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Overview — Data Visualization
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The two sides of visualization

Graphic displays are
often very effective at
communicating

information

BUSINESS SCHOOL

Graphic displays are also
often not effective at
communicating

information

The effectiveness of your communication depends
on how you visually create your charts!
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Example 1 — Graphics done wrong MANNHEIM o

N
$360,000 Revenue lllustration $105,000 Direct Margin lllustration
$340,000
$100,000
$320,000
$95,000
$300,000
< $90,000
Sz 5%
=9
:>” 8 $280,000 b 8
[ 2=
B8 $85000
$260,000
$80,000
$240,000
$75,000
$220,000
$200,000 $70,000
Status Quo Scenario 1 Scenario 2 Scenario 3 Status Quo Scenario 1 Scenario 2 Scenario 3
M 2015 W2016 | 2017 W2018 2015 W2016 | 2017 W 2018
(& J

6 Excessive use of colors

e Wrong depiction for comparing scenarios

6 Inconsistent Scaling

NIVERSIT = ,
nvirgiconin @ s PABE (@ Berinato (2016) Good Charts 3
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Example 1 — Graphics done right 10—

Revenue and Margin Growth Scenarios

Status Quo Scenario 1 Scenario 2 Scenario 3

$400 Million $400 Million $400 Million $400 Million

Revenue /
300 —.\ 300 300 —= / 300 —‘——/

200 — 200 — 200 — 200 —

100 — 100 — 100 — 100 —

2015 2016 2017 2018 2015 2016 2017 2018 2015 2016 2017 2018 2015 2016 2017 2018

o J

Q Intelligent use of colors

Q Easy comparability of different scenarios

Q Consistent scaling

UNIVERSU Qe cqus  DAVER (s Berinato (2016) Good Charts %
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Example 2 — The problem with A USRS scroot
descriptive statistics

X1 Y1 X2 Y2 X3 Y3 X4 Y4

10 8,04 10 9,14 10 7,46 8 6,58
8 6,95 8 8,14 8 6,77 8 5,76
)
18 7,58 13 8,74 13 12,74 8 7,71 Anscombe S quartet
%) 9 8,81 9 8,77 9 7,11 8 8,84
C
O 8,33 1 9,26 1 7,81 8 8,47
= | > Same means
g 14 9,96 14 8,10 14 8,84 8 7,04
(0] 1
_8 7,24 6 6,13 6 6,08 8 5,25 ) Same variances
(o) 4,26 4 3,10 4 5,39 19 12,5
12 10,84 12 9,13 12 8,15 8 5,56 ) Same COI’I'e|atI0n
4,82 7 7,26 7 6,42 8 7,91
5,68 5 4,74 5 SN 8 6,89

> Same data?
9,00 7,50 9,00 7,50 9,00 7,50 9,00 7,50
variance ik Nolo] 413 11,00 413 11,00 412 11,00 412

Cor- 0,816 0,816 0,816 0,817

relation

onvirgiceiey @ us  PABE (W “
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Example 2 — The help of visualization MANNHEIM

BUSINESS SCHOOL

Scatter graphs
Dataset 1 Dataset 2

15 15
Anscombe’s quartet
10 10
Visualization ...
5 5 ) )
> ... tells four different stories
0 0
© 5 10 15 20 0 5 10 15 20 > ... helps in understanding
Dataset 3 Dataset 4 the data
° ° > ...helps identifying patterns,
10 10 trends and outliers
5 5
0 0

0 5 10 15 20 0 D 10 15 20

onvirgiceiey @ us  PABE (W @
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Three objectives of visualizing data MANNHEIM

~ BUSINESS SCHOOL

Q

Exploration

of data

Communicating
results of data

il

Understanding
and making
sense of data

ssociATON -—%
fous  PAMEA Qms 43
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Data Literacy & Data Intuition MANNHEIM

BUSINESS SCHOOL

C Designing Effective Charts

Visualization of Big and Unstructured Data

Key Takeaways and Guidelines
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Data Literacy & Data Intuition MANNHEIM

BUSINESS SCHOOL

( ﬂ Designing Effective Charts

[ What graphs to choose? }
o (/

'

A
(I
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4] What graphs to choose? MANNHEIM
BUSINESS SCHOOL

Choose graphs that underline what you want to tell

& | &

Depict Comparison of
relationships data

Depict Depict
composition distribution

ssociATON ..%
fous  PAMEA Qﬂks 46
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Relationship between data points

Depict relationships

Scatter chart

> Relationship
between 2+
variables

UNIVERSITY OF @
MANNHEIM

Bubble chart

Network chart

MANNHEIM

BUSINESS SCHOOL

Circular network chart

e ®
.”

