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Geographic Data: 3D to 2D: Projection
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[USGS Map Projections]
D. Koop, CSCI 627/490, Spring 2026

http://www.apple.com


map, this circle transforms into an ellipse, known as the
Tissot indicatrix, with semi-axes with lengths a and b. If a 5
b for all locations, then angles between lines on the globe
are maintained after projection: The projection is con-
formal. The classic example is the Mercator projection.
Locally, conformality preserves shapes, but for larger areas
distortions occur. For example, in the Mercator projection
shapes near the poles are strongly distorted.

If ab 5 C for all locations on the map, then the
projection has the equal-area property: Areas are preserved
after projection. Examples are the sinusoidal, Lambert’s
cylindrical equal area and the Gall–Peters projection.

The problem is that for a double curved surface no
projection is possible that is both conformal and equal-area.
Along a curve on the surface, such as the equator, both
conditions can be met; however, at increasing distance from
such a curve the distortion accumulates. Therefore,
depending on the purpose of the map, one of these
properties or a compromise between them has to be
chosen. Concerning distortion, uniform distances are
another aspect to be optimised. Unfortunately, no map
projections are possible such that distances between any
two positions are depicted on a similar scale, but one can
aim at small variations overall or at proper depiction along
certain lines.

Besides these constraints from differential geometry, map
projection also has to cope with a topological issue. A
sphere is a surface without a boundary, whereas a finite flat
area has to be bounded. Hence, a cartographer has to
decide where to cut the globe and to which curve this cut
has to be mapped. Many choices are possible. One option,
used for azimuthal projections, is to cut the surface of the
globe at a single point, and to project this to a circle,
leading to very strong distortions at the boundary. The
most popular choice is to cut the globular surface along a
meridian, and to project the two edges of this cut to an
ellipse, a flattened ellipse or a rectangle, where in the last
two cases the point-shaped poles are projected to curves.

The use of interrupts reduces distortion. For the
production of globes, minimal distortion is vital for
production purposes; hence gore maps are used, where
the world is divided in for instance twelve gores. Goode’s
homolosine projection (1923) is an equal-area projection,
composed from twelve regions to form six interrupted
lobes, with interrupts through the oceans. The projection
of the earth on unfolded polyhedra instead of rectangles or
ellipses is an old idea, going back to Da Vinci and Dürer. All
regular polyhedra have been proposed as suitable candi-
dates. Some examples are Cahill’s Butterfly Map (1909,
octahedron) and the Dymaxion Map of Buckminster Fuller,
who used a cuboctahedron (1946) and an icosahedron
(1954). Steve Waterman has developed an appealing
polyhedral map, based on sphere packing.

Figure 1 visualises the trade-off to be made when dealing
with distortion in map projection. An ideal projection
should be equal-area, conformal, and have no interrupts;
however, at most, two of these can be satisfied simulta-
neously. Such projections are shown here at the corners of a
triangle, whereas edges denote solutions where one of the
requirements is satisfied. Existing solutions can be posi-
tioned in this solution space. Examples are given for some

cylindrical projections, with linear parallels and meridians.
Most of the existing solutions, using no interrupts, are
located at the bottom of the triangle. In this article, we
explore the top of the triangle, which is still terra incognita,
using geographic terminology. Or, in other words, we
discuss projections that are both (almost) equal area and
conformal, but do have a very large number of interrupts.

Related issues have been studied intensively in the fields
of computer graphics and geometric modelling, for
applications such as texture mapping, finite-element surface
meshing, and generation of clothing patterns. The problem
of earth mapping is a particular case of the general surface
parameterisation problem. A survey is given by Floater and
Hormann (2005). Finding strips on meshes has been
studied in the context of mesh compression and mesh
rendering, for instance by Karni et al. (2002). Bounded-
distortion flattening of curved surfaces via cuts was studied
by Sorkine et al. (2002). The work presented here has a
different scope and ambition as this related work. The
geometry to be handled is just a sphere. The aim is to
obtain zero distortion, and we accept a large number of
cuts. Finally, we aim at providing an integrated framework,
offering fine control over the results, and explore the effect
of different choices for the depiction of the surface of the
earth.

METHOD

We project the globe on a polyhedral mesh, label edges as
cuts or folds, and unfold the mesh. We assume that the
faces of the mesh are small compared with the radius of the
globe, such that area and angular distortion are almost
negligible. We first discuss the labelling problem. A mesh
can be considered as a (planar) graph G 5 (V, E), consisting
of a set of vertices V and undirected edges E that connect
vertices. Consider the dual graph H 5 (V’, E’), where each
vertex denotes a face of the mesh, and each edge
corresponds to an edge of the original graph, but now

Figure 1. Distortion in map projection

Unfolding the Earth: Myriahedral Projections 33Projection Classification
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[J. van Wijk, 2008]
D. Koop, CSCI 627/490, Spring 2026

