2
2.01

18.5 − 19.2
2.01

18.7 − 19.2
2.01

20.1 − 19.2
2.01

5
= 

= 

(16.3 − 19.2)² + (22.4 − 19.2)² + (18.5 − 19.2)² + (18.7 − 19.2)² + (20.1 − 19.2)²
2.01²

5

= 

² ² ² ² ²

16.3 − 19.2
2.01

22.4 − 19.2
2.01

18.5 − 19.2
2.01

18.7 − 19.2
2.01

20.1 − 19.2
2.01

5
= 

= × (16.3 − 19.2)² + (22.4 − 19.2)² + (18.5 − 19.2)² + (18.7 − 19.2)² + (20.1 − 19.2)²
5

² ² ² ² ²

1
2.01²

= ×1
2.01

 +  +  + 

 +  +  +  + 

(16.3 − 19.2)² + (22.4 − 19.2)² + (18.5 − 19.2)² + (18.7 − 19.2)² + (20.1 − 19.2)²
5

1
standard deviation of 
the 100m track race

× standard deviation of 
the 100m track race

= 1

The numerator 
has been 
clarified.

The numerator has been 
reorganized so that each 
value and (-19.2) are 
separate.

The numera-
tor has been 
clarified.

The numera-
tor has been 
clarified.

Carefully look at the table on page 78.
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Summary

Standardization helps you examine the value of a data point relative to the rest of your 
data by using its distance from the mean and “the size of scattering” of the data.
Use standardization to:

Compare variables with different ranges
Compare variables that use different units of measurements

A data point that has been standardized is called the standard score for that observa-
tion. Deviation score is an application of standard score.

•

•

•
•

•
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1. Probability Density Function

in statistics, we often 
use the term probability.

We say, "the 
probability of 

blah blah is 
smaLLer than 

0.05."

Today, i wiLL teach 
you what you need 
to know to obtain 

that "probability of 
blah blah."

"Mr. Yamamoto's 
kind of cute!"

He is not cute 
at aLL. My prince 

charming is 
Mr. igarashi...

Rui?

Sorry! is the probability 
you are talking about the 
same as the probability 
i often hear in weather 

forecasts?

Exactly.

Today's 
topic is 
a little 

abstract.

But study hard. What you 
are going to learn today 
is used in many areas of 

statistics.

i'LL try.

STARE...

Abstract?! 
Oh, no!

Rui

�2 chapter 5



Suppose

 aLL high school 
juniors in 

prefecture a...

English Test results of aLL high school 
juniors in prefecture a

Ha-ha-ha! 
We're just 

getting 
started.

Histogram of "English test results" 
(Range of class = 10)

take an english 
test.

Wow, you 
are weLL 
prepared 

today. This is a histogram 
of that table...the 
y-axis shows the 

percentage of the 
students in a class 
who receive that 

score.

it is so much 
easier to 

understand 
when tables are 

redrawn into 
histograms.

it's more 
visual, you 

know.

Guess what happens 
when the range 
of class in this 

histogram is made 
smaLLer.

What?

Like 
this...

mean

Student

standard deviation

Let's Obtain the Probability �3

Score

1

2

...

10,421

42

91

...

50

53

10



Wow! it eventuaLLy 
becomes a curved 

line!

range of class = 5

range of class = 3

curve

range of class = 10

Range of class and Histogram of  
"english Test Results"
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When the range of 
class in a histogram is 
decreased to the limit 

at zero,

We caLL the formula of that 
line the probability density 

function.

TheoreticaLLy, 

probability density function

there are many 
types of probability 

density function 
graphs.

Today i wiLL 
introduce you to 
some of the most 
important ones.

Please go 
ahead.

Let's Obtain the Probability �5

Push



2. Normal Distribution

Look at this.

ha!

What is this stuFF?!

This is a 
popular 

probability 
density 

function in 
statistics.

What is this 

italic e ?!

The name of this 
italic e is Euler's 

number, and its value 
is 2.71�2�...*

Just think 
of it as 

something 
like pi.

OH, 
WELL...

That i can manage to 
understand...

ha!

ha!

ƒ(x) = 1
√2�(standard deviation of x)

e 
− 

1
2 ( )x − mean of x

standard deviation of x
2

�6 chapter 5

* e is also known as Napier's constant.



Mean is 53, standard deviation is 15

Mean is 53, standard deviation is 5

Mean is 30, standard deviation is 5

The graph of the 
normal distribution 

has two 
characteristics.

 

it is symmetrical, 
with the mean in the 

center.
 

it is affected 
by the mean and 

standard deviation.
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There is a 
certain way to 
describe this 
in statistics. 
Remember...

The phrase seems so 
complicated.

"X foLLows what with 
what and what"...?!

That is beyond my 
comprehension. WeLL, it does 

sound rather 
peculiar, but just 
remember that's 
the way it goes.

Let's return to 
the story about 

the test.

if the probability 
density function 
of "english test 
results" is like 

this...

When the formula for probability density function of X is

You say that “X foLLows a normal distribution with mean 
μ and standard deviation σ .”

Normal distribution with mean 53 and standard deviation 10

ƒ(x) = 1
√2�(standard deviation of x)

e 
− 

1
2 ( )x − mean of x

standard deviation of x
2
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When the formula for probability density function of x is

You don't say, "x FoLLows a normal distribution with mean 0 
and standard deviation 1." in statistics, we describe this as a 

standard normal distribution.

You can say the results of the 
english test foLLow a normal 
distribution with mean 53 and 

standard deviation 10.

i think i am 
starting to 

get it!

Now, for the 
next topic.

3. Standard Normal Distribution

Yes, sir.

ƒ(x) = 1
√2�(standard deviation of x)

e 
− 

1
2 ( )x − mean of x

standard deviation of x
2

= 1
√2�1 × 

e 
− 

1
2 ( )x − 0

1
2

= 1
√2�

e 
− 

1
2 x

2
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...!? again, let's use that 
English test as an 

example.

Suppose "english test results" 
foLLows the normal distribution 

with mean 53 and standard 
deviation 10.

OK.

z-score of 
Test Results

mean

standard deviation

each value - mean

standard deviation

Then, "English test results" after 
standardization would...

Student Score

1

2

10,421



FoLLow the standard 
normal distribution. 
We standardized the 

"English Test results" 
data.

Standard Normal Distribution

Wow, that 
looks 

familiar!

Don't give up! 
The goal is close!

What is our 
goal, anyway?
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 Z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

0.0 0.0000 0.0040 0.0080 0.0120 0.0160 0.0199 0.0239 0.0279 0.0319 0.0359

0.1 0.0398 0.0438 0.0478 0.0517 0.0557 0.0596 0.0636 0.0675 0.0714 0.0753

0.2 0.0793 0.0832 0.0871 0.0910 0.0948 0.0987 0.1026 0.1064 0.1103 0.1141

          

1.8 0.4641 0.4649 0.4656 0.4664 0.4671 0.4678 0.4686 0.4693 0.4699 0.4706

1.9 0.4713 0.4719 0.4726 0.4732 0.4738 0.4744 0.4750 0.4756 0.4761 0.4767

          

... ... ... ... ... ... ... ... ... ... ...

... ... ... ... ... ... ... ... ... ... ...

Wake up, Rui! 

Shake, 
shake!

Table of Standard Normal Distribution

This table 
teLLs you the 
area of this 
part under 
the graph.

What? area? 
What do you 

mean?

Too many numbers...

RECOVERY!

ah, you are 
alive!
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 Z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

0.0 0.0000 0.0040 0.0080 0.0120 0.0160 0.0199 0.0239 0.0279 0.0319 0.0359

0.1 0.0398 0.0438 0.0478 0.0517 0.0557 0.0596 0.0636 0.0675 0.0714 0.0753

0.2 0.0793 0.0832 0.0871 0.0910 0.0948 0.0987 0.1026 0.1064 0.1103 0.1141
         ： 

1.8 0.4641 0.4649 0.4656 0.4664 0.4671 0.4678 0.4686 0.4693 0.4699 0.4706

1.9 0.4713 0.4719 0.4726 0.4732 0.4738 0.4744 0.4750 0.4756 0.4761 0.4767

           

... ... ... ... ... ... ... ... ... ... ...

... ... ... ... ... ... ... ... ... ...

Take 
Z = 1.96, 

and think 
about this.

OK.

 as 
z = 1.9 + 0.06

consider z = 1.96

Then go back to 
the table.

The line and row for 1.9 
and 0.06, Respectively, 

cross each other 
at...0.4750!

0.4750!

aREa = 1
Yes. That is the area when 

z = 1.96.

Oh, and i forgot to mention—The 
area between the probability density 
function graph and the horizontal 
axis is 1, regardless of whether it 

is a standard normal distribution or 
something else.

You separate the 
number between 
the first decimal 
and the second 

decimal?

aha!
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Now, pay attention, because 
what i am going to explain 
next is today's main dish.

i can't wait 
to have it.

The area bounded by the standard 
normal distribution and the horizontal 

axis is the same as the probability!

i am now going show you two examples. Try 
to foLLow along.

Wha...?
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Example i

1. In a normal distribution with an average of 45 and a standard deviation of 10, the shaded area in the 
chart below is 0.5.

2. The ratio of students who scored 45 points or more is 0.5 (50% of all students tested).

3. When one student is randomly chosen from all students tested, the probability that the student’s score 
is 45 or more is 0.5 (50%).

4 . In a normal distribution of standardized “math test results,” the ratio of students with a standard score of 
0 or more is 0.5 (50% of all students tested).

5. When one student’s results are randomly chosen from all of those tested in a normal distribution of 
standardized “math test results,” the probability that the selected student’s standard score is 0 or more is 
0.5 (50%).

All high school freshmen in prefecture B took a math test. After the tests were 
marked, the test results turned out to follow a normal distribution with a mean 
of 45 and a standard deviation of 10. Now, think carefully. The five sentences 
below all have the same meaning.

0.5

0.4

0.3

0.2

0.1

0
0−1−2−3−4 1 2 3 4

0.05

0.04

0.03

0.02

0.01

0
454035302520151050 50 55 60 65 70 75 80 85 90 95 100
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The mean score is 
45, so we can draw a 

symmetric graph whose 
top score is 45.

45 Or more points is 
exactly equal to the 

right half of this graph...
That’s 50%!

i’m smart 
enough to 

understand that!

Exactly!

correct.

i am glad you are! 
Then i’LL give you 

another example, a 
trickier version of 

our first one.
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Example ii

1. In a normal distribution with a mean of 45 and a standard deviation of 10, the shaded area in the chart 
below is 0.5 - 0.4641 = 0.0359.

2. The ratio of students who scored 63 points or more is 0.5 − 0.4641 = 0.0359 (3.59% of all students 
tested).

3. When one student is randomly chosen from all those tested, the probability that the student’s score is 63 
or more is 0.5 − 0.4641 = 0.0359 (3.59%).

4 . In a normal distribution of standardized test results, the ratio of students with standard scores 
(or z-scores) of 1.8 or more [(each value − average) ÷ standard deviation = (63 − 45) ÷ 10 = 18 ÷ 10 = 
1.8] is 3.59% (0.5 − 0.4641 = 0.0359).  You can also obtain this value from a table of standard normal 
distribution.

