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Visual perception  
in action

Jonatan Hildén 
@jhilden 

@koponenhilden



Anstis eye chart: each circle of letters is scaled to correspond to the 
decrease in acuity of vision towards  the edge of the visual field



Ware, Colin 2008. Visual thinking for design. Elsevier/Morgan Kaufmann



Conditions for effective visual searches
1. Tunable or pop-out visual features , that our 
visual perception is specialized in picking out 
2. The direction of attention – what we see is 
dependent on what we are looking for. 
3. The familiarity of the scene (scene gist) – a 
familiar landscape or visualization is easier to read, 
since we know suitable search methods to use.



Colin Ware: Visual thinking for design, p. 8

Attention affects what we see



https://www.csc.ncsu.edu/
faculty/healey/PP/

Tunable 
(pop-out) 
features

https://www.csc.ncsu.edu/faculty/healey/PP/
https://www.csc.ncsu.edu/faculty/healey/PP/


The pop-out effect is relative and 
depenedent on the visual context

The pop-out effect is relative and 
dependent on its visual context



Tunable (pop-out) features

Easy to find

Difficult to find



Edward Tufte: Envisioning Information, p. 58 
lib.utexas.edu/maps/ams/india



Figure and ground



Gestalt principles or laws: Proximity. 
Objects close to each other are seen as forming groups

Interpretation according to 
the principle 

Contradictory or unlikely 
interpretation Pattern 



Gestalt principles: Common fate 
Objects moving together are seen as forming groups

Interpretation according to 
the principle 

Contradictory or unlikely 
interpretation Pattern 



Gestalt principles: Similarity 
Objects resembling each other in shape, color or size are 
grouped together

Interpretation according to 
the principle 

Contradictory or unlikely 
interpretation Pattern 



Gestalt principles: Continuity 
Crossing lines are interpreted as continuing smoothly, 
rather than making angled turns or as separate shapes

Interpretation according to 
the principle 

Contradictory or unlikely 
interpretation Pattern 



Gestalt principles: Closure  
Elements are grouped together if they seem to form a 
closed shape. It is seen as whole even with parts missing

Interpretation according to 
the principle 

Contradictory or unlikely 
interpretation Pattern 



Interpretation according to 
the principle 

Contradictory or unlikely 
interpretation Pattern 

Gestalt principles: Good gestalt  
Elements tend to be grouped together if they are parts of 
a pattern which is as “simple” as possible





Gestalt principles: Past experience 
Elements tend to be grouped together if they were 
together often in the past experience of the observer



http://www.scholarpedia.org/article/Gestalt_principles

Past experience

http://www.scholarpedia.org/article/Gestalt_principles


Connectedness and common region. 
Visually connected elements or elements within the same 
contour tend to be grouped together, regardless of other 
features 

Connectedness 
overrides other principles 

Common region 
overrides other principles Pattern 



Visual 
variables

Position, length, 
area 

Only position 

Only length Only area 



Visual variables

Jacques Bertin 1967, William Cleveland & Robert McGill 1984, Mark 
Monmonier 1993, Alan M. MacEahren 1994, Jock D. Mackinlay 1999,  
Juuso Koponen & Jonatan Hildén & Tapio Vapaasalo 2016



Visual variables



Visual variables
Position encodes 

ordinal information: 
ordering of bars 

Position encodes 
qualitative 

information: two 
separate groups  

of bars 

Position 
encodes 

numerical 
information:  

length of bars 



http://www.gapminder.org/downloads/
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Strive for clear 
associations 
between 
variables and 
encodings

1Value:

Monday Tuesday Wednesday

2 3 4 5 6 7 8 9 10

Area for encoding quantitative information – reasonable

Ordinal information – increasing risk of misreading

Nominal information (category) – implied value judgement

Eagle Sparrow Hawk

! Preferrably use colors / shapes to represent nominal information

Eagle Sparrow Hawk



Always scale 
areas correctly 
with square roots 
(don’t just input 
percentages!)

