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What is visualization?

Plume from cigar, © Hunter Miller [flowvis.org]

https://www.flowvis.org/2016/09/05/hunter-miller-get-wet-with-cigar-smoke/


What is visualization?

Plume from cigar, © Hunter Miller [flowvis.org]

[merriam-webster.com]

https://www.flowvis.org/2016/09/05/hunter-miller-get-wet-with-cigar-smoke/
https://www.merriam-webster.com/dictionary/visualization


Have you been in touch with visualization?

Think of examples in 
• Your everyday life

• Your work

• Around you



Examples

[earth.nullschool.net]

[svt.se/datajournalistik]

https://earth.nullschool.net/#current/wind/isobaric/850hPa/overlay=temp/orthographic=1.48,24.09,420
https://www.svt.se/datajournalistik




[openculture.com]

https://www.openculture.com/2019/07/napoleons-disastrous-invasion-of-russia-explained-in-an-1869-data-visualization.html


Laser flow visualization

Flow visualization of a heliostat field [YouTube]

https://youtu.be/bMO2IXmJa_Y


Why visualization?

I II III IV

x1 y1 x2 y2 x3 y3 x4 y4

10.0 8.04 10.0 9.14 10.0 7.46 8.0 6.58

8.0 6.95 8.0 8.14 8.0 6.77 8.0 5.76

13.0 7.58 13.0 8.74 13.0 12.74 8.0 7.71

9.0 8.81 9.0 8.77 9.0 7.11 8.0 8.84

11.0 8.33 11.0 9.26 11.0 7.81 8.0 8.47

14.0 9.96 14.0 8.10 14.0 8.84 8.0 7.04

6.0 7.24 6.0 6.13 6.0 6.08 8.0 5.25

4.0 4.26 4.0 3.10 4.0 5.39 19.0 12.50

12.0 10.84 12.0 9.13 12.0 8.15 8.0 5.56

7.0 4.82 7.0 7.26 7.0 6.42 8.0 7.91

5.0 5.68 5.0 4.74 5.0 5.73 8.0 6.89



Why visualization?

I II III IV

x1 y1 x2 y2 x3 y3 x4 y4

10.0 8.04 10.0 9.14 10.0 7.46 8.0 6.58

8.0 6.95 8.0 8.14 8.0 6.77 8.0 5.76

13.0 7.58 13.0 8.74 13.0 12.74 8.0 7.71

9.0 8.81 9.0 8.77 9.0 7.11 8.0 8.84

11.0 8.33 11.0 9.26 11.0 7.81 8.0 8.47

14.0 9.96 14.0 8.10 14.0 8.84 8.0 7.04

6.0 7.24 6.0 6.13 6.0 6.08 8.0 5.25

4.0 4.26 4.0 3.10 4.0 5.39 19.0 12.50

12.0 10.84 12.0 9.13 12.0 8.15 8.0 5.56

7.0 4.82 7.0 7.26 7.0 6.42 8.0 7.91

5.0 5.68 5.0 4.74 5.0 5.73 8.0 6.89

Mean x1: 9
Mean y1: 7.5
Var x1: 11
Var y1: 4.1
Corr(x1, y1): 0.8
Linear regression: 3.0 + 0.5x1

Mean x2: 9
Mean y2: 7.5
Var x2: 11
Var y2: 4.1
Corr(x2, y2): 0.8
Linear regression: 3.0 + 0.5x2

Mean x3: 9
Mean y3: 7.5
Var x3: 11
Var y3: 4.1
Corr(x3, y3): 0.8
Linear regression: 3.0 + 0.5x3

Mean x4: 9
Mean y4: 7.5
Var x4: 11
Var y4: 4.1
Corr(x4, y4): 0.8
Linear regression: 3.0 + 0.5x4



I II

2

4

6

8

10

12

14

2 7 12 17

y1

x1

2

4

6

8

10

12

14

2 4 6 8 10 12 14 16 18 20

y2

x2

2

4

6

8

10

12

14

2 4 6 8 10 12 14 16 18 20

y3

x3

2

4

6

8

10

12

14

2 4 6 8 10 12 14 16 18 20
y4

x4

III IV



Never trust summary statistics alone; visualize your data!
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The Datasaurus Dozen [autodesk.com] 