5. When one student is randomly chosen from all those tested in a normal distribution of standardized 
“math test results,” the probability that the student’s standard score is 1.8 or more is 0.5 − 0.4641 = 
0.0359 (3.59%).

All high school freshmen in prefecture B took a math test. Now, think carefully. 
The five sentences below all have the same meaning.

0.5

0.4

0.3

0.2

0.1

0
0−1−2−3−4 1 2 3 4

1.8

0.05

0.04

0.03

0.02

0.01

0
454035302520151050 50 55 60 65

63
70 75 80 85 90 95 100
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Wow! area and ratio and 
probability are indeed 

the same.

i am impressed 
that you have 
understood 
everything. am i smart 

or what?!

Don’t forget. This 
relationship of  

area = ratio = probability  
can be applied to any 
probability density 
function—Not just 

the standard normal 
distribution.

i surely 
won’t.

Would you like me 
to introduce you to 
another probability 

density function? i’m ready 
for it!
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We say, “x foLLows a chi-square distribution with 
n degrees of freedom (df)” in statistics.

4. chi-square Distribution

There is a kind 
of distribution 

caLLed the 
chi-square 
distribution.

“chi?” is 
that like 
a square 
Kayak?

Don’t worry. You’LL 
never have to learn 
this formula itself 

unless you become a 
mathematician.

*bad joke...

No,  
it wasn’t

so bad!

What a 
complicated 
formula...

YOU 
are 
SO 

MEaN.

i just showed 
it to you to 
scare you.

To begin with, 
let me show you 
graphs with 2, 10, 
and 20 degrees 

of freedom.

it’s getting even 
more difficult!

*

When the probability density function is...

When 
x › 0...

ƒ(x) = 
2

df
2

1

e–xdx× ∫
∞
x0

− 1
df
2

× x × e
x
2

− − 1
df
2

When 
x ≤ 0... ƒ(x) = 0
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The shape of 
the graph varies 
according to the 

number of degrees 
of freedom.

2 degrees of freedom

10 degrees of freedom

20 degrees of freedom
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BANG!

By the way, i 
have no idea 

what “degrees 
of freedom” 

are.

Oh, excuse me 
for failing to 
explain that.

What was the name for 
a in the simple function 

f(x) = ax + b?

Hmmm...Was it 
the slope?

Very good! if the 
value of a changes, 

the slope of the 
graph wiLL change. 

We can take that for 
granted, can’t we?

YES.

Degrees of freedom are 
just like the slope. The 

value affects the shape of 
a probability distribution 

function.

in other words, when 
the value of degrees 
of freedom changes, 

the shape of the graph 
changes as weLL.

is that aLL 
“degrees 

of 
freedom” 
means?

it's also 
related to 
sample size. 

The bigger the 
sample, the 

more degrees 
of freedom.
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Just like there is a table 
of probabilities for 
the standard normal 

distribution, 

There is a table of 
probabilities for the 

chi-square distribution.

The table of 
chi-square 

distribution is...

a table that shows the value of 
χ², which is a graduation on the 

horizontal axis that corresponds 
to the probability (which we know 
is equivalent to the area and ratio) 

of this part p.
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...

P

1
2
3
4
5
6
7
8
9
10

...

0.995

0.000039

0.0100
0.0717
0.2070
0.4118
0.6757
0.9893
1.3444
1.7349
2.1558

...

0.99

0.0002
0.0201
0.1148
0.2971
0.5543
0.8721
1.2390
1.6465
2.0879
2.5582

...

0.975

0.0010
0.0506
0.2158
0.4844
0.8312
1.2373
1.6899
2.1797
2.7004
3.2470

...

0.95

0.0039
0.1026
0.3518
0.7107
1.1455
1.6354
2.1673
2.7326
3.3251
3.9403

...

0.05

3.8415
5.9915
7.8147
9.4877
11.0705
12.5916
14.0671
15.5073
16.9190
18.3070

...

0.025

5.0239
7.3778
9.3484
11.1433
12.8325
14.4494
16.0128
17.5345
19.0228
20.4832

...

0.01

6.6349
9.2104
11.3449
13.2767
15.0863
16.8119
18.4753
20.0902
21.6660
23.2093

...

0.005

7.8794
10.5965
12.8381
14.8602
16.7496
18.5475
20.2777
21.9549
23.5893
25.1881

What is this 
symbol?

That is chi-square. 
chi is a Greek letter 
that looks a bit like 

our letter X.

Oh, so this is what 
we were talking 

about.

Here is the 
table.

Table of chi-square distribution

it looks similar 
to the table of 

standard normal 
distribution.

it does, but it’s 
a bit different.

Degrees 
Of Freedom
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With the table of 
standard normal 

distribution, 
you provide the 
X-coordinate, 

and it teLLs you 
the associated 

probability.

it provided the 
probability 

(= area = ratio)

This 
value!

With the table of chi-
square distribution, 

you provide the 
probability, and it teLLs 

you the associated 
X-coordinate.

I am getting 
confused...!

calm down!

Let’s find out what the 
value of χ² is in a case 

in which the degree 
of freedom is 1 and 

p is 0.05.

The line for 1 
and the row for 
0.05 cross at... 3.�415.
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distribution



*Click!

You can keep the 
table we used 

today. Use it for 
reviewing.

Yes, i wiLL. 
Thank you.

WeLL, that’s  
aLL for 
today.

Good-b...

Oh! He won that 
prize...i can’t believe 

that he reaLLy 
responded.

*
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5. t Distribution

The probability density function below is a popular topic in statistics.

When the probability density function for x looks like this, we say, “x follows a t distribu-
tion with n degrees of freedom.”

Here is a case with 5 degrees of freedom:

6. F distribution

The probability density function below is a popular topic in statistics.

When the probability density function for x looks like this, we say, “x follows an F distri-
bution with the first degree of freedom m and the second degree of freedom n.”

ƒ(x) = 

− 1
df + 1

2∫
∞
x0 e–xdx

√df × � × ∫
∞
x0 e–xdx

× (1 + x
2

df )
− 

df + 1
2

− 1
df
2

0−2−4−6 2 4 6

0.6

0.5

0.4

0.3

0.2

0.1

0

when x > 0:

when x ≤ 0: ƒ(x) = 0 

first df
2∫

∞
x0 e–xdx− 1

2

first df + 
second df( )( ) × (first df)

second df
2× (second df)

×
x

− 1
first df

2

(first df × x + second df)∫
∞
x0 e–xdx( ) ∫

∞
x0 e–xdx( )− 1

second df
2×− 1

first df
2 2

first df + 
second df( )ƒ(x) = 
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Here is a case in which the first degree of freedom is 10 and the second degree of 
freedom is 5:

7. Distributions and Excel

Until the rise of personal computers (roughly speaking, around the beginning of the 1990s), 
it was difficult for an individual to calculate the probability without tables of standard normal 
distribution or chi-square distribution. However, these tables of distribution are not used 
much anymore—you can use Excel functions to find the same values as the ones provided 
by the tables. This enables individuals to calculate even more types of values than the ones 
found in the tables of distribution. Table 5-1 summarizes Excel functions related to various 
distributions. (Refer to the appendix on page 191 for more information on making calcula-
tions with Excel.)

Table 5-1: Excel functions related to various distributions

* The probability density function for normal distribution is affected by the mean and standard deviation. Thus, it is impos-
sible to make a “table of normal distribution,” and no such thing exists in this world. However, by using Excel, you can 
conveniently calculate the values and make a table relevant to the normal distribution.

0 2 4 6 8 10

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0

Distribution Functions Feature of the function
normal*

normal

standard normal

standard normal

chi-square

chi-square

t

t

F

F

NORMDIST

NORMINV

NORMSDIST

NORMSINV

CHIDIST

CHIINV

TDIST

TINV

FDIST

FINV

Calculates the probability that corresponds to a point on the horizontal axis.

Calculates a point on the horizontal axis that corresponds to the probability.

Calculates the probability that corresponds to a point on the horizontal axis.

Calculates a point on the horizontal axis that corresponds to the probability.

Calculates the probability that corresponds to a point on the horizontal axis.

Calculates a point on the horizontal axis that corresponds to the probability.

Calculates the probability that corresponds to a point on the horizontal axis.

Calculates a point on the horizontal axis that corresponds to the probability.

Calculates the probability that corresponds to a point on the horizontal axis.

Calculates a point on the horizontal axis that corresponds to the probability.
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Exercise and answer

Exercise

1. Calculate the probability (the shaded area in the graph below) using the table of 
standard normal distribution on page 93.

2. Calculate the value of χ² when there are 2 degrees of freedom and P is 0.05 using 
the table of chi-square distribution on page 103.

0.5

0.4

0.3

0.2

0.1

0
−4 −3 −2 −1 0 1 2 3 4

−0.29

answer

1. Because the standard normal distribution is symmetrical, the probability in ques-
tion is equal to the probability shown in the graph below.

The probability when z = 0.29 = 0.2 + 0.09 is 0.1141 according to the 
table of standard normal distribution. Therefore, the probability to be obtained is 
0.5 - 0.1141 = 0.3859.

2. The value of χ² to be obtained is 5.9915 according to the table of chi-square dis-
tribution.

0.5

0.4

0.3

0.2

0.1

0
−4 −3 −2 −1 0 1 2 3 4

0.29
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Summary

Some of the most common probability density functions are:

Normal distribution
Standard normal distribution
Chi-square distribution
t distribution
F distribution

The area between the probability density function and the horizontal axis is 1. This area 
is equivalent to a ratio or a probability.
By using an Excel function or a table of probabilities for the appropriate distribution, 
you can calculate:

The probability that corresponds to a point on the horizontal axis
The point on the horizontal axis that corresponds to the probability

•

•
•
•
•
•

•

•

•
•





6
Let's Look at the Relationship 

between Two Variables



Nice weather.

*Scritch, clump

Not a bad 
day to study 
outdoors.

Why are you 
wearing that 

sandal?! You're 
wearing two 

different 
shoes!

Oops! 
You're 
right.

if i were 
here with 

mr. igarashi...
i'd be so happy.

Mr. igarashi...
 Mr. igarashi...?

Today, i am going 
to talk about 

the relationship 
between two 

variables.

Oh, no! i am 
beginning to 

lose my memory 
of him.

*Scritch, clump

*

*



Mr. 
Yamamoto's 
quirks are 

too strong, 
and that's 
making me 
forget 

Mr. igarashi!

Oh! Thank you For wiping 
the bench for me.

Oh, i 
know 
that 

song!

OPEN!

are you 
listening?

ah...Yes i am.

So, for example, Does 
a taLLer person weigh 
more? Or, do people 
favor different soda 

brands if they are 
different in age?

Or, Do people support 
different political 

parties if they live in 
different areas?

is that something like 
“Do you love me, now 

that i can dance?”

NOW...
Oh, here 

begins the 
lesson!
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You can see 
whether or not 

two variables are 
related to each 

other by drawing a 
chart.

