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Beyond 2D data visualization:

Animated, interactive 3D and virtual
reality visualizations

Job vacancy rate
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Data source: Statistics Canada. Table 14-10-0371-01 Job vacancies,

payroll employees, and job vacancy rate by provinces and

territories, monthly, unadjusted for seasonality



https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1410037101
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Agenda

* Introduction to Data Visualization and the application to Economic Data
- Data Animation with a PowerBl Example

- Data visualization in 3D and best practices

« 3D Visualization Coding example with Plotly

* Virtual Reality Visualization and its recent development
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Introduction to Data Visualization

INTELLIGENCE SIZE

Clearly and effectively transmit Best in Show: The Ultimate Data Dog AL L o

communication information e e e B o . Lbndchien
1 ‘& ! ! Doberman e(fﬁ‘eq%';“ 2 ‘Dachshu
th ro u g h g ra p h ICaI m Great Dane hﬁ H ChK:nanChe' Yorkshire Terrierh sl e Siger‘i‘an Husky‘
o Buildog Rottweiler Spaar:ﬁgl
B ; :Ms ésa';.é%'

Bernese
BassetHouwd N Papullon iu
Chesapeake

popularity
A

Mountain Dog
Rhodesian Newfoundland

Bullmastiff
Brittany

L

Mastiff

« More easily understand the content

Samoyed

Saint Bernard

Irish Setter English Cocker
Spaniel

represented by data. ﬁ e i
Bloodhound fiailan Greyhoud Bay Retriever mebﬁﬁ d

Alaskan
Malamute  Pekingese

- Different datasets have different ou:m:ore h o nd :
characteristics. © @ W | w
B | L a
« Better showing the structural v | o 8 h " o
characteristics of the data itself can wo R
o ~ phdmum Overlooked Treasures

be achieved The Rightly Ignored Il

David McCandless / informationisbeautiful.net source American Kennel Club

Du, Feng. “Development Model of China’ s Regional Economic Cooperation Based on Netw McCandless, D. (2014). Knowledge is beautiful. [Infographic] Harper Design.
ork Analysis and Multimedia Data Visualization.” Advances in Multimedia, vol. 2021, 2021, pp.

1-7, https://doi.org/10.1155/2021/4266363



https://doi.org/10.1155/2021/4266363

Brief History of Data Visualizati

Plate 5

. AEXPORTS & IMPOR TJ'\E,
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__\QRTHAIUERICA

Fedle vo.Sound .

Late 1700s, The
commercial and political
atlas and Statistical
breviary by William Playfair

Playfair, W. (1801). THE COMMERCIAL AND POLITICAL ATLAS Representing, by
Means of STAINED COPPER-PLATE CHARTS, THE PROGRESS OF THE
COMMERCE, REVENUES, EXPENDITURE, AND DEBTS OF ENGLAND,

Tuikifh Fowive

DURING THE WHOLE OF THE EIGHTEENTH CENTURY. [Infographic]. Internet
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1858, Florence Nightingale,
Coxcomb Diagrams

X DIAGRAM er rux €AUSES or MORTALITY
IN THE ARMY IN THE EAST.

APRIL 1855 o MARCH 1856

Pl -

A o Yoy

U AN

e T

—

The Areas of the Nue;, red, & black wedges are cach measured from
the cenlre as the commen. pertex

The Nace wedges meanired from the cenlre of the cirele reprvsent arva
for area the deaths from Frecenislle or Mitigable Zymotic diseases, the
red wedges measured from the cenire the deaths from. wounds, & the

Hack wedges measured from. the ceridre the deatl frvn all @her cause

The Nack line acress the red triangle in Now! (854 marks the beundary
of the deaths o all dher cates during the monih

Inv Oclober 1854, & April 1855 the black arva concedes inth the red,
woJaruary & Fdruary /855 the Biw concudes with the Nac

The entire arvas may b compared by following the bluce. theved ¥ the
HNack lines anclosing them

