CDS 6324
DATA VISUALIZATION

Lecture 5: More on Visualization Design and Chart Types



Revision: Graphics Integrity,
Visualization Design & Tools



Graphics Excellence

Tufte’s Principles:
* Graphical excellence is that ideas time
which gives to the viewer the |
greatest number of ideas in the | 6}
shortest time with the least ink
in the smallest space




Graphics Integrity

Graphical Integrity Principles:
* Avoid distortion and ambiguity

Comparative Annual Cost per Caplta for care of Insane in
P ity Homes and Hospitals.

$147

This line, representing 18 miles per
gallon in 1978, is 0.6 inches long,.

Pittsburgh Civic Commission, Report on
Expenditures of the Department of Charifies
(Pittsburgh, 1911), p. 7.

Lie Factor=1.0

)
80,/ 22 20 Fuel Economy Standards for Autos
Va‘[/E = — v 22 Set by Cs 3 by the
o2 L. C 24 Department. In miles per galion.

26

This line, representing 27.s miles per
gallon in 1983, is 5.3 inches long.

OPEC Oil Prices: After 18
Months of Stability, Prices Are
Due to Rise Again

Dollars per barrel

increase
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Graphics Integrity

Graphical Integrity Principles New York State | L

Total Budget Expenditures and
Aid to Localities in bilions of dollars

. Avoid distortion and
ambiguity

. Show data variation, not
design variation (avoid
fancy chart junk / tricks!) tocalies

*Varying from a low
of 56.7 percent of
the total in 1970-71
10 a high of 60.7
percent in 1972-73 1966- '67- '68- '69- ‘10- n- 72- ‘13- ‘- ‘75 ‘76-

67 68 69 ‘70 n 72 73 " ‘% 7% m
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Estimated Recommended

Total Budget — —




Graphics Integrity
Graphical Integrity Principles o e price of crude 0“/ é
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Graphics Integrity

Graphical Integrity PrinCipIeS ' enforcement [ ’
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Avoid distortion and
ambiguity

Show data variation, not i
design variation (avoid
fancy chart junk / tricks!) S
Account for Inflation = S

Graphics should be put in 195 1956 A
context.




Tufte’s Design Principles
A Data-Ink Maximization and Graphical Redesign
Remove Chartjunk
Multi-functioning Graphical Elements
Data Density
Small Multiples and Parallel Sequencing

O O 0 O



More Visualization Design
Principles

Adapted from: Knaflic, Cole. Storytelling with Data: A Data Visualization Guide for Business Professionals, Wiley, © 2015, 2025.




Cole Nussbaumer’s Design Concepts

Form Follows Function

What function do we want our
audience to do?

Create a form that will allow the
audience to do the function with
ease.

https://www.artic.edu/archival-collections/digital-resources/louis-sullivan-collection



Cole Nussbaumer’s Design Concepts

4 important concepts in design:
* Affordances

e Accessibility

* Aesthetics

* Acceptance



Cole Nussbaumer’s Design Concepts

Affordances
 Make it obvious how to use

* Indicate to the audience how
to use and interact with
visualizations

* Highlight the important 0
* Eliminate distractions



Cole Nussbaumer’s Design Concepts

Affordances

* Highlight the important # Graphic design affordances

* Bold, italics, or underlining
e CASE and typeface
e Size and color



Cole Nussbaumer’s Design Concepts

New Marriage Rate by Education

Number of newly married adults per 1,000 marriage eligible adults

61.5
'08 '09 10 11 12
41.4 42.5
36.7 35.9 36.5
30.1
26.8
23.4

All Less than High Some Bachelor's
high school college degree or
school graduate more

Note: Marriage eligible includes the newly married plus those widowed, divorced,
or never married at interview.

Source: U.S. Census
Adapted from PEW RESEARCH CENTER

New Marriage Rate by Education

Number of newly married adults per 1,000 marriage eligible adults

61.5
56.7
2008...2012
4.4 42.5
36.7 359 36.5
301
26.8
234
All Less than High Some Bachelor's
high school college degree or
school graduate more

Note: Marriage eligible includes the newly married plus those widowed, divorced,
or never married at interview.

Source: U.S. Census
Adapted from PEW RESEARCH CENTER

Main message to audience: the increase in new marriages from 2011
to 2012 was mainly due to people with a bachelor’s degree or more.



Cole Nussbaumer’s Design Concepts

Affordances ( Not all data are equally
o ) ] N important
* Eliminate distractions
* Clutter [ When detail isn’t needed,
* Context Y summarize

( Ask yourself: would eliminating
L this change anything?

