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“By visualizing information, we
turn it into a landscape that
you can explore with your
eyes. A sort of information

PRESENTED map. And when you're lost in
VISUALLY . . . .
- l Information, an information
o s map is kind of useful.
WITH A STORY

— David McCandless
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Learning Objectives

* Recognize common data visualizations, their best uses, and
their limitations

* Understand the importance of effective visualizations
for communicating research results

« Become familiar with software and tools for data visualization
avallable to researchers
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What is data visualization?

Second letter

Anything that converts data into > = A a
uuu ucCu UAU uGu U

a visual representation e | ue| | sl | eg o |8
UUA UCA UAA STOP | UGA STOP| A
uua | LY | uca UAG STOP | UGG| Tp | G

1 >K00136:63:H3LCNBBXX:5:1101:1304:14394#0/1 t0000001

2 GTTTCCGTAGTGTAGTGGTTATCACGTTCGCCT

3 >K00136:63:H3LCNBBXX:5:1101:2603:14394#0/1 t0000003 ggg ggg gﬁg His ggg g

4 GCATTGGTGGTTCAGTGGTAGAATTCTCGCCT C Leu Pro Arg

5 »K00136:63:H3LCNBBXX:5:1101:5709:143940/1 £0000009 5 CUA CCA CAA [ qn | CGA Al

& TACCCTGTAGAACCGRAATTTGTGA B CUG CCG CAG CGG G|3

7 »K00136:63:H3LCNBBXX:5:1101:5831:14394#0/1 t0000002 = )

§ TACCCTGTAGAACCGRATTTGT T AUU lle ACU AAL Asn AGU Ser U | g

9 >K00136:63:H3LCNBBXX:5:1101:7496:143940/1 t0000001 A AUC ACC Thr AAC AGC c|"

10 GTTTCCGTAGTGTAGTGGTTATCACGTTCGCCT AUA ACA AAA Lys AGA | Arg | A

11 >K00136:63:H3LCNBBXX:5:1101:9221:14394#0/1 t0000010 AUG Met | ACG AAG AGG G

12 GCTTCTGTAGTGTAGTGGTTATCACGTTCGCCT

13 >K00136:63:H3LCNBBXX:5:1101:9830:14394#0/1 t0000002 GUU GCU GAU GGU U

14 TACCCTGTAGAACCGAATTTGT GUC GCC GAC Asp GGC c

5 >K00136:63:H3LCNBBXX:5:1101:9850:1439#0/1 t0000001 G GUA Val GCA Ala GAA . GGA Gly A

16 GTTTCCGTAGTGTAGTGGTTATCACGTTCGCCT u

17 >K00136:63:H3LCNBBXX:5:1101:10155:143940/1 t0000011 GUG GCG GAG GGG G

18 TCGGGCCTGGTTAGTACTTGGATGGGAGACCGCC

5 >K00136:63:H3LCNBBXX:5:1101:10317:1439#0/1 t0000004 I |
20 GCATTGGTGGTTCAGTGGTAGAATTCTCGCC InCIUdIng tables
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Why visualize?

X y X y X y X y
These g rou pS have aImOSt 00 804 100 914 100 746 80 658
iIdentical summary statistics at 80 695 80 84 80 67 80 5%
first glance. B0 758  1BO 874  BO 1274 8.0 771
9.0 88 90 877 9.0 m 80 884
n0 833 M0 926 MO 781 80 847
X & Y mean 0 996 140 810 140 884 80 704
60 724 6.0 613 60 6.8 80 525
X & Y variance 40 426 40 310 40 539 190 1250
X-Y correlation 120 1084 120 913 12.0 815 8.0 5.56
X-Y linear regression 0 am 0 726 70 642 8.0 791
50 5.8 50 474 50 573 80  6.89

https://en.wikipedia.orag/wiki/Anscombe's quartet
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https://en.wikipedia.org/wiki/Anscombe's_quartet