Achieve https://archive.org/details/PLAYFAIRWilliam1801TheCommercialandPol

iticalAtlas/page/n39/mode/2up

1

APRIL 1854 1o MARCH 1855,

3
-
R
5
®
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Berinato, S. (2016). Good charts : the HBR guide to making smarter, more persuasive data
visualizations. [Infographic]. Harvard Business Review Press.
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John W. Tukey

EXPLORATORY DATA
ANALYSIS

St Scale & inch equals 5 percent
United States Statistical Atlas for ihe Census of 1900
Fig. 5. Elements of the Population

of the United States in 1900

1914, Willard
Brinton, Graphic
Methods for
Presenting Facts

00000000000000000000000000000000

Brinton, Willard C. (1914). Graphic Methods for

Presenting Facts. Retrieved = ) Tukey, John W. (1977). Exploratory Data Analysis.
from https://aviz.friwiki/uploads/Bertifier/brinton- Retrieved from http://www.ru.ac.bd/wp-
graphicMethods-1914.pdf content/uploads/sites/25/2019/03/102_05_01_Tu

key-Exploratory-Data-Analysis-1977.pdf
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Break table for two-decimal logs
A) MAIN BREAK TABLE
Break log | Break log | Break log | Break log

Break log

1531 °
1567 °

1567
1603 °

1641 92 2600

1679
1718
1758
1799

1841 °
1884
1928
1972
2018
2065
2113
2163
2213 °
2265 °
2317

2371 37

2427
2483 °

3936

.40 .
2541 ., 4027 R

.42

6237
6383
6531

3589
3673
3758

3845
3936 50 | 6237

When in doubt use an even answer; thus, 1462 gives .16 and 1496 gives .18.

B) SETTING DECIMAL POINTS

1

10

100

1000
10,000
100,000
1,000,000

C) EXAMPLES

Number

log 137.2
log 0.03694

log 0.896
log 174,321

B

2+,
-2+
=1+
+5 +

1

“1oea

-2

3 oo

Za 0001

Tg  0.0001

Ze  0.00001
0.000001

A log number

14= 214
57 = -1.43
95 = -0.05
24 = 524

1970, John Tukey,
Exploratory data
analysis
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Once the province of a few experts and specialists, visualization now belongs to everyone, including designers, artists, journalists, and scientists.

1990s-2010s, Computer-driven data visualization

Berinato, S. (2016). Good charts : the HBR guide to making smarter, more persuasive data
visualizations. [Infographic]. Harvard Business Review Press.




Brief History of Data Visualization
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—— Above

—— Below

2010,Ronald Rensink, Perception of Correlation in Scatterplot

Rensink, R. A., & Baldridge, G. (2010). The Perception of Correlation in Scatterplots. Computer
Graphics Forum, 29(3), 1203—-1210. https://doi.org/10.1111/j.1467-8659.2009.01694.x
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Today

Figure 1b. Hispanic and minority firms report lower access to credit pre-pandemic
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Figure 2
Actual and Target PCE Inflation

29% 6

10%
2

Unable to  Did not try to

(denied by because of

10% i
50/0 .
0%
Did not need Obtaining Obtained Obtained Denied at
to obtain  funds without funds with  funds but least one obtain funds obtain funds
funds difficulty some with time, but
because (multiple difficulty  restrictions, obtained fund multiple
firm/owner  sources to personal with banks or
had sufficient consider) guarantees, restrictions, other
cash/capital or lesser personal financial
amounts  guarantees, institutions)
or lesser
amounts

= White, non-Hispanic m Hispanic and Minority

Gascon, C. et al., (Nov 2021).Special Survey: The Impact of
the COVID-19 Pandemic on Missouri Small
Businesses and the Path Toward
Recovery. Economic Research Federal Reserve
Bank of St. Louis Retrieved
from https://files.stlouisfed.org/files/htdocs/uploads/20
21dToct2_survey_Missouri_business_report_2021 1002
-p

Note: Shading represents the number of responses in a county, as reported by the respondent.
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expected Or
difficulties or
high cost
Figure 15: Distribution of survey responses by county -2 @
o}
o))
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SOURCE: Haver, Bureau of Economic Analysis, and authors’ calculations.