Angle-preserving

https://www.win.tue.nl/~vanwijk/myriahedral/CAJ103.pdf


Search Tasks
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[Munzner (ill. Maguire), 2014]
D. Koop, CSCI 627/490, Spring 2026
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Adding Discrete Data to a Map: Quantitative Points
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Adding Continuous Data to a Map: Isolines
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[USGS via Wikipedia]
D. Koop, CSCI 627/490, Spring 2026

http://commons.wikimedia.org/wiki/File:Topographic_map_example.png


Assignment 4
• To be announced soon 
• Colormaps, geospatial vis, networks

7D. Koop, CSCI 627/490, Spring 2026



Project
• Next Step: Design 
- Given dataset (what) and tasks (why), work on the how 
- Don't do this the other way around: do not start with "I want to make a 

streamgraph" and then decide what tasks could work with that 
- This includes interactive design

8D. Koop, CSCI 627/490, Spring 2026

https://faculty.cs.niu.edu/~dakoop/cs627-2026sp/project.html


Choropleth (Two Hues)
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[M. Ericson, New York Times]
D. Koop, CSCI 627/490, Spring 2026



Choropleth Map
• Data: geographic geometry data & one quantitative attribute per region 
• Tasks: trends, patterns, comparisons 
• How: area marks from given geometry, color hue/saturation/luminance 
• Scalability: thousands of regions 

• Design choices: 
- Colormap 
- Region boundaries (level of summarization)

10D. Koop, CSCI 627/490, Spring 2026



Problem?
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[M. Ericson, New York Times]
D. Koop, CSCI 627/490, Spring 2026
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Problem?
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[M. Ericson, New York Times]
D. Koop, CSCI 627/490, Spring 2026

1DCOC

/E%CKP

850,000 mi
2

2,150,000 mi
2

#OQWPV�QH�TGF�CPF�DNWG�UJQYP�QP�OCR

1DCOC

/E%CKP

       68 million

59 million

�����2QRWNCT�8QVG



Adding Saturation
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[Washington Post, 2018]
D. Koop, CSCI 627/490, Spring 2026

https://www.washingtonpost.com/news/politics/wp/2018/07/30/presenting-the-least-misleading-map-of-the-2016-election/


Area Marks and Color Hue & Saturation
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[popvssoda.com]
D. Koop, CSCI 627/490, Spring 2026

http://www.popvssoda.com/countystats/total-county.html


Aggregation: 2016 Election by Precinct
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[R. Rohla and Washington Post, 2018]
D. Koop, CSCI 627/490, Spring 2026

[Interactive Version, NYTimes]

https://www.washingtonpost.com/news/politics/wp/2018/07/30/presenting-the-least-misleading-map-of-the-2016-election/
https://www.nytimes.com/interactive/2018/upshot/election-2016-voting-precinct-maps.html


Aggregation: 2016 Election by State
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[Washington Post, 2018]
D. Koop, CSCI 627/490, Spring 2026

https://www.washingtonpost.com/news/politics/wp/2018/07/30/presenting-the-least-misleading-map-of-the-2016-election/


Aggregation: 2016 Election by Country
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[Washington Post, 2018]
D. Koop, CSCI 627/490, Spring 2026

https://www.washingtonpost.com/news/politics/wp/2018/07/30/presenting-the-least-misleading-map-of-the-2016-election/


Maps: What trends do you see?
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[Desaturated by D. Koop, M. Ericson, New York Times]
D. Koop, CSCI 627/490, Spring 2026

Number of Votes Cast



Don't Just Create Population Maps!
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[xkcd]
D. Koop, CSCI 627/490, Spring 2026

https://xkcd.com/1138/


Size Encoding
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[M. Ericson, New York Times]
D. Koop, CSCI 627/490, Spring 2026



Dasymetric Dot Density
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[K. Field]
D. Koop, CSCI 627/490, Spring 2026

http://carto.maps.arcgis.com/apps/webappviewer/index.html?id=8732c91ba7a14d818cd26b776250d2c3


Glyphs: xkcd's Map
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[xkcd]
D. Koop, CSCI 627/490, Spring 2026

https://xkcd.com/1939/


Cartograms
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[B. Hennig]
D. Koop, CSCI 627/490, Spring 2026

http://www.viewsoftheworld.net/?p=5003


Cartograms
• Data: geographic geometry data & two 

quantitative attributes (one part-of-whole) 
• Derived data: new geometry derived from the 

part-of-whole attribute 
• Tasks: trends, comparisons, part-of-whole 
• How: area marks from derived geometry, 

color hue/saturation/luminance 
• Scalability: thousands of regions 
• Design choices: 
- Colormap 
- Geometric deformation

23

[New York Times]
D. Koop, CSCI 627/490, Spring 2026

http://www.apple.com
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[FiveThirtyEight, 2018]
D. Koop, CSCI 627/490, Spring 2026

https://projects.fivethirtyeight.com/2018-midterm-election-forecast/house/


Non-Contiguous Cartogram
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[M. Bostock, 2012]
D. Koop, CSCI 627/490, Spring 2026

http://bl.ocks.org/mbostock/4055908


World Cartograms
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[M. Newman, 2009]
D. Koop, CSCI 627/490, Spring 2026

http://bl.ocks.org/mbostock/4055908


World Population
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[M. Newman, 2009]
D. Koop, CSCI 627/490, Spring 2026

http://bl.ocks.org/mbostock/4055908


World Energy Consumption
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[M. Newman, 2009]
D. Koop, CSCI 627/490, Spring 2026

http://bl.ocks.org/mbostock/4055908


House Race Ratings by the Cook Political Report

193 current Democratic seats 235 current Republican seats
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House Races: Map?
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[New York Times, 2018]
D. Koop, CSCI 627/490, Spring 2026