But when plotted, we see patterns

X y X y X y X y
100 804 100 914 10.0 746 80 658
80 695 8.0 814 8.0 6.77 80 576
13.0 758 13.0 8.74 B0 1274 8.0 77
9.0 8.81 9.0 8.77 90 m 8.0 8.84 4 6 8 10 12 14 16 18 4 6 8 10 12 14 16 18
Xq Xo
1m0 833 1m0 926 1.0 781 80 847
140 996 14.0 810 140 884 8.0 704 5
12 12
6.0 724 6.0 613 60  6.08 80 525
10 10
@
40 426 4.0 310 40 539 190 1250 o 6l seo - 8
120 1084 120 913 12.0 815 80 556 .. . 4
70 482 70 726 70 642 8.0 791 4] 4-
50 568 5.0 474 5.0 573 80  6.89 4 6 8 10 12 14 156 18 PR
X3 X4

https://flat.io/score/60a8d8653374193bc2aa3633-anscombe-
https://en.wikipedia.org/wiki/Anscombe's quartet  s-Quartet
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https://en.wikipedia.org/wiki/Anscombe's_quartet
https://flat.io/score/60a8d8653374193bc2aa3633-anscombe-s-quartet

Orientation Line Length Line Width Size

| Ce e
Visual cues used in 1 e
data visualization psosans exc
make interpretation ' S D
even quicker | YY) ) ||

https://www.perceptualedge.com/articles/ie/visual perception.pdf
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https://www.perceptualedge.com/articles/ie/visual_perception.pdf

Magnitude (numerical) Identity (categorical)

Position on common scale il . ; Spatial region . o .
]
=
Position on unaligned scale '_'_'I - Color hue HEER
Some Cues are Length (1D size) slesss uh Motion ‘&. ® .C}.
Tilt/angle | Hom Shape + O N A
more effective RL1 I
v
&
th an Ot h e rS Depth (3D position) e ——e g
Color luminance HE 1} °E:
Color saturation [] H .
Curvature | ) ) ) o !
Volume (3D size) v iy : %

https://www.cs.ubc.ca/~tmm/vadbook/eamonn-figs/fig5.1.pdf
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TO0O many cues

Visual overload

Health Sciences Library
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mf = honda

Non-Honda

, Suks
e
Picking a story y
or focus Is j=
much more
effective

oooooooooooooo
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You have your data, now what?



oooooooo

Start here with your

visualization: ————————
I

Cold Storage Left

0 10 20 30 40 50 60 70

» Category + Number = Bar )
» Date/Time + Number = Line
- ek
. S s o
* Number + Number (correlation) P =
= Scatter "

25 30 35 40 45 50 55

Max Location 1
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Let's learn about bar graphs



Bar graphs are great for categorical data

) Useful for Comparlng Values Death rate for coronary artery bypass graft
across categories (categorical e [
d ata) HOSPITAL B i
. HOSPITAL A 3
* EaSIIy underStOOd Amrmenihuspiiss-%
acrossthe state [0 3
* Don’t use with paired or non- —
In d epen d ent d ata ﬂRate of fleaih f::']evew :tﬁm pmiz:Is. [in:eﬁn yem?u

https://pubmed.ncbi.nlm.nih.gov/28974579/
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https://pubmed.ncbi.nlm.nih.gov/28974579/

Tip: Mind the spacing between bars

Too thin Too thick Just right

11

https://www.storytellingwithdata.com/blog/2020/2/19/what-is-a-bar-chart
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https://www.storytellingwithdata.com/blog/2020/2/19/what-is-a-bar-chart

Tip: Add order If possible

* |If variables are not inherently ordered (e.g. date), consider
ordering by value

4k 4K

£ £

2K 2K

1K 1K

= 0 = 0
AH BE CE DI EL FH GO HY IF U KD LG CE FH EL GO BK LG JU HY IF D AH KD

Dustrict Iustrict

https://chartio.com/learn/charts/bar-chart-complete-guide/
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https://chartio.com/learn/charts/bar-chart-complete-guide/

Tip: Use rectangular bars

« 3D bars, rounded bars, and other shapes can make it difficult
to accurate assess height and may imply volume

X X Yearly App Downloads
| |
O
I 2018 2019

https://chartio.com/learn/charts/bar-chart-complete-guide/
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https://chartio.com/learn/charts/bar-chart-complete-guide/