Garriga, C. & Werner, D., (2022). Inflation, Part 3:
What Is the Fed’s Current Goal? Has the
Fed Met Its Inflation Mandate? Economic
Research Federal Reserve Bank of St.

Louis Retrieved
from https://files.stlouisfed.org/files/htdocs/

uploads/2021_oct2_survey_Missouri_busin
ess_report_20211002.pdf



Data visualization in 2D

The Data Visualisation Catalogue

About - Blog - Shop - Resources

B 57 B2 Espaiol M Pycckmit BB Tiirkge

E Développez autant d'applications que vous souhaitez avec Azure.

Search by Function View by List
Arc Diagram Area Graph Bar Chart Box & Whisker Plot Brainstorm
Bubble Map Bullet Graph Calendar Candlestick Chart Chord Diagram
(19D
<]
Circle Packing Connection Map Density Plot Donut Chart Dot Map

60000

Error Bars Flow Chart Flow Map Gantt Chart Heatmap

ADS VIA CARBON

Bubble Chart

Choropleth Map

Dot Matrix Chart

Histogram

Ribecca, R. (2022). Retrieved from datavizcatalogue.com
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2D commonly used

Many types within 2D
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Optional formant depends on the needs

What if add a time?
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8.7 MILLION

Deconstruction and
reconstruction

Engagement in learning of
dynamic mechanism

Example: World War |l death

https://www.youtube.com/wa
tch?v=DwKPFT-RioU

A .‘A
EUROPE

G MILITARY

Berinato, S. (2016). Good charts : the HBR guide to
making smarter, more persuasive data visualizations.
[Image]. Harvard Business Review Press.


https://www.youtube.com/watch?v=DwKPFT-RioU
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Francais

I* Statistics ~ Statistique
Canada Canada Search website

Subjects Data Analysis Reference Geography Census v Surveys and statistical programs v Canada.ca

Home > Data

Labour force characteristics by sex and detailed age group, _
monthly, unadjusted for seasonality (x 1,000): ?

Frequency: Monthly @ Help

=]
o]
re)

]

(]

B
o
w
o]
n

Table: 14-10-0017-01 (formerly CANSIM 282-0001) .
M Save my customizations
Release date: 2022-10-07
Geography: Canada, Province or territory
v Customize table

Geography : 2 Labour force characteristics : Reference period

(8]
]
o
o
1
(]

5
"

Canada | | Employment «| From: april v 1976 v To August v 2022 v 4

Apply

IS
o
o
'S
'S
1
w
o]
"

VIXTILEUYETM © 3 Download options

Didn't find what you're looking for? View related tables, including_other calculations and frequencies

Showing 66 records Filter

Geography?

(8]
o

W
©

Labour force
characteristics S0 to

)
)
]
w
' N
m
w
o]
n

Age  April May June July  August September October November December January February March April May
Sex group 1976 1976 1976 1976 1976 1976 1976 1976 1976 1977 1977 1977 1977 1977

o

e

15 et esy
years
and
over
15to 20 to 24 years
24 123858 2,540.6 2,740.6 2,957.8 2,927.3 2,499.3 2,485.1 24632 24526 2361.7  2,365.0 2,395.9 2,421.6 2,610.1
years

25

years Ebm A0
and 71172172258 7,2903 7,2640 72793 7,364.7  7,358.9 73265  7,266.5 7,240  7,169.7 7,195.4 7,227.5 7,386.1 15t0 19y

over

9,503.0 9,766.4 10,030.9 10,221.8 10,206.6 9,864.0 9,844.1 9,789.7 9,719.1 9,485.7  9,534.7 9,591.3 9,649.1 9,996.2

