CHAPTER 1

Picturing Distributions
with Graphs




Intended Learning Outcomes

» Define individuals and variables in the = Construct histograms and stemplots

context of a dataset = Interpret histograms and stemplots

= Distinguish categorical vs quantitative = Shape, centre, spread, outliers
= Construct pie charts and bar graphs = Construct and interpret time plots

i = Trends, lity, deviations
= Interpret pie charts and bar graphs rends, seasonality, deviation
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Datasets and observations

Dataset

A dataset is a structured collection of data containing information about a group of
individuals and their variables.

|d name score
1 1 Alice 87
2 2 Bob 02
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Datasets and observations

Dataset

A dataset is a structured collection of data containing information about a group of
individuals and their variables.

|d name score
1 1 Alice 87
2 2 Bob 092

Observation

An observation is a single row in a dataset, containing all the variable values for one
individual.

3/59



Individuals and Variables

Individuals
The objects described by a set of data.

Variable
Any characteristic of an individual that can take different values.
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Example 1.2: Canadian Ice Cream Survey

Consider the following dataset from a survey of Canadian adults about ice cream preferences:

gender flavour cones/mo age lactose intol.
1 Female Chocolate 3 22  No
2 Male Vanilla 5 28  Yes
3 Female Strawberry 2 19 No
4  Male Mint 4 35 No
5 Female Vanilla 6 41  Yes
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Example 1.2: Canadian Ice Cream Survey

Consider the following dataset from a survey of Canadian adults about ice cream preferences:

Individuals:

gender flavour cones/mo age lactose intol.
1 Female Chocolate 3 22  No
2 Male Vanilla 5 28  Yes
3 Female Strawberry 2 19 No
4  Male Mint 4 35 No
5 Female Vanilla 6 41  Yes

5/59



Example 1.2: Canadian Ice Cream Survey

Consider the following dataset from a survey of Canadian adults about ice cream preferences:

gender flavour cones/mo age lactose intol.
1 Female Chocolate 3 22 No
2 Male Vanilla 5 28 Yes
3 Female Strawberry 2 19 No
4 Male Mint 4 35 No
5 Female Vanilla 6 41 Yes
Individuals: Variables:

Lundin wirls  wh rzfzﬂla[&ol gmdm Pluvprr; cmaj/m/ 0sl, Ichose isl
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Types of Variables

Categorical

Places individuals into groups or
categories.

Examples:

Gender, Favourite flavour of ice cream, marital
status
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Types of Variables

Categorical

e _ Quantitative
Places individuals into groups or

) Takes numerical values where arithmetic
categories.
makes sense.

Examples: Examples:

Gender, Favourite flavour of ice cream, marital Age, Height, Number of courses

status
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Example 1.5: Dating Survey Example

: : . . A .
The following dataset was obtained through an online survey of Americans about how they met their
partners:

meeting_method age gender relationship_length zipcode

Dating app 33 F 20 10001
Dating app 18 M 5 90210
Friends 37 M 21 60601
School /Work 26 F 5 77001
Social Media 20 F 4 08101
Other 43 F 11 85001

The individuals are The variables are

MM%:‘ d ho_raspraind Hr : rﬂwﬁ“ﬂmm%/w) ()

pol Surve ] n

. i (¢)
%Mnck.p_ l&naﬂn (VO\)
?:\ﬂcodé ()
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Numbers # Quantitative

A Caution:

Just because a variable contains numbers does not make it quantitative

The following are categorical (in general)
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Numbers # Quantitative

A Caution:

Just because a variable contains numbers does not make it quantitative

The following are categorical (in general)

flsﬁv/ (¢ Jéf

f Question to ask:
Aww, win MY

Do arithmetic operations
make sense?

7{, rm nvm |M/r L )

et LD pumbers
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Exploratory Data Analysis

Exploratory Data Analysis (EDA)

Using graphs and numerical summaries to describe variables and relationships.
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Exploratory Data Analysis

Exploratory Data Analysis (EDA)

Using graphs and numerical summaries to describe variables and relationships.