Caution: Many datasets can lead to the
same bar graph

Symmetric Outlier Bimodal Unequal n
A B C D E
30 - -
L J
ol 1 i ] ] o’ ] .
- @ » . ° ®
e * e ® °
(A & °s P L e ,° oo e ®
° e ® . o*
10 o ° ° .o .:. S s
e ® o ®
0 .
Test p value
T-test: Equal var. 0.035 0.050 0.026 0.063
T-test: Unequal var. 0.035 0.050 0.026 0.035
Wilcoxon 0.054 0.073 0.128 0.103

https-//doiorg/10.1371/journal.pbio.1002128
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https://doi.org/10.1371/journal.pbio.1002128

Scatter plots for numerical variables



Scatter plots may reveal data that is
hidden by bar charts

a Bar graph (mean % SE) b Bar graph with points ¢ Dotplot

o
| Zone of Invisibility I
- ©ol
Range of T o L .
Observed 2 : .
Values - t:.“@ < a0 Jz}
T al C—
) £ (:l @ @ @
® @ LR
Zone of
Irrelevance
0 Ll

https://pubmed.ncbi.nlm.nih.gov/28974579/
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https://pubmed.ncbi.nlm.nih.gov/28974579/

Scatter Plots

 Best Use Yy ‘
- Identifying patterns in data J" ety
(groups, gaps, outliers?) KX :: 'f" S
* lllustrate relationship(s) QT
between two numeric variables ‘ ot
- Continuous scale data '. . N1
N HIRE T
 Be Wary K "}-jf S :E.‘
« With categorical data

 Too few values Iin one variable

https://chartio.com/learn/charts/what-is-a-scatter-plot/
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https://chartio.com/learn/charts/what-is-a-scatter-plot/

Caution: Too many values in one variable
may lead to overplotting

A Ineffective B Decrease c Semi- D Random E Symmetric
graph point size transparent jitter jitter
points
Step 1: le) o o é =
Make all
points *{ O o ° .
visible o o o . .
o) o g ° ‘ ° ® ° pCH
15 o © ° °
§' g ‘;' § * B, gl oo
- % o®
F Ineffective G Increase width H Emphasize summary statistics
graph
35
Step2: ° o
Emphasize . - | % .
summary ° ‘ o
statistics P . 1 9 )
NESAE PEIRE T - S -
10 { @ % £ g | oo % B g | - 04
9 o
(<] o o o

https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.118.037777
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https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.118.037777

Scatter plots may have a categorical third
variable

» You may use visual R S e
cues (color, shape, © e ef, 1 Y
size) to encode a S SRR - AT
third variable, but W00
be careful of
becoming too busy

rrrrrrrrrrrrr

https://chartio.com/learn/charts/what-is-a-scatter-plot/
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https://chartio.com/learn/charts/what-is-a-scatter-plot/

Quick note on pie charts



... Avoid them

https://www.data-to-viz.com/caveat/pie.html
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https://www.data-to-viz.com/caveat/pie.html

They might also be hiding patterns

0 0 0
||II |||| I|||

https://www.data-to-viz.com/caveat/pie.html
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https://www.data-to-viz.com/caveat/pie.html

We aren't great at estimating volume of a circle

(And they often aren't used for their intended purposes - to represent parts
of a whole)

Pie vs bar

Global greenhouse emissions by economic sector

Which is the third largest
segment in the pie chart?

Try a bar chart instead!
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Color and accessibility considerations



Colorblind safe: Avoid red and green

As seen by someone with:

Normal color vision The most common form of
color blindness (deuteranopia)

Not
color blind
safe

Color blind
safe

Color blind
safe

Health Sciences Library

( gﬁf?%éﬁ?s) green / magenta cyan / red

I e I EE 1
|

light blue / yellow purple / orange

https://www.ascb.org/science-news/how-
to-make-scientific-figures-accessible-to-
readers-with-color-blindness/
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https://www.ascb.org/science-news/how-to-make-scientific-figures-accessible-to-readers-with-color-blindness/