> Same as scatter
chart

> Adds third
variable through
size of bubbles

;;;;;;;;;;

> Relationship
between objects
or individuals

> Same as
network chart

> Includes position
and importance
of objects

47



Comparing data points RSN ESSSCRGOL

Comparison of data

Column chart Bar chart Line chart Radar chart Bullet chart
X -
N I —
7\ =
> Simple > Simple > Comparison > Multivariate > Similar to bar
comparison comparison of data points data in a two- chart
> More subunits ~ ©ver time dimensional , compares
possible chart of 3+ primary
variables measure unit

with other units

UNIVERSITY OF GER ()
MANNHEIM @ rous  GPAMBA Cms fr
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Composition of data

Depict composition

Stacked chart Waterfall chart Stacked area chart

MANNHEIM
BUSINESS SCHOOL

Word/Tag chart

skils insights _interests .
productive habits  traits
create, consumer
vaue data big #
decision morel new
good Marketanalysis

firmpqpredict  choice
badP model

Can show
changes over

Useful for
breakdown of
a variable in
components

Shows simple
composition

> Stapled
column or bar

Do not use with
too many
categories! Can also be
used for
development

depiction

UNIVERSITY O
MANN

> To highlight
frequency or
importance of
words in text
analysis

49



Distribution of data

Column histogram Line chart

Double bar chart

> Useful when > Useful when there
there are only a are a lot of
few categories categories

UNIVERSITY OF s ()
MANNHEIM @ rous GV AMBA @s
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> To compare the
distribution of
two different
variables

MANNHEIM

BUSINESS SCHOOL

Depict distribution

Lift chart

> To visualize how
good a predictive
model is

50



Overview of chart types

MANNHEIM

BUSINESS SCHOOL

m‘g"ﬂ ":::; dr:ibghm Bar chart Column Chart Circular Area Chart Line chart Column Chart Line chart
e D
k !- t o~
I T T T — = T T
Two Variables Many Many ltems Few ltems Cyclicél Data Non-Cyclical Single or Few Many Categories
i Data Categories
perian Cate?orles Few Categories I
One Variabies per ltem Many Periods Few Periods Vé',;',af,',: m
T d T J u
Among Items Over Time Few
Data
.Scaner chart Points
N e Two variables Comparison Single Variable
RGO ) o | Line Histogram
N :.o oo Many
Relationship — Distribution Data
B.ubble chart Points
’ -. I iti Scatter chart
@2 Three variables Composition .
ve-’ :
e Two | o« o
: : Variables [® ®°*°:°
o0 o 0
Changing Static °®
Over Time
3D Area Chart
Few Periods Many Periods e | Tt
: | | Variables LLL/
Only Relative  Relative and Absolute  Only Relative Relative and Absolute ~ Simple Share Accumulation or Components
Differences Matter Differences Matter Differences Matter Differences Matter of Total Subtraction to Total of Components
Stacked 100% Stacked Stacked 100% Stacked Pie chart Waterfall chart tacked 1
Column Chart Column Chart Area Chart Area Chart Column Chart with
Subcomponents
H )| "m
UNIVERSITY OF e
MANNHEIM eus  DAMBA (s
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Data Literacy & Data Intuition MANNHEIM

BUSINESS SCHOOL

@) Designing Effective Charts

{ How to design the graphs? J

A
=
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You have a variety of design options

MANNHEIM

BUSINESS SCHOOL

Intensity

Spatial position

Hue

Line Width Line Length Size
000
000
eode
000

Enclosure Orientation Shape

[ / .