X Mean: 54.26
Y Mean: 47.83
X SD: 16.76
Y SD: 26.93
Corr.: -0.06

https://www.autodesk.com/research/publications/same-stats-different-graphs




”The Forest Has Eyes” by Bev Doolittle



Example: fitness tracker
Type Local Number Message Field 1 Value 1 Units 1 Field 2 Value 2 Units 2 Field 3 Value 3 Units 3 Field 4 Value 4 Units 4 Field 5 Value 5 Units 5 Field 6 Value 6 Units 6 Field 7 Value 7 Units 7 Field 8

Definition 0 file_id serial_number 1 time_created 1 unknown 1 manufacturer 1 product 1 number 1 type 1

Data 0 file_id serial_number 3380794501 time_created 1026748965 manufacturer 1 garmin_product 3122 type 4

Definition 1 file_creator unknown 20 software_version 1 hardware_version 1

Data 1 file_creator software_version 940

Definition 2 unknown unknown 1 unknown 1 unknown 1 unknown 1 unknown 1 unknown 1

Data 2 unknown unknown 1026748965 unknown 1

Definition 3 event timestamp 1 data 1 unknown 1 unknown 1 event 1 event_type 1 event_group 1

Data 3 event timestamp 1026748965 s timer_trigger 0 event 0 event_type 0 event_group 0

Definition 4 device_info timestamp 1 serial_number 1 cum_operating_time 1 unknown 1 unknown 1 unknown 1 unknown 1 unknown

Data 4 device_info timestamp 1026748965 s serial_number 3380794501 manufacturer 1 garmin_product 3122 software_version 94 device_index 0 source_type 5

Data 4 device_info timestamp 1026748965 s manufacturer 1 garmin_product 3122 software_version 94 device_index 1 device_type 4 source_type 5

Data 4 device_info timestamp 1026748965 s serial_number 3338514105 unknown 2 unknown 3514347193 manufacturer 1 garmin_product 255 software_version 254 device_index

Data 4 device_info timestamp 1026748965 s serial_number 3380638747 unknown 1 unknown 24867867 manufacturer 1 garmin_product 3192 software_version 40 battery_voltage

Definition 5 unknown unknown 1 unknown 1 unknown 1 unknown 1 unknown 1 unknown 1 unknown 1 unknown

Data 5 unknown unknown 1026748965 unknown 3 unknown 3 unknown 1 unknown 2 unknown 3

Definition 6 unknown unknown 1 unknown 1 unknown 1 unknown 1 unknown 1 unknown 1 unknown 1

Data 6 unknown unknown 1026748965 unknown 1025740800 unknown 1026345600 unknown 1

Definition 7 device_settings utc_offset 1 time_offset 1 unknown 1 autosync_min_time 1 active_time_zone 1 unknown 1 time_mode 1 time_zone_offset

Data 7 device_settings utc_offset 0 time_offset 120 s active_time_zone 0 unknown 0 time_mode 1 time_zone_offset 0 hr unknown 0 unknown

Definition 9 unknown unknown 1 unknown 16 unknown 1 unknown 4 unknown 12 unknown 4 unknown 4 unknown

Data 9 unknown unknown 24867867 unknown 29723 unknown 0 unknown 2270 unknown 3192 unknown 400 unknown 0 unknown

Data 9 unknown unknown 3514347193 unknown 896697 unknown 1 unknown 255 unknown 2540 unknown 1 unknown 0 unknown

Definition 10 unknown unknown 1 unknown 1 unknown 1 unknown 1 unknown 1 unknown 1 unknown 1 unknown

Data 10 unknown unknown 1026748965 unknown 3917349947 unknown 0 unknown 0 unknown 0 unknown 0 unknown 740 unknown

Definition 11 sport name 32 unknown 1 sport 1 sub_sport 1 unknown 1 unknown 1 unknown 1 unknown

Data 11 sport name MOUNTAIN unknown 45 sport 2 sub_sport 8 unknown 1 unknown 0 unknown 0 unknown

Definition 12 unknown unknown 1 unknown 1 unknown 1 unknown 1 unknown 1 unknown 1 unknown 1 unknown

Data 12 unknown unknown 500000 unknown 1200000 unknown 18000 unknown 0 unknown 4167 unknown 1389 unknown 60 unknown

Definition 13 zones_target unknown 1 functional_threshold_power 1 unknown 1 max_heart_rate 1 threshold_heart_rate 1 hr_calc_type 1 pwr_calc_type 1 unknown

Data 13 zones_target unknown 2 functional_threshold_power 210 threshold_heart_rate 0 hr_calc_type 1 pwr_calc_type 1 unknown 1 unknown 1 unknown

Definition 14 record timestamp 1 distance 1 altitude 1 speed 1 unknown 1 unknown 1 heart_rate 1 temperature

Data 14 record timestamp 1026748965 s distance 4.78 m altitude 4336 m speed 4787 m/s unknown 4574 unknown 659 heart_rate 103 bpm temperature

Definition 15 unknown unknown 1 unknown 8 unknown 1 unknown 1

Data 15 unknown unknown 1026748968 unknown
121|2|15|0|108|3
6|18|0 unknown 3

Data 5 unknown unknown 1026748970 unknown 3 unknown 3 unknown 1 unknown 2 unknown 3

Definition 0 record timestamp 1 distance 1 altitude 1 speed 1 unknown 1 unknown 1 unknown 1 heart_rate

Data 0 record timestamp 1026748971 s distance 34.77 m altitude 4264 m speed 5067 m/s unknown 4578 unknown 659 unknown 2598 heart_rate

Data 0 record timestamp 1026748972 s distance 39.84 m altitude 4264 m speed 5067 m/s unknown 4578 unknown 659 unknown 2598 heart_rate

Data 0 record timestamp 1026748973 s distance 44.92 m altitude 4266 m speed 5085 m/s unknown 4579 unknown 659 unknown 2598 heart_rate

Data 0 record timestamp 1026748974 s distance 49.96 m altitude 4,268E+16 m speed 5039 m/s unknown 4580 unknown 659 unknown 2598 heart_rate

Data 0 record timestamp 1026748978 s distance 70.2 m altitude 4270 m speed 5104 m/s unknown 4581 unknown 659 unknown 2303 heart_rate

Data 0 record timestamp 1026748980 s distance 80.21 m altitude 4,272E+16 m speed 4983 m/s unknown 4582 unknown 659 unknown 2244 heart_rate

Data 0 record timestamp 1026748983 s distance 95.19 m altitude 4276 m speed 5067 m/s unknown 4584 unknown 659 unknown 2244 heart_rate

Data 0 record timestamp 1026748984 s distance 100.18 m altitude 4,278E+16 m speed 4992 m/s unknown 4585 unknown 659 unknown 2244 heart_rate

Data 0 record timestamp 1026748988 s distance 119.74 m altitude 4,288E+16 m speed 4927 m/s unknown 4590 unknown 659 unknown 2165 heart_rate

Data 4 device_info timestamp 1026749007 s manufacturer 1 garmin_product 3107 software_version 48 device_index 4 device_type 0 source_type 5

Data 5 unknown unknown 1026749007 unknown 3 unknown 3 unknown 1 unknown 2 unknown 3

Definition 1 record timestamp 1 position_lat 1 position_long 1 distance 1 grit 1 flow 1 altitude 1 speed

Data 1 record timestamp 1026749007 s position_lat 582423992 semicircles position_long 118853500 semicircles distance 13991 m grit 0 flow 0 altitude 4296 m speed

Definition 2 unknown unknown 1 unknown 1 unknown 1 unknown 1 unknown 1



GPS track

Extracted from lat/long columns





  
 
 
 
  
 
  



What data do you have?



What are the types of your data?

Categories Ordered Categories Continuous Metrics

City Airline Class PriceBracket Distance FlightTime Price

Linköping KLM First $$$ 300 90 1600

Nyköping Ryan Air Economy $ 500 120 250

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



What is your goal?

Categories Ordered Categories Continuous Metrics

City Airline Class PriceBracket Distance FlightTime Price

Linköping KLM First $$$ 300 90 1600

Nyköping Ryan Air Economy $ 500 120 250

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

or ?



Types of visualizations

Charts (line chart, bar chart, …)

Scatter plots

Heatmaps

Graphs and diagrams

Glyphs and shapes

Line rendering

Spatial visualization

…

Display trends over time A line chart with areas
below the lines filled 

with colors

Display trends with
multiple variables

Display the shape and
spread of continuous

dataset samples

Show correlation in
a dataset

Show and compare the
relations between
the labelled circles

Show the contribution
of data point inside

a whole dataset

Visualize the distance
between intervals

Show data with location as variable Show magnitude of a phenomenon



Comparison



Small multiples

[insights.datylon.com/stories]

Avoids cluttering in a single plot

https://insights.datylon.com/stories/g7s_EAU0T6Hqfefrbr9DNg


Parallel coordinates
Sepal

Petal

Allows for comparison of many attributes



Correlation





Part-to-whole and hierarchical



Diverging stacked bar chart



Data over time (temporal)



Line chart



Distributions





Geospatial and connectivity



Choropleth map





What do you want to tell with your data?

Categories Ordered Categories Continuous Metrics

City Airline Class PriceBracket Distance FlightTime Price

Linköping KLM First $$$ 300 90 1600

Nyköping Ryan Air Economy $ 500 120 250

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

Color?



Data encoding 

Ordered attributes

1. Position 

2. Length

3. Orientation

4. Area

5. Color

• Color luminance

• Color saturation

6. Curvature

6. Volume

Ef
fe

ct
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en
es
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Least

Best

Same

Same



Data encoding 

Ordered attributes

1. Position 

2. Length

3. Orientation

4. Area

5. Color

• Color luminance

• Color saturation

6. Curvature

6. Volume
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Categorical attributes

1. Spatial region 

2. Color hue

3. Motion

4. Shape



Colormaps

Sequential Diverging Categorical



Colormaps

Sequential Diverging Categorical

Categorical

A B C D E A B C D E

A B C D E



Colormaps

Sequential Diverging Categorical

Categorical

A B C D E A B C D E

A B C D E



Colormaps

Sequential Diverging Categorical

Categorical

Ordered

A B C D E A B C D E

A B C D E

Low High

Low Medium High

Low HighMedium



Colormaps

Sequential Diverging Categorical

Categorical

Ordered

A B C D E A B C D E

A B C D E

Low High

Low Medium High

Low HighMedium



Colormaps

Sequential Diverging Categorical

Categorical

Ordered

Interval

A B C D E A B C D E

A B C D E

Low High

Low Medium High

Low HighMedium

1 2 3 4 5 6

1-2 3-4 5-6

1 2 3 4 5 6



Colormaps

Sequential Diverging Categorical

Categorical

Ordered

Interval

A B C D E A B C D E

A B C D E

Low High

Low Medium High

Low HighMedium

1 2 3 4 5 6

1-2 3-4 5-6

1 2 3 4 5 6



Colormaps

Sequential Diverging Categorical

Categorical

Ordered

Interval
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Colormaps

Sequential Diverging Categorical

Categorical

Ordered
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1-2 3-4 5-6
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-5 -3 -1 1 3 5
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Colormaps

Sequential Diverging Categorical

Pro tips: 
• Gray is one of the most important colors!

• Think about cultural connotations: www.informationisbeautiful.net/visualizations/colours-in-cultures

• Choose colormaps that work for people with color deficiencies (color blind)

http://www.informationisbeautiful.net/visualizations/colours-in-cultures


Recommendations & Pitfalls



Intuitiveness

Land

Water

Land

Water

Colors in Data Visualization [twitter.com] 

https://pbs.twimg.com/media/FWWJeCGX0AYSaxo?format=jpg&name=large


Moderation

Colors in Data Visualization [twitter.com] 

https://pbs.twimg.com/media/FWWJeCGX0AYSaxo?format=jpg&name=large


Consistency

EU

US

EU

US

EU

US

EU

US

Colors in Data Visualization [twitter.com] 

https://pbs.twimg.com/media/FWWJeCGX0AYSaxo?format=jpg&name=large


Clarity

Colors in Data Visualization [twitter.com] 

https://pbs.twimg.com/media/FWWJeCGX0AYSaxo?format=jpg&name=large


Classification

A B C D A B C D

Colors in Data Visualization [twitter.com] 

https://pbs.twimg.com/media/FWWJeCGX0AYSaxo?format=jpg&name=large


Explainability

US Population 2010

Colors in Data Visualization [twitter.com] 

[Map from chartio.com] 

https://pbs.twimg.com/media/FWWJeCGX0AYSaxo?format=jpg&name=large
https://chartio.com/learn/charts/how-to-choose-colors-data-visualization/




Pitfalls: missing/wrong labels



Pitfalls: axis labels

Missing axis labels

Misleading labels
• Not zero-based

• Using different scales in multiple plots

Missing units

800

1000

A B

0

500

1000

A BA B



Pitfalls: Colormaps

Choice of colormap can distort perception of data values

Perception distorted by colorful graphics [phys.org]

Rainbow color map Perceptually uniform color map

%5bhttps:/phys.org/news/2021-08-perception-scientific-results-distorted-graphics.html


Pitfalls: absolute numbers



Pitfalls: biased visualization



Pitfalls: area effects

Data often not mapped to area
• Intrinsic part of the visualization

• Can mislead

• Affects comparison 

[Perception distorted by colorful graphics, phys.org]

      

   

  

     
         

IPCC report summary [ipcc.ch]

%5bhttps:/phys.org/news/2021-08-perception-scientific-results-distorted-graphics.html
https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM.pdf


Spatial data



Spatial data (scalar and vector fields)

VOLUME RENDERING ISO-SURFACE LINE INTEGRAL 
CONVOLUTION

STREAM PARTICLES STREAM LINES

V
EC

TO
R

 F
IE

LD
S

SC
A

LA
R

 F
IE

LD
S



Volume rendering

“Looking into a volumetric dataset”

Requires transparency

Scalar values describe optical properties



Direct volume rendering

Eye

Image plane / screen

Data Set



Ray casting

Sample volume along ray



Ray casting: color mapping

Apply transfer function

Bone

Tissue



aorta
stent

clamp



Depth cue through lighting
clamp



Inviwo

[Jönsson et al., TVCG, 2017]



VIAMD

[Skånberg et al., MolVA, 2018]



[Engelke et al., CGF, 2019]



[Bock et al., TVCG, 2019]





Use cases



Inviwo

Interactive Visualization Workshop

Rapid prototyping

Developed in-house (LiU)

Available on github.com/inviwo

inviwo.org

https://github.com/inviwo/
https://inviwo.org/


Inviwo

Models a visualization pipeline
• Data flows through graph

Result at the bottom

Blocks can be linked



Visualizing data with Inviwo

Build visualization networks

Add your own Python processor

Add a C++ processor

Include web pages via HTML5/WebGL



Cryo-EM map validation





Questions?

Where?

Shape?

Relation to other objects?

Movement?





Conclusion



12 Basic Principles Of Data Visualization

Keep your Audience in Mind

Choose the Chart Wisely

Think Beyond the PowerPoint Templates

Form follows Function

Direct Attention to the Important Details

Use Tables and Graphs Appropriately

Provide Context

Align the Data and the Displays Right

Choose the Right Colors

Pay Careful Attention to Titles

Use Clear Axis Labels and Numbers

Leverage Interactivity When Appropriate
[datafloq.com]

https://datafloq.com/read/the-12-basic-principles-of-data-visualization/


Tools & Libraries

General visualization
• Libraries: 

• Vega, plotly (high-level)

• matplotlib, d3.js (low-level)

• Voyager

• Matlab, Excel

• Tableau, Spotfire, MS Power BI, …

Spatial Data
• Inviwo, inviwo.org

• OpenSpace, openspaceproject.com

• VTK / ParaView, paraview.org

https://inviwo.org/
https://www.openspaceproject.com/
https://paraview.org/


Links

Colormaps colorbrewer2.org

Interactive vis with explanations svt.se/datajournalistik

Examples of visual misinformation vislies.org 

More examples visme.co, insights.datylon.com/stories

Data visualization cheat sheet policyviz.com

More inspirations informationisbeautiful.net

https://colorbrewer2.org/
https://www.svt.se/datajournalistik
https://visme.co/blog/examples-data-visualizations/
https://visme.co/blog/examples-data-visualizations/
https://insights.datylon.com/stories
https://insights.datylon.com/stories
https://policyviz.com/product/core-principles-of-data-visualization-cheatsheet/
https://informationisbeautiful.net/