Relative contrast can create distortion

Highlighting gene activity with heat maps

il

E217S299R783
E217S299R784
E217S300R787
E217S300R786
E217S300R785
E2175299R782
E111S150R567
E2025185R546
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E2025188R552
E111S150R568
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E1995255R449
E199S255R448
E1995255R450
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E111S150R566
E1445184R737
E2025186R548
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E2025186R547
E2025192R556
E202S188R550
E2025192R558
E2025185R544
E2025188R551
E2025196R563
E1445184R738
E2025196R562
E2025194R560
E2025190R554
E2025190R555
E2025194R561
E2025194R559
E1895232R190
E1895232R386

(IR
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® vZLest
e 18692r L
' ziestrrl
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e 8rzeet |
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1 G690kt
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e e ggelert

' B t2eseh
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'S 266/FFL

https://knowablemagazine.org/article/
SOURCE: MIGUEL ANDRADE / WIKIMEDIA COMMONS KNOWABLE MAGAZINE mind/2019/science-data-visualization
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https://knowablemagazine.org/article/mind/2019/science-data-visualization

Relative contrast can also create distortion

Highlighting gene activity with heat maps

it

E217S299R783
E217S299R784
E217S300R787
E217S300R788
E217S300R785 |
E2175299R782 |

E111S150R567
E2025185R546
E2025196R564
E2025188R552
E111S150R568
E2025185R545
E1995255R449
E1995255R448
E1995255R450
E2025192R557
E202S190R553
E111S150R566
E1445184R737
E2025186R548
E202S186R549
E2025186R547
E2025192R556
E2025188R550
E202S192R558
E202S185R544
E2025188R551
E2025196R563
E1445184R738
E2025196R562
E2025194R560
E2025190R554
E202S190R555
E2025194R561
E2025194R559
E1895232R190
E1895232R386

===

G Da et BN od SN Sk ma ok mm, o k. o ok N b E oe g
L S o~ t S E £ E + t i L ﬁ o £
[ n [\V] (¢ n (&) W w0 - — nN w w n
n + - © o0 @ ~N foe] ~ o ~ o] o] ~ [+ 4] - - (4]
B o W - [} w w n -t P o o n o o w w w o]
~ (=] o n «© -t W & + o o o £ - o o o] o7 n
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Alternatives to red and green in imaging

DON'T
Use red and green pseudocoloring
in the same image

DO
Use colors in merged images that
can still be distinguished by people
with red/green color-blindness

Wild-type photoreceptors

Magenta
Green
Blue

Show greyscale images
of each channel

Deuteranopia (no green)
Magenta
Yellow
Cyan

Tubulin  Actin

Deuteranomaly (reduced green)

Red
Cyan
Yellow

DAPI

Protanopia (no red)

Protanomaly (reduced red) .
ColorBrewer: https://www.ascb.org/science-news/how-

to-make-scientific-figures-accessible-to-
readers-with-color-blindness/

tool for picking color palettes
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https://www.ascb.org/science-news/how-to-make-scientific-figures-accessible-to-readers-with-color-blindness/
http://colorbrewer2.com/

Jet ('Rainbow’) colormaps also create
distortion

Colour-vision deficient (CVD) Colour-blind
Protanopia Tritanopia Grey scale
- B B B
HE B B B
| (]
I Il 4 E
[a)
>
O
B B B B
I l
H B S
jet
HE JAF EE 3IFE E-
I |

https://doi.org/10.1038/s41467-020-19160-7

Health Sciences Library L9 HEALTH SCIENCE CENTER.


https://doi.org/10.1038/s41467-020-19160-7

A bit more about
rainbow maps...

* Have no Iintuitive color ordering
 Make data look striped / banded

Borland, David, and Russell M. Taylor li. "Rainbow color map (still)
considered harmful." IEEE computer graphics and applications 27.2 (2007).
https://ieeexplore.ieee.org/document/4118486

Health Sciences Library LJ" HEALTH SCIENCE CENTER.