UNIVERSITY O
MAN
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Guidelines and tips for graphical design MANNHEIM

BUSINESS SCHOOL

Keep it simple

Compelling headlines
and clear structure

Help the reader

et

Clear labeling

ssociATON %
fous  GPAMEA Qms 54
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Tip 1 & 2 — No grid lines & clear labeling

BUSINESS SCHOOL

300.00
250.00
200.00

Remove chart boarders

150.00

100.00

Reduce prominence or remove 50.00
grid lines TR e

-o=Ticket Volume Received =@= Ticket Volume Processed

Remove data markers

Label data directly and in

consistent color Zzz

200 : ‘
Consider orientation and 150
spacing of labels 100

50

0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

UNIVERSITY O]
MANNHEIM

ous  PAVBR () Knaflic (2015) Storytelling 55
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Tip 3 — The Use of Color MANNHEIM

BUSINESS SCHOOL

Distribution by customer segment

Segment 7 15% 1%

20%

Segment 6 32%

Keep it simple Segment5

i -~
Remember the meaning of s
colors = e

Do not work with too bright

Distribution by customer segment

colors
segment 15% 3
20%
H 32%
Use color to draw attention
Segment 5 10% 50%
Segment 4 10%
Segment 3 10%
7%
10%
16% S
US Population OQur Customers

onvirgicon o @ s TPAVES C% Knaflic (2015) Storytelling 56
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Tip 3 — The Use of Color IR TR SCTIOOT

Best practices. Actionable!

Canned

Asian Food

> Use color to emphasize points Appic
you want to tell

Plant

> Use colors to underline actions
you want the audience to take

Citrius
Herbs

Potato

B Low Profit
B Profit Ok

Greens

P
-

w
>
»

N

SSM S10M S15M

HEM @ equs  PAMBA @ Knaflic (2015) Storytelling 57
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Tip 3 — Number Formatting

> Keep it consistent

> Try to keep it simple

> Use abbreviations (K, M, ...)
> Make numbers comparable
> Include units ($, ...)

> Use percentage signs (%)

UNIVERSITY OF sy (2
MANNHEIM @ rouis  GPAMBA Qms
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Qty Sold
Abc Corp 1497019.00 86509343.13

Intl Ops 11440509.00 51235507.73
West Co 4198314.00 36319928.23
Xyzinc  5828632.00 31876796.84

Qty Sold
Abc Corp 1,497K
Intl Ops 11,441K
WestCo 4,198K
Xyz Inc 5,829K

MANNBII—]JSEIII\I}/}ESS SCHOOL
Sales PctGP
0.54

0.09

0.51

0.57

Sales Pct GP
$86.5M 54.3%
$51.2M 9.1%
$36.3M 51.0%
$31.9M 57.4%

58



Tip 4 — Clear structure & compelling headline mannizm

> Focus on one clear message per
slide/chart Sitormation Ak this COVID-O pandemier

Since the start of the COVID-19 outbreak, how has your company’s or business area’s adoption
of the following technology trends changed? % of respondents (n = 800)

Digitization Digitization Digitization of Automation
of supply of customer employee interaction and artificial

) Titl e Of th e s I i d e S h O u I d chain channels and collaboration intelligence

Significantly

accelerated 9 14 0
reflect that key message Somenra 45 7o
85% g;ggmpames
of companies accelerated

have automation
accelerated and artificial

> The words on the slide and the

No change/
not applicable/ 54

visuals should reinforce one Y
a n Ot h e r Somewhat

decelerated 12
% 4
Significantly 1 - 2 1 I , -

decelerated

31

> The order should reflect natural
reading patterns (left to right, top
to bottom)

McKinsey
& Company

SOURCE: McKinsey.com

o't
22, UNIVERSITY
& OF MANNHEIM @ s UPAVBE (W)
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Tip 5 — Keep it simple

BUSINESS SCHOOL

Which elements should you keep?

Simplify and keep
this element

Can this element be

/ made any simpler?

