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What is data?
Definition Wikipedia (computer science):

Data requires interpretation to become information. 
Digital data is data that is represented using the binary 
number system of ones (1) and zeros (0), instead of 
analog representation. In modern (post-1960) computer 
systems, all data is digital.

Definition according to EOSC:

reinterpretable digital representation of information in 
a formalized manner suitable for communication, 
interpretation, or processing.

metadataWhat is metadata?

Bit sequence = 1 byte data

Metadata = data about data, often the 
information needed to interpret data in a 
meaningful context, (technical, 
administrative, descriptive metadata)

metadata

Data

Data-object

Data

Data-flow
Big Data, Little Data, No Data: Scholarship in the Networked World

Christine L. Borgman, MIT Press (2017)

https://en.wikipedia.org/wiki/Interpretation_(logic)
https://en.wikipedia.org/wiki/Information
https://en.wikipedia.org/wiki/Digital_data
https://en.wikipedia.org/wiki/Binary_number
https://en.wikipedia.org/wiki/Binary_number
https://en.wikipedia.org/wiki/Analog_signal


Good questions to ask before DataViz
(from 5W + 1H)

• What?
• My Research Data
• Our analysis workflow
• A generalizable concept
• An observed relationship

• Why?
• To verify quality (QC)
• To explore
• To explain (to whom?)

• How?
• What type of plot or diagram can I use to convey this?

• What aspect of the data?
• Distribution
• Comparison
• Relationship
• Composition



What?
• Data

• Raw data
• Transformed or normalised data
• Transcribed data
• Random data
• Statistical calculations
• Approximations, estimates or projections

• Conceptual
• Graphical abstract
• Infographics
• Descriptive diagrams



Why?
• Purpose – What are you trying to achieve?

• Quality control 
• Explore the data for analysis purposes
• Explain the data or the results of an analysis

• Audience
• Myself
• Other researchers in my field (e.g. my PI)
• Other researchers in a separate field
• General public

• Context
• Slide show presentation
• Conference poster
• Journal article

Image based on image from KIB
CreativeCommonsBYSA

https://kib.ki.se/visualisera-presentera/visualisering-av-data/visualisering
https://creativecommons.org/licenses/by-sa/2.0/


A QC example
• What?

• Data on gene expression levels 
(numerical values) for 1000 genes 
in different cancer cell lines of 
different types

• Why?
• Quality control – ensure that gene 

expression on an overall level 
(distribution) is similar.

• How? 
• Boxplot to see distribution of the 

numerical value (gene expression) 
for each cell line.



The danger of summary statistics



The danger of summary statistics



Dimensionality reduction for larger datasets



Exploring data with visualisations
• Try out different visualisations

• Look at your data from many angles

• Follow how transformations impact 
your data by visualising it. 
Think before -> after, but include 
intermediary steps too

• Interactivity can be a great help, 
especially for ”big” data.



How?

DataVizcatalogue.com Data-to-VizImage inspired by Nadieh Bremer 

https://datavizcatalogue.com/
https://www.data-to-viz.com/
https://www.data-to-viz.com/
https://www.data-to-viz.com/
https://www.data-to-viz.com/
https://www.data-to-viz.com/
https://slides.com/nadiehbremer/visual-storytelling-psychology#/68


Pie Charts (maybe avoid these)



Pie Charts (maybe avoid these)



Pie Charts (maybe avoid these)
• But bar graphs are not without problems:

Further reading: 

• Quantifying Data Distortion in Bar Graphs in Biological Research

• Bad bar charts distort data — and pervade biology

https://www.biorxiv.org/content/10.1101/2024.09.20.609464v2
https://www.biorxiv.org/content/10.1101/2024.09.20.609464v2
https://www.nature.com/articles/d41586-024-03996-w#ref-CR3
https://www.nature.com/articles/d41586-024-03996-w#ref-CR3
https://www.nature.com/articles/d41586-024-03996-w#ref-CR3
https://www.nature.com/articles/d41586-024-03996-w#ref-CR3


Interactivity



Interactivity - examples
Linear flow Dashboard

(for example code see: github:Dataviz2025 )

https://github.com/matves29/Dataviz2025


Design and layout



Design principles

Graphics inspiration from Karolinska Institutet Universitetsbiblioteket



Design on paper first



Colour



A question you 
always need to ask – 
Do I need colour?

"Too often, we ask how we can use color 
in our visualizations when we should be 
asking why we are using it."