Scatter chart of height and weight

Numerical and 
numerical

Weight
(Kg)

Height (cm)

Numerical and 
categorical

categorical 
and 

categorical

Scatter chart of favorite Soda brand and age

cylinder chart of Place of Residence 
and support of political party x

rural areas

urban areas

aha!
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However, 
unfortunately, 
the charts do 

not teLL you how 
strongly the 
variables are 

related.

in other words, 
you cannot grasp 
the "degree" of 

relation.

What should i 
do then?

we'LL figure out 
the coefficient 
that can be used 

together with the 
chart to describe 
correlation, or 
the degree of 

Linear relation of 
two variables.

aNOTHER index...
Hmmm.

if so...

can a topic like 
this be analyzed 
statisticaLLy too?

*special 
Feature Article: 

Fashionable 
Girls' Survey

*how Much Do 
They Spend On 
brand-name 
fashions?

Great! This would 
make a very good 

example.

*
*
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Amount spent
on makeup (¥)

Amount spent
on clothes (¥)

Ms. A

Ms. B

Ms. C

Ms. D

Ms. E

Ms. F

Ms. G

Ms. H

Ms. I

Ms. J

3,000

5,000

12,000

2,000

7,000

15,000

5,000

6,000

8,000

10,000

7,000

8,000

25,000

5,000

12,000

30,000

10,000

15,000

20,000

18,000

Respondent

Str
ee

t

su
rve

y!

Monthly Expenditures on Makeup and Clothes
Ten ladies in their 20s answered1. correlation coefficient

Oh, here is a survey on 
makeup expenditures 

and clothes 
expenditures.

Why don't you 
make a chart 

first.

Obviously, people who 
spend more on makeup 
spend more on their 

clothes as weLL.

Then, why don't 
we try figuring 
out the degree 
of relationship?

Yes, sir!

Both 

variables 

are 

numerical!

Scatter chart of monthly Expenditures on 
makeup and clothes

a
m

o
u
n
t
 s

p
e
n
t
 o

n
 c

l
o

t
h
e
s
 (

¥
)

amount spent on makeup (¥)
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Index Formula

Correlation
coefficient

Correlation
ratio*

Cramer’s
coefficient*

Numerical and
numerical

Numerical and
categorical

Categorical and
categorical

interclass variance
intraclass variance + interclass variance

−1 – 1

0 – 1

0 – 1

Value
range

* See page 121, “Correlation Ratio,” and page 127, “Cramer’s Coefficient.”

Data types

the total number of values × 
(min{the number of lines in the cross tabulation, the number of rows in the cross tabulation} − 1)

χ
0
2

Sxy

Sxx × Syy
=

∑(x – x ) (y – y )– –

∑(x – x ) 2 × ∑(y – y ) 2– –√ √

There are 
different types 

of indexes 
according to 
the types of 

data.

i can see 
that.

Because they are both numerical

This freaks 
me out!

Here we go!

The index we'LL 
use for makeup 
expenditures 
and clothing 

expenditures is 
the correlation 

coeFFicient.

Take your 
time and 

calculate it.

 3,000 7,000 -4,300 -8,000 18,490,000 64,000,000 34,400,000
 5,000 8,000 -2,300 -7,000 5,290,000 49,000,000 16,100,000
 12,000 25,000 4,700 10,000 22,090,000 100,000,000 47,000,000
 2,000 5,000 -5,300 -10,000 28,090,000 100,000,000 53,000,000
 7,000 12,000 -300 -3,000 90,000 9,000,000 900,000
 15,000 30,000 7,700 15,000 59,290,000 225,000,000 115,500,000
 5,000 10,000 -2,300 -5,000 5,290,000 25,000,000 11,500,000
 6,000 15,000 -1,300 0 1,690,000 0 0
 8,000 20,000 700 5,000 490,000 25,000,000 3,500,000
 10,000 18,000 2,700 3,000 7,290,000 9,000,000 8,100,000
 73,000 150,000 0 0 148,100,000 606,000,000 290,000,000
 7,300 15,000

Amount spent
on makeup (¥)

Amount spent
on clothes (¥)

Ms. A
Ms. B
Ms. C
Ms. D
Ms. E
Ms. F
Ms. G
Ms. H
Ms. I
Ms. J
Sum
Mean

x y x – x y – y (x – x ) 2 (y – y ) 2 (x – x)(y – y)– – – – – –

x– y–
Sxx Syy Sxy

The procesS for calculating the corRelation coefFicient
for monthly expenditures on makeup and clothes
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ack!

Index Formula

Correlation
coefficient

Correlation
ratio*

Cramer’s
coefficient*

Numerical and
numerical

Numerical and
categorical

Categorical and
categorical

interclass variance
intraclass variance + interclass variance

−1 – 1

0 – 1

0 – 1

Value
range

* See page 121, “Correlation Ratio,” and page 127, “Cramer’s Coefficient.”

Data types

the total number of values × 
(min{the number of lines in the cross tabulation, the number of rows in the cross tabulation} − 1)

χ
0
2

Sxy

Sxx × Syy
=

∑(x – x ) (y – y )– –

∑(x – x ) 2 × ∑(y – y ) 2– –√ √



Now, assign the 
values to the 

formula.

it's easy if you 
have a calculator.

The correlation 
coefficient 
is...0.96�0!

The correlation 
coefficient gets 

closer to ±1 if the 
linear relationship 

between the 
two variables is 

stronger.

as the 
relationship gets 
weaker, it gets 
closer to 0.

The result i just 
calculated is quite close 
to 1, so that implies that 
makeup expenditures and 

clothing expenditures are 
very closely related.

That's 
interesting.

You are quite 
correct.

That would happen if the 
clothing expenditures feLL 
as the makeup expenditures 

rose.

When does it get 
close to -1?

11� chapter 6

Sxy

Sxx × Syy

290,000,000

14�,100,000 × 606,000,000

0.96�0



negative 
correlation

correlation coefficient

approx. -1 approx. 0.5 approx. 1approx. 0

zero 
correlation

positive correlation

if the correlation 
coefficient is positive, as in 
this case, we say, "there is a 
positive correlation," and if 

it is negative, we say, "there is 
a negative correlation."

if it is 0, we say 
that "they are 
uncorrelated."

i understand 
completely.

Now, 
about the 

correlation 
coefficient...

Unfortunately, there are 
no statistical standards 

to assure you that the two 
variables have a strong 

relationship.

What an 
unreliable 

index...
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Informal Standards of the CorRelation CoefFicient

Absolute value of the 
correlation coefficient Detailed description

Very strongly related

Fairly strongly related

Fairly weakly related

Very weakly related

Rough description

Related

Not related

1.0–0.9

0.9–0.7

0.7–0.5

Below 0.5

�
�
�
�

Just for your 
information, 

informal standards 
are given above.

Warning

For example, the two variables are obvi-
ously related in this chart. However, the 
correlation coefficient is almost 0 because 
the relationship is non-linear.

I mentioned earlier that the correlation coefficient is an index that 
shows the degree of linear relation between two numerical variables.

sample of data unsuitable for 

correlation coefficient

correlation cofficient = -0.0�25

Ohhh...
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Street Survey in Everyhills

Age and Favorite Fashion Brand

27
33
16
29
32
23
25
28
22
18
26
26
15
29
26

Age
Theremes
Channelior
Bureperry
Bureperry

Bureperry
Bureperry

Bureperry

Bureperry

Channelior

Channelior

Channelior

Channelior

Theremes

Theremes

Theremes

Brand
Ms. A
Ms. B
Ms. C
Ms. D
Ms. E
Ms. F
Ms. G
Ms. H
Ms. I
Ms. J
Ms. K
Ms. L
Ms. M
Ms. N
Ms. O

Respondent

2. correlation Ratio

On we go!
They have also 
surveyed age 
and favorite 

fashion brand!

Th
at

's 

nu
merical

 

an
d 

cat
egorical

.

For numerical data and 
categorical data, we use the 

correlation ratio.
its value is...Between 0 and 1.

is the relationship 
stronger if the value is 
closer to 1 in this case, 

too?

Yes, it is.

Let's Look at the Relationship between Two Variables 121



i wiLL re-
organize the 

table.

Hmmm.

Next, let's 
make a 
chart.

Wow! it seems 
like there 
are certain 

correlations.

at this point, let’s 
actuaLLy calculate 
the value of the 

correlation ratio.

aLL right, 
let's do it!

favorite fashion brand and age

Scatter chart of  
favorite fashion brand and age

Sum

Mean

Theremes channelior Bureperry

Theremes channelior Bureperry
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Step 1
Do the calculations in the table below.

Step 2
Calculate the intraclass variance (STT + SCC + SBB = how much the data within each category varies).

The value of the correlation ratio can be calculated by following steps 1 
through 4 below.

(23 − 26)² = (−3)² = 9

(26 − 26)² = 0² = 0

(27 − 26)² = 1² = 1

(28 − 26)² = 2² = 4

(25 − 29)² = (−4)² = 16

(26 − 29)² = (−3)² = 9

(29 − 29)² = 0² = 0

(32 − 29)² = 3² = 9

(33 − 29)² = 4² = 16

(15 − 21)² = (−6)² = 36

(16 − 21)² = (−5)² = 25

(18 − 21)² = (−3)² = 9

(22 − 21)² = 1² = 1

(26 − 21)² = 5² = 25

(29 − 21)² = 8² = 64

(Theremes − average for Theremes)²

(Channelior − average for Channelior)²

(Bureperry − average for Bureperry)²

Sum

14

50

160

STT

SCC

SBB

STT  + SCC  + SBB = 14 + 50 + 160 = 224
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Step 3
Calculate the interclass variance, or how different the categories are from each other.

  (number of votes for Theremes) × (average for Theremes − average for all data)²
+ (number of votes for Channelior) × (average for Channelior − average for all data)²
+ (number of votes for Bureperry) × (average for Bureperry − average for all data)²

Step 4
Calculate the value of the correlation ratio.

So...The value of the correlation 
ratio for age and favorite fashion 

brand is...

   4 × (26 − 25)² + 5 × (29 − 25)² + 6 × (21 − 25)²

= 4 × 1 + 5 × 16 + 6 × 16

= 4 + 80 + 96

= 180

180

224 + 180

180

404
= 0.4455=

interclass variance
intraclass variance + interclass variance
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0.4455!

Good 
job!

it's a little 
difficult...

But i can 
manage to do 

the calculation 
if i take my 

time.

i feel so good 
when i get the 

answer.

smile

TEARS  

S
H
O
C
K
!

a long 
way to go 
tiLL payday.

Rui! You have grown 
up so much.

Would you buy 
me a bureperry 

purse for 
getting the 

correct answer?

i was just 
kidding!
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Here is a scatter chart of favorite fashion brand and age (when the correlation ratio is 1).

Here is a scatter chart of favorite fashion brand and age (when the correlation ratio is 0).

As explained earlier, the value of the correlation ratio is between 0 and 1. 
The stronger the correlation is between the two variables, the closer the 
value is to 1, and the weaker the correlation is between two variables, the 
closer the value is to 0. Refer to the charts below for more details.