Is this element

/ unique? Keep this element

Compare with similar

Is this element elements and

? ) N
necessary: consider eliminating
Consider eliminating
this element
AMA (& Berinato (2016) Good Charts 60
MANNHEIM fQuis  WINRA s




Data Literacy & Data Intuition MANNHEIM

~ BUSINESS SCHOOL

C) Designing Effective Charts

{ a Mistakes to avoid ]

Visualization of Big and Unstructured Data

Key Takeaways and Guidelines
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Mistake 1 — Truncated Graphs

MANNHEIM

BUSINESS SCHOOL

Regular bar chart

1000

A B C D E

900 910 9 0 32U
800
600
400
200
0

Truncated bar chart

940
930
920
910

890

il

A B C D E

Truncated graphs lead to a distortion of the numbers

Ny

and an overestimation of factual differences.

unviRS ey @) rus  PATER (@

AAAAAAAAAA
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Mistake 2 — Adjusted Axis MANNHEIM

BUSINESS SCHOOL

Original graph Lower maximum Higher maximum

20 12 50
15 L 40
30
20
10 -

—
o O
ON &~ DD

DO O N N D 9 O N N D 9 O N AN
NN Q& NN & NN Q&
P oD D P oD O D oS P D oS D P D

Changing the maximum value of the y-axis can have
the same effect on perception as truncated graphs.

UNIVERSITY OF s ()
MANNHEIM @ rous GV AMBA @s .
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Mistake 2 — Adjusted Axis MANNHEIM

BUSINESS SCHOOL

Original graph Half Width Half height
20 12
15 10
8
10 .
i / 4 20
2
0 ; —
D O O N 0 —
‘19\ ,19" (19‘1’ (19(1’ ,19(1’% ,]9'\‘2’,@'19,19‘1:" 2018 2019 2020 2021 2022

Changing the ratio of the chart can have the same
effect on perception as truncated graphs.

;;;;;;;;;;
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MiStake 2 - DOUbIe Y'AXIS MANNB]GEII[\%SS SCHOOL

Global Light Vehicle Penetration Global Light Vehicle Penetration
Light Vehicles Sales Light Vehicles Sales Light Vehicles Sales

Tesla Share in Millions in Millions

10% — —11.5 12—

—11.0

6— —10.5
6 — All other
light vehicles
4-— —10.0
4 —
2— —95 P
Tesla
0— 9.0 0 <
2017 18 19 20 21 22 23 24 25 2017 18 19 20 21 22 23 24 25

Double y-axis confuse the audience and often
convey wrong messages for both measures.

UNIVERSLT Y OF O equs  WYAMBA @% Berinato (2016) Good Charts

cccccccccc
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Mistake 3 — Incorrect scaling MANNHEIM

3 3 3 .
L
2] 2 2— *
)
= 1- L -
A
0 ? L 0 ? B

Scaling up pictograms results in a perceptually
misleading comparison.

onvirgiceiey @ us  PABE (W o
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Mistake 4 — Logarithmic Scaling MANNHEIM

BUSINESS SCHOOL

Linear scale Logarithmic scale
2500 108
2000 10,000
1500 1,000
1000 100
500 10
0 1
123456738 910 12345678910

o

@ Logarithmic scales are prone to misinterpretation.

onvirgiceiey @ us  PABE (W o
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Mistake 5 — Omitting Data MANNHEIM

BUSINESS SCHOOL

Regular plot Plot with missing categories
bl N 10000
~~
8000 —— e
> —— 8000 _—
6000 6000 — —
4000 4000
2000 2000
0 0
201220132014 2015 2016 2017 2018 2019 2020 2021 2013 2015 2017 2019 2021

o

@ Omitting outliers might lead to wrong conclusions.

onvirgiceiey @ us  PABE (W o
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Mistake 6 — Simulating Trends MANNHEIM

BUSINESS SCHOOL

Additional tools such as trend lines should be used for
simulate trends that are not there.

NIVERSITY OF =
o ER\[L\AKINHEI’M @ rous  GPAMBA Qms 69
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Mistake 7 — Redundant 3D Perspective MANNHEIM

BUSINESS SCHOOL

&5
Il Supplier A 3

M Supplier B 2,5
¥ Supplier C
1,5
¥ Supplier D 1
0,5

Jan Feb Mar Apr May Jun

o

3D perspectives are often just used for aesthetic
reasons and lead to the distortion of actual values.