Rotschild, C. 2020. Color in Data Visualization: Less How, More Why
https://connorrothschild.github.io/v1/color-in-data-vis/ Photo by Steve Johnson on Unsplash

https://unsplash.com/@steve_j?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/photos/blue-and-yellow-abstract-painting-wpw8sHoBtSY?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash


Colours have meaning

Colours can have a culturally 
conditioned meaning

By Ed Hawkins, climate scientist at University of Reading.  CC BY-SA 4.0
Free to use at: showyourstripes.info

https://showyourstripes.info/


Photo credit: University of Reading 
showyourstripes.info/showcase/

https://showyourstripes.info/showcase/

https://showyourstripes.info/showcase


Colours and density

The colour shade is
culturally 
conditioned to show 
density (light low, 
dark high)

Bildkälla: Angus, Colin (2021): CoVid Plots and Analysis. The University of Sheffield. Dataset. 
https://doi.org/10.15131/shef.data.12328226 CC BY SA

https://doi.org/10.15131/shef.data.12328226


Make grey your best friend



Direct attention (but don’t decieve)



Where colours don't exist

Creative Commons BY SA

Source: David S. Goodsell, RCSB Protein Data Bank. 
doi: 10.2210/rcsb_pdb/goodsell-gallery-030

https://creativecommons.org/licenses/by-sa/2.0/


Use the pre-defined colours of your organisation
Main colours (use more)

Secondary colours (use when needed)

KTH Visual Identity

https://intra.kth.se/en/administration/kommunikation/varumarke/grafiskprofil/kth-s-grafiska-profil-1.844676


Use the pre-defined colours of your organisation

Brand colours

School colours

Aalto Colour Palette

https://brand.aalto.fi/brand/visual-identity/colour-palette


Use a colour theme
And stick to it

If the colour palette doesn't align with 
your data, use other colours. Make a 
palette that emphasizes your data 
while letting brand colours be present 
in the layout.
Be consistent with your chosen 
theme.



Consistent coloring



Consistent coloring



Mind the color blind!



Negative space is your friend



This is one of the hardest things...



Posters



Design to help the reader
• Make it obvious the order to read 

• Emphasize what you want to say

• The poster is a conversation starter, nothing else!

• The visuals and graphs are key elements

• Make it obvious what your research is about, even at long distance



Look at good examples and templates

Examples from Mind the Graph
https://mindthegraph.com/infographic-templates/format/posters/

http://Exhttps:/mindthegraph.com/infographic-templates/format/posters/
http://Exhttps:/mindthegraph.com/infographic-templates/format/posters/
http://Exhttps:/mindthegraph.com/infographic-templates/format/posters/


Use templates
• But alter to make your research clear



Tools for layout and 
collaboration



Free* software to use
• PowerPoint (almost always included in business accounts such as universities)

• Google Docs (or Slides)

• Canva

• Adobe Express

• Quarto

• Affinity (by Canva)

*Free versions, but premium (paid) features might be even more useful



Accessible visualisation



Two important things about accessible viz
• Add Alt-texts

Amy Cesal. 2020. https://medium.com/nightingale/writing-alt-text-for-data-visualization-2a218ef43f81

https://medium.com/nightingale/writing-alt-text-for-data-visualization-2a218ef43f81
https://medium.com/nightingale/writing-alt-text-for-data-visualization-2a218ef43f81
https://medium.com/nightingale/writing-alt-text-for-data-visualization-2a218ef43f81
https://medium.com/nightingale/writing-alt-text-for-data-visualization-2a218ef43f81
https://medium.com/nightingale/writing-alt-text-for-data-visualization-2a218ef43f81
https://medium.com/nightingale/writing-alt-text-for-data-visualization-2a218ef43f81
https://medium.com/nightingale/writing-alt-text-for-data-visualization-2a218ef43f81
https://medium.com/nightingale/writing-alt-text-for-data-visualization-2a218ef43f81
https://medium.com/nightingale/writing-alt-text-for-data-visualization-2a218ef43f81
https://medium.com/nightingale/writing-alt-text-for-data-visualization-2a218ef43f81
https://medium.com/nightingale/writing-alt-text-for-data-visualization-2a218ef43f81
https://medium.com/nightingale/writing-alt-text-for-data-visualization-2a218ef43f81
https://medium.com/nightingale/writing-alt-text-for-data-visualization-2a218ef43f81


In KTH Visual 
identity manual 
all allowed 
combinations 
are marked

Contrast checker

And contrast

https://webaim.org/resources/contrastchecker/


Key take-aways



Think about where you put your research data

• Using a webservice to analyse your data usually includes 
uploading the data to the service.

• This is essentially sending your data to a separate server, likely 
in a different country.

• If you are working with sensitive data, or data with personal 
information this can be deeply problematic.

• If you are unsure: Ask for advice from the relevant support 
function at your research institute.
For KTH: researchdata@kth.se
For Aalto: researchdata@aalto.fi

mailto:researchdata@kth.se
mailto:researchdata@aalto.fi


AI can be helpful... and deceitful

Blog post by Elisabeth Bik, 2024. Source 
From: Guo X, Dong L and Hao D (2024) Cellular functions of spermatogonial stem cells in relation to 
JAK/STAT signaling pathway. Front. Cell Dev. Biol. 11:1339390. doi: 10.3389/fcell.2023.1339390 
(RETRACTED) CC-BY

• This illustration was 
published and peer-
reviewed (now retracted)

• It contains multiple errors 
made by AI

• This was one of many 
graphs/illustrations with 
errors

https://scienceintegritydigest.com/2024/02/15/the-rat-with-the-big-balls-and-enormous-penis-how-frontiers-published-a-paper-with-botched-ai-generated-images/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Key take-aways
• Help the viewer by directing attention

• Use consistent coloring and mind the color blind

• Reduce complexity if possible - Less is usually more

• Avoid circular representations of data

• Design to get attention

• Be creative about reaching out



Tools and Resources



Links to useful resources
• DataVizcatalogue.com 

Contains links to many additional resources and galleries

• Data-to-Viz
Useful decision trees for selecting graphics

• Ktheme for R and kth-quarto
Unofficial KTH colorschemes and layouts for R and quarto

• Visual storytelling psychology by Nadieh Bremer
Educational slides on the psychology behind visualisation

• InfraVis National Infrastructure for DataViz
Provides support to researchers (a lot of it free)

• Affinity
From Canva, nowadays free for everyone. 

• Adobe Illustrator
Academic Licenses available through your university typically.

• Adobe Express or Canva
Free version available. Great for working with layout.

• Python graph gallery
Contains lots of examples on how to make plots in python.

• R Graph gallery
Contains lots of examples on how to make plots in R.

• Plotly
Making graphs interactive. For R, python, Matlab and more.

• Shiny
Web framework for making interactive apps. R and python.

• Datawrapper color guide
What to consider when choosing colors for data visualisation

• Colour tools:
coolors.co: Fast palette generator.
palett.es: Generate a palette from one color
Color-blindness tool: Check your palettes.
Contrast checker: Check your contrast

• Tikz for LaTeX
Create vector-graphics in LaTeX.

https://datavizcatalogue.com/
https://datavizcatalogue.com/
https://www.data-to-viz.com/
https://www.data-to-viz.com/
https://www.data-to-viz.com/
https://www.data-to-viz.com/
https://www.data-to-viz.com/
https://www.data-to-viz.com/
https://github.com/KTH-Library/ktheme
https://github.com/KTH-Library/ktheme
https://github.com/KTH-Library/ktheme
https://github.com/KTH-Library/kth-quarto
https://github.com/KTH-Library/kth-quarto
https://github.com/KTH-Library/kth-quarto
https://slides.com/nadiehbremer/visual-storytelling-psychology
https://slides.com/nadiehbremer/visual-storytelling-psychology
https://slides.com/nadiehbremer/visual-storytelling-psychology
https://slides.com/nadiehbremer/visual-storytelling-psychology
https://infravis.se/
https://infravis.se/
https://www.affinity.studio/
https://www.affinity.studio/
https://new.express.adobe.com
https://new.express.adobe.com
https://www.canva.com/
https://python-graph-gallery.com/
https://python-graph-gallery.com/
https://r-graph-gallery.com/
https://r-graph-gallery.com/
https://plotly.com/graphing-libraries/
https://plotly.com/graphing-libraries/
https://shiny.posit.co/
https://shiny.posit.co/
https://blog.datawrapper.de/colors/
https://blog.datawrapper.de/colors/
https://coolors.co/
https://palett.es/
https://davidmathlogic.com/colorblind/#%23D81B60-%231E88E5-%23FFC107-%23004D40
https://davidmathlogic.com/colorblind/#%23D81B60-%231E88E5-%23FFC107-%23004D40
https://davidmathlogic.com/colorblind/#%23D81B60-%231E88E5-%23FFC107-%23004D40
https://webaim.org/resources/contrastchecker/
https://tikz.org/
https://tikz.org/


Links to useful resources
• Icons – for infographics and graphical abstracts:

bioicons: Life science
Scidraw: Life science
bioart (NIH): Health and Life science

 Wikimedia Commons: Everything CC-BY

• D3.js graph gallery
Contains lots of examples on how to make plots in D3.js

• OriginLab
GUI based with plugin apps for data analysis and 
visualisation. Popular in engineering.

• Inkscape
Free alternative to Illustrator and Affinity Designer. 

https://bioicons.com/
https://scidraw.io/
https://bioart.niaid.nih.gov/
https://commons.wikimedia.org/
https://d3-graph-gallery.com/
https://d3-graph-gallery.com/
https://www.originlab.com/
https://www.originlab.com/
https://inkscape.org/
https://inkscape.org/
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