https://www.nytimes.com/interactive/2018/us/elections/house-race-ratings.html
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[FiveThirtyEight, 2018]
D. Koop, CSCI 627/490, Spring 2026

https://projects.fivethirtyeight.com/2018-midterm-election-forecast/house/
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House Races: Non-Contiguous "Cartogram"
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[FiveThirtyEight, 2020]
D. Koop, CSCI 627/490, Spring 2026

https://projects.fivethirtyeight.com/2020-election-forecast/house/
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Maps Aren't Always Best: Close House Races
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[New York Times, 2018]
D. Koop, CSCI 627/490, Spring 2026

https://www.nytimes.com/interactive/2018/us/elections/house-race-ratings.html
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Maps Aren't Always Best: Obama Targets
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[NYTimes]
D. Koop, CSCI 627/490, Spring 2026

http://www.nytimes.com/interactive/2011/09/30/us/politics/keys-to-victory.html
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Guidelines for Visualization Design

D. Koop, CSCI 627/490, Spring 2026



r/dataisugly
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[Reddit]
D. Koop, CSCI 627/490, Spring 2026

https://www.reddit.com/r/dataisugly/
https://www.reddit.com/r/dataisugly/comments/1jffboh/people_get_married_on_weekends/


WTF Visualizations (wtfviz.net)
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[WTF Visualizations, 2017]
D. Koop, CSCI 627/490, Spring 2026

http://wtfviz.net
http://viz.wtf/post/154254744863/weapon-illegibility


Tufte: "The da Vinci of Data" —NYTimes
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[https://www.edwardtufte.com/tufte/, 2017]
D. Koop, CSCI 627/490, Spring 2026

http://www.nytimes.com/1998/03/30/business/the-da-vinci-of-data.html
https://www.edwardtufte.com/tufte/


Bad: Data magnitude <≠> Mark magnitude
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[Flowing Data, 2012]
D. Koop, CSCI 627/490, Spring 2026

https://flowingdata.com/2012/08/06/fox-news-continues-charting-excellence/


Good: Data magnitude <=> Mark magnitude

39

[Flowing Data, 2012]
D. Koop, CSCI 627/490, Spring 2026

https://flowingdata.com/2012/08/06/fox-news-continues-charting-excellence/


Start Scales at 0?

A. Kriebel, VizWiz

Starting Scales at Zero?
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[A. Kirebel, VizWiz]
D. Koop, CSCI 627/490, Spring 2026



Wavy baselines for non-zero starts
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[W. C. Brinton via RJ Andrews]
D. Koop, CSCI 627/490, Spring 2026

See also: "Tear Up Your Baseline" [RJ Andrews]

https://medium.com/data-visualization-society/tear-up-your-baseline-b6b68a2a60f1
https://medium.com/data-visualization-society/tear-up-your-baseline-b6b68a2a60f1


Cherry-picking data
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[Fox News via Media Matters, 2012]
D. Koop, CSCI 627/490, Spring 2026

https://mediamatters.org/research/2012/10/01/a-history-of-dishonest-fox-charts/190225


Show all the data
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[AAA via Media Matters, 2012]
D. Koop, CSCI 627/490, Spring 2026

https://mediamatters.org/research/2012/10/01/a-history-of-dishonest-fox-charts/190225


Tufte's Lie Factor
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[NYTimes via Tufte, 1991]
D. Koop, CSCI 627/490, Spring 2026



Tufte's Lie Factor
• Size of effect = (2nd value - 1st value) / (1st value) 
• Lie factor = (size of effect in graphic) / (size of effect in data) 
• In the graphic:

45

[InfoVis Wiki]
D. Koop, CSCI 627/490, Spring 2026

http://www.infovis-wiki.net/index.php?title=Lie_Factor


(Some of) Tufte's Integrity Principles
• Show data variation, not design variation 
• Clear, detailed, and thorough labeling and appropriate scales 
• Size of the graphic effect should be directly proportional to the numerical 

quantities ("lie factor")

46D. Koop, CSCI 627/490, Spring 2026



Avoid Chartjunk

ongoing, Tim Brey

Extraneous visual elements that distract from the 
messageAvoid Chartjunk

47

[T. Brey via A. Lex]
D. Koop, CSCI 627/490, Spring 2026

http://dataviscourse.net


Avoid Chartjunk

ongoing, Tim Brey

Avoid Chartjunk
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[T. Brey via A. Lex]
D. Koop, CSCI 627/490, Spring 2026

http://dataviscourse.net


Avoid Chartjunk

ongoing, Tim Brey

Avoid Chartjunk
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[T. Brey via A. Lex]
D. Koop, CSCI 627/490, Spring 2026

http://dataviscourse.net
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Avoid Chartjunk?
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[M. Borkin et al., InfoVis 2015]
D. Koop, CSCI 627/490, Spring 2026



Maximize Data-Ink Ratio

0-$24,999 $25,000+ 0-$24,999 $25,000+

Data-to-Ink Ratio (Also Unjustified 3D)