( Keep necessary but non-critical )
. elements in the background.




Identify the design changes made to eliminate distractions

New Marriage Rate by Education

Number of newly married adults per 1,000 marriage eligible adults

61.5
iEm 56.7
‘08 '09 10 "11 12
41.4 42.5
36.7 35.9 36.5
30.1
26.8
23.4

All Less than High Some Bachelor's
high school college degree or
school graduate more

Note: Marriage eligible includes the newly married plus those widowed, divorced,
or never married at interview.

Source: U.S. Census
Adapted from PEW RESEARCH CENTER

New marriage rate by education

Number of newly married adults per 1,000 marriage eligible adults

Bachelor's degree or more 62
57

2008 2009 2010 2011 2012

Mote: Marriage eligible includes the newly marned plus those widowed, divorced,
or never married at interview.

Source: LS. Census

Adapted from PEW RESEARCH CENTER



Cole Nussbaumer’s Design Concepts

New marriage rate by education
MNumb f newly married adults per 1,000 marriage eligible

2008 2009 2010 2011 2012



Cole Nussbaumer’s Design Concepts

Accessibility
Usable by people of Wider FEMALE TEACHERS ARE PAID 7.4%
Varying technical skills LESS THAN MALE TEACHERS ON

AVERAGE IN ENGLAND.

«  Make it legible
- Keep it clean
« Use plain language

- Remove unnecessary
complexity




Cole Nussbaumer’s Design Concepts

Ae St h etics Iiercent who are likely/not likely to vote by mail, by state Apply filtars nere >> =

[ o zravery ey -] Unlikely / Likely for All

Breakdown by |Farty =filliztion

Very likely 6%

.
Be SI I Iart Wlth COIOr Select a state to filter by that Somewhat likely 1499 Hover over a bar for a more granular view

state. Click white space to go
back to national view. Not so likshy

Pay attention to alignment o e - |

Damocrat 2,258 m“
Leverage white space ‘ vers woe | [

Republican 52018 &%

Poll dates: S2p-01-2020 to Sep-28-2020

3% |
NH

Results among Registered Voters.

Last updated: Sep-28-2020

A SurveyMonisy Srtableav A0S SurveyMonkey-Tableau 2020 U 5. Election Polling, in partnership with Axios. tableau.com/election

++ableau & 3 O

https://public.tableau.com/en-us/gallery/how-likely-are-you-vote-mail-2020-elections?tab=viz-of-the-day&type=viz-of-the-day



Cole Nussbaumer’s Design Concepts

Acceptance - Articulate benefits
«  Show the side-by-side

* Provide multiple options or seek input
* (Get a vocal audience member on board

https://www.tableau.com/about/blog/2017/1/viz-whiz-hex-tile-maps-64713



The Shaffer 4 C’s of Data Visualization

Clear - easily seen; sharply defined

« who's the audience? what's the message?

« clarity more important than aesthetics
Clean - thorough; complete; unadulterated

 labels, axis, gridlines, formatting, right chart type, color choice, etc.
Concise - brief but comprehensive

. but not verbose

Captivating - to attract and hold by beauty or excellence
- does it capture attention? is it interesting? does it tell the story?

http://www.storytellingwithdata.com/blog/2012/09/some-finer-points-of-data-visualization
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Guided Independent .

Learn more about Shaffer’s 4Cs of Data Visualization
to deepen your understanding

http://www.storytellingwithdata.com
/blog/2012/09/some-finer-points-of-
data-visualization
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Chart Types

Adapted from: Fundamentals of Data Visualization



https://clauswilke.com/dataviz/

Visualization by Analytical Task

Amount Distribution Proportions

X-Y Geospatial

Relationships Data Uncertainty

Fundamentals of Data Visualization



https://clauswilke.com/dataviz/

Amounts

* Visualizing amounts — compare
magnitude across categories

 Categorical variable +
guantitative value

* Visual goal: make size
differences easy to see

Grouped Bars

%I‘

Heatmap

Bars

Bars

Dots

Grouped Bars

Stacked Bars

Stacked Bars



Distributions

i D i St ri b u t i O n - h OW Va I u e S a re Histogram Density Plot Cumulative Density Quantile-Quantile Plot

spread within a dataset 1 J 1/ | f_‘._.-

* Most common: S el I
i Histogram . Boxplots Violins StripC.harts SinalPlots

* Density plot $$ f ‘ ‘g: 3 &
Fre Mle j8%5 4§

e Cumulative density
* Q_Q p I OtS Stacked Histograms Overlapping Densities Ridgeline Plot