;;;;;;;;;;
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Data Literacy & Data Intuition

MANNHEIM
BUSINESS SCHOOL

C) Designing Effective Charts

@ What graphs to choose?

Visualization of Big and Unstructured Data

How to design the graphs?

Key Takeaways and Guidelines

/ EFMD S_SUCIAYIOr; /
U NN HETM . “rquis  WPAMBA @
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Example from Berinato (2016) “Good Charts” oy

BUSINESS SCHOOL

Q Another candidate to improve ...

Activities while Streaming Music

& commuting/driving/walking

O

i cooking
. “ dancing
> Pie chart the wrong ®doinghomswork
choice here w exercising
“ jogging/runni
> Too many colors _I°gg"f s
ounging
Used W reading
> Uncertain labeling ssecalline
& studying
> No clear comparison “ working
possible * writing

> Overwhelming

cccccccccc

onvirgioien @ rous  PAWR (& Berinato (2016) Good Charts 72



Example from Berinato (2016) “Good Charts” iy

> Clear labeling
> Better graph used

O

> Too many colors
used

> No clear comparison
possible

> Overwhelming

BUSINESS SCHOOL

From a more effective prototype ...

Commuting

Dancing

Exercising

Running

Working

Writing

HOMEWOIK e s s sasassrsrnsrsssnsrsssssssesssrsensessenss

Reading

Studying

Lounging

Socializing

UNVER Y e @) s PAVBR (&) Berinato (2016) Good Charts 78
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Example from Berinato (2016) “Good Charts”

)
)

)

)
)

Clear labeling

Better graph used coo

Comparison possible ooe

O

Too many colors used

Upper graph still
without clear message Running

UNIVERSITY
MAN

)

Commuting

Commuting
Dancing

Exercising

Working
Writing
Homework
Reading
Studying
Cooking
Lounging
Socializing

..........

MANNHEIM

... over refinements ...

() oo ¢ L L X J o0

(X o000 o o0 o0

L X L XX J o0 e0e o0

o0 o00 o e0e (A J

oe 00 o000 (L J

o0 o000 (XX J o0

ee o00 ® (XX J o00
(X o009 “e eee o060
L X oo ) o660 00
oe 00 "o eee 00
o0 oe0 o0 o0 o000
(X o000 ) o0 00
o0 eooe o 000 o000
@0 o000 @ o®e 0o
LA J o900 ¢ o000 o000
o0 o000 o o000 o000
o0 090006 o0 000 o060
L L 0000 ¢ 00 o000
ee 0000 00 000 o0
(X o000 o o000 o0e
o0 o000 " e0e o060
®oe o000 o o0 00
000 0000 O o000 00
200 0000 o 0000 000
Dancing Exercising Running Working ~ Writing

Homework Reading Studying Cooking

ooooooooooooooooooooooooooooooooooooooooooooooooooo

oooooooooooooooooooooooooooo

oooooo

BUSINESS SCHOOL

Lounging

----------------------------------------------

Socializing

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

74



Example from Berinato (2016) “Good Charts” oy

BUSINESS SCHOOL

... to a visualization with impact
WHAT OUR USERS DO WHILE STREAMING

BY TYPE OF ACTIVITY BY FREQUENCY OF ACTIVITY
> Easy to draw clear S
messages from THINKING : 3;'3::2

+ Homework

> Good use of colors

Ll
E Studying HH Lounging

> Neat design

oo i -~
eeee Working o2 Homework

> Easy comparison

eeee
eees Writing

possible Reaig HEEHHE suon

> Can be acted upon
® lounging = eesssecssscsssssssss

Sossssssssssssssssss SOCializing

.
$its SoRaldie ssssssssasssissasas:

Working

O

Cooking Commuting

Cooking

Exercisin;
- 8 Writing

3333 Commuting 28252002200222222228 Dancinig

Dancing EEEEEEEEEEE:::::::R Reading

Running cossscessssesssssess RUNNING

oooooooo

fus  CPAMA (& Berinato (2016) Good Charts 75
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