
Łukasz P. Kozłowski

Warsaw,  2025

Data analysis and visualization
(DAV)

Lecture 07

l.kozlowski@mimuw.edu.pl



Łukasz P. Kozłowski

Warsaw,  2025

Data analysis and visualization
(DAV)

Lecture 07
Perception

l.kozlowski@mimuw.edu.pl



Image perception

We, as the species, evolved to use the colors (in order to spot the predator or food)

Humans are more sensitive for color differences than for gray tones



Image perception

Beware: Color blindness 



Normal Deuteranopia

Tritanopia Monochromacy



Remeber:

Any plot is highly reduced/distilled form of information

Colors can distract and misinterpret 

Frequently, black and white plot is more readable than color
  



Color interpretation depends also on external factors like:

- equipment (TV, computer screen parameters)

- sunshine

the same picture in different light conditions
Bad font, poor light, 
and you cannot see anything



During the color design for plots:

- limit to relatively small number of colors (3-4 on one 
plot, rarely more)
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During the color design for plots:

- remember that color saturation is the worst choice for 
showing differences (e.g. maps)

ColorBrewer for the rescue

 Color Advice for Maps http://colorbrewer2.org/

Play with it for 5 min

http://colorbrewer2.org/


During the color design for plots:

- remember that color saturation is the worst choice for 
showing differences (e.g. maps)

ColorBrewer for the rescue

 Color Advice for Maps http://colorbrewer2.org/

http://colorbrewer2.org/


Heat maps is still better than too big table 



During the color design for plots:

- use HTML safe colors charts



During the color design for plots:

- use HTML safe colors charts

e.g. https://www.w3schools.com/colors/colors_picker.asp
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Ordered color list
Values: 0-100 

Ordered color list

(rainbow)
Values: 

from -100 to 100 

Unordered color list
Values: classes  



Thus as color vision is so frequently 
wrong or disrupted you need to 

remember about this in your plots



Scales

interval scale ratio scale

ordinal scale nominal scale



Scales

Interval scale

- the most common (default)

- each unit has the same span/length

e.g. temperature, time, length

A B C DC E

A - B = D – E = 1 (unit)



Scales

Interval scale

- the most common (default)

- each unit has the same span/length

e.g. temperature, time, length

A B C DC E

A - B = D – E = 1 (unit)

When there is no 
indication on the plot,

 it probably is 
a linear (interval) scale



Scales

Ratio scale – why to use it?

a trend that appears out of control

Conclusions: the sky is the limit, the 
trend is exploding
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Scales

Ratio scale – why to use it?

a trend that appears out of control

Conclusions: the sky is the limit, the 
trend is exploding

The same on ratio scale 
(5% growth rate)



A logarithmic scale from 0.1 to 100



A logarithmic scale from 0.1 to 100

Graph on a logarithmic scale





Dirrect Applications

- Entropy (information theory)
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Dirrect Applications

- Entropy (information theory)

- pH

- earthquakes

    



Scales

Ratio scale – when (not) to use it?

- appropriate for investment prices, sales figures, income, or any other absolute 
amounts being plotted over a period of time

- should not be used to plot anything in which a relationship is already inherent in 
the amounts — such as percentages (like the inflation rate), ratios between two 
items (such as a gold-silver ratio or price-earnings ratio) — because the benefit 
provided by a ratio scale is already built into the figures being plotted

Ratio scales tell us:
- about the order 
- the exact value between units
- have an absolute zero (important for the statistics*)

* variables can be meaningfully added, subtracted, multiplied, divided (ratios). Central tendency can be measured by 
mode, median, or mean; measures of dispersion, such as standard deviation and coefficient of variation can also be 
calculated from ratio scales



Scales

Ordinal scale

We care only about the order, the difference has no meaning

1st place is better than second, but how much is worth golden medal in 
comparison to silver?