Data visualization handbook, pp. 104–105 



Area differences 
are hard to gauge 
visually, especially 
with superimposed 
shapes

Area differences between 
superimposed shapes are even 
harder to judge correctly. Compare:

100 100

0

200
200



Motion is a 
powerful 
visual variable, 
but there isn’t 
much research 
on the topic



publicdata.google.com

http://publicdata.google.com


South Africa Cabo Verde Swaziland Zimbabwe Botswana Namibia Sao Tome and Principe Kenya

Gabon Congo, Rep. Eritrea Zambia Uganda Tanzania Madagascar Senegal

Cameroon Sudan Lesotho Congo, Dem. Rep. Burundi Ghana Togo Somalia

Mauritania Rwanda Benin Burkina Faso Malawi Comoros Equatorial Guinea Gambia, The

Central African Republic Cote d'Ivoire Nigeria Chad Sierra Leone Niger Liberia Angola
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Ethiopia Mozambique Guinea Guinea-Bissau South Sudan Mali

Life expectancy at birth, total (years)

Mortality rate, 
neonatal 

(per 1.000 live 
births)

2014

1990

Neonatal mortality rate compared to life expectancy in countries of Sub-Saharan Africa, 1990–2014
Countries sorted in rows left to right from lowest to highest recorded neonatal mortality rate. 2014 values empasized.

Source: World Bank data, 2017
data.worldbank.org/indicator/SH.DYN.NMRT
data.worldbank.org/indicator/SP.DYN.LE00.IN



The components of color perception
Hue – the perceived color, e.g. blue, red, yellow. 
Dependent on the wavelength of the light  
Chroma (or saturation) – how intense the color 
appears as compared to a neutral hue  
Lightness (or luminosity) – visual system’s 
interpretation of the reflectivity of a surface or 
brightness of a light source



The HCL 
color space









http://www.nytimes.com/interactive/2015/02/28/science/white-or-blue-dress.html?_r=0

http://www.nytimes.com/interactive/2015/02/28/science/white-or-blue-dress.html?_r=0


Simultaneous contrast



Josef Alber’s color exercises;  Data visualization handbook, pp. 70–71



http://cmci.colorado.edu/visualab/VisColors/

The size of the marks has a strong effect on 
perceived color differences

http://cmci.colorado.edu/visualab/VisColors/


Image of comet 
67P/Churyumov-Gerasimenko by Rosetta Probe

Seeing shapes is based on luminosity



http://earthobservatory.nasa.gov/blogs/elegantfigures/
2013/08/06/subtleties-of-color-part-2-of-6/

Palettes that combine a continuous change in lightness 
with a shift in hue often work best in visualizations

Sequential palettes Diverging palettes

https://blog.datawrapper.de/colorguide/

http://earthobservatory.nasa.gov/blogs/elegantfigures/2013/08/06/subtleties-of-color-part-2-of-6/
http://earthobservatory.nasa.gov/blogs/elegantfigures/2013/08/06/subtleties-of-color-part-2-of-6/
https://blog.datawrapper.de/colorguide/


Color scales with discrete steps sacrifice accuracy, but 
are generally easier to read than continuous scales

Migration, persons
per 1 000 inhabitants

< -10,1
-10,0 – -3,1
-3,0 – 2,9
3,0 – 9,9
10,0 –

Migration, persons
per 1 000 inhabitants

< -10,1

0

10,0 –







8% of men and 0.5% of 
women have some form 
of hereditary color vision 
deficiency!



Berlin metro map in colorblindness preview mode  
 (accessed in Adobe software thru View > Proof setup)



That means: Never use  
rainbow scales! 



Borkin, Michelle A.; Gajos, Krzysztof Z.; Peters, Amanda; Mitsouras, Dimitrios; Melchionna, Simone; 
Rybicki, Frank J.; Feldman, Charles L. & Pfister, Hanspeter 2011. Evaluation of artery visualizations for 

heart disease diagnosis. IEEE Transactions on Visualization and Computer Graphics 17:12, 2479–2488. 



“Gold standard” palettes

https://blog.datawrapper.de/colorguide/

https://blog.datawrapper.de/colorguide/


Wong, Bang 2011. Points of view. Color blindness. Nature Methods 8:441

Most distinct qualitative colors



It’s hard to add emphasis if background colors are intense!



http://www.pbl.nl/sites/default/files/cms/PBL_2014_De%20 
Nederlandse%20bevolking%20in%20beeld_1174.pdf

http://www.pbl.nl/sites/default/files/cms/PBL_2014_De%20Nederlandse%20bevolking%20in%20beeld_1174.pdf
http://www.pbl.nl/sites/default/files/cms/PBL_2014_De%20Nederlandse%20bevolking%20in%20beeld_1174.pdf


The golden rule of visualization

Choose the method of 
presentation based on 
the clarity of the result.



Thank you. 
Jonatan Hildén 

+ 358 50 3410 0461 

jonatan@koponen-hilden.fi . 

@jhilden 
    @koponenhilden

mailto:jonatan@koponen-hilden.fi

