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Today’s Lecture

1) Why figures matter

2) Figures in science

3) How to design effective figures

4) Tools, tips, and guidelines
Disclaimer: The suggestions and remarks in this presentation are based on personal research experience. 
Research practices and approaches vary. Exercise your own judgment regarding the suitability of the content.
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Why do Figures Matter?
§ Figures are often the first part of research papers 

examined by editors and your peers 

§ Informative and well-designed figures:
§ Convey facts, ideas, and relationships far more clearly 

and concisely than text
§ Provide a means for discovering/quantifying patterns, 

trends, and comparisons
§ Help the audience better understand the objective and 

results of your research
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Design once, reuse many times:
Reuse figures from papers for 
posters, talks, proposals, etc.

Figure taken from: Costanzo et al. Science 353.6306 (2016).
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Promote research ideas and make 
them accessible to other scientists
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Promote your research among 
general audience and media
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Effective figures 
improve your papers 

Maximize impact, boost 
citation count, stand out 

among your peers
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Two Types of Papers with 
Different Visual Structure

1) Core CS conference papers:
§ KDD, NeurIPS, ICML, ICLR, AAAI, etc.

2) Interdisciplinary journal papers:
§ Nature, Science, PNAS, etc.
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Core CS Conference Papers

The focus is on the 
development of new methods 

and their evaluation and 
comparison on benchmark 

datasets
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Core CS Conference Papers: 
Visual Structure

§ Figure 1: Key methodological contribution
§ Focus on most important information
§ Impress your audience!

§ Is your method/system the fastest, the largest, the most accurate?
§ What is the hard problem that your method solves? 
§ What makes your method different from related work?

§ Figure 2-3: Overview and algorithmic details
§ Inputs + Data transformation + Outputs
§ Show details about data transformations:

§ Graph convolutions, neural architectures, etc. 

§ Figure 4+: Results
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Core CS Conference Papers: 
Visual Structure

Figure 1

Figure 2-3

Figure 4+

Hard: non-standard 
design, custom drawings

Easy: standard design, 
visualization libraries like 
Matplotlib and Seaborn
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Examples:
Core CS Conference 

Papers
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Gilmer et al., Neural Message Passing for Quantum Chemistry, ICML, 2017.

Impress your 
audience! 😲

Focus on key information: “Our 
method is so fast! Our paper 

should be published at ICML!”
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Cheng et al., Do Diffusion Protocols Govern Cascade Growth?, ICWSM, 2018.

Impress your 
audience! 😲

“Cascades can be so large! Despite that, 
we know how to study them! Our paper 

should be published at ICWSM!”
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Cheng et al., Do Cascades Recur?, WWW, 2016.

Impress your 
audience! 😲

“Cascades can be so complex! Despite 
that, we know how to study them! Our 
paper should be published at WWW!”

Focus on most important 
information: Figure 1 answers 

question asked by the title
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Liu et al., Delayed Impact of Fair Machine Learning?, ICML, 2018. (Best paper award)

Impress your 
audience! 😲

Focus on key information: Delayed impact of 
FML is not well-understood. Here we show a 
complete characterization of delayed impact. 
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Zugner et al., Adversarial Attacks on Neural Networks for Graph Data, KDD, 2018. (Best 
paper award)

Impress your 
audience! 😲

Focus on key information: Yes, graph-based 
models for deep learning can be easily fooled. 
Here we show how devastating attacks can be.
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Interdisciplinary Journal 
Papers

The focus is on new scientific 
insights and demonstrating the 
importance of those insights to 

advance science
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Interdisciplinary Journal 
Papers: Visual Structure

§ Figure 1: Dataset, approach and key result
§ Impress your audience!

§ Figure 2: Key result, detailed and unpacked

§ Figure 3: Orthogonal evidence supporting results

§ Figure 4: Orthogonal evidence supporting results

§ Supplementary Figures: Methodological 
contributions, algorithms, robustness analyses
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Interdisciplinary Journal 
Papers: Visual Structure

Figure 1

Figure 2

Figure 3

Figure 4

Very hard: non-standard 
design, custom drawing

Hard: non-standard design, 
mixture of custom drawings and 
standard visualization libraries
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Examples:
Interdisciplinary Journal 

Papers
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Kaplanis et al., Quantitative analysis of population-scale family trees with millions of 
relatives, Science, 2018.

Figures provide a visual 
story for the abstract
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Figure 1

Kaplanis et al., Quantitative analysis of population-scale family trees with millions of 
relatives, Science, 2018.

Dataset

Approach

Impress your 
audience! 😲

Marinka Zitnik -- Stanford / Harvard -- https://cs.stanford.edu/~marinka 2511/6/19



Figure 2

Kaplanis et al., Quantitative analysis of population-scale family trees with millions of 
relatives, Science, 2018.

Key result: insights 
into human longevity

Key result: insights into 
geographical dispersion of families

Impress your 
audience! 😲
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Figure 3

Kaplanis et al., Quantitative analysis of population-scale family trees with millions of 
relatives, Science, 2018.