Is having 2 silver medals is like having 1 golden?
Is placing ten times at 10th position is equal to race only once and win?



Scales

Ordinal scale – other examples

Grades in Polish schools are 1-6

Is getting 6 equal getting twice 3?
How many 5 you need to get to compensate one 4? 



Scales

Ordinal scale – other examples

The scale is normal with sigma 15



Scales

Ordinal scale – other examples

The scale is normal with sigma 15
BUT

IQ should not be interpreted as interval scale
delta IQ 100 and IQ 130 is smaller than delta IQ 130 and IQ160 



Scales

Nominal scale

- used for labeling variables, without any quantitative value

- you can call them names, labels, classes, etc.



Scales

Nominal scale

- used for labeling variables, without any quantitative value

- you can call them names, labels, classes, etc.

Examples: PESEL, post codes, sex, phone numbers



Scales - summary



Scales - summary



Plotting symbols

Which one is better?



Plotting symbols

10.1038/nmeth.2490



Plotting symbols

The hollow circle is a flexible and robust plotting symbol

10.1038/nmeth.2490



Plotting symbols

Symbols that contrast with one another make good combinations

10.1038/nmeth.2490



Plotting symbols

Letters simplify legend lookups,

but many appear the same

(such as C/G, B/R/P and E/F/H)

- use proper font

- do not mix upper and lower case

10.1038/nmeth.2490

Shapes are powerful discriminator

but beware that, for a given width, 
they may appear to have different 
sizes owing to differences in areas



Plotting symbols

You can use colors (left) for differentiation or for black-and-
white applications, vary the fills (middle) for low data 
densities  and use texture symbols (right) when overlap is 
high

10.1038/nmeth.2490



Axes, ticks and grids

10.1038/nmeth.2337

- if absolute differences are important, maintain axis scaling across 
panels

- draw a single y axis to emphasize that the scale is fixed

- in bar plots, use breaks to shorten outlier elements that would 
otherwise compress the dynamic range of the data



Axes, ticks and grids

10.1038/nmeth.2337

- avoid duplication of nonsignificant digits in tick marks 

(reduce or remove them if you can by adjusting the units)

- move from to shorten e.g. 12,000 to 12kb or 1,000,000 to 1M

https://moodle.mimuw.edu.pl/course/view.php?id=999
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Rounding

1443736684.0 Population of China in Year 2021

1443736684 Population of China in Year 2021

1,443,736,684 Population of China in Year 2021

1 443 736 684 Population of China in Year 2021

Country specific
(comas, dots, spaces, ...) 
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Rounding

1443736684.0 Population of China in Year 2021

1443736684 Population of China in Year 2021

1,443,736,684 Population of China in Year 2021

1 443 736 684 Population of China in Year 2021

1,443 Million Population of China in Year 2021

1,44 Billion Population of China in Year 2021

1,44 Bi Population of China in Year 2021
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1.578454545454348412211111
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Rounding
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2.344847398437943894794243

2.784353534543

3

1.432328948593543

1.58

2.34

2.78

3.00

1.43

1.6

2.3

2.8

3.0

1.4



Rounding
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Rounding

1.578454545454348412211111

1.574847398437943894794243

1.784353534543

1.7842328948593543

Key question: does this make sense to use the given precision?

1.578454545454348412211111

1.574847398437943894794243

1.784353534543

1.7842328948593543



Rounding
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Rounding
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Key question: does this make sense to use the given precision?

Consider example: 1.578454545454348412211111 (that should be 
presented as 1.5784) is theoretical calculation (e.g. prediction based 
deep learning model), but … this is only prediction of some natural 
phenomen that due to the technique we use we can measure with 0.2 
precision. 
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Stimuli varying chart type, chart height, and gridline spacing
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Stimuli varying chart type, chart height, and gridline spacing



Thank you for your time
and

See you at the next lecture

Any other 

questions & comments

l.kozlowski@mimuw.edu.pl
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