Data source: Statistics Canada. Table 14-10-0017-01 Labour force characteristics by sex and detailed age
group, monthly, unadjusted for seasonality (x 1,000)



https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1410001701

Data visualization in 3D
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- There was a time when people think 3D was Ave- Retirement age n Canada (2016-2021)
cool, but it turned out to be a horrible idea.
 ltis hard to interpret and not very accurate 2
Avg. Retirement Age in Canada (2016-2021) 03 I I I
70 Avg. Retirement age in Canada (2016-2021)
68
” iy
64 64.2
o2 | Self-employed 636-:
60 Public sector employees 636
58 Private sector employees 634 l
2016 2017 2018 2019 2020 2021 63;3 l l
M Private sector employees B Public sector employees i Self-employed o 202

Data source: Statistics Canada. Table 14-10-0060-01 Retirement age by class of worker, annual



https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1410006001

Bad 3D visualizations

3D Bar charts
3D Pie charts

Per Person Holiday Spending

Average Spend
$800
$780
$760
$740
$720 l
$700
sono 1) N J l

2004 2006 2008 2010 2012

Source: unknown author, https://viz.wif/, 2022
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Average Gift Spending Per Person

$480.28

$64.9

$78.62

¥ Gifts for Family Gifts for Friends W Gifts for Co-Workers | Other Gifts


https://viz.wtf/

3D Visualization with a 3" Axis ¢y ToronTo | MANAGEMENT
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Problems with static 3D Avg. Retirement Age in Canada (2016-2021)
visualizations

«  With a fixed perspective
the size of an object can

70

change based on its .
distance from the viewer, s
making it difficult to o

62
Self-employed

Public sector employees
Private sector employees

compare values

60

58
2016 2017 2018 2019 2020 2021

M Private sector employees B Public sector employees [ Self-employed

Data source: Statistics Canada. Table 14-10-0060-01 Retirement age by class of worker, annual



https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1410006001

3D Visualization with a 39 Axis
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Problems with static 3D visualizations

- With a fixed VieWpOint Avg. Retirement Age in Canada (2016-2021)
where to position our ‘eye’ relative
to the chart. Details can be o
obstructed

2016 2017 2018 2019 2020 2021

H Private sector employees  EPublic sector employees [ Self-employed

Data source: Statistics Canada. Table 14-10-0060-01 Retirement age by class of worker, annual



https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1410006001
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Gmgor)

Showing 3D data without going 3D

For discrete data, use: AVG. RETIREMENT AGE IN CANADA (2016-
* Color 2021)
. —— Private sector employees == Public sector employees Self-employed
Shape .
For continuous data, use:
. 68 68.1 68 677 68 67.6
* Frequency gradient 28
66
¢ S|Ze (BUbeeS) N _ . s e 647 —l 64.8
6 — L _fgm/‘_sz.r 624 A 62.4
60
58
2016 2017 2018 2019 2020 2021

Data source: Statistics Canada. Table 14-10-0060-01 Retirement age by class of worker, annual



https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1410006001

A successful example of 3D

visualization

The interactive features solved
some of the problems of static 3D

visualization
 Zooming
* Panning(rotation)

* Moving
° Labels and details
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Who in the World I Still Answering How Insurers Exploited Medicare
Advantage for Billions

Threat to Democracy? Start With NYT/Siena Poll Is Latest to Show
Corruption, Many Voters Say Republican Gains Pollsters’ Phone Calls?

TheUpshot
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Why Reput

Sadder but Wiser? Maybe Not.
Popular Vot

Reader Mailbag: Answering Questions
About Not Answering Phones

rouowus: [l W
GETTHE UPSHOT IN YOUR INBOX

/P SHARE

A 3-D View of a Chart That Predicts
The Economic Future: The Yield Curve

By GREGOR AISCH and AMANDA COX MARCH 18,

ooooooooo

|

Yield curve 101

The yield curve shows how much it costs the federal

government to borrow money for a given amount of time,

revealing the relationship between long- and short-term | 8% yield
| peryear

interest rates.
inherently, a forecast for what the econor

how healthy growth will be over the years ahea
mbodied in the price of money today, tomorrow and many

years from now.