Further analyses 
supporting key result
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Figure 4

Kaplanis et al., Quantitative analysis of population-scale family trees with millions of 
relatives, Science, 2018.

Further analyses 
supporting key result

Note matched colors in 
panels A and B
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Jaderberg et al., Human-level performance in 3D multiplayer games with population-
based reinforcement learning, Science, 2019.
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Figure 1

Jaderberg et al., Human-level performance in 3D multiplayer games with population-
based reinforcement learning, Science, 2019.

Approach

Impress your 
audience! 😲

Dataset
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Figure 2

Jaderberg et al., Human-level performance in 3D multiplayer games with population-
based reinforcement learning, Science, 2019.

Approach: details Impress your 
audience! 😲

Key result: human-
level performance

Marinka Zitnik -- Stanford / Harvard -- https://cs.stanford.edu/~marinka 3111/6/19



Figure 3

Jaderberg et al., Human-level performance in 3D multiplayer games with population-
based reinforcement learning, Science, 2019.

Further analyses 
supporting key result

Note the use of 
matched colors

Note how observations 𝑥" are 
visualized, i.e., maps of base camps
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Figure 4

Jaderberg et al., Human-level performance in 3D multiplayer games with population-
based reinforcement learning, Science, 2019.

Further analyses 
supporting key result
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Zitnik et al., Evolution of resilience in protein interactomes across the tree of life, 
PNAS, 2019.
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Figure 1

Zitnik et al., Evolution of resilience in protein interactomes across the tree of life, 
PNAS, 2019.

Approach

Impress your 
audience! 😲

Dataset

Key result
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Figure 2

Zitnik et al., Evolution of resilience in protein interactomes across the tree of life, 
PNAS, 2019.

Further analyses 
supporting key result
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Figure 3

Zitnik et al., Evolution of resilience in protein interactomes across the tree of life, 
PNAS, 2019.

Approach

Key results
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Figure 4

Zitnik et al., Evolution of resilience in protein interactomes across the tree of life, 
PNAS, 2019.

Approach

Key result
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Principle #1: Design figures for the 
audience (not for you)

Before your design figures think about: 
1) Make-up of the audience:

§ Will a figure appear in a specialized journal?
§ Is a figure aimed at a broad readership?

2) Background knowledge of the audience:
§ Audience may not know what you know
§ Figures should provide all the information necessary 

for the audience to fully comprehend them
3) Disciplinary conventions:

§ Graphical conventions and norms exist in each field

Marinka Zitnik -- Stanford / Harvard -- https://cs.stanford.edu/~marinka 4011/6/19



Principle #2: Design a clear visual 
structure with pleasant symmetries
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Principle #3: Use visual contrast, 
but keep figures simple
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Principle #4: Use readable 
and legible typography
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Principle #5: Be consistent, align 
panels and use sufficient padding
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The Good, Bad, and Ugly
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Key Rules to ALWAYS Follow
1) Save raw data and results to a tsv/csv/binary file: 

§ Your figures will need multiple rounds of editing
2) Read in the data and design figures

Important: Save figures as PDF or other vector format:
§ You might need to use multiple tools to draw a figure

§ Example: 
1. First, use seaborn to draw a clustermap
2. Then, export clustermap as PDF
3. Finally, use Adobe Illustrator to annotate the clustermap

§ Example: 
1. First, use D3.js to layout a network
2. Then, export the network as PDF
3. Finally, use Adobe Illustrator to show node features and node labels
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Why shouldn’t you use raster 
formats (e.g., JPG, GIF, PNG, TIF)?

Raster images: 
§ Use a fixed number of colored pixels and can’t be 

dramatically resized (pixilation, distortion issues)
§ When saved, they cannot be reopened and edited!

Vector images (e.g., PDF, EPS, AI, SVG):
§ Remain editable!
§ You can open them in Illustrator and edit text or any 

other element within the graphic 
§ Can be converted to a raster image but not vice-versa
§ plt.savefig(‘myfig.pdf’)

Only use raster format for web, Github repo, etc. 
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Tools, Software & 
Frameworks
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Tools, Software, and Frameworks
§ Google Charts

§ developers.google.com/chart
§ Circos

§ circos.ca
§ gnuplut

§ gnuplot.info
§ TikZ

§ texample.net/tikz
§ Plotly

§ plot.ly/python
§ missingno

§ github.com/ResidentMario/missingno
§ billboard.js

§ naver.github.io/billboard.js
§ Squaire.js

§ wsj.github.io/squaire

§ Adobe Illustrator
§ Adobe Creative Cloud

§ LaTeXiT
§ chachatelier.fr/latexit

§ Matplotlib
§ matplotlib.org

§ Seaborn
§ seaborn.pydata.org

§ Bokeh
§ bokeh.pydata.org 

§ D3.js
§ d3js.org

§ GeoPandas
§ geopandas.org

Marinka Zitnik -- Stanford / Harvard -- https://cs.stanford.edu/~marinka 5011/6/19



Adobe Illustrator and Alternatives
§ Where to get on campus:
§ For departmental purchase 
§ Use for Free: Stanford Library & 

Residential Clusters

§ Free alternatives:
§ Inkscape, https://inkscape.org
§ GIMP, https://www.gimp.org
§ Boxy-SVG, https://boxy-svg.com
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How to get from a JS vis 
to an effective figure?

Three steps:
1) Use a JS library from two slide ago and generate a 

visualization

2) Generate a PDF file from HTML:
§ stackoverflow.com/questions/18191893/generate-pdf-

from-html-in-div-using-javascript

3) Open the PDF in Illustrator and make further edits:
§ Change colors 
§ Add labels and annotations
§ Add new visual elements, e.g., insets, logos
§ Combine with other graphics to get a multi-panel figure
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Tools for Network & Relational Data
§ Gephi, gephi.org
§ Graphviz, graphviz.org
§ NetworkX, networkx.github.io
§ JSNetworkX, jsnetworkx.org
§ igraph, igraph.org/python
§ sigma.js, sigmajs.org
§ Cytoscape, cytoscape.org
§ Hive plots, hiveplot.com
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Hive Plots

Nodes are mapped to and positioned on radially distributed 
linear axes — this mapping is based on network structural 
properties. Edges are drawn as curved links.
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How to draw networks with 
features, labels, weights, directions?

Four steps:
1) Use NetworkX to create a network with metadata:

§ nx.set_node_attributes(G, {0: {'attr1': 20, 'attr2': 'nothing'}, 1: 
{'attr2': 3}})

§ nx.set_edge_attributes(G, attrs = {(0, 1): {'attr1': 20, 'attr2': 
'nothing'}, (1, 2): {'attr2': 3}})

2) Write the network in Gephi’s GEXF format:
§ nx.write_gexf(G, ”net.gexf")

3) Use Gephi to layout, color, visualize, annotate the net:
§ Can select and then edit any subgraph based on any 

combination of metadata
4) Export the network as a PDF figure from Gephi
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How to select a network layout?
Goal: No hairballs in your papers!

§ Rule of thumb: Can visualize networks with <1,000 nodes
§ Unless networks have special structure or have custom network layouts

Gephi Cytoscape

Hairballs can be pretty, but are 
they useful? What we need is 

insight. Not a picture!
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Colors
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Color Advice
Adobe color, https://color.adobe.com

Color rules
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Color Advice: Brewer Palettes

Color Brewer, http://colorbrewer2.org

Brewer palettes: Color combinations selected for their 
special properties for use in data visualization

Color palettes for color blindness, http://mkweb.bcgsc.ca/colorblind

3 types of palettes:

qualitative — colors do not 
have a perceived order 

sequential — colors have a 
perceived order and 
perceived difference between 
successive colors is uniform 

diverging — two back-to-
back sequential palettes 
starting from a common color

http://mkweb.bcgsc.ca/brewer
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Where to Get Ideas for 
Effective Figures?
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Where to get ideas for figures?
1) Papers published in last issues of Nature, Science, 

PNAS, Nature Methods, Nature Biotech, etc.
§ No need to read the papers, just look at figures!

2) Martin Krzywinski, mkweb.bcgsc.ca
§ Inventor of several popular visualization tools
§ Designed many Nature, Science, etc. covers

3) www.d3-graph-gallery.com
§ Gallery with hundreds of chart, graphs, geo, part-of-whole
§ Reproducible & editable source code!

4) developers.google.com/chart/interactive/docs/gallery
§ Over 30 chart types, including many non-standard ones
§ Tutorials and source code for every chart type!
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Where to get ideas for figures?
www.d3-graph-gallery.com
Many non-standard, but highly 
effective chart types. Source code!
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https://developers.google.com/chart with source code!
Where to get ideas for figures?
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https://developers.google.com/chart with source code!
Where to get ideas for figures?
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https://developers.google.com/chart with source code!
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https://developers.google.com/chart with source code!
Where to get ideas for figures?
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https://developers.google.com/chart with source code!
Where to get ideas for figures?
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Guidelines
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Guidelines #1
1) Tufte’s design rules:

§ sealthreinhold.com/school/tuftes-rules
§ Data-to-ink-ratio: Maximize data-ink and erase as 

much non-data-ink as possible (avoid chart junk)
2) Art is science is art, mkweb.bcgsc.ca
First

version

Final
version
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Guidelines #2
3) Google’s principles for designing charts:

§ material.io/design/communication/data-visualization.html
§ Principles: Be honest, Lend a helping hand, Delight users, Give 

clarity of focus, Embrace scale, Provide structure

4) Manuel Lima, Design Lead @ Google:

www.visualcomplexity.com
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Three Takeaway Messages
1) Figures are often the first part of research papers 

examined by editors and your peers 

2) Well-designed figures convey facts, ideas, and 
relationships far more clearly/concisely than text

3) Focus on effectively conveying complex 
information rather than on attention-getting 
decoration
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