Distribution

The values a variable can take and how often it takes them.
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Example 1.7 Distribution

A sample of 15 students was asked about their favourite pizza topping. The distribution of
responses is shown below.

favourite_topping

0 Veggie
1 Pepperoni
2 Mushroom
3

Veggie
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Favourite Pizza Toppings

A sample of 15 students was asked about their favourite pizza topping. The distribution can be

summarised in the following table: The N/M[lve 7441]/5/’6/'35
Topping Count Percent or toung
T/w W-(V@‘) Pepperoni 6 40% h"“’ ”ﬂﬁ” // /u/(ej
@w (o Vol {I\/Iushroom 4 27% } ﬂ«n;e VI ues
G Fok Veggie 5 33%

/

Disde: b $iom
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Minutes to Campus: Raw Data
A survey of 58 DS 1000 students

Commute Time (minutes)

5.5 42.5 28.3 36.4 9.1 13.2 7.2 39.9
37.6 31.9 4.2 33.1 14.1 4.3 13.2 43.2
2.9 3.5 92,6 3.6 5.4 16.1 5.8 11.3
23.2 31.3 156.3 4.6 34.1 6.0 2.1 34.8
11.5 4.7 15.6 32.6 17.5 15.6 10.7 15.2
4.3 6.2 4.3

4.8

4.6

13.4 40.9

33.4
32.6
43.5

2.4
5.7
15.0

11.0
7.3
32.5
37.7
11.8
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Minutes to Campus: Raw Data
A survey of 58 DS 1000 students

Commute Time (minutes)

5.5 42.5 28.3 36.4 9.1 13.2 7.2 39.9 4.8 4.6 11.0
37.6 31.9 4.2 33.1 14.1 4.3 13.2 43.2 13.4 40.9 7.3
2.9 3.5 92,6 3.6 5.4 16.1 5.8 11.3 33.4 2.4 32.5
23.2 31.3 156.3 4.6 34.1 6.0 2.1 34.8 32.6 b.7 37.7
11.5 4.7 15.6 32.6 17.5 15.6 10.7 15.2 43.5 15.0 11.8
4.3 6.2 4.3

What do you see?

12 /59



Minutes to Campus: Visualized
The same 59 students, now as a histogram

0 10 20 30 40 50 60 70 80 90 100
Minutes to Campus

~-

“A picture is worth a thousand numbers.” - Aristotle, probably
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Pie Charts

Pie Chart
The pie chart of a categorical variable is a circle which
IS

= divided into slices :

= where each Slieg represents a
Cl&/'{gaf‘;l/ of the variable.

The [ZAAS B/r lm;;ld ’/
xSl % ,om/orkmw/

o ibs «[lmp/mcg :
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Example 1.9

Topping Count Percent

Pepperoni 6 40%
Mushroom 4 27%

Veggie 5 33%
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Example 1.9

Topping Count Percent

Pepperoni 6 40%
Mushroom 4 27%

Veggie 5 33%

_— Pepperoni
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Example 1.9

Pepperoni
Topping Count Percent -

Pepperoni 6 40%
Mushroom 4 27%

Veggie 5 33%
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Example 1.9

Mushroom N

_— Pepperoni
Topping Count Percent

Pepperoni 6 40%
Mushroom 4 27%
Veggie 5 33%

Veggie /
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Main use of pie charts: Humour

&) Hot take: the main benefit of pie charts is humour.

B Sky

Sunny side of pyramid

~ Shady side of pyramid
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Pie | have eaten

2 Pie | have not
yel eaten
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Bad pie charts

0.40%

| o Other media
| ——
I — oo 47.23%
o, L;'iow\
o N\ L Tube
' 13.17%
2.50% - 8P
? pr 4chan
ﬁ; 12.14%
6.54% 52.77%

Meme oriains in 2010s
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Example 1.11

A survey of adults asked: “Which of the following modes of transportation do you use

regularly?” The results are summarized below.

Mode Percent of adults using (%)
Car 72
Public Transit 38
Bicycle 19
Walking 44
Rideshare 15
Other 6

Can we construct a pie chart for this distribution? V¢
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When are pie charts valid as visualizations?

A Caution: For a pie chart to be a valid form of visualization of a categorical variable,

» Categories must be mutually exclusive
Vo indivibuul belongt  fofs m%/;/m%.

» Categories must be exhaustive
Eva«a individ ,lw/vw‘{,c fo  Somy éu/(/ﬁ/yrdq.
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Bar Graphs

Bar Graph

A bar graph displays the distribution of a categorical variable
using rectangular bars where

i kag(yrfgg appear on the x-axis and

= the area or length of a bar represents the
o o w_ [atonpry.
/2 ] ‘f
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Example 1.13: Constructing a Bar Graph

Recall that the pizza toppings from our survey were: Pepperoni (6), Veggie (5), Mushroom (4).
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Example 1.13: Constructing a Bar Graph

Recall that the pizza toppings from our survey were: Pepperoni (6), Veggie (5), Mushroom (4).

N

Count

2\

Pepperoni Veggie Mushroom
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Example 1.13: Constructing a Bar Graph

Recall that the pizza toppings from our survey were: Pepperoni (6), Veggie (5), Mushroom (4).

N

Count

~

Pepperoni Veggie Mushroom
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Example 1.13: Constructing a Bar Graph

Recall that the pizza toppings from our survey were: Pepperoni (6), Veggie (5), Mushroom (4).

N

Count

Pepperoni Veggie Mushroom
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Note that
= Bars should have gaps between them
= Order of categories 15 L ble,

» Works for any categorical variable

N

80 A

B (@)
o o
) )

Proportion (%)
N
o

Car Public  Bicycle Walking Rideshare Other
Transit
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Pie Charts vs Bar Graphs
Example 1.14

Nobel Peace Prize 2025 Winner (According to Polymarket)

Yulia Navalnaya

Donald Trump

BP0

Volodymyr Zelenskyy
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Pie Charts vs Bar Graphs

Polymarket Nobel Peace Prize 2025 Sentiment

Yulia Navalnaya

UNHCR

NATO

Donald Trump

Antonio Guterres

Volodymyr Zelenskyy

José Andrés

Greta Thunberg

30
27.92% 27.75%

N
o

N
o

14.81%

Chance of Winning (%)
o

N
o

8.46%

7.02%

I 492% 4.89% 4.23%
0\% <0

-] Q.
& & O
¢ & T ¥

(&)}

N 509

Candidates
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Pie Charts vs Bar Graphs

Use pie charts when...

= showing parts of a whole
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Pie Charts vs Bar Graphs

Use pie charts when...
= showing parts of a whole

= few categories (3-5)
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Pie Charts vs Bar Graphs

Use pie charts when...
= showing parts of a whole
= few categories (3-5)

» the data pertains to pizza or other circles
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Pie Charts vs Bar Graphs

Use pie charts when... Use bar graphs when...
= showing parts of a whole
= few categories (3-5)

» the data pertains to pizza or other circles
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Pie Charts vs Bar Graphs

Use pie charts when... Use bar graphs when...
= showing parts of a whole = ...ever but especially when
= few categories (3-5) = there are many categories

» the data pertains to pizza or other circles
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Pie Charts vs Bar Graphs

Use pie charts when... Use bar graphs when...
= showing parts of a whole = ...ever but especially when
= few categories (3-5) = there are many categories

» the data pertains to pizza or other circles

&b Bar graphs are almost always better as a visualization because humans are
better at decoding lengths more accurately than angles.
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Histograms

Histogram

A visualization for quantitative data where

The x-axis is divided into bins ,

each covering a specific _ reng/ M’ vt of
the variable. ’

For each bin, a vertical bar is drawn whose height encodes the
Count 11 roladiue frd(t/ of observations in that bin.

bon

bin
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Building a Histogram
Start with Raw Data

A sample of 20 students were asked: “How many hours of sleep did you get last night?”

7, 5,8, 6, 7,9, 6, 7,8, 4, 7, 6, 8, 5, 7, 10, 9, 6, 8, 7

28 /59



Building a Histogram
Count Observations in Each Bin

al o s 04’ 5144/ vlrwv 4 (incls\ve)

o 5

Bin Count (exclusive)
Sorted data: E: 23
4, 5, 5, 6, 6, 6, 6, 7, 7, 7, 7, 7, 7, [6,7)
8,8, 8,8, 09,9, 10 7,8)

8,9)

[9, 10)

10,11)
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Building a Histogram
Count Observations in Each Bin

Bin Count
Sorted data: E: 23 !
4, 5, 5, 6, 6, 6, 6, 7, 7, 7, 7, 7, 7, [6,7)
8,8, 8,8,9, 9, 10 7,8)

8,9)

9, 10)

10, 11)
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Building a Histogram
Count Observations in Each Bin

Bin Count
Sorted data: E: 23 ;
4,5,5,6,6,6,6,7,7,7,7,7,17, 6,7)
8,8, 8,8,9, 9, 10 7,8)

8,9)

9, 10)

10, 11)
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Building a Histogram
Count Observations in Each Bin

Bin Count
Sorted data: E: 23 ;
4,5,5,6,6,6,6,7,7,7,7,7, 7, 6,7) 4
8, 8, 8,8, 9,9, 10 7,8)

8,9)

9, 10)

[10,11)
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Building a Histogram
Count Observations in Each Bin

Bin Count
Sorted data: E: 23 ;
4, 5, 5,6, 6,6, 6,T,7, 7,7, 7,17, 6,7) 4
8, 8, 8, 8, 9, 9, 10 7,8) 6

3,9)

9, 10)

10,11)
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Building a Histogram
Count Observations in Each Bin

Bin Count
Sorted data: E: 23 ;
4, 5,5,6,6,6,6,7,7,7,7, 7,1, 6,7) 4
8, 8, 8, 8, 9, 9, 10 7,8) 6

8,9) 4

9, 10)

10,11)
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Building a Histogram
Count Observations in Each Bin

Bin Count
Sorted data: E: 23 ;
4, 5,5,6,6,6,6,7,7,7,7, 7,1, 6,7) 4
8, 8, 8, 8, 9, 9, 10 7,8) 6
8,9) 4
(9,10) 2
10,11)
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Building a Histogram
Count Observations in Each Bin

Bin Count
Sorted data: E: 23 ;
4, 5,5,6,6,6,6,7,7,7,7, 7,1, 6,7) 4
8, 8, 8, 8, 9, 9, 10 7,8) 6
8,9) 4
(9,10) 2
[10,11) 1
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Building a Histogram
Draw bars with heights equal to counts

Bin Count ;
4,5)
[576) 5 1
6,7)
7,8) LA
8,9) S
[9,10) S 3
10,11)
2 .
1 .
0 >

4 5 6 7 8 9 10 11
Hours of Sleep
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Building a Histogram
Draw bars with heights equal to counts

Bin Count ;
4,5) 1
[5,6) 5 -
6,7)
7,8) L4
8,9) S
[9,10) S 3
(10, 11)
5
L

v

4 5 6 7 8 9 10 11
Hours of Sleep
30/59



Building a Histogram
Draw bars with heights equal to counts

Bin Count ;
4,5) 1

5,6) 2 5
6,7)

7,8) LA
8,9) S
[9,10) S 31
[10,11)

v

4 5 6 7 8 9 10 11
Hours of Sleep
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Building a Histogram
Draw bars with heights equal to counts

Bin Count ;
4,5) 1

5,6) 2 5
6,7) 4

7,8) LA
8,9) S
[9,10) S 31
[10,11)

2\

4 5 6 7 8 9 10 11
Hours of Sleep
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Building a Histogram
Draw bars with heights equal to counts

Bin Count ] 6
[4,5) 1

5,6) 2 5 -

[6,7) 4

[7,8) 6 S

[3,9) 5

[9,10) S 3

10, 11)

~

4 5 6 7 8 9 10 11
Hours of Sleep
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Building a Histogram
Draw bars with heights equal to counts

Bin Count ;
[4,5) 1

5,6) 2 5 -
[6,7) 4

[7,8) 6 S
[3,9) 4 5
[9,10) S 3
10, 11)

~N-

4 5 6 7 8 9 10 11
Hours of Sleep
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Building a Histogram
Draw bars with heights equal to counts

Bin Count ;
[4,5) 1

5,6) 2 5 -
[6,7) 4

[7,8) 6 L4
[3,9) 4 5
[9,10) 2 S 3
10, 11)

~N-

4 5 6 7 8 9 10 11
Hours of Sleep
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Building a Histogram
Draw bars with heights equal to counts

Bin Count ;
[4,5) 1

5,6) 2 5 -
[6,7) 4

[7,8) 6 L4
[3,9) 4 5
[9,10) 2 S 3
[10,11) 1

4 5 6 7 8 9 10 11
Hours of Sleep
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How to Draw a Histogram

&2 How to Draw a Histogram
1. Divide values into equal-width bins?
2. Count observations in each interval

3. Draw adjacent bars with heights representing counts

9The choice of bin width and location is arbitrary and can affect the appearance of the
histogram
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Choosing Bin Width: Old Faithful Geyser

Data: Duration of eruptions (in minutes)




Choosing Bin Width: Old Faithful Geyser

Data: Duration of eruptions (in minutes)
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Choosing Bin Width: Old Faithful Geyser

Data: Duration of eruptions (in minutes)

I 1

N
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Example 1.16: Countries Visited Histogram
Countries Visited by DS 1000A Students

Find the number of students who visited fewer than 8 countries.

Countries Visited
16 | | |

14
12
10

Count

8
6
4
2
0

Number of Countries

0J2\L4J/6J/8 0 12 14 16 18
Held 2y
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Describing Distributions

Centre: k//m’ ) U %Wﬂ(/‘t/ W(/Vg

7
Spread: HI?W MIII‘\ 0/(7 VI(I\IIC Vurey -

Outliers: /7rv %/{ M4 //W(W/ 0%//’1/&{//(/%f/m/“/§

Shape: [4 ﬂt( (/M{” 51”"6///6 1( :{ }kf’wet’q
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Centre

Centre
A typical or representative value for the distribution.

Centre

A \y

35/59



Spread

Spread
How much the data values can differ from one another.

Low Spread

~

>

narrow range



Spread

Spread
How much the data values can differ from one another.

Low Spread High Spread

N

D S < >

narrow range wide range
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Centre and spread

&b For now, we will keep the concepts of centre and spread abstract.

In Chapter 2, we will learn numerical summaries to quantify these features.
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QOutliers

Outlier
A value that lies far from the rest of the data.

01/7//’//
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Tail of a Distribution

Tail of a Distribution

The portion of the distribution that extends away from the centre toward extreme values.

Longer Left Tail
Cenfrg

Lower
extreme
values

Longer Right Tail

Higher
extreme
values

The tail is the side that tapers off gradually.
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Shape: Symmetric vs Skewed

Ne 7(471{\/(/:[- sYound /ﬂf 76!//7# steved

Left-Skewed Symmetric Right-Skewed

Tail tapers
Right

Tail tapers
Left
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Shape of Distribution

What is the shape of the following distribution?

20
15

10

Frequency

4 5 6 7 8 9 10 1 12 13 14 15 16
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Shape of a Distribution

Describe the shape of the following histogram.
Conder

0 10 20 30 40 50 60 70 80 90 100
Minutes to Campus

2 g
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Stemplots (Stem-and-Leaf Plots)

ﬁuaﬁylf‘%m[f(/f i k/fg

Stemplot

Split each observation into a

= stem [Pyeryfhi i &r¢// ) and a
= leaf _ fugf a//;//f

Dhsoywbior: 4 7
R{pf(;m/a fiop: 6/ #

Data:

13, 22, 22, 24, 43

Stem | Leaf

224

=W N
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Stemplot, more digits

Data:
1364, 1365, 1366, 1370, 1371
565 -~ Spws 136 leuf 6
Stemplot:
Stem‘Leaf

136 | 4 5 6
137 | 0 1
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Stemplot, witwls Plonse se0 WI_ Tag I

Data: X ]:")“
1364.03, 1365 1366.00, 1370.02, 1371.94

37199
Bo5 | $im= 134 //y(%;/

Stem | Leaf

Stemplot:

1365 | 1
1366 | O
1370 | 0 2
1371 | 9
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Example 1.24: Building a Stemplot

Construct the stemplot for the following test scores dataset:

67, 72, 74, 78, 81, 83, 85, 87, 88, 91, 95, 98

Stemplot:

Stem | Leaf

249
| 367§

CR S U N

46 /59



Determining Shape from Stemplots

o S W NN -




Determining Shape from Stemplots

2 3 4 b5

o S W NN -

\/




Determining Shape from Stemplots

dh. k&

2 3 4 b5

o S W NN -

\/
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Example 1.25: Interpreting a Stemplot

The following stemplot shows the percentage

unemployment rates for various countries in
2011.

Comment on the outliers and shape of the dis-
tribution.

79

08

15566
012223444457888999
01233333444899
02666

23

38
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© 0 ~N O O b

10

12
13
14
15
16

Stemplot

0 N O O O ~» O N

w N = = 01 0 ©

56 6
2223444457888999
2333334448909

6 6 6



© 00 ~N O O b

10
11
12
13
14
15
16

Stemplot

0 N O O O ~» O N

w N = = 01 00 ©

0v7l/f'gy5 Uy

%W el skewd

56 6
2223444457888999
2333334448909

6 6 6

\
4

15

Frequency
)
|

As Histogram

8

9

Cenfer

10 11 12 13 14 15 16
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Using stemplots

& Key Point: We can use stemplots when
= the datasets are small to moderate datasets (up to about 50 observations)
= it is important to see granularity (preserving actual data values) (unlike histograms)

For larger datasets, histograms are usually preferred.
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Time Plots

Quw}“fét/r'f/ a&%/l

Time Plot (Time Series)
Shows how a variable changes over time.
= él')’l’t/ on x-axis,

= ({(@ﬁé{#[{gg |dr._ on y-axis.

A

g
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Time Plot Patterns

Features to look for in time plots:

Trend

v

Long-term
direction



Time Plot Patterns

Features to look for in time plots:

Trend

v

Long-term
direction

Seasonality

Cyclic
pattern

v



Time Plot Patterns

Features to look for in time plots:

Trend Seasonality Deviations
AN AN AN
\ \ \
? 7 ?
Long-term Cyclic Unusual
direction pattern behaviour
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Example 1.28: US Teen Smartphone Access & Depression

, . 100 %
T[W'( 5 —e— Smartphone Access ——°
\/fWHI‘ ”(‘("J 30 - Depression Rate

by S

— 60 -
. (O]
VMIU.“/‘. &
c

S 401
o

20 T

0 : : : : : : —>
2011 2013 2015 2017 2019 2021 2023

Year
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Example 1.29: Ontario University Tuition Trends

A vegiables
di(rlma Ry
VVWIJS
dund

D)

Tuition (CA

A
40k T —— Domestic (Arts/Sci)
International

30k —a&— Domestic (Eng/Bus)

20k T
Y S— I

10k T y — — —9

o— —— ——
0 t t t t f >
2010 2013 2016 2019 2022

Year
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Example 1.30: Seasonal Temperature Patterns

. Monthly Max Temperature (London, ON)
Ty bme  stries I)II/ 40

J(ri[ T //k}

[\
)

Temperature (°C)

| | | | |
1997 1998 1999 2000 2001
Year

2002
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Example 1.31: US Teen Employment Rate (1948-2022)

Ocviai-’u"

000 vy
m 2001

2007
2021
(bd wlsp 1D |

50

B
o

30

20

Economic Indicator Value (%)

Generations
== Silent Generation
Baby Boomers
== (Generation X
== Millennials
== (Generation Z

10

offar hus, ¢4 e
165)

Long-Term Economic Time Series Analysis by Generation

1960

Bureau of Labor Statistics Data (LNS12300012)

1970

1980

Year

1990

|
|
|
|
|
1

2000

Dot-com Recession

Great Recession

2010

COVID-19 Recession

2020
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Exercise

Comment on each of the time series features we examined in the context of the following plot:

Tend: Ahre is no  char {iind
présnt

ﬁnsm(i/va: wu b J,f/ﬂ
Hfp s b W fagame!

Dpvia Frome: Gl d fh ff//mna

we  lid (

- Ny diufims frisn

] ”Lviifigﬂ ofbtr
0w -

)

Water depth (meters

1

0.5

182

365

047

730
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Choosing the Right Visualisation

[What is being visualized?}

Categorical Quantitative Time series
groups numbers Quantitative over time
Pie Chart Histogram
Bar Graph Stemplot Time Plot

o = W
N O

Ol
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Concepts

Chapter 1 Summary

Interpreting Quantitative Data

Individuals — objects described = QOverall pattern

Variables — characteristics of individuals = Quantitative: centre, spread, shape

Categorical — groups or labels = Quantitative 4 time: trend, seasonality

Quantitative — numbers = Deviations from patterns

= Quantitative: outliers
= Quantitative 4+ time: deviations from
trend /seasonality

Distribution — which values a variable takes, and
how often
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