50

40

30

20

10
Channelior BureperryTheremes

Average

correlation ratio is 1  data included in each group is the same  intraclass variance is 0

50

40

30

20

10
Channelior BureperryTheremes

correlation ratio is 0  average for each group is the same  intraclass variance is 0
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Unfortunately, there are no statistical standards such as “the two 
variables have a strong correlation if the correlation ratio is above a 
certain benchmark.” However, informal standards are given below.

The result of the calculation for the case in question was 0.4455, 
so the variables are fairly weakly related!

3. cramer's coefficient

i wonder if there is a good 
example i can use to explain the 
correlation of two categorical 

variables.

Let me 
see...

How about this?

We asked 300 high school 
students, "how would you like 

to be asked out?"

Informal Standards of the CorRelation Ratio

1.0–0.8

0.8–0.5

0.5–0.25

Below 0.25

Correlation ratio Detailed description

Very strongly related

Fairly strongly related

Fairly weakly related

Very weakly related

Rough description

Related

Not related

�
�
�
�
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Hmmm...”my ideal 
way of being 
asked out is 
phone, e-mail, 

face to face”...?

it amazes me what kind 
of weird stuff is in 
girls' magazines.

it's 
not 

weird!

cross tabulation of sex and desired way of being asked out

cross tabulation of sex and desired way of being asked out 
(horizontal percentage table)

desired way of being asked out

desired way of being asked out

phone e-mail face to face

phone e-mail face to face
a table that 
joins two 
variables 

like this one 
is caLLed 
a cross 

tabulation.

sex
female

male

sum

sum

sum

sex
female

male

sum

This indicates that 74 out of 152 males answered that they’d like to be asked out directly.

interesting...Girls tend 
to prefer being asked 

out by e-mail,

But boys tend to 
want to be asked out 

directly.

This shows that 49% (    × 100) of the 152 males would like to be asked out directly.
74
152

12� chapter 6

This would make 
a good example.

34

3�

72

61

40

101

53

74

127

14�

152

300

23%

25%

24%

41%

26%

34%

36%

49%

42%

100%

100%

100%



it indeed seems that 
there is a difference 

in the desired way 
of being asked out 
between girls and 

boys.

in other words, there is a 
correlation between sex 
and desired way of being 

asked out.

i should 
contact 

mr. igarashi 
directly if i 
am going to 
ask him out...

Rui? are you 
listening?

Sure, 
i am.

What was the 
index to express 
the degree of 
correlation 

between two pieces 
of categorical 

data?

The cramer's 
coefficient!

The cramer's 
coefficient is also 

caLLed the cramer's v 
or an independent 

coeFFicient.

i cannot cram 
so much new 
vocabulary 
into my head!

WeLL, that 
was kind of 

funny.

* B
a
d
 j

o
k
e
 a

g
a
in

...

You don't have 
to be nice to me.

*
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Step 1
Prepare a cross tabulation. The values surrounded by the bold frame are called actual measurement 
frequencies.

Step 2
Do the calculations in the table below. The values surrounded by the bold frame are called expected 
frequencies.

The Cramer’s coefficient can be calculated by following steps 1 
through 5 below.

Sum

Sex
Female

Male

Sum

Phone E-mail Face to face

Desired way of being asked out

34 61 53 148

38 40 74 152

72 101 127 300

Sex

Female

Phone E-mail Face to face
Sum

Male

Sum

Desired way of being asked out

148

152

72 101 127 300

148 × 72

300

152 × 72

300

152 × 101

300

152 × 127

300

148 × 101

300

148 × 127

300

sum of male × sum of face to face

total number of values
Formula A
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Step 3
Calculate  

(actual frequency − expected frequency)²
expected frequency

  for each square.

The bigger the gap between the actual frequencies and the expected 
frequencies, the larger the values in each square become.

If sex and desired way of being asked out have no relationship, the ratio between 
phone, e-mail, and face to face should be

for both males and females, according to the sum column in the table in step 2. 
Thus, our expected frequency (Formula A) shows the predicted number of males 
who wish to be asked out directly when there is no relationship between sex and 
desired way of being asked out is 152 × (127 ÷ 300) = (152 × 127) ÷ 300, or

72

72 + 101 + 127
72 : 101 : 127 =  : 

101

72 + 101 + 127
 : 

127

72 + 101 + 127

72

300
 =  : 

101

300
 : 

127

300

127

300
152 × 

152 × 127

300
 = = 64.3

Sex

Female

Phone E-mail Face to face
Sum

Male

Sum

Desired way of being asked out

148

152

72 101 127 300

148 × 72
300

34 − 
²

148 × 72
300

152 × 72
300

38 − 
²

152 × 72
300

152 × 101
300

40 − 
²

152 × 101
300

152 × 127
300

74 − 
²

152 × 127
300

148 × 101
300

61 − 
²

148 × 101
300

148 × 127
300

53 − 
²

148 × 127
300
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Step 4
Calculate the sum of the value inside the bold frame in the table of step 3. This value is called Pearson’s 
chi-square test statistic. It will be written as  χ0

2  from now on.

As can be understood from step 3, the more the actual measurements 
diverge from their expected frequencies, or the greater the correlation 
between sex and desired way of being asked out, the larger Pearson’s 
chi-square test statistic (χ0

2 ) becomes.

148 × 72

300
34 − 

²

148 × 72

300

148 × 101

300
61 − 

²

148 × 101

300

148 × 127

300
53 − 

²

148 × 127

300

 +  + 

152 × 72

300
38 − 

²

152 × 72

300

152 × 101

300
40 − 

²

152 × 101

300

152 × 127

300
74 − 

²

152 × 127

300

 + +  + 

 = χ
0
2

= 8.0091
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Step 5
Calculate the Cramer’s coefficient.

min{a,b} means “whichever is smaller, a or b.”

Thus, the cramer's 
coefficient is 0.1634.

χ
0
2

the total number of values × 
(min{the number of lines in the cross tabulation, the number of rows in the cross tabulation} − 1)

8.0091
300 × min{2,3} − 1

8.0091
300 × (2 − 1)

8.0091
300

 = 0.1634 =  = 

Help. i'm 
feeling 
dizzy.
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i don't think 
i can do this 
calculation 

alone.

You'LL be aLL 
right! The 

calculation is a 
bit complicated, 

but i am sure 
you can do it 

if you foLLow the 
steps.

if there is 
anything you can't 
understand, just 

ask me, ok?

!

What's 
wrong? Nothing.

For a moment,  
mr. Yamamoto  

somehow 
seemed kind of 
good looking.

STARE...

Why 
turn 

away?

oh!

Rub
Rub
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Here is the cross tabulation of sex and desired way of being asked out (horizontal percentage table) when 
the value of the Cramer’s coefficient is 1.

Here is the cross tabulation of sex and desired way of being asked out (horizontal percentage table) when 
the value of the Cramer’s coefficient is 0.

As explained earlier, the Cramer’s coefficient is between 0 and 1. The 
stronger the correlation between two variables, the closer the coefficient 
gets to 1, and the weaker the correlation, the closer the coefficient gets 
to 0. See the cross tabulation (horizontal percentage table) below for more 
details.

Sum

Sex

Phone E-mail Face to face

Desired way of being asked out

100%

100%

17% 48% 35%

17% 48% 35%

Female

Male

Sum

Sex

Phone E-mail Face to face

Desired way of being asked out

17%

0%

83%

0%

0%

100%

100%

100%

Female

Male

Cramer’s coefficient is 1  the preferences of female and male are completely different

Cramer’s coefficient is 0  the preferences of female and male are the same
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Unfortunately, there are no statistical standards such as “the two variables 
have a strong correlation if the Cramer’s coefficient is above a certain 
benchmark.” However, informal standards are given below.

So, as the conclusion for this 
example, we can say that they 

are very weakly related.

i understand 
that.

FLAP!

This is the end of 
today's lesson.

Thank you.

1.0–0.8

0.8–0.5

0.5–0.25

Below 0.25

Informal Standards of the Cramer’s CoefFicient

Cramer’s coefficient Detailed description

Very strongly related

Fairly strongly related

Fairly weakly related

Very weakly related

Rough description

Related

Not related

�
�
�
�
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in the last part of 
today's lesson, i 

taught you about the 
cramer's coefficient.

Based on what i have 
taught you today, we 
wiLL study tests of 
independence in the 

next lesson.

Tests of 
independence?

Tests of independence 
are often used in 
survey analysis.

Once you have 
mastered them, you 
wiLL have mastered 

the fundamentals of 
statistics.

Does that mean that 
our next lesson wiLL 

be the last?

For the time 
being, yes.

FinaLLy!
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Exercise and answer

Exercise

Company X runs a casual dining restaurant. Its financial status was declining recently. 
Thus, Company X decided to study its customers’ needs and conducted a survey of 
randomly chosen people, age 20 or older, residing in Japan. The table below shows the 
results of this survey.

Below is a cross tabulation made using the table above.

Calculate the Cramer’s coefficient for the food often ordered in casual dining 
restaurants and the preferred free drink of either coffee or tea.

What food do you 
often have in a casual 
dining restaurant?

Chinese

European

Japanese

...

If a free drink is to be 
served after a meal, 
which would you 
prefer? Coffee or tea?

Coffee

Coffee

Tea

...

1

2

250

...

Respondent

Type of food
often ordered

Sum

Japanese

European

Chinese

Preference for coffee or tea

Coffee

43

51

29

123

Tea

33

53

41

127

Sum

76

104

70

250
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answer

Step 1
Prepare a cross tabulation.

Step 2
Calculate the expected frequency.

Type of food
often ordered

Sum

Japanese

European

Chinese

Preference for coffee or tea

Coffee

43

51

29

123

Tea

33

53

41

127

Sum

76

104

70

250

Type of food
often ordered

Sum

Japanese

European

Chinese

Preference for coffee or tea

Coffee

123

Tea

127

Sum

76

104

70

250

76 × 123

250
104 × 123

250

104 × 127

250

76 × 127

250

70 × 123

250

70 × 127

250
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Step 3
Calculate

for each square.

(actual measurement frequency − expected frequency)²

expected frequency

Type of food
often ordered

Sum

Japanese

European

Chinese

Preference for coffee or tea

Coffee

123

Tea

127

Sum

76

104

70

250

76 × 123

250
43 −

²

76 × 123

250

76 × 127

250
33 −

²

76 × 127

250

104 × 123

250
51 −

²

104 × 123

250

104 × 127

250
53 −

²

104 × 127

250

70 × 123

250
29 −

²

70 × 123

250

70 × 127

250
41 −

²

70 × 127

250
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Step 4
Calculate the sum of the value inside the bold frame in the table in step 3, which is 
the value of Pearson’s chi-square test statistic (χ

0

2 ).

Step 5
Calculate the Cramer’s coefficient.