51

[via A. Lex]
D. Koop, CSCI 627/490, Spring 2026

http://dataviscourse.net


Maximize Data-Ink Ratio
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Maximize Data-to-Ink Ratio
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[via A. Lex]
D. Koop, CSCI 627/490, Spring 2026

http://dataviscourse.net


Don’t

matplotlib gallery

Excel Charts Blog

No Unjustified 3D
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[via A. Lex]
D. Koop, CSCI 627/490, Spring 2026

http://dataviscourse.net


Don’t

matplotlib gallery

Excel Charts Blog

No Unjustified 3D
• Occlusion hides information 
• Perspective distortion dangers 
• Tilted text isn't legible 

• Can help with shape perception

54

[via A. Lex]
D. Koop, CSCI 627/490, Spring 2026

http://dataviscourse.net


Eyes Beat Memory
• Reduce cognitive load (using up working memory) 
• Animation versus side-by-side views 
• Change blindness

55D. Koop, CSCI 627/490, Spring 2026
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“Computer-based visualization systems provide visual 
representations of datasets designed to help people carry out 
tasks more effectively.”  

— T. Munzner

D. Koop, CSCI 627/490, Spring 2026



Design Iteration
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[K. Quealy, 2013]
D. Koop, CSCI 627/490, Spring 2026

http://kpq.github.io/chartsnthings/2013/09/19-sketches-of-quarterback-timelines.html


Design Iteration
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[K. Quealy, 2013]
D. Koop, CSCI 627/490, Spring 2026

http://kpq.github.io/chartsnthings/2013/09/19-sketches-of-quarterback-timelines.html


Design Iteration
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[K. Quealy, 2013]
D. Koop, CSCI 627/490, Spring 2026

http://kpq.github.io/chartsnthings/2013/09/19-sketches-of-quarterback-timelines.html


Design
• Unlike a math problem, there are many different approaches for the 

visualization of some data 
• Need to have some way to discuss how to determine whether a visualization 

is doing what we want 
• Validation: Understand why a design is effective 
- What problems can be effective 
- Do this at different levels

60D. Koop, CSCI 627/490, Spring 2026



Data/task abstraction

Visual encoding/interaction idiom

Algorithm

Domain situation

Four Nested Levels of Design

61

[Munzner, 2014]
D. Koop, CSCI 627/490, Spring 2026



Domain situation
You misunderstood their needs

You’re showing them the wrong thing

Visual encoding/interaction idiom
The way you show it doesn’t work

Algorithm
Your code is too slow

Data/task abstraction

Potential problems at each level

62

[Munzner, 2014]
D. Koop, CSCI 627/490, Spring 2026



Threat       Wrong problem

Threat   Wrong task/data abstraction

Threat       Ineffective encoding/interaction idiom

Threat       Slow algorithm

Validate   Observe and interview target users

Validate   Analyze computational complexity

Validate   Measure system time/memory

Validate   Observe adoption rates

Validate   Test on target users, collect anecdotal evidence of utility
Validate   Field study, document human usage of deployed system

Validate   Qualitative/quantitative result image analysis

Validate   Lab study, measure human time/errors for task

Validate   Justify encoding/interaction design

Implement system

 Test on any users, informal usability study

Validation at each level
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Fig. 2: Schematic that shows where the FdS design fits in with the
Genex model of Shneiderman [43] (collect, relate, donate and create)
and the design process of Sanders and Stappers’ [40].

These ideas would certainly adapt and be improved at later stages of
the design process. Nonetheless, the goal of the ‘early’ process is
exploratory. In fact, for the FdS we are not concerned with data col-
lection, but users do need to think about the data, and to consider,
synthesize and consolidate ideas in sheet 1. Users need to think over
the data and to consider the different parts of the data at this stage.
They explore different possible solutions (sheets 2,3 and 4) and finally
plan a prototype.

2.2 Sketching as a planning method for visualization
Many creative industries use sketching as a way to investigate, ex-
plore and plan different possible solutions. E.g., product, fashion and
graphic designers, architects and film-makers all sketch many differ-
ent possible solutions. Heller and Landers provide insights into about
fifty designers’ sketching practices based on excerpts of their sketch-
books [21]. The use of lo-fidelity sketching frees the user from worry-
ing about technical limitations or assumptions and encourages them
to explore different solutions. In fact architectural design was one
of the main inspirations for our work. Tovey writes “[designers use
sketches to] generate concepts, to externalize and visualize problems,
to facilitate problem solving and creative effort, revising and refining
ideas” [46]. In visualization, this has been less formally used. Users
often sketch and plan, but usually don’t follow a method, rather they
do it in an ad hoc way. Recent work by Keefe [26] and Jackson et al.
[23] demonstrate the power of sketching; they explore one designer
generating several solutions, and make comparison to other lo-fidelity
prototyping methods. Sketching is also used by Walny et al. [52],
where users directly sketch the data.

Another inspirational idea from architecture design was the idea of
the parti pris [17] (the big idea). The word comes from the French
prendre parti, a bias or a mind-made-up. In architectural-criticism the
parti is an assumption that informs the design; it is therefore the cen-
tral, most overarching concept that the design is portraying. In other
words, it is pivotal to making the design work. Let’s consider the ex-
ample of a parallel coordinate plot. In this case the parti is the fact
that axis are parallel and the data is plotted as polylines across the
axis. Each sheet of the FdS (apart from the first) have a focus/parti
segment.

Rettig [33] writes, “Lo-fi prototyping works because it effectively
educates developers to have a concern for usability and formative
evaluation, and because it maximizes the number of times you get to
refine your design before you must commit to code”. He encourages it-
eration and refinement at the prototype stage, saying that quality of the
final product comes through iterative refinement: “get the big things
right during lo-fi, and the little things will follow in future iterations”.
Rettig gave users a pragmatic set of instructions for programmers to
develop lo-fi prototypes on paper: assemble a kit (pens, paper, ruler,
scissors, etc.), set a deadline, draw models not illustrations. He also
suggests that one sheet of paper should be used per interface. Then
these paper interfaces could be tested with users. So, prepare the test,
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Fig. 3: The FdS sheets. (a) Sheet 1: Generate Ideas, filter, categorize,
combine & refine then question. (b) Sheets 2,3,4 with the five sections
in the 2-row 3-row format; (c) Sheet 5, the realization sheet where
Detail is included instead of Discussion.

Fig. 4: Five stages to the FdS: (S1) meet with client and consider
task; or contemplate task on own. (S2) Ideate and sketch small ideas.
(S3) Sketch and plan three alternative designs. (S4) Consider solutions
with client; or deliberate on own. (S5) Generate realization sheet, and
implement prototype. Discuss with client and re-iterate if necessary.

select users, prepare test scenarios, practice these scenarios, and allo-
cate roles (greeter, facilitator, computer, observers).

Our focus on sketching fits well with other work in the visualization
domain. For instance, Craft and Cairns [11] and Curtis and Vertel-
ney [13] encourage storyboarding and sketching prototypes for rapid
visualization interface development. Roam [34] presents a series of
visual sketching methods as a way to solve problems in business and
help developers crystallize ideas. Buxton et al. [7] encourage sketch-
ing for interface design.

Through sketching the design is recorded, and tells the story of the
fluid, ephemeral evolution of the idea [3]. Users often sketch multiple
designs on the same sheet of paper [18]. Even when the designer uses
a computer to create different 3D models, they often render the output
in a sketchy appearance. Similarly prototype visualization tools can
be rendered in a sketchy appearance (e.g., [28, 55]) while sketching
can also be an input device [42].

3 THE FDS METHODOLOGY

The FdS is a five-stage methodology (Fig. 4) comprising of five sheets
(Fig. 3), each sheet containing five parts. Explicitly, the first sheet is
the brainstorm (ideas) sheet (Fig. 3a); three design sheets (Fig. 3b)
and a realization sheet (Fig. 3c). The latter four sheets are similar in
construction. The methodology is summarized as follows:

1. Five stages. The whole process consists of five stages, (see Fig.
4). (1) the user considers the task (the user meets the client). (2)
The user thinks divergently and considers many alternative ideas.

Five Design-Sheet Methodology
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Five Stages
1. Meet with client and consider task; or contemplate task on own. 
2. Ideate and sketch small ideas. 
3. Sketch and plan three alternative designs. 
4. Consider solutions with client; or deliberate on own. 
5. Generate realization sheet, and implement prototype. Discuss with client 

and re-iterate if necessary. 
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Fig. 2: Schematic that shows where the FdS design fits in with the
Genex model of Shneiderman [43] (collect, relate, donate and create)
and the design process of Sanders and Stappers’ [40].

These ideas would certainly adapt and be improved at later stages of
the design process. Nonetheless, the goal of the ‘early’ process is
exploratory. In fact, for the FdS we are not concerned with data col-
lection, but users do need to think about the data, and to consider,
synthesize and consolidate ideas in sheet 1. Users need to think over
the data and to consider the different parts of the data at this stage.
They explore different possible solutions (sheets 2,3 and 4) and finally
plan a prototype.

2.2 Sketching as a planning method for visualization
Many creative industries use sketching as a way to investigate, ex-
plore and plan different possible solutions. E.g., product, fashion and
graphic designers, architects and film-makers all sketch many differ-
ent possible solutions. Heller and Landers provide insights into about
fifty designers’ sketching practices based on excerpts of their sketch-
books [21]. The use of lo-fidelity sketching frees the user from worry-
ing about technical limitations or assumptions and encourages them
to explore different solutions. In fact architectural design was one
of the main inspirations for our work. Tovey writes “[designers use
sketches to] generate concepts, to externalize and visualize problems,
to facilitate problem solving and creative effort, revising and refining
ideas” [46]. In visualization, this has been less formally used. Users
often sketch and plan, but usually don’t follow a method, rather they
do it in an ad hoc way. Recent work by Keefe [26] and Jackson et al.
[23] demonstrate the power of sketching; they explore one designer
generating several solutions, and make comparison to other lo-fidelity
prototyping methods. Sketching is also used by Walny et al. [52],
where users directly sketch the data.

Another inspirational idea from architecture design was the idea of
the parti pris [17] (the big idea). The word comes from the French
prendre parti, a bias or a mind-made-up. In architectural-criticism the
parti is an assumption that informs the design; it is therefore the cen-
tral, most overarching concept that the design is portraying. In other
words, it is pivotal to making the design work. Let’s consider the ex-
ample of a parallel coordinate plot. In this case the parti is the fact
that axis are parallel and the data is plotted as polylines across the
axis. Each sheet of the FdS (apart from the first) have a focus/parti
segment.

Rettig [33] writes, “Lo-fi prototyping works because it effectively
educates developers to have a concern for usability and formative
evaluation, and because it maximizes the number of times you get to
refine your design before you must commit to code”. He encourages it-
eration and refinement at the prototype stage, saying that quality of the
final product comes through iterative refinement: “get the big things
right during lo-fi, and the little things will follow in future iterations”.
Rettig gave users a pragmatic set of instructions for programmers to
develop lo-fi prototypes on paper: assemble a kit (pens, paper, ruler,
scissors, etc.), set a deadline, draw models not illustrations. He also
suggests that one sheet of paper should be used per interface. Then
these paper interfaces could be tested with users. So, prepare the test,
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Fig. 3: The FdS sheets. (a) Sheet 1: Generate Ideas, filter, categorize,
combine & refine then question. (b) Sheets 2,3,4 with the five sections
in the 2-row 3-row format; (c) Sheet 5, the realization sheet where
Detail is included instead of Discussion.

Fig. 4: Five stages to the FdS: (S1) meet with client and consider
task; or contemplate task on own. (S2) Ideate and sketch small ideas.
(S3) Sketch and plan three alternative designs. (S4) Consider solutions
with client; or deliberate on own. (S5) Generate realization sheet, and
implement prototype. Discuss with client and re-iterate if necessary.

select users, prepare test scenarios, practice these scenarios, and allo-
cate roles (greeter, facilitator, computer, observers).

Our focus on sketching fits well with other work in the visualization
domain. For instance, Craft and Cairns [11] and Curtis and Vertel-
ney [13] encourage storyboarding and sketching prototypes for rapid
visualization interface development. Roam [34] presents a series of
visual sketching methods as a way to solve problems in business and
help developers crystallize ideas. Buxton et al. [7] encourage sketch-
ing for interface design.

Through sketching the design is recorded, and tells the story of the
fluid, ephemeral evolution of the idea [3]. Users often sketch multiple
designs on the same sheet of paper [18]. Even when the designer uses
a computer to create different 3D models, they often render the output
in a sketchy appearance. Similarly prototype visualization tools can
be rendered in a sketchy appearance (e.g., [28, 55]) while sketching
can also be an input device [42].

3 THE FDS METHODOLOGY

The FdS is a five-stage methodology (Fig. 4) comprising of five sheets
(Fig. 3), each sheet containing five parts. Explicitly, the first sheet is
the brainstorm (ideas) sheet (Fig. 3a); three design sheets (Fig. 3b)
and a realization sheet (Fig. 3c). The latter four sheets are similar in
construction. The methodology is summarized as follows:

1. Five stages. The whole process consists of five stages, (see Fig.
4). (1) the user considers the task (the user meets the client). (2)
The user thinks divergently and considers many alternative ideas.

Five Stages
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Fig. 2: Schematic that shows where the FdS design fits in with the
Genex model of Shneiderman [43] (collect, relate, donate and create)
and the design process of Sanders and Stappers’ [40].

These ideas would certainly adapt and be improved at later stages of
the design process. Nonetheless, the goal of the ‘early’ process is
exploratory. In fact, for the FdS we are not concerned with data col-
lection, but users do need to think about the data, and to consider,
synthesize and consolidate ideas in sheet 1. Users need to think over
the data and to consider the different parts of the data at this stage.
They explore different possible solutions (sheets 2,3 and 4) and finally
plan a prototype.

2.2 Sketching as a planning method for visualization
Many creative industries use sketching as a way to investigate, ex-
plore and plan different possible solutions. E.g., product, fashion and
graphic designers, architects and film-makers all sketch many differ-
ent possible solutions. Heller and Landers provide insights into about
fifty designers’ sketching practices based on excerpts of their sketch-
books [21]. The use of lo-fidelity sketching frees the user from worry-
ing about technical limitations or assumptions and encourages them
to explore different solutions. In fact architectural design was one
of the main inspirations for our work. Tovey writes “[designers use
sketches to] generate concepts, to externalize and visualize problems,
to facilitate problem solving and creative effort, revising and refining
ideas” [46]. In visualization, this has been less formally used. Users
often sketch and plan, but usually don’t follow a method, rather they
do it in an ad hoc way. Recent work by Keefe [26] and Jackson et al.
[23] demonstrate the power of sketching; they explore one designer
generating several solutions, and make comparison to other lo-fidelity
prototyping methods. Sketching is also used by Walny et al. [52],
where users directly sketch the data.

Another inspirational idea from architecture design was the idea of
the parti pris [17] (the big idea). The word comes from the French
prendre parti, a bias or a mind-made-up. In architectural-criticism the
parti is an assumption that informs the design; it is therefore the cen-
tral, most overarching concept that the design is portraying. In other
words, it is pivotal to making the design work. Let’s consider the ex-
ample of a parallel coordinate plot. In this case the parti is the fact
that axis are parallel and the data is plotted as polylines across the
axis. Each sheet of the FdS (apart from the first) have a focus/parti
segment.

Rettig [33] writes, “Lo-fi prototyping works because it effectively
educates developers to have a concern for usability and formative
evaluation, and because it maximizes the number of times you get to
refine your design before you must commit to code”. He encourages it-
eration and refinement at the prototype stage, saying that quality of the
final product comes through iterative refinement: “get the big things
right during lo-fi, and the little things will follow in future iterations”.
Rettig gave users a pragmatic set of instructions for programmers to
develop lo-fi prototypes on paper: assemble a kit (pens, paper, ruler,
scissors, etc.), set a deadline, draw models not illustrations. He also
suggests that one sheet of paper should be used per interface. Then
these paper interfaces could be tested with users. So, prepare the test,
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Fig. 3: The FdS sheets. (a) Sheet 1: Generate Ideas, filter, categorize,
combine & refine then question. (b) Sheets 2,3,4 with the five sections
in the 2-row 3-row format; (c) Sheet 5, the realization sheet where
Detail is included instead of Discussion.

Fig. 4: Five stages to the FdS: (S1) meet with client and consider
task; or contemplate task on own. (S2) Ideate and sketch small ideas.
(S3) Sketch and plan three alternative designs. (S4) Consider solutions
with client; or deliberate on own. (S5) Generate realization sheet, and
implement prototype. Discuss with client and re-iterate if necessary.

select users, prepare test scenarios, practice these scenarios, and allo-
cate roles (greeter, facilitator, computer, observers).

Our focus on sketching fits well with other work in the visualization
domain. For instance, Craft and Cairns [11] and Curtis and Vertel-
ney [13] encourage storyboarding and sketching prototypes for rapid
visualization interface development. Roam [34] presents a series of
visual sketching methods as a way to solve problems in business and
help developers crystallize ideas. Buxton et al. [7] encourage sketch-
ing for interface design.

Through sketching the design is recorded, and tells the story of the
fluid, ephemeral evolution of the idea [3]. Users often sketch multiple
designs on the same sheet of paper [18]. Even when the designer uses
a computer to create different 3D models, they often render the output
in a sketchy appearance. Similarly prototype visualization tools can
be rendered in a sketchy appearance (e.g., [28, 55]) while sketching
can also be an input device [42].

3 THE FDS METHODOLOGY

The FdS is a five-stage methodology (Fig. 4) comprising of five sheets
(Fig. 3), each sheet containing five parts. Explicitly, the first sheet is
the brainstorm (ideas) sheet (Fig. 3a); three design sheets (Fig. 3b)
and a realization sheet (Fig. 3c). The latter four sheets are similar in
construction. The methodology is summarized as follows:

1. Five stages. The whole process consists of five stages, (see Fig.
4). (1) the user considers the task (the user meets the client). (2)
The user thinks divergently and considers many alternative ideas.

The Five Sheets
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Fig. 6: An example of the FdS are shown on the left, with a picture of the final prototype on the right. Created for the Information Visualization
module as part of the MSc course. The student chose to investigate data regarding University access for disabled students.

(a) Variables. List the data variables. What are the parame-
ters? Give them names. What are dependent and indepen-
dent variables?

(b) Types of data. What data-types are in the data? How are
they stored? What is the access to the data (API, JSON
file etc.)? What data-structure holds the data (e.g., is it
hierarchical)?

(c) Categories. Are the variables categorical (nominal or or-
dinal or ranks), are they quantitative (discrete or continu-
ous)?

(d) Temporal. Is the data streaming data? How was it stored
(all at one time or over several years)?

(e) Range & distribution. What is the distribution of the data?
Few values, small size, evenly spread, sparse or dense?

4. Resources. Finally the user needs to gather resources together
to create the FdS, e.g., colored pens or pencils, ruler and paper.

3.3 FdS Sheet 1: Ideation
Ideation is the process of creating new ideas. But where do ideas come
from? How do users actually think up ten, twenty or a hundred ideas?
How do new concepts get ‘born’? The five parts of sheet 1 leads the
user to think divergently, to first generate ideas, then filter and cate-
gorize them, followed by combining and refining them, before finally
questioning their suitability to the task, see Fig. 3

Ideas emerge by thinking, talking with other people, reading rele-
vant literature, gaining inspiration from other domains, resting and not
rushing, reflecting and collaborating. This theory is summarized in
the following literature: Relax: Good ideas come through long, slow
and careful thought, says Johnson [25] (he talks about a ‘slow hunch’).
Re-work: Webb [57] says we should gather-material, think, relax and
re-work. This reflection stage is extremely important in many domains
(we often encourage our students to write their work and then leave it
overnight before reading it again). Provoke: e.g., ask difficult ques-
tions, think of impossible solutions. Persist: Shneiderman [43] agrees
and says it’s “1% inspiration and 99% perspiration”. Iterate & Re-

fine: evaluate, revisit assumptions and re-design [10]. Different per-

sonalities: De Bono encourages us to take on different personalities in
his six thinking hats [15]. Collaborate: Work with different people,
with different skills and knowledge [48]. Dissimilar ideas: Glue dis-
similar ideas together. E.g., Johnson [25] suggests finding dissimilar
ideas and joining them together and through this joining up of differ-
ent thoughts new ideas can be formed. de Bono’s ‘green-hat’ suggests
using random pages of a book to inspire [14]. Transference: Look
to other subjects for inspiration, e.g., biomimicry [38]. Research:

Discover every idea and every solution so far. Look at other ideas
and learn from others’ work [43]. Metaphors: Generate abstractions
and use analogies. Metaphors help users to instantly understand the
corresponding idea [38]. Ziemkiewicz and Kosara [58] suggest that
metaphors work both ways: they both inspire and are needed for in-
terpretation. Make mistakes: Good ideas can come from serendipity.
Either try to fix these mistakes or use the result to your favor. There are
well written examples where scientists make errors or have accidents
and it is these that are actually good ideas: e.g., sticky-note glue or the
discovery of penicillin [54]. Reverse/Invert: Reverse, flip or invert an

idea to generate others.
As the user goes through this exercise they need to think-through

different possibilities, but also keep their mind on the task. Usually the
user does each action in turn, and decides whether they have completed
it to a satisfactory level before moving onto the next task. But the very
nature of considering the next task may put them back to an earlier
stage. E.g., by categorizing the ideas the user may realize that there is
a missing category and thus move back to drawing more ideas. That
themselves can be categorized. Indeed the point of each stage is not
only divergent and convergent thinking, but also to provoke new ideas
and increase the potential set of ideas.

1. Ideate. Users need to sketch as many ideas as possible. These
are ‘mini-ideas’. They are lots of little drawings. While they
could be full solutions, they are more likely to be ‘insufficiently
thought out’ or ‘half-baked’ ideas, short concepts, or even wacky
concepts. At the start, the point is to articulate different potential
ideas. The thoughts should be driven by the task and the user
should have ‘half an eye’ on the goal (to develop a tool that will
visualize data), and should hold off criticizing the ideas because
this will be done later. When a substantial1 amount of ideas have
been made the user moves on to filter.

2. Filter. Users should start to remove any duplicated ideas, or con-
cepts that are irrelevant or absolutely impossible. Users can use
these negative thoughts positively, such that if they are impossi-
ble then they should consider how they could they be fixed. In
practice the sketches are being annotated rather than fully deleted
(a single line crossed through a design will suffice). When con-
sidering these aspects, users need to think what is suitable to the
task, and how new ideas can be generated from these deletions
or duplications.

3. Categorize. Users need to consider what is similar and what is
different. Annotation can be used to group similar ideas together.
Categories change and develop, therefore users should not worry
about the fine details of categorization: it is merely a tool to
facilitate the exploration of ideas. While this operation converges
(reduces) the designs, users should consider ‘what is missing’.
E.g., is there another category of designs that should be present?
What is this category? Is it relevant?

4. Combine & refine. Users need to organize the mini-ideas into
bigger solutions. For instance, look to develop Multiple Coor-
dinate Views [35]. Think what visualizations complement each
other. E.g., spatial (map) with temporal (timeline), or overview
with detail. Indeed the Space-time cube is an example of com-
bining ideas [1]. Refine the ideas, making sure they use suitable
colors [19] or other best practice [53]. Draw new combinations,
look to refining or changing any designs; start to consider which
three ideas will be planned in more detail on Sheets 2,3,4. Draw
or annotate circles around three possible choices.

5. Question. Users should reflect on what has been created. Do so-
lutions meet the task? Are they effective designs? Do they mis-

1It is difficult to quantify the number of mini-ideas required; but the more
ideas that are sketched, the easier the next stages of filter, categorize etc. will
be. Three is too few; 10 may be ok; 20 would be better.

Example: University Access for Disabled Students
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Fig. 6: An example of the FdS are shown on the left, with a picture of the final prototype on the right. Created for the Information Visualization
module as part of the MSc course. The student chose to investigate data regarding University access for disabled students.

(a) Variables. List the data variables. What are the parame-
ters? Give them names. What are dependent and indepen-
dent variables?

(b) Types of data. What data-types are in the data? How are
they stored? What is the access to the data (API, JSON
file etc.)? What data-structure holds the data (e.g., is it
hierarchical)?

(c) Categories. Are the variables categorical (nominal or or-
dinal or ranks), are they quantitative (discrete or continu-
ous)?

(d) Temporal. Is the data streaming data? How was it stored
(all at one time or over several years)?

(e) Range & distribution. What is the distribution of the data?
Few values, small size, evenly spread, sparse or dense?

4. Resources. Finally the user needs to gather resources together
to create the FdS, e.g., colored pens or pencils, ruler and paper.

3.3 FdS Sheet 1: Ideation
Ideation is the process of creating new ideas. But where do ideas come
from? How do users actually think up ten, twenty or a hundred ideas?
How do new concepts get ‘born’? The five parts of sheet 1 leads the
user to think divergently, to first generate ideas, then filter and cate-
gorize them, followed by combining and refining them, before finally
questioning their suitability to the task, see Fig. 3

Ideas emerge by thinking, talking with other people, reading rele-
vant literature, gaining inspiration from other domains, resting and not
rushing, reflecting and collaborating. This theory is summarized in
the following literature: Relax: Good ideas come through long, slow
and careful thought, says Johnson [25] (he talks about a ‘slow hunch’).
Re-work: Webb [57] says we should gather-material, think, relax and
re-work. This reflection stage is extremely important in many domains
(we often encourage our students to write their work and then leave it
overnight before reading it again). Provoke: e.g., ask difficult ques-
tions, think of impossible solutions. Persist: Shneiderman [43] agrees
and says it’s “1% inspiration and 99% perspiration”. Iterate & Re-

fