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Data Visualization
Robert Haase
Reusing Materials from Jan Ewald and Mara Lampert (ScaDS.AI, Uni Leipzig) and Marcelo Leomil 
Zoccoler (TU Dresen)

These slides can be reused under the terms of the CC-BY 4.0 license unless mentioned otherwise.
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Take home message: choose plots wisely

From such a visualization you may 
conclude that two datasets are 

similarly distributed.
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First things first.

What would you 
like to show?

Comparison

Relationship

Composition

Distribution

How many 
variables?

Time axis?

Cyclic axis?

Categorical 
data?

…

Inspired by A. Abela 2009 

https://extremepresentation.com/design/7-charts/
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Distribution of data

Histogram Scatterplot 3D Plot (e.g. 3D Scatterplot)

Distribution

Line Plot

Single Variable Two Variables Three Variables

Few Data Points Many Data Points

Inspired by A. Abela 2009 

https://extremepresentation.com/design/7-charts/
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Comparing data

Cyclical Data Non-Cyclical 
Data

Many 
categories

few 
categories

One variable

Few categories Many categories

Few items many items

Table (with Plots) Spiderplot Line Plot Line PlotScatterplotBar PlotPie Chart Bar Plot

Comparison

Among items Over time

Two variables Many timepoints Few timepoints

Inspired by A. Abela 2009 

https://extremepresentation.com/design/7-charts/
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Composition of data

Changing Over Time Static

Composition

Few Periods Many Periods

Only Relative 
Differences 

Matter

Relative and 
Absolute 

Differences Matter

Only Relative 
Differences 

Matter

Relative and 
Absolute 

Differences Matter

Simple Share 
of Total

Accumulation or 
Subtraction to 

Total

Components of 
Components

Stacked 100% 
Column Chart

Stacked 
Column Chart

Stacked Area 
Chart

Pie Chart Waterflow 
Chart

Stacked 100% 
Column Chart with 

Subcomponents

Stacked 100% 
Area Chart

Inspired by A. Abela 2009 

https://extremepresentation.com/design/7-charts/
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Relationships between aspects of data

Two Variables Three Variables More Variables

Scatterplot

Scatterplot with 1 
additional attribute 
(e.g. Bubble Plot)

Scatterplot with 
additional attributes

Tree Visualizations

Relationship

Indentation Node-Link-
Diagram

Space-
Filling 

Approaches

Layered 
Approaches

Scatterplot Matrix

Folder Structure TreeMap Sunburst

3D Scatterplot

Reingold- and 
Tilford

Inspired by A. Abela 2009 

https://extremepresentation.com/design/7-charts/
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Color maps / lookup tables
Choose visualization of your color tables wisely!

Think of people with red/green blindness!

Default view Red/green blind people see it like 
this

Replace red 
with magenta!
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Colour theory

• Humans may not see the 
difference between adjacent
colors properly

• Use opposite colours instead.
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Data visualization using seaborn
Seaborn is a community standard library 
for advanced data visualization, based on 
matplotlib.

We strongly discourage data scientists 
from using plain matplotlib.

https://seaborn.pydata.org/tutorial/introduction.html

https://seaborn.pydata.org/examples/index.html

https://seaborn.pydata.org/tutorial/introduction.html
https://seaborn.pydata.org/examples/index.html
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API comparison & philosophies

seaborn.objects

Plot type driven Data and geometry driven

...

What do you see 
as pro’s and con’s?
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API comparison & philosophies
Data:                    Plot:

x=data[‘a’]
y=data[‘b’]
yerr = sd(y)

errorbar(x,y, yerr)

1) Choose plot type
2) Extract or calculate variables
3) Stuff into plot API

pointplot(
data, 
x=‘a’, y=‘b’, 
errorbar=‘sd’
)

a b

1) Choose basic type
2) Define data and variables

seaborn.objects

so.Plot(data,x=‘a’, y=‘b’)
.add( so.Dot(),

so.Agg())
.add( so.Range(),

so.Est(errorbar=‘sd’))

1) Define data and variables
2) Choose plot geometries
3) Define statistics

Plot type driven Data and geometry driven
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Concepts behind seaborn

Figure-level

Axes-level

Pros and cons of Figure-level functions:
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Figure level versus axes level

Figure 
level

Axes 
level
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Comparison based on categories
Easy to switch plot type 
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Concepts behind seaborn

Figure-level

Axes-level

Pros and cons of Figure-level functions:
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Distributions
Figure 
level

Axes 
level

Figure 
level
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Concepts behind seaborn

Figure-level

Axes-level

Pros and cons of Figure-level functions:
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Relationships
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Relationships
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Relationships
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Relationships
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Basic elements of data visualization

Selective Associative Quantitative Or
der

Length

Position yes yes yes yes infinite

Size yes no partially yes Selection: ~ 5
Distinction: ~ 20

Shape no mostly no no Infinite

Value yes no no yes Selection: < 7
Distinction: ~ 10

Color yes yes no no Selection: < 7
Distinction: ~ 10

Orientation yes yes no no infinite

Texture yes yes no mu
lti

infinite

V
is

u
a

l 
V

a
ri

a
b

le
s

Characteristics
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Relationships
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Relationships
Pairplots are great for getting an overview
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Interactive plotting
The plotly library aims at a 
similar API like seaborn and 
brings interactive plots.
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Plotting in 3D with plotly
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Plotting higher dimensional data
Using Dimensionality reduction (a.k.a. unsupervised machine learning)

-> Embeddings

M
a

n
y
 d

im
e

n
si

o
n

s 

Dimensionality 
reduction
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Highest variance

2
n

d-h
ig

h
e

st v
a

ria
n

c
e

Explained variance Component1: 0.98 
Explained variance Component2: 0.01

PCA

→ PCA transforms width/height measurements into a coordinate system that explains existing variance better

PCA: Principal Component Analysis
Decomposes data into linear combinations of features that explain the highest variance

Example: Squares of different size 

Slide adapted from Johannes Soltwedel, PoL 
TU-Dresden (licensed CC-BY 4.0)

https://creativecommons.org/licenses/by/4.0/deed.en
https://creativecommons.org/licenses/by/4.0/deed.en
https://creativecommons.org/licenses/by/4.0/deed.en
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Highest variance

2
n

d-h
ig

h
e

st v
a

ria
n

c
e

Explained variance Component1: 0.98 
Explained variance Component2: 0.01

PCA

→ PCA transforms width/height measurements into a coordinate system that explains existing variance better

PCA: Principal Component Analysis
Decomposes data into linear combinations of features that explain the highest variance

Example: Squares of different size 

Slide adapted from Johannes Soltwedel, PoL 
TU-Dresden (licensed CC-BY 4.0)

https://creativecommons.org/licenses/by/4.0/deed.en
https://creativecommons.org/licenses/by/4.0/deed.en
https://creativecommons.org/licenses/by/4.0/deed.en
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PCA in Python: sklearn.decomposition.PCA

from sklearn.decomposition import PCA

• Import package

• Apply  PCA

pca = PCA(n_components=2)

pca.fit(standardized_data)

• Transform data into new coordinate system

transformed_data = pca.transform(data)

Important!

Always check the explained  variance 
along the PCA component axes!

Slide adapted from Johannes Soltwedel, PoL 
TU-Dresden (licensed CC-BY 4.0)

https://creativecommons.org/licenses/by/4.0/deed.en
https://creativecommons.org/licenses/by/4.0/deed.en
https://creativecommons.org/licenses/by/4.0/deed.en
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Non-Euclidian spaces

Not all features might be distances in space

32

W

S

Use travel time between W and S as metric 
for distance

→Travelling from Wehlen to Strand by bike 
is probably faster if you make a detour 
through Rathen

R

W

S

R

Slide adapted from Johannes Soltwedel, PoL TU-Dresden 
(licensed CC-BY 4.0)
Map source: OpenStreetMap (license ODbL), 
https://www.openstreetmap.org/#map=14/50.9500/14.0666

https://creativecommons.org/licenses/by/4.0/deed.en
https://creativecommons.org/licenses/by/4.0/deed.en
https://creativecommons.org/licenses/by/4.0/deed.en
https://www.openstreetmap.org/#map=14/50.9500/14.0666
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Uniform Manifold Approximation Projection (UMAP)

Structural, hierarchical, non-linear transformation

Modifies density of data points.

Local 
distances 
shortened

global 
distances 
extended

M
a

n
y
 d

im
e

n
si

o
n

s 

UMAP 1

U
M

A
P

 2

UMAP
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Uniform Manifold Approximation Projection (UMAP)

Non-deterministic algorithm: You execute it twice, you get different results.

https://haesleinhuepf.github.io/BioImageAnalysisNotebo
oks/47_clustering/umap.html?highlight=umap#a-note-
on-repeatability

Globally 
rotated

Locally 
rotated

https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/47_clustering/umap.html?highlight=umap#a-note-on-repeatability
https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/47_clustering/umap.html?highlight=umap#a-note-on-repeatability
https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/47_clustering/umap.html?highlight=umap#a-note-on-repeatability
https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/47_clustering/umap.html?highlight=umap#a-note-on-repeatability
https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/47_clustering/umap.html?highlight=umap#a-note-on-repeatability
https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/47_clustering/umap.html?highlight=umap#a-note-on-repeatability
https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/47_clustering/umap.html?highlight=umap#a-note-on-repeatability
https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/47_clustering/umap.html?highlight=umap#a-note-on-repeatability
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Uniform Manifold Approximation Projection (UMAP)

Non-deterministic algorithm: You execute it twice, you get different results.

https://haesleinhuepf.github.io/BioImageAnalysisNotebo
oks/47_clustering/happy-umap.html

https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/47_clustering/happy-umap.html
https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/47_clustering/happy-umap.html
https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/47_clustering/happy-umap.html
https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/47_clustering/happy-umap.html
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Dimensionality reduction
Visual comparison of different methods

3
6

Uniform manifold approximation and 

projection (UMAP)
t-distributed stochastic neighbor 

embedding (t-SNE)
Principal component analysis (PCA)
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Visualizing images
imshow originates from Matlab and 
has been implemented many times.

matplotlib scikit-image stackview
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Visualizing images
imshow originates from Matlab and 
has been implemented many times.

matplotlib scikit-image stackview

Are these 
two separate 

objects?
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Visualizing images

… using stackview

https://github.com/haesleinhuepf/stackview
https://github.com/ScaDS/BIDS-lecture-
2025/blob/main/02a_image_processing/02_opening_visualizing_images.ipynb

Disclosure: I maintain this

Reminder: This does 
not alter the image 

data.

https://github.com/haesleinhuepf/stackview
https://github.com/ScaDS/BIDS-lecture-2025/blob/main/02a_image_processing/02_opening_visualizing_images.ipynb
https://github.com/ScaDS/BIDS-lecture-2025/blob/main/02a_image_processing/02_opening_visualizing_images.ipynb
https://github.com/ScaDS/BIDS-lecture-2025/blob/main/02a_image_processing/02_opening_visualizing_images.ipynb
https://github.com/ScaDS/BIDS-lecture-2025/blob/main/02a_image_processing/02_opening_visualizing_images.ipynb
https://github.com/ScaDS/BIDS-lecture-2025/blob/main/02a_image_processing/02_opening_visualizing_images.ipynb
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Visualizing images

… using stackview

https://github.com/haesleinhuepf/stackview

https://github.com/haesleinhuepf/stackview
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Visualizing images
… using stackview

https://github.com/haesleinhuepf/stackview

https://github.com/haesleinhuepf/stackview
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Selecting objects according to their properties

Understanding what 
certain measurements 
mean may require 
interactive user 
interfaces
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Exercises
Robert Haase

CENTER FOR SCALABLE DATA ANALYTICS 
AND ARTIFICIAL INTELLIGENCE
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Plotting: seaborn
Explore the seaborn API

https://scads.github.io/ai-school-iom-
2025/day3.2_data_visualization/01_Introduction_to_
Seaborn.html

https://scads.github.io/ai-school-iom-2025/day3.2_data_visualization/01_Introduction_to_Seaborn.html
https://scads.github.io/ai-school-iom-2025/day3.2_data_visualization/01_Introduction_to_Seaborn.html
https://scads.github.io/ai-school-iom-2025/day3.2_data_visualization/01_Introduction_to_Seaborn.html
https://scads.github.io/ai-school-iom-2025/day3.2_data_visualization/01_Introduction_to_Seaborn.html
https://scads.github.io/ai-school-iom-2025/day3.2_data_visualization/01_Introduction_to_Seaborn.html
https://scads.github.io/ai-school-iom-2025/day3.2_data_visualization/01_Introduction_to_Seaborn.html
https://scads.github.io/ai-school-iom-2025/day3.2_data_visualization/01_Introduction_to_Seaborn.html
https://scads.github.io/ai-school-iom-2025/day3.2_data_visualization/01_Introduction_to_Seaborn.html
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Plotting: plotly
Explore interactive plotting using 
plotly

Note: This will only work on the 
jupyter4nfdi system.

!pip install plotly pandas

https://scads.github.io/ai-school-iom-
2025/day3.2_data_visualization/10_plotly_basic.html
https://scads.github.io/ai-school-iom-
2025/day3.2_data_visualization/12_plotly_3d.html

https://scads.github.io/ai-school-iom-2025/day3.2_data_visualization/10_plotly_basic.html
https://scads.github.io/ai-school-iom-2025/day3.2_data_visualization/10_plotly_basic.html
https://scads.github.io/ai-school-iom-2025/day3.2_data_visualization/10_plotly_basic.html
https://scads.github.io/ai-school-iom-2025/day3.2_data_visualization/10_plotly_basic.html
https://scads.github.io/ai-school-iom-2025/day3.2_data_visualization/10_plotly_basic.html
https://scads.github.io/ai-school-iom-2025/day3.2_data_visualization/10_plotly_basic.html
https://scads.github.io/ai-school-iom-2025/day3.2_data_visualization/10_plotly_basic.html
https://scads.github.io/ai-school-iom-2025/day3.2_data_visualization/12_plotly_3d.html
https://scads.github.io/ai-school-iom-2025/day3.2_data_visualization/12_plotly_3d.html
https://scads.github.io/ai-school-iom-2025/day3.2_data_visualization/12_plotly_3d.html
https://scads.github.io/ai-school-iom-2025/day3.2_data_visualization/12_plotly_3d.html
https://scads.github.io/ai-school-iom-2025/day3.2_data_visualization/12_plotly_3d.html
https://scads.github.io/ai-school-iom-2025/day3.2_data_visualization/12_plotly_3d.html
https://scads.github.io/ai-school-iom-2025/day3.2_data_visualization/12_plotly_3d.html
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Image visualization
Note: This will only work on the 
jupyter4nfdi system. 

You will need to install stackview by 
executing this from a code cell:

!pip install stackview pandas

https://scads.github.io/ai-school-iom-
2025/day3.2_data_visualization/20_stackview.html

https://scads.github.io/ai-school-iom-2025/day3.2_data_visualization/20_stackview.html
https://scads.github.io/ai-school-iom-2025/day3.2_data_visualization/20_stackview.html
https://scads.github.io/ai-school-iom-2025/day3.2_data_visualization/20_stackview.html
https://scads.github.io/ai-school-iom-2025/day3.2_data_visualization/20_stackview.html
https://scads.github.io/ai-school-iom-2025/day3.2_data_visualization/20_stackview.html
https://scads.github.io/ai-school-iom-2025/day3.2_data_visualization/20_stackview.html
https://scads.github.io/ai-school-iom-2025/day3.2_data_visualization/20_stackview.html
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