Choose categorical colors carefully

* Only use gradient color for ordered categories (implies relation)
» Use the same color for the same variables if you have multiple

visuals
=
-
= = — —
== =
Not ideal Better Not ideal Better

“Tips for Effective Data Visualization.” Eric Monson, SEDLS 2021.
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Be aware of emotional affect of color

* Colors can have meaning, and our emotional response Is
culturally variable

@ COVID-19 Dashboard by the Center for Systems Science and Engineering (CSSE) at Johns Hopkins University ... Number of confirmed COVID-19 cases in US counties

ot

t Sy

How many people
are confirmed to
have/had COVID-19?
W1in50

1in 200

1in 500

1in>1000
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General tips for better data visualization



Remove unnecessary detall

======
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Use human-readable labels

_— 6.00

Avoid: 5.20456
5.00

° Jargon 4.30241
4.00

 Abbreviations I a—
3.00 -

» Variable names / =i )
2.00 )

e Useless decimals

1.00 KNPQ-3 |, zone

* Too many labels

0.00
NN_tO NN_t2 NN_t3 NN_t4

“Tips for Effective Data Visualization.” Eric Monson, SEDLS 2021.
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Don't use vertical labels

AAAAAAAAAAAAAA
5
3
2
1 DDDDDDDDDDDDD
g w
8 &
& 0 1 2 3 - 5
B
2 a

Better Best!
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Use active titles

Accuracy versus Accuracy Improved by Color,
Color and Shape not by Shape
100% 100%

80% 80%

60%

40%
20% -
0% -

Control Color Shape Control Color Shape

60%

40%

20% -

0%

“Tips for Effective Data Visualization.” Eric Monson, SEDLS 2021.
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Let's give it a try!

What suggested edits do you have for
these visualizations?



10,000 r 14.00%

P - 12.00%
8,000
10.00%
7,000
0,
6,000 8.00%
5,000 6.00%
0 - 4.00%
3,000 |
- 2.00%
2,000
1,000 0.00%
0 -2.00%
Athena University Bravo University Delta Institute
mmm Number of authors s Total publications mm Total citations
Publication growth rate =——Citations growth rate = == Author growth rate
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COVID-19 IN SINGAPORE
NEW CORONAVIRUS CASES AND NEWLY DISCHARGED

15
B New cases confirmed
B Patients discharged = -
12 12 12
0 10 10
9 9
8 88 8
7
6 6 6
. 5 555 5 5
4 4 4 4 4 4 4 a4
333 3 B3 3 3 3l 3 3 3] 33 33
2 2 2 2 2 22 2 2 22 2 2 2 22022 |2
1 1 1 1 1 1 1 111 11 1 1 1
2324252627 282930311 2 3 45 6 7 8 910111213141516171819202122232425262728291 2 3 4 5 6 7 8 91011121314
Jan Feb Mar
As of Mar 14

Infographic by Rafa Estrada  Source: Ministry of Health

cna

https://analythical.com/blog/covid19-in-charts
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https://analythical.com/blog/covid19-in-charts

Data Visualization Tools



Tools: Access Through UTHSC

 Excel

 Mathematica
e ArcGIS
* NVIVO

https://libguides.uthsc.edu/data/tools
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https://libguides.uthsc.edu/data/tools​
https://webapps.utk.edu/OIT/SoftwareDistribution
https://webapps.utk.edu/OIT/SoftwareDistribution
https://webapps.utk.edu/OIT/SoftwareDistribution
https://webapps.utk.edu/OIT/SoftwareDistribution

Tools: Additional (Not UTHSC)

» Tableau (free 1 year educator and student licenses, renewable
annually)

*D3.s

* ggplot?

* NodeBox

« RAWGraphs
» Spotfire

e P |0t|) / https://libguides.uthsc.edu/data/tools
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https://libguides.uthsc.edu/data/tools​
https://www.tableau.com/academic/teaching
https://d3js.org/
https://ggplot2.tidyverse.org/
https://www.nodebox.net/
https://rawgraphs.io/
https://www.tibco.com/products/tibco-spotfire
https://plotly.com/

Library Research Guide for
Clinical Researchers

https://libguides.uthsc.edu/clinicalresearchers

THE UNIVERSITY OF

TENNESSEE

HEALTH SCIENCE CENTER.
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https://libguides.uthsc.edu/clinicalresearchers