Source: Gregor Aisch and Amanda Cox, The New York Times, 2015


https://www.nytimes.com/interactive/2015/03/19/upshot/3d-yield-curve-economic-growth.html

The Advantages of Interactive 3D
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* One interactive 3D view vs many
static 2D

 Empower user to explore

* The “Visual Information-Seeking
Mantra”: overview first, zoom and
filter, then details-on-demand

« Creates engagement with the
audience who may not be interested
In the data in the first place

Image source: The Globe and Mail



https://www.theglobeandmail.com/canada/article-online-school-kids-privacy-data/
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Plotly

Statistics ~ Statistique )
* Canada Canada Search website

Data Analysis Reference Geography Census v Surveys and statistical programs v About StatCan Canada.ca
* Free and open-source tome - Daa

Job vacancies, payroll employees, and job vacancy rate by provinces

° Available in Python R JS and and territories, monthly, unadjusted for seasonality =2

Frequency: Monthly @ _Help

Matlab etC febie e =
M Save my customizations
L]

Release date: 2022-09-29

Geography: Canada, Province or territory

» Customize table

& Add/Remove data [ 3 Download options

P I Otly O p e n SO u rc e Didn't find what you're looking for? View related tables, including other calculations and frequencies
Showing 42 records Filter

. . Ll
G ra p h I n g LI b ra rl es Geography Statistics March 2022 April 2022 May 2022 June 2022 July 2022

z 5 i Number
Interactive charts and maps for Python, R, Julia, Javascript, ggplot2, F#, - " . N N N
e (e Job vacancies® 977,805 1,034,105 1,036,755 1,020,395 964,035
, and Dash. 5
Payroll employees2
Canada (map) 6 16,071,855" 16,240,805" 16,477,295" 16,677,455" 17,055,040"
Percentage
Job vacancy rate’ v 6.0° 598 5.8% 548
P R ... Number
) Job vacancies* 7,790° 9,065° 9,705° 8,610° 8,160°
Plotly Python Plotly R Plotly Julia Newfoundland and Payroll employees? A B - A c
Open Source Open Source Open Source Labrador (map) 6 176,280 206,605 183,310 199,945 223,180
Graphing Library Graphing Library Graphing Library T
Percentage
O star 12,297 QO star 2,273 Q) star 350 Job vacancy rate 428 4'2C 5.0° 418 3.50
Number
Job vacancies? 3,190° 4,195¢ 5,570° 3,510° 2,320°
Prince Edward Island  Payroll employees®,
Js <> (map) 6 60,590° 61,430" 64,435" 71,000" 73,880"
Plotly Javascript Plotly ggplot2 Plotly F#

crapng Loy craphng iray craphng Lo Data source: Statistics Canada. Table 14-10-0371-01 Job
e i 2on — vacancies, payroll employees, and job vacancy rate by

_ _ _ provinces and territories, monthly, unadjusted for
https://plotly.com/graphing-libraries/ seasonality



https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1410037101

Interactive 3D scatterplots
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Job vacancy rate
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Data source: Statistics Canada. Table 14-10-0371-01 Job e
vacancies, payroll employees, and job vacancy rate by
provinces and territories, monthly, unadjusted for
seasonality



https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1410037101
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Best Practices and considerations

« 3-dimentional visualization on 3-dimentional data
- le. Data with 3 variables and their relationship is critical to the analysis

Although 3D graphs are relatively easy to produce with the aid of software it may
not apply to printed publications.

Alternatively, consider using dashboard with multiple panels of 2D graphs
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Virtual Reality & 1oronTo | MANAGEMENT

April 25,1997
1209.29
23.80 P/E ratio

First close above 2000 “‘

il
|

eBay jumps“ 163% following IPO
{

Kenny, R and Becker, A. A. (2015). Retrieved from http://graphics.wsj.com/3d-nasdaq/




Benefits of Virtual Reality
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Multi-dimensional data
analysis

Much more workspace
More natural interaction

PR .

Source: Sward, Z.M, gz.com, 2015


https://qz.com/emails/quartz-obsession/1849715141/spacs-where-are-they-now
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Thank you!