JL A |




Proportions I

e Common charts * Changing proportions over a
e Pie charts continuous variable

* Side-by-side (grouped) bar charts ~ * Multiple grouping variables
* Stacked bar charts

Multiple Pie Charts Grouped Bars Stacked Bars Stacked Densities

] — II
Pie Chart Bars Bars Stacked Bars “' Q’ " j I‘ “ ‘I u |
J J

Mosaic Plot Treemap Parallel Sets

il == 22




Relationships

* Scatterplots - to show how one
guantitative variable changes

rEIatlve to anOther Scatterplot Bubble Chart Paired Scatterplot Slopegraph
* Bubble chart — 3 quantitative j J j e l —
variables S e —

* Paired data

Density Contours 2D Bins Hex Bins Correlogram

* Large dataset g )
. _ 35 BEs °
* Time or ordered axis l 7 j_"""' l """




Geospatial Data

* Map — convert coordinates
to a 2D representation

* Choropleth maps — coloured
regions based on data value

e Cartograms —regions are
resized based on other
quantity

Map Choropleth Cartogram

£ N >
{ 3
» = b

(artogram Heatmap

" Om®

OR NV WY SD

CA UT CO NE

x@ s



Uncertainty

* Show how confident we are in
a value

* Error bars / confidence bands
e Show a likely range
e Simple but limited

* Distribution-based plots
* Show the shape of uncertainty

* More informative, harder to
read

Graded Error Bars

Error Bars Error Bars 2D Error Bars

. nr +
—— +
Confidence Strips Eyes Half-Eyes

. g
—-
——
—e—

llllllllll _l__.|;|_|_|_

Confidence Band Graded Confidence Band Fitted Draws

Quantile Dot Plot

w: .



Chart Types : Common Charts



Bar



Bar Chart

* Good bar chart design  Avoid
* Bars start at zero e Bars with different widths
* Axes are clearly labeled * Too many subcategories in one
 Colors are consistent and chart
meaningful * Missing or unclear axis labels

Avoid showing too many bars



/ero Baseline

Hibiscus Tea Sales Hibiscus Tea Sales
08 09
0.75 08
07
0.7

0.6

< 0.65 s
= § 0.5

f 06 -
= w 0.4
¥ 055 s
05 02
- - )
04 0

1 2 3 1 2
Year Year




Bar Width

Too thin Too thick Just right
-IIII
A B C D E

Knaflic, Cole. Storytelling with Data: A Data Visualization Guide for Business Professionals, Wiley, © 2015, 2025.
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Horizontal or vertical?

60
=)
(7]
2
=
S
£ 40
g
o
g=
=
'§ 20
Each bar starts at zero S - -
and ends at the dollar 0

., Star Wars Jumanji Pitch Perfect 3 Greatest Showman  Ferdinand
value of the movie’s

weekend earnings.




Horizontal or vertical?

ugly

weekend gross (million USD)
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Horizontal or vertical?

Star Wars

Jumaniji

Pitch Perfect 3
Greatest Showman

Ferdinand

(=1

20 40 60
weekend gross (million USD)



Orderin

bad
Greatest Showman

Pitch Perfect 3 -

Ferdinand

Star Wars

Jumanji

0 20 40 60
weekend gross (million USD)

Rearrange bars only
when categories have
no natural order.



Grouped and Stacked Bars

$100,000

$80,000
560,000 B Asian
B white
[ Hispanic
540,000 black
$20,000 .
50

15t024 25to34 35to44 45to54 55t064 65t074 =27
age (years)

median income (USD)

compare income differences among racial groups within specific age groups



Grouped and Stacked Bars

$100,000

g
g

g
S

L

540,000

median income (USD)

w
o
o

4
[=]

1

Asian

white

Hispanic

black

age (yrs)
1510 24
25t034
35to44
45 to 54
55 to 64
651074
275

compare median incomes across age groups for the same racial group v’



Grouped and Stacked Bars

A Asian white

$80,000

15-24 25-34 35-44 45-54 55-64 65-74 =275 15-24 25-34 35-44 45-54 55-64 65-74 =275

g £
s 8 8

Hispanic black

15-24 25-34 35-44 45-54 55-64 65-74 =75  15-24 25-34 35-44 45-54 55-64 65-74 =75
age (years)

median income (USD)
g 3
g 8

§5%
g 8 8

Less mental effort v



Grouped and Stacked Bars

Comparing these is easy

Comparing these is hard
20 20
15 15
10 ] 10 — |
- L 1 BB
L - . 5 -
. ] 0NN
Cat1 Cat2 Cat3 Catd4 Cats

!
1
£l
=
M
£l
|
£
[y
=
s
[y

Knaflic, Cole. Storytelling with Data: A Data Visualization Guide for Business Professionals, Wiley, © 2015, 2025.



bad

Canada
Costa Rica
Puerto Rico
Chile

Cuba
United States
Uruguay
Mexico
Panama
Argentina
Ecuador
Venezuela
Nicaragua
Colombia
Jamaica
Brazil

Dominican Republic I
El Salvador I
Paraguay [

Peru I
Guatemala [
Honduras 0
Trinidad and Tobago [
Bolivia I
Haiti I
0 20 40 60 80
life expectancy (years)

Life expectancies in 25 countries in the Americas



Waterfall Chart

* Show cumulative effect of positive and negative changes on a
variable of interest.

* Changes are reported for a series of categories (e.g. time period)

* Magnitude of change is represented by a column anchored at the
cumulative height of the changes in the preceding categories.



Waterfall Chart

2014 Headcount math

Though more employees transferred out of the team than transferred in,
aggressive hiring means overall headcount (HC) increased 16% over the course of the year.

1/1/2014 Hires Transfers In | Transfers Out Exits 12/31/2014
Beginning HC Additions Deductions Ending HC

Knaflic, Cole. Storytelling with Data: A Data Visualization Guide for Business Professionals, Wiley, © 2015, 2025.



Dot and Heatmap



Dot and Heatmap

Canada
Costa Rica
Puerto Rico
Chile
Cuba
United States
Uruguay
Mexico
Panama
Argentina
Ecuador
Venezuela
Nicaragua
Colombia
Jamaica
Brazil
Dominican Republic
El Salvador
Paraguay
Peru
Guatemala
Honduras
Trinidad and Tobago
Bolivia
Haiti

a0

]
L
L
L
L
L
L
L
L
@
®
L]
L
L
@
L
L
@
L
®
L
L
L
65 70 75 80

life expectancy (years)

* Dot plots

* Show values using position
* Allow axes that do not need to

start at zero

e Often clearer than bars for
highlighting small differences



Dot and Heatmap

* Heatmaps

* Map data values onto
colours

* Suitable for larger
datasets

* Highlighting broader
trends

internet users / 100 people

25 50 75 100

lceland

Norway

United Kingdom
Japan

Canada
Germany

New Zealand
France

Israel

United States



Istogram



Histogram

e A variation of a bar chart
used to show data
distributions

* Displays one numerical
variable that can be split
into bins

* Best for continuous
numerical data

* Not suitable for comparing
multiple categories

Austin Airbnb Price Rentals ($25 Bins)
Listings Witers Price <=3500



count

125

100

75

50

25

Ages of Titanic Passengers

20 40 60

age (years)



Bin Size
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Stacked Histogram

* How are the ages of
Titanic passengers
distributed between
men and women?

e Bars starts at different
heights

count

40

20I

0 IIII
0

80

age(yeam

.
60

bad

gender

B female




Stacked Histogram

* Overlapping bad

histograms 50 gender
e 2 or 3 classes? 0 i
* Blue bars start at 0? 3
2
TnnlH1HHH
Ninzl T
0 20 40 60

age (years)

count
=}

=




Density Plot

* Overlapping density
plots

—
w

scaled density
=

0 20 40 60
age (years)



Density Plot

 Show male and female

age distributions male passengers female passengers
separately, as ”
proportion of the 2"
passenger total. g
L0
B A
00 20 40 60 0 20 40 60

passenger age (years)

all passengers . males . ferales



Pyramid Chart

* Visualize two
distributions

male female

60

age (years)

20

count



Boxplot

e Summarizes a distribution using
five key values .o

e Comparing multiple , .
distributions :

soutlier

maximum within upper fence

third quartile

median

first quartile

minimum
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mean temperature (°F)
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Error Plot Box Plot

bad

751 Q%
c : |
o | . |
5 | |
= 501 |
o
v I |
o
£ | ‘
z
:25'
. T
=
L
0_
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
month month

Mean daily temperatures in Lincoln, Nebraska in 2016



Ple



Pie Chart

e Sum of all slices must be Sales by product
TOTAL = $75.2M
100%

* Component of each slice:

¢ Area Prﬁ?:ftE Product A
. 25%
e Arc length o
roduct
e Central angle 17%

Product B

22%

What is a pie chart and when to use it — storytelling with data



https://www.storytellingwithdata.com/blog/2020/5/14/what-is-a-pie-chart
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Pie Chart

e Use pie chart:
This slice is large This slice is small

[ ] to ShOW a general % OF TOTAL % OF TOTAL
part-to-whole
relationship

* when precise
comparison is not
critical

What is a pie chart and when to use it — storytelling with data
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Pie Chart

* Avoid when:
e Comparing size of
categories

* Make precise
comparison

Is C or D larger, and by how much?

% OF TOTAL

What is a pie chart and when to use it — storytelling with data
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Pie Chart

* Avoid when:
e Comparing size of
categories

* Make precise
comparison

e Data does not sum to
100%

This does not make sense!
Sales by product

% OF TOTAL

Product A
25%

Product C
20%

Product B
22%

What is a pie chart and when to use it — storytelling with data
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Pie Chart

* Avoid when:
e Comparing size of
categories

* Make precise
comparison

e Data does not sum to
100%

This does not make sense!
Sales by product

% OF TOTAL

Product A
25%

Product C
20%

Product B
22%

What is a pie chart and when to use it — storytelling with data
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Pie Chart : Avoid 3D

3D Pie Charts
Call breakdown by region

i DiStort perceived % OF TOTAL
areas

* Increase error in
interpretation

Northeast
25%

Southeast

Midwest 22%
20%

Call breakdown by region

% OF TOTAL

4 Southwest
~._ 17% Northeast
™~ 25%

Northwes\t-""*-x._

7% 7\

e \ Southeast
~~  Midwest | 22%
20%

What is a pie chart and when to use it — storytelling with data
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Pie Chart : Many Slices

Too many slices De-emphasize

Declared majors

Declared majors
% OF ANDERSON HALL RESIDENTS

% OF ANDERSON HALL RESIDENTS

® Undeclded * Biology * Finance = Undecided = Blalogy = Finance
Education * Poll eal scence * English = Education = Polif cal sclence = English
® Accourting ® Econamiis = Marketing = Accounting = Economics = Markeating
= Management = Blochemistny = Computer eckence = Managament = Binchemistry = Comguier aclance
= Mathematcs = Foranglcs = Gaology = Mathamatics = Fanersics = Gaobogy
Creative writing = Blol ooy .

= History = Creafive writing = History

¢

|

N 4

Aggregate

Declared majors
% OF ANDERSON HALL RESIDENTS

= Undecided w=Biology =Finance =All other (17)

What is a pie chart and when to use it — storytelling with data
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Pie Chart : Color

Sales by product

TOTAL = $75.2M

Product A
$18.7M

Product D

$12.6M

Product C
$15.1M

Sales by product

TOTAL = $75.2M

Product A
$18.7M

What is a pie chart and when to use it — storytelling with data
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Scatter and Bubble



Scatter Plot

* Show relationship between two
numerical variables

o female birds @ male birds
61

* |[dentify

59 n .
* Trend £

E CIAULE SET P
* Relationship strengths £ LRI § O
* Clusters or outliers 3 55 ‘ "'.i P |

g . o ® . :. . :..“.‘ L] ®

53 <5 --.
60 65 70 75 80

body mass (g)



Association does not imply causation

T USED T THINK,
CORRELATION mFuED
CAUSATION.

7§

THEN I TOCK A

STATISTICS CLASS.

Now I DON'T,

B

SOUNDS LKE THE
CLHﬁS HELPED.

WELL, MH‘fBE

§i

From xkcd: Correlation



https://www.xkcd.com/552/
https://www.xkcd.com/552/

Bubble Plot

female birds male birds
®
60
E 58
£
£ ®
= % ]
o . J
c 56
E %020 0'~
= .'
(1]
254 o % le.."g '.% °
o lll.l ® skull size (mm)
[ ]
52 . 28 30 @32 @34
G0 65 70 75 a0 &0 a5 70 75 80
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Line



Line Chart

* Connect series of continuous data points using a line — some unit of
time or data with natural order

* Track trends and patterns
* Can display both single or many lines

Single series Two series Multiple series
A/ A A/ A A/ :

Source: Knaflic, Cole. Storytelling with Data: A Data Visualization Guide for Business Professionals, Wiley, © 2015, 2025.



Line Chart

Baselines do not

have to start at o
zero
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Missing Data .,

Identify what is wrong

with this graph? 10
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Missing Data .

Missing data
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Missing Data

Use dotted or dashed 0

line to indicate missing

data
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Avoid Dual
AXIis

Check the y-axis scale
and starting point.

What'’s wrong here?
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Slope Graph

* Useful when having two time

periods or points of comparison.

* Show relative increases or
decreases across categories

Employee feedback over time

Survey category | Percent favorable

Peers 85%
Culture 80%
Work environment 76% @—————— 750,

Leadership 59%

Career development 49%
45%
Rewards & recognition 41% 42%
Perf management 33% 33%

Survey year

Knaflic, Cole. Storytelling with Data: A Data Visualization Guide for Business Professionals, Wiley, © 2015, 2025.



Geospatial Data



Maps

* Geographic map — charts that shows characteristics and the
arrangement of the geography of our physical reality.

* Choropleth map — geographic map that uses shades of a color,
unique colors or symbols to indicate quantitative or categorical
variables by geographic region or area.

89



Geographic




Choropleth

median income
Il > 5105k
Il $85kto $105k
I $60k to $85k
" $30k to $60k
< $30k




Choropleth

median income

Il > $70k

I $60k to $70k

7 $50k to $60k
$40k to $50k
< $40k




Cartogram

median income

M > 570k

B $60k to $70k

I $50k to $60k

" $40k to $50k
< $40k




Cartogram Heatmap

median income
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Chart Re-Design

Visualizing Health and Healthcare Data, pages 92-97



A Pie Chart Redesign

Original Version by Duke Energy

Total Costs 2/25/2014 t0 3/25/2014 Electricity Costs 2/257/2014 to 3/25/2014
| Heating $90 @ Other $39
[ Other $39 [ Lighting $34
[ Lighting $34 [ Heating $34
B Food Storage S17 @ Food Storage S17
[ Water Htg/Laundry $15 [ Water Htg/Laundry $11
[ Cooking $5 [] Cocking $4

(@ Total () Electricity () Gas () Total (¢) Electricity () Gas

Gas Costs 2/25/2014 10 3/25/2014

| Heating $55
[ Water Hig/Laundry $4
@ Cooking $1

() Total ()Electricity (@) Gas



My Monthly Energy Bill Redesigned data + science

= transforming data to insight

27% Gas -Heating

Electricity
70%

17% Bectricty -Heating

17% Eectricity -Lighting

8% Electricity- Food Storage

6% Electricity- Water Heater/Laundry
- 2% Gas-WaterHeater/Laundry
' 2% EiectncrtL_-ooolang

1% Gas-Cooking

20% Eectricty -Other

Redesigned Using a Sankey Diagram
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If you indicated your debt collection agency used collection software, which type?

Ontario Systems/FAMS Bl
Columbia Ultimate/CUBS BEEA
Proprietary [RliEs
DebtNet k3
DAKS kS
CDS/Collect One/Collection Data Systems
Debt Master J&
CR Software k3
Lattitude Js&
Comtech &S
Bloodhound
Quantrax

Mo Answer Bk

[ Other [
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45%

40%

35%

30%

25%

20%

15%

10%

5%

0%

Default in Excel

1.

Every Few
Months

Never Every Few Every Few Daily
Weeks Days

M Seriesl



50% -

40% -

30% -

20% A

10% -

Frequency

0% - N
° Every Few Months Never Every Few Weeks Every Few Days Daily
Frequency 42% 29% 19% 8% 2%




Frequency

Every Few Months Never Every Few Weeks Every Few Days Daily



Every Few Months

Never

Every Few Weeks

Every Few Days

Daily

Frequency

29%
19%

8%

III||



Frequency

71% of occurrences are caused by low frequency

50% -
40% -
71%
30% -
20% -
10% -
0% — — .
‘I:/T;‘r{\t:sw Never V\ilrgek(:w Every Few Days Daily
Frequency 42% 29% 19% 8% 2%
Cumulative % 42% 71% 90% 98% 100%

100%

80%

60%

40%

20%

0%

94 aAljR|NWND



Frequency

71% of occurrences are caused by low frequency

100% -
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71%
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‘I:/T;‘r{\t:sw Never V\ilrgek(:w Every Few Days Daily
Frequency 42% 29% 19% 8% 2%
Cumulative % 42% 71% 90% 98% 100%
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End of Lecture
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