76 × 123

250
43 −

²

76 × 123

250

76 × 127

250
33 −

²

76 × 127

250

 + 

104 × 123

250
51 −

²

104 × 123

250

104 × 127

250
53 −

²

104 × 127

250

 +  + 

70 × 123

250
29 −

²

70 × 123

250

70 × 127

250
41 −

²

70 × 127

250

 +  + 

 = 3.3483

χ
0
² = 

χ
0
² 

the total
number of values

the number of lines
in the cross tabulation

the number of rows
in the cross tabulation× (min{                              ,                               } − 1)

250 × (min{3,2} − 1)

3.3483
 = 

250 × (2 − 1)

3.3483
 = 

250

3.3483
 =  0.1157 
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Summary

The index used to describe the degree of correlation between numerical data and 
numerical data is the correlation coefficient.
The index used to describe the degree of correlation between numerical data and cat-
egorical data is the correlation ratio.
The index used to describe the degree of correlation between categorical data and 
categorical data is the Cramer’s coefficient (sometimes called the Cramer’s V or an 
independent coefficient).
The characteristics of the correlation coefficient, correlation ratio, and Cramer’s coef-
ficient are shown in the table below.

There are no statistical standards for the correlation coefficient, correlation ratio, and 
Cramer’s coefficient, such as “the two variables have a strong correlation if the value is 
above a certain benchmark.”

•

•

•

•

•

−1

0

0

1

1

1

Correlation coefficient

Correlation ratio

Cramer’s coefficient

Minimum Maximum

0

0

0

The value when the 
two variables are not 
correlated at all

−1 or 1

1

1

The value when the 
two variables are 
most strongly correlated
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1. hypothesis Tests

Now, 
today's 

lesson is...

Hey! Don't you have 
anything to say?

TaH-RaH!

WeLL, weLL, excuse 
me for not 

noticing. is that 
your new uniform 
you were talking 
about the other 

day?

Yeah! This is stiLL a 
trial product, but i 
am showing you as 

a special favor.

WeLL, thank you...
You look good 

in it.
Thanks.

So, what 
is today's 
lesson?



Remember learning 
about the cramer's 

coefficient in our last 
lesson?

You mean that 
survey on how 

to ask out 
someone?

in that example, the 
cramer's coefficient 

was 0.1634, and the result 
turned out to be very 
weakly correlated.

Yes, i remember 
that.

Now, think 
carefuLLy, 

Rui.

The result of that survey 
was obtained from the 

responses of 300 people...

...Who were chosen 
randomly from aLL 

high school students 
residing in japan.

if a different 300 
people were chosen, 

the cramer's coefficient 
would not have been 

0.1634.

come to think of it, 
you are right.

*We asked 300 high school 
students, "how would you 

like to be asked out?"

*
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Do you have any idea 
what the value of the 
cramer's coefficient 
for the population 
of this example, aLL 

high school students 
residing in japan, 

would be in the first 
place?

How am i 
supposed to 
know that?

That's a natural reaction.

Unfortunately, no one 
knows, because it is 

impossible to ask this 
question of every single 

student in Japan.

Uh-huh.

it is not only in 
this example that 

you cannot get the 
cramer's coefficient 

for the population. it is 
generaLLy impossible in 

aLL cases.

That is why 
we Have no 
choice but 

to...
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make an 
informed 

decision about 
the cramer's 
coefficient, 

such as,

"Since the cramer's coefficient obtained 
from my random sample of 300 people 

is 0.1634,  

The cramer's coefficient  
for the population must be 

something like that."

That's not as 
convincing as 

i thought.

i bet there is a way 
to do something 

about it using 
statistics as in 
other cases.

Even if you make fuLL use 
of statistics, the precise 
cramer's coefficient for 
a population WiLL never 
be obtained, because it’s 

impossible to survey 
every single member 

of the population. So...
sorry to disappoint 

you, but no.

No?!
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However, there is a way 
to find out if...

...the cramer's coefficient 
for a population is not 

zero!

Of course it's a big 
deal. it gives you an 
objective view about 

the population.

it Doesn't seem like 
a big deal to me.

How do you 
do it?

i have mentioned in our 
previous lesson that 

we wiLL study tests of 
independence today. This is 
the means of analysis we 

are going to use now.

No, no, it’s 
completely 
different.

is that something 
like the test 
of english 

proficiency?

a test of independence 
is a kind of analysis 

technique that is 
generaLLy referred to 
as a hypothesis test in 

statistics.

Let me explain 
hypothesis tests 

first.

YES, PLEaSE.

Tests Of independence

Tests Of correlation 

Ratio

Tests Of correlatio
n

Tests Of Difference Between 

Population Means

Tests Of Difference Between Population 
Ratios

Hypothesis

Tests
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a hypothesis test is an analysis technique 
used to estimate whether the analyst's 

hypothesis about the population is correct, 
using the sample data.

The formal name 
for a hypothesis 
test is statistical 

hypothesis 
testing.

That's 
much 

easier 
for me 

to under-
stand.

There are several types of hypothesis tests.
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Examples of Hypothesis Tests

Tests of difference
between population ratios

Name Example of use

Tests of
independence

Tests of
correlation ratio

Tests of
correlation

Tests of difference
between population means

Estimates whether the value of the Cramer’s coefficient for sex and 
desired way of being asked out is zero for a population

Estimates whether the value of the correlation ratio for favorite fashion 
brand and age is zero for a population

Estimates whether the correlation coefficient for amount spent on 
makeup and amount spent on clothes is zero for a population

Estimates whether allowances are different between high school girls 
in Tokyo and Osaka*

* Note that two populations are being considered.

Estimates whether the approval rating of cabinet X is different between 
voters residing in urban areas and rural areas*



Procedure for a Hypothesis Test

Define the population.

Set up a null hypothesis and an alternative hypothesis.

Select which hypothesis test to conduct.

Determine the significance level.

Determine whether the test statistic obtained in step 5 is in the critical region.

Obtain the test statistic from the sample data.

If the test statistic is in the critical region, you must reject the null hypothesis. 
If not, you fail to reject the null hypothesis.

Step 1

Step 2

Step 3

Step 4

Step 5

Step 6

Step 7

Though there are 
many kinds of 

hypothesis tests, 
they aLL foLLow the 

same procedure.
i am relieved to 

hear that.

There are too 
many words 
that i don't 
understand!

Don't panic! i wiLL 
explain later on.

Tut,
 tut

.
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2. The chi-Square Test of independence

Now i wiLL explain 
today's main 

topic, a test of 
independence.

i told you that a test of independence 
is an analysis technique used to estimate 
whether the cramer's coefficient for a 

population is zero.

Yes, you 
did.

To put it differently, it 
is an analysis technique 

used to estimate whether 
two variables in a cross 

tabulation are correlated.

i see! That is why it 
is applied to survey 

analyses.

This test of 
independence is 
also caLLed a 

chi-square test.

Not that 
chi-whatever 

again!
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Desired Way of Being asked Out

Phone
e-mail Face to face

Sex
F

M

Sum

Sum
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Explanation

Pearson’s chi-square test statistic ( χ
0
2  ) and chi-square distribution

Step 1
Take a random sample of 300 students from the population “all high school students residing in Japan.”

Step 2
Conduct the survey on page 127 with the 300 people chosen in step 1 to obtain the chi-square 
statistic (χ

0
2  ).

Step 3
Put the 300 people back into the population.

Step 4
Repeat steps 1 through 3 over and over.

In this experiment, if the value of the Cramer’s coefficient for the population “all high school students 
residing in Japan” is 0, the graph of Pearson’s chi-square test statistic (χ

0
2 ) turns out to be a chi-square dis-

tribution with 2 degrees of freedom. In other words, if the value of the Cramer’s coefficient for the population 
“all high school students residing in Japan” is 0, then Pearson’s chi-square test statistic (χ

0
2   ) follows a chi-

square distribution with 2 degrees of freedom.

See pages 130 –133 for information on how to obtain Pearson’s chi-square test statistic (χ
0
2   ). 

See page 100 for information on a chi-square distribution with 2 degrees of freedom.
•
•

Before giving an actual example of a test of independence, I would like to 
explain an important fact that is fundamental to tests of independence. 
Though it is impossible to do this in reality, suppose the below experi-
ment is conducted.

Sample

Sampling

Population

All high school students residing in Japan 300 students



Let’s Explore the Hypothesis Tests 153

As it is impossible to experiment with the actual population of “all high school students residing in Japan,” 
the group of 10,000 people in Table 7-1 will be regarded as “all high school students residing in Japan” 
instead.
We assume that the Cramer’s coefficient for “all high school students residing in Japan” is 0. This means 
that the ratio of those who prefer being asked out by phone to those who prefer being asked out by 
e-mail to those who prefer being asked out directly is equal for girls and boys (see page 135). The cross 
tabulation for Table 7-1 is Table 7-2.
Since it is otherwise endless, we will stop repeating steps 1 through 3 after 10,000 times.

Table 7-1: Desired way of being asked out  

(aLL high school students residing in Japan)

Table 7-2: cross tabulation of sex and desired way of being asked out

•

•

•

We have actually conducted this experiment. In carrying out the 
experiment, we set the restrictions below.

Sum

Sex
Female

Male

Sum

Phone E-mail Face to face

Desired way of being asked out

400

600

1,000

1,600

2,400

4,000

2,000

3,000

5,000

4,000

6,000

10,000

Sex Desired way of being asked out

Face to face

Phone

...

Female

Female

...

Male

1

2

...

10,000 E-mail

Respondent



Table 7-3 shows the result of the experiment. Figure 7-1 is a histogram made according to Table 7-3.

Table 7-3: Result of experiment

Figure 7-1: a histogram based on table 7-3 (range of class = 1)
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10,000

0.8598

0.7557

...

2.7953

Pearson’s chi-square test statistic (χ
0
2)Experiment

Figure 7-1 indeed looks similar to the graph on page 100, “2 Degrees 
of Freedom.” It seems to be correct that Pearson’s chi-square test sta-
tistic (χ

0
2   ) follows a chi-square distribution with 2 degrees of freedom. 

Though this has nothing to do with the experiment itself, here is one 
point to note. Two degrees of freedom comes from:

I will not go into why such a strange calculation is applied, as 
it is a topic much too advanced for the level of this book. But don’t 
worry—even if you don’t fully understand the calculation, you won’t 
be at any disadvantage.

2 patterns: 
female and male

3 patterns: 
phone, e-mail, and face to face

(2 − 1) × (3 − 1) = 1 × 2 = 2
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i see that the value of the cramer's 
coefficient for "aLL high school 

students residing in japan" is 
zero...Which means there was no 

relationship between sex and desired 
way of being asked out.

i finaLLy...

Then, i survey 300 people 
selected from "aLL high 

school students residing 
in japan."

Repeat that over and over and 
over and over!

after that, i calculate 
pearson's chi-square test 

statistic.

The graph obtained from 
the result is a chi-square 

distribution with 2 degrees of 
freedom!

the ratio of 
preference is 
the same for 
females and 

males!

adD in each square
actual measurement frequency − expected frequency

expected frequency( )
2

have the  
answer!

i suppose...

Surveys

Surveys
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i am impressed 
with how 

much you have 
learned.

Now, using that 
asking-out survey 

as an example,

Let's chaLLenge 
the chi-square 

test of 
independence.

aye aye, sir!

Exercise Thinking it 
over

answer

i would like to teach you today's 
lesson in three steps:

i wiLL use these 
two puppets 

to explain the 
answer part.

i wiLL play both roles myself.

Because it is 
easier to explain 

the answer 
this way.

Analys
t Teacher

Hey, is 
that me?

I look much 
better than 

that!

dig
dig

hooray!
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Exercise

P-Girls Magazine decided to publish an article titled “We Asked 300 High School Students, ‘How Would You 
Like to Be Asked Out?’” In order to prepare the article, a journalist randomly chose 300 people from all the 
high school students residing in Japan and took a survey. The table below is the result of this survey.

The table below is the cross tabulation of sex and desired way of being asked out.

Using the chi-square test of independence, estimate if the Cramer’s coefficient for sex and desired way 
of being asked out in the population “all high school students residing in Japan” is greater than 0. This is the 
same as estimating with a test of independence whether sex and desired way of being asked out are corre-
lated. Remember that the significance level (explained later) is 0.05.

Sum

Sex
Female

Male

Sum

Phone E-mail Face to face

Desired way of being asked out

34

38

72

61

40

101

53

74

127

148

152

300

Desired way of being asked out

Face to face

Phone

...

Sex

Female

Female

...

Male

1

2

...

300 E-mail

Respondent Age

17

15

...

18
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Thinking it over

As explained on pages 152–154, Pearson’s chi-square test statistic (χ
0
2   ) follows a 

chi-square distribution with 2 degrees of freedom if the null hypothesis states that 
the value of the Cramer’s coefficient for the population “all high school students 
residing in Japan” is 0. If that’s true, then the probability that χ

0
2 obtained from the 

300 people who have been chosen randomly is 5.9915 or more is 0.05.

Figure 7-2: Probability that χ
0

2
 is 5.9915 or more

This is clear from the table of chi-square distribution on page 103.
χ0

2 for this exercise has already been calculated on page 132. It is 8.0091. True, this figure has been 
calculated based on data from 300 randomly chosen people, but doesn’t this seem too large? Taking into 
consideration the comment on page 132, isn’t it natural to assume that the Cramer’s coefficient for the 
population “all high school students residing in Japan” is greater than 0?

Remember that the process for a chi-square test of independence (not limited to this exercise) goes 
like this:

1. Assume a null hypothesis that “the Cramer’s coefficient for the population is 0” for the time being.

2. Calculate χ
0
2 from the sample data.

3. If χ
0
2 is too large, reject the null hypothesis and conclude that “the Cramer’s coefficient for the population 

is greater than 0.”

5.9915
0
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As χ
0
2 becomes larger, the probability shown as the shaded area in Figure 7-3 naturally becomes smaller.

Figure 7-3: Probability in correspondence to χ
0

2

In chi-square tests of independence, if the probability shown as the shaded area in Figure 7-3 is less 
than or equal to the value called the significance level, reject the null hypothesis and conclude that “the 
Cramer’s coefficient for the population is greater than 0.” In general, the significance level (also called the 
alpha value and expressed by the symbol a) is considered to be 0.05 or 0.01. 

It is up to the analyst which significance level to use. Suppose we decide to use 0.05 as the significance 
level in this case. The significance level is in fact the probability expressed as the shaded area in Figure 7-3. 

The shaded area in Figure 7-4 is called the critical region.

Figure 7-4: critical region 

(when significance level is 0.05)

0
χ

0
2

0
5.9915

Critical region
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answer

Step 1
Define the population.

160 chapter 7

In this exercise, the population was defined as “all high school stu-
dents residing in Japan.” Thus, in this particular exercise, step 1 is 
unnecessary. 

However, for “Tests of difference between population ratios” 
in the table on page 149, the populations in question are “voters 
residing in urban areas” and “voters residing in rural areas.” Where 
are the urban areas exactly? Are they Tokyo and Osaka? Or are 
they the capitals of the prefectures? This must be specified by the 
analyst. 

I repeat: When you are actually doing a hypothesis test, you 
must determine the population. No matter which hypothesis test 
you are trying to carry out, you must not fail to properly define the 
population. 

Otherwise, you might fall into a situation in which you are lost, 
wondering, “What was I trying to estimate?” Lots of statisticians fall 
into traps like this. Take great care about this point.

Teacher

analyst

The population is:

aLL high school 
students 

residing in Japan



Step 2
Set up a null hypothesis and an alternative hypothesis.
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Teacher An explanation of null hypotheses and alternative hypotheses is 
given on page 170.

analyst

The null hypothesis is: “The Cramer’s coefficient for the 
population is 0. In other words, sex and desired way of being 
asked out are not correlated.”

The alternative hypothesis is: “The Cramer’s coefficient 
for the population is greater than 0. In other words, sex and 
desired way of being asked out are correlated.”



Step 3
Choose which hypothesis test to do.
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Teacher

This exercise asks you to do a chi-square test of independence. So in 
this particular exercise, step 3 is unnecessary. 

(When you are actually doing a hypothesis test and not an exer-
cise, you must select the hypothesis test suitable for the objective of 
analysis on your own.)

analyst

I am going to do a chi-square test of 
independence.



Step 4
Determine the significance level.
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analyst

I will use 0.05 as the significance level.

Teacher

The exercise assigns 0.05 as the significance level, so in this par-
ticular exercise, step 4 is unnecessary. When you are actually doing 
a hypothesis test and not an exercise, you must determine the sig-
nificance level. As mentioned earlier, normally either 0.05 or 0.01 is 
used. The smaller the P-value computed from the sample data, the 
stronger the evidence is against the null hypothesis. In general, the 
symbol a is used to express the significance level (alpha value).



Step 5
Calculate the test statistic from the sample data.
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Teacher

The test statistic is obtained from a function that calculates a single 
value from the sample data. Different kinds of hypothesis tests have 
different test statistics. As mentioned above, the value for a test 
of independence is χ0

2, and in the case of tests of correlation (see 
page 149), the test statistic is as below.

correlation coefficient2 × number of values − 2

1 − correlation coefficient2

analyst

I am trying to do a chi-square test of independence. Thus the 
test statistic is Pearson’s chi-square test statistic (χ0

2 ). The 
value of χ0

2 for this exercise has already been calculated on 
page 132:  χ0

2 = 8.0091.



Step 6
Determine whether or not the test statistic from step 5 is in the critical region.
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analyst

Pearson’s chi-square test statistic (χ0
2  ) is 8.0091. As the 

significance level (a) is 0.05, the critical region is 5.9915 or 
above, according to the table of chi-square distribution on 
page 103. As shown in the chart below, the test statistic is 
within the critical region.

0
5.9915 8.0091

Critical region

Teacher

The critical region changes depending on the significance level (a). 
If a in this exercise was 0.01 instead of 0.05, the critical region 
would be 9.2104 or above, according to the table of chi-square 
distribution on page 103.



Step 7
If the test statistic is in the critical region in step 6, you reject the null hypothesis. If not, you fail to reject 
the null hypothesis. In this case, the test statistic was in the critical region.
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analyst

Thus the alternative hypothesis, “the Cramer’s coefficient for 
the population is greater than 0,” is correct!

Teacher

You cannot conclude that the alternative hypothesis is absolutely 
correct in a hypothesis test, even if the test statistic is within the 
critical region. The only conclusion you can make is, “I would like 
to say that the alternative hypothesis is ‘absolutely’ correct . . . but 
there is, at most, a (a × 100)% possibility that the null hypothesis is 
correct.”



?

That's about aLL.

i see...

But stiLL, something 
about step 7 
seems rather 
unconvincing.

i feel that you can say 
that "the nuLL hypothesis 
is correct" if the test 
statistic is not in the 

critical region.

critical Region

critical Region

Unfortunately, you cannot.
aLL you can say is, “i fail to reject 

the nuLL hypothesis.”

is that so...?

For 
example, 

Suppose χ0
2
 was 

2.5013 in that 
exercise we were 

solving.

it is not inside 
the critical 
region, is it?
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as a matter of course, 
you cannot accept the 
alternative hypothesis 

that "the cramer's 
coefficient for the 

population is greater 
than 0."

However, there is no 
way you can affirm the 

nuLL hypothesis that "the 
cramer's coefficient for 

the population is 0."

Here's a little 
story that 

might help you 
understand it 

better.

Suppose someone stole 
and ate a pudding you 

were saving to eat later.

Who stole my 
pudding!?

Yumi's name came up as 
the suspect.

Let's put aside details like the 
types of hypothesis tests or 

significance level...

and merely do a hypothesis test 
against these hypotheses.

Yumi! i thought 
you were my 

friend!

Yumi is guilty.

NuLL 
hypothesis Yumi is not guilty.

alternative 
hypothesis

This is just a make-believe story!
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if yumi had an 
alibi 

Everyone saw 
me at...

i was taking a 
walk around the 

neighborhood then.

Hey, let 
me out.

Do you 
have any 
evidence?

That's 
doubtful.

i am 
sorry.

That was quite 
reliable...

Then it would be almost impossible 
to object to the conclusion that 

"yumi is not guilty."

i agree.

if yumi had an alibi 
that was not so 

reliable...

Surely you could 
not conclude that 
"yumi is not guilty."

But even so, you 
cannot prove that 

"yumi is guilty."

That's true.

See? Now, shaLL we 
go on to the next 

topic?

Oh!

Just a minute!

?

How 
could 

you ever 
accuse 

me?

the library, 
cramming 

for a test.

Police Station

Dash!

{

{
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3. NuLL Hypotheses and alternative Hypotheses Your story 
reminded me that 

there was pudding 
in the fridge.

i’m glad it 
wasn’t stolen.

i said that you 
must always set up 
a nuLL hypothesis 
and alternative 

hypothesis

 When you do a 
hypothesis test.

Yeah, but what are the 
nuLL hypothesis and 

alternative hypothesis?

You said that you 
would explain 

later, but so far no 
explanation has been 

given.

i must confess that it is 
quite difficult to explain 
these two hypotheses 

simply.

WHaT?
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Examples of Hypothesis Tests

Tests of difference
between population ratios

Name Example of use

Tests of
independence

Tests of
correlation ratio

Tests of
correlation

Tests of difference
between population means

Estimates whether the value of the Cramer’s coefficient for sex and 
desired way of being asked out is zero for a population

Estimates whether the value of the correlation ratio for favorite fashion 
brand and age is zero for a population

Estimates whether the correlation coefficient for amount spent on 
makeup and amount spent on clothes is zero for a population

Estimates whether allowances are different between high school girls 
in Tokyo and Osaka*

* Note that two populations are being considered.

Estimates whether the approval rating of cabinet X is different between 
voters residing in urban areas and rural areas*

So this is what 
i’LL do...

i wiLL explain what kind 
of hypotheses should be 

used as nuLL and alternative 
hypotheses, instead of 

what nuLL and alternative 
hypotheses are.

Remember this 
table i showed 

you earlier? 

i wiLL explain 
using the 

examples in this 
table.

Yes, i do 
remember.

practical.
That's

Okay!
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Tests of independence

Null hypothesis The Cramer’s coefficient for sex and desired way of being asked out is 0 for a 
population.

Alternative hypothesis The Cramer’s coefficient for sex and desired way of being asked out is greater 
than 0 for a population.

Tests of correlation ratio

Null hypothesis The correlation ratio for favorite fashion brand and age is 0 for a population.

Alternative hypothesis The correlation ratio for favorite fashion brand and age is greater than 0 for a 
population.

Tests of correlation

Null hypothesis The correlation coefficient for amount spent on makeup and amount spent on 
clothes is 0 for a population.

Alternative hypothesis The correlation coefficient for amount spent on makeup and amount spent on 
clothes is not 0 for a population.

or

The correlation coefficient for amount spent on makeup and amount spent on 
clothes is greater than 0 for a population.

or

The correlation coefficient for amount spent on makeup and amount spent on 
clothes is less than 0 for a population.
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Tests of difference between population means

Null hypothesis The allowances of high school girls in Tokyo and Osaka are the same.

Alternative hypothesis The allowances of high school girls in Tokyo and Osaka are not the same.

or

The allowances of high school girls in Tokyo are larger than those of high school 
girls in Osaka.

or

The allowances of high school girls in Tokyo are smaller than those of high school 
girls in Osaka.

Tests of difference between population ratios

Null hypothesis The approval ratings of cabinet X for voters residing in urban areas and rural 
areas are the same.

Alternative hypothesis The approval ratings of cabinet X for voters residing in urban areas and rural 
areas are not the same.

or

The approval rating of cabinet X for voters residing in urban areas is higher than 
that of voters residing in rural areas.

or

The approval rating of cabinet X for voters residing in urban areas is lower than 
that of voters residing in rural areas.

Good 
explanation!
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FoLLowing 
along so 

far?

That's 
true.

i hope you now understand 
why "the cramer's coefficient 
for the population is 'almost' 

zero" is not the only nuLL 
hypothesis, and there exist 
some nuLL hypotheses that 

seem difficult to prove, such 
as "the cramer's coefficient 
for the population is zero."

also, Did You Notice That 
NuLL Hypotheses are Positive 
and use Phrases Like "...is..." 

Or "...are The Same"? 

alternative hypotheses are 
negative, with phrases like 

"...is not..." Or "...are not 
the same."

This is how you 
should think about 

this matter.

Then set a hypothesis 
that is opposite to the 
nuLL hypothesis as the 
alternative hypothesis.

4. P-value and Procedure for 
hypothesis Tests

Yes i do. So 
many of them 

are very 
extreme.

That's 
convincing.

Use a hypothesis 
that seems difficult 

to prove and is 
positive for the 
nuLL hypothesis.
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4. P-value and Procedure for 
hypothesis Tests

When making a 
conclusion in a 

hypothesis test...

There are two 
ways to make a 

judgment.

You told me about the 
first one, but not the 

second.

WHaT'S the 
P-VaLUE?

Though there 
are some 

differences 
depending 
on which 

hypothesis 
test you are 

doing,

in tests of 
independence, 
the p-value...

...is a probability that 
gives you a value of χ0

2 

the same as or greater 
than what has been 

calculated in the case in 
question, when the nuLL 

hypothesis is true.

in the previous 
example...

it is the 
probability shown 

here.

(1) Whether the test 
statistic is in the critical 
region

(2) Whether the P-value 
is smaLLer than the 
significance level
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You mean the part 
that’s shaded?

Until personal 
computers became 

popular, it was 
awfuLLy difficult to 

calculate the p-value.

For that reason, 
they used to 

use (1)...

Oh, 
reaLLy...

...For most of 
the conclusions 

in hypothesis 
tests.

What about 
now?

That was around the 
beginning of the 1990s.

Stop! Your fake 
girl voice is 
disturbing!

The p-value can 
be calculated 
easily by using 

Microsoft 
excel and other 
software. So (2) 
is starting to be 
used more often.

That's 
satisf ying.

The process for (2) 
is different from 
the process i just 
explained for (1), 

so...

"The puppet statistician 
is going to do the 

analysis once again!"

Tee
 h
ee

 h
ee

!
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Step 6p
Determine whether or not the P-value corresponding to the test statistic obtained in step 5 is smaller 
than the significance level.
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Teacher

As mentioned before, you can calculate the P-value using Excel 
(though this depends on what type of hypothesis test you are 
doing). See page 208 for details.

analyst

The significance level is 0.05. Since Pearson’s chi-square test 
statistic (χ0

2 , which is the test statistic in this case) is 8.0091, the 
P-value is 0.0182.

0.0182 < 0.05
Thus the P-value is smaller.



Step 7p
If the P-value is smaller than the significance level in step 6p, you reject the null hypothesis. If not, you 
fail to reject the null hypothesis.
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Teacher

Even if the P-value was smaller than the significance level, you 
cannot really conclude that the alternative hypothesis is “absolutely” 
correct in a hypothesis test. The only conclusion you can make is: 
“I would like to say that the alternative hypothesis is ‘absolutely’ 
correct . . . but there is a (a × 100)% possibility that the null hypoth-
esis is correct.”

analyst

The P-value was smaller than the significance level. Therefore, 
you conclude in favor of the alternative hypothesis, “the Cramer’s 
coefficient for the population is greater than 0.”



Why, that's 
very similar 

to (1).

i think i 
understand, for 
the most part.

You are so 
smart! i am 
proud of 

you.

am i?

Now, Rui, recaLL the 
story about the 

pudding in (1).

it seems that you can 
conclude that the nuLL 

hypothesis is correct if the 
p-value is larger than the 

significance level, but 
that's impossible.

aLL you can 
do is...

SMILE

TEARS  
(YOU'VE UNDERSTooD 

aT LaST!)

Fail to reject the 
nuLL hypothesis!
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You have 
worked 

very hard 
throughout 

these lessons, 
rui.

Thank you 
very much, 

Mr. Yamamoto.

at first, statistics 
seemed difficult 
to me, but i have 
learned so much 

about it.

i am beginning to feel 
that tabulation of 

surveys and stuff like 
that is kind of fun.

You are a student 
worth teaching.

i am so glad to hear you 
say so.

i want to do 
other types 

of analysis as 
weLL.

if you are so 
enthusiastic, why 
don't you work 
in the field my 

coLLeagues and 
i work in?

Oh! i almost forgot. 
i started studying 

statistics to work with 
Mr. igarashi...

i guess 

it is time 

for me 

to leave.
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HEY, BE CAREFUL!

C
R
A
S
H

i must 
go see 

Mr. igarashi.

What? 
igarashi? 

He’s gone...

...On vacation. 
He is on his 
honeymoon.

WHAT?
He’s married?!

That can't be true...
i have been studying 

statistics aLL this time 
in vain...!? Rui? i thought 

you were 
studying for 

your own 
sake..!

Shut up!
Sorry...



are you aLL right?

i didn't know you were so handsome!
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Mr. Yamamoto, please 
do keep teaching me 

this and that!

and so their lessons wiLL 
continue...

...MaYBE...MaYBE NOT.



1�4 chapter 7

5. Tests of independence and Tests of Homogeneity

There is a hypothesis test very similar to a test of independence called a test of 
homogeneity. Below is an example of a test of homogeneity. As you read it, think about 
how it is different from a test of independence.

Example

P-Girls Magazine published an article titled, “We Asked 300 High School Students, ‘How 
Would You Like to Be Asked Out?’” The choices were phone, e-mail, or face to face.

Hypothesis: The ratio of phone to e-mail to face-to-face is 

different between high school girls and boys.

To find out if this hypothesis is true or not, a journalist actually conducted a survey by 
randomly choosing respondents from each of the two groups, “all high school girls residing 
in Japan” and “all high school boys residing in Japan.” The table below is the result.

Respondent Desired way of 
being asked out

Age Sex

  1 Face to face 17 Female

  ... ...  ... ...

148 E-mail 16 Female

149 Phone 15 Male

  ... ...  ... ...

300 E-mail 18 Male

The cross tabulation of sex and desired way of being asked out is the table below.

Desired way of being asked out

Phone E-mail Face to face Sum

Sex Female 34  61  53 148

Male 38  40  74 152

Sum 72 101 127 300

Estimate whether or not the hypothesis stated above is correct using a test of 
homogeneity. Use 0.05 as the significance level.
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Procedure

Step 1 Define the 
population.

The population in this case is “all high school girls 
residing in Japan” and “all high school boys residing in 
Japan.”

Step 2 Set up a null 
hypothesis and 
an alternative 
hypothesis.

The null hypothesis is “the ratio of phone to e-mail to 
face to face is the same for high school girls and boys.” 
The alternative hypothesis is “the ratio of phone to 
e-mail to face to face is different between high school 
girls and boys.”

Step 3 Choose which 
hypothesis test to do.

A test of homogeneity will be applied.

Step 4 Determine the 
significance level.

The significance level is 0.05.

Step 5 Calculate the test 
statistic from the 
sample data.

A test of homogeneity is being used in this exercise. 
Therefore, the test statistic is Pearson’s chi-square test 
statistic. The value of χ0

2 in this exercise has already 
been calculated on page 132.

χ
0
2 = 8.0091

Pearson’s chi-square test statistic (χ0
2 ) in this exercise 

follows a chi-square distribution of degrees of freedom 
(2 - 1) × (3 - 1) = 1 × 2 = 2, if the null hypothesis  
is true.

Step 6 Determine whether 
the test statistic 
in step 5 is in the 
critical region.

The test statistic χ0
2 is 8.0091. Since the significance 

level is 0.05, the critical region is 5.9915 or more, 
according to the table of chi-square distribution on page 
103. The test statistic is within the critical region.

Step 7 If the test statistic 
is in the critical 
region in step 6, 
reject the null 
hypothesis and 
conclude in favor of 
the alternative. If not, 
fail to reject the null 
hypothesis.

The test statistic was within the critical region. Thus, you 
conclude in favor of the alternative hypothesis, “the ratio 
of phone to e-mail to face to face is different between 
high school girls and boys.”
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Don’t you think that both the exercise and procedure are quite similar to those for a 
test of independence? Let’s now look at the differences between tests of independence and 
tests of homogeneity. There are three things to note. 

First, the population defined is different. There is only one population (“all high school 
students residing in Japan”) in the former. In the latter, there are two populations: “all high 
school girls residing in Japan” and “all high school boys residing in Japan.” 

Also, the hypotheses are different. In the former,

Null hypothesis The Cramer’s coefficient for the population is 0. In other 
words, sex and desired way of being asked out are not 
correlated.

Alternative hypothesis The Cramer’s coefficient for the population is greater than 0. 
In other words, sex and desired way of being asked out are 
correlated.

In the latter,

Null hypothesis The ratio of phone to e-mail to face to face is the same for 
high school girls and boys.

Alternative hypothesis The ratio of phone to e-mail to face to face is different 
between high school girls and boys.

Finally, the order of procedure is different. In the former, the hypothesis is set after the 
data is collected, whereas the hypothesis is set before collecting the data in the latter. 

As confirmed in the previous paragraph, tests of independence and tests of homogene-
ity have obvious differences. However, in practice, people tend to do tests of homogeneity 
when they are actually intending to do tests of independence, or vice versa. Be careful.
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6. Hypothesis Test conclusions

Up to this point, we have expressed the conclusion of a hypothesis test as follows:

if the test statistic is in the critical region, you can 

conclude, “i reject the null hypothesis.” if not, you conclude, 

“i fail to reject the null hypothesis.”

But there are other ways to express the conclusions of hypothesis tests. They are sum-
marized below.

Table 7-4: Expressions of Hypothesis Test conclusions

When the test statistic is in the 
critical region

When the test statistic is not in 
the critical region

Conclude in favor of the alternative 
hypothesis
Conclude that the result is statistically 
significant
Reject the null hypothesis

•

•

•

Fail to reject the null hypothesis
Conclude that the result is not 
statistically significant
Accept the null hypothesis

•
•

•

The expressions “it is statistically significant” and “it is not statistically significant” seem 
to be popular in introductions to statistics. So why did we use an unpopular expression 
on purpose? I recognize that many beginners to hypothesis tests use the expression “it is 
significant” without actually understanding the meaning of the phrase. They seem to be 
merely confirming the test statistic or P-value. If you do not set a proper null and alterna-
tive hypothesis, the meaning of significant will be ambiguous. Beginners’ definitions of their 
populations are frequently unclear as well.

I used to think I shouldn’t be so strict with beginners. But it’s impossible to make an 
accurate conclusion with uncertain null and alternative hypotheses. So in this book, I use the 
expressions “reject the null hypothesis” and “fail to reject the null hypothesis” so that you will 
get into the habit of thinking hard about your hypotheses.
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Exercise and answer

Exercise

The table below is the same as the cross tabulation found on page 138.

Using a chi-square test of independence, estimate if the Cramer’s coefficient for type of food often 
ordered and preference for coffee or tea in the population “people of age 20 or older residing in Japan” is 
greater than 0. This is the same as estimating whether there is a correlation between type of food often 
ordered and preference for coffee or tea. Use 0.01 as the significance level.

answer

Step 1 Define the population. The population in this case is “people of age 20 or older 
residing in Japan.”

Step 2 Set up a null hypothesis and an 
alternative hypothesis.

The null hypothesis is “type of food often ordered and 
preference for coffee or tea are not correlated.” The 
alternative hypothesis is “type of food often ordered and 
preference for coffee or tea are correlated.”

Step 3 Choose which hypothesis test 
to do.

A chi-square test of independence will be applied.

Step 4 Determine the significance level. The significance level is 0.01.

Step 5 Calculate the test statistic from the 
sample data.

A chi-square test of independence is being used in this 
exercise. Therefore, the test statistic is Pearson’s chi-
square test statistic (χ0

2). The value of χ0
2 in this exercise 

has already been calculated on page 141. χ0
2  = 3.3483

Step 6 Determine whether the test 
statistic obtained in step 5 is in the 
critical region.

The test statistic χ0
2 is 3.3483. Because the significance 

level (a) is 0.01, the critical region is 9.2104 or above, 
according to the table of chi-square distribution on 
page 103. The test statistic is not within the critical 
region.

Step 7 If the test statistic is in the criti-
cal region in step 6, reject the null 
hypothesis. If not, fail to reject the 
null hypothesis.

The test statistic was not within the critical region. Thus, 
the null hypothesis “type of food often ordered and pref-
erence for coffee or tea are not correlated” cannot be 
rejected.

Type of food
often ordered

Sum

Japanese

European

Chinese

Preference for coffee or tea

Coffee

43

51

29

123

Tea

33

53

41

127

Sum

76

104

70

250
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Summary

A hypothesis test is an analysis technique used to estimate whether the analyst’s 
hypothesis about the population is correct using the sample data.
The formal name for a hypothesis test is statistical hypothesis testing.
Test statistics are obtained from a function that calculates a single value from the 
sample data.
In general, 0.05 or 0.01 is used as the significance level.
The critical region is an area that corresponds to the significance level (also called the 
alpha value and expressed by the symbol a).
A chi-square test of independence is an analysis technique used to estimate whether 
the Cramer’s coefficient for a population is 0. It can also be said that it is an analysis 
technique used to estimate whether the two variables in a cross tabulation are cor-
related.
If the Cramer’s coefficient for a population is 0, Pearson’s chi-square test statistic fol-
lows a chi-square distribution.
The P-value in a test of independence is a probability that gives a Pearson’s chi-square 
test statistic equal to or greater than the value earned in the case when the null 
hypothesis is true.
When making a conclusion in a hypothesis test, there are two bases of judgment:

1. Whether the test statistic is in the critical region
2. Whether the P-value is smaller than the significance level

The process of analysis in any hypothesis test is the same as the process for the test of 
independence or any other kind of test. The actual procedure is:

Step 1 Define the population.

Step 2 Set up a null hypothesis and an alternative hypothesis.

Step 3 Choose which hypothesis test to do.

Step 4 Determine the significance level.

Step 5 Calculate the value of the test statistic from the sample data.

Step 6 Determine whether the test statistic obtained in step 5 is in the critical 
region.

Step 7 If the test statistic is in the critical region in step 6, reject the null 
hypothesis. If not, fail to reject the null hypothesis.

Step 6p Determine whether the P-value corresponding to the test statistic 
obtained in step 5 is smaller than the significance level.

Step 7p If the P-value is smaller than the significance level in step 6p, reject the 
null hypothesis. If not, fail to reject the null hypothesis.

•

•
•

•
•

•

•

•

•

•
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This appendix contains instructions for calculating various statistics using Microsoft Excel. 
You’ll learn how to do the following things:

1. Make a frequency table 

2. Calculate arithmetic mean, median, and standard deviation

3. Make a cross tabulation

4 . Calculate the standard score and the deviation score

5. Calculate the probability of the standard normal distribution

6. Calculate the point on the horizontal axis of the chi-square distribution

7. Calculate the correlation coefficient

�. Perform tests of independence

You can download these Excel files and follow along (get them at http://www.nostarch 
.com/mg_statistics.htm). Readers who are not familiar with Excel should try “Calculating 
Arithmetic Mean, Median, and Standard Deviation” on page 195 first. 

1. Making a Frequency Table 

This exercise uses the ramen restaurant prices on page 33. 

Step 1
Select cell J3.
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Step 2
Select InsertFunction.

Step 3
Select Statistical from the category dropdown menu, and then select FREQUENCY as 
the name of the function.
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Step 4
Select the area shown in the figure below, and click OK.

Step 5
Start with cell J3, and select the area from cell J3 to J7 as shown below.

Step 6
Click this part in the formula bar.

Step 7
Press enter while holding down the shift key and ctrl key at the same time.
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Step 8
Now you have the frequency of each class!

2. calculating arithmetic Mean, Median, and Standard Deviation

This data comes from Rui’s classmates’ bowling scores on page 41.

Step 1
Select cell B10.

Step 2
Select InsertFunction.
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Step 3
Select Statistical in the category dropdown, and then select AVERAGE.

Step 4
Type the range shown in the figure below, and click OK.

Step 5
Now you have the average score for the team.

You can calculate the median and standard deviation by following steps 1 through 5 
and using the functions MEDIAN and STDEVP in step 2.
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3. Making a cross Tabulation

The data for this table is Rui’s classmates’ responses to the new uniform design, found on 
page 61.

Step 1
Select cell F20, then select InsertFunction.

Step 2
Select Statistical in the category dropdown, and then select COUNTIF as the name of 
the function.
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Step 3
Select the area shown in the figure below, type like in the Criteria text box, and then 
click OK.

Step 4
Now you have the total number of Rui’s classmates who like the new uniform.

Step 5
You can obtain the frequency of neither and dislike by following steps 1 through 4 and 
typing those words instead of like in step 3. 
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4. calculating the Standard Score and the Deviation Score

This exercise uses the test data from page 72.
Steps 1 through 8 show the process for obtaining the standard score.
Steps 9 through 11 show the process for obtaining the deviation score. There is an 

Excel function for calculating standard score, but there is no function for calculating devia-
tion score. However, the deviation score can be calculated fairly easily if we use the result of 
the standard score calculation. 

Step 1
Select cell E2.

Step 2
Select InsertFunction. Then select Statistical, and then select STANDARDIZE as 
the name of the function.



200 appendix

Step 3
Select cell B2.

Step 4
Select B20 for Mean, press F4 once, and confirm that B20 has changed to $B$20.
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Step 5
Select cell B21 for Standard_dev, press F4 once, and after confirming that B21 has 
changed to $B$21, click OK.

Step 6
Confirm that Rui’s standard score has been calculated.
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Step 7
Put the point of the arrow near the bottom-right side of cell E2, confirm that the arrow 
has changed to a black cross, drag down to cell E19 by holding down the left button of 
the mouse, and let go of the button when you finish dragging.

Step 8
Now you should have everyone’s standard score!
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Step 9
Select cell F2 and type =E2*10+50, then press enter.

Step 10
Drag down to cell F19, as you did in step 7.

Step 11
Now you have the class’s deviation score.
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5. calculating the Probability of the Standard Normal 
Distribution

For this example, we’ll use the data from page 93.

Step 1
Select cell B2.

Step 2
Select InsertFunction, then select Statistical, and then select NORMSDIST.

Step 3
Select cell B1, and click OK.

In fact, NORMSDIST is a function to calculate the probability shown in the figure 
below.

0
z
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Step 4
Type =B2-0.5 in cell B3.

Step 5
Now you have the area.

6. calculating the Point on the Horizontal axis of the 
chi-Square Distribution

The data for this exercise comes from page 104.

Step 1
Select cell B3.

Step 2
Select InsertFunction, then select Statistical, and then select CHIINV.
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Step 3
Select cells B1 and B2, and then click OK.

Step 4
Now you’re done.

7. calculating the correlation coefficient

This data comes from the P-Girls Magazine survey found on page 116.

Step 1
Select cell B14.
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Step 2
Select InsertFunction, then select Statistical, and then select CORREL.

Step 3
Select the area shown in the figure below, and then click OK.

Step 4
Now you have the correlation coefficient.

Note Unfortunately, there are no Excel functions for calculating the correlation ratio or the 
Cramer’s coefficient.
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�. Performing Tests of independence

This data is from the dating survey on page 157.

Step 1
Select cell B8.

Step 2
Type =E2*B4/E4 in cell B8. Do not press enter yet.

Step 3
Select E2 in the equation you just typed, press F4 three times, and confirm that E2 has 
changed to $E2. Do not press enter yet.
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Step 4
Select B4 in the equation in cell B8, press F4 twice, and confirm that B4 has changed 
to B$4. Select E4 in the equation in cell B8, press F4 once, and confirm that E4 has 
changed to $E$4. Then press enter.

Step 5
Select cell B8, put the point of the arrow near the bottom right side of cell B8, confirm 
that the arrow has changed to a black cross, drag down to cell D8 by holding down the 
left button of the mouse, and let go of the button when you finish dragging.
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Step 6
Select the area from cell B8 to D8, put the point of the arrow near the bottom right 
side of cell D8, confirm that the arrow has changed to a black cross, drag down to 
cell D9 by holding down the left button of the mouse, and let go of the button when 
you finish dragging.

Step 7
Select cell B12, select InsertFunction, then select Statistical, and then select 
CHITEST.
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Step 8
Select the area shown in the figure below, and then click OK.

Step 9
Now you’re done. You can confirm that the calculated value is equal to the P-value on 
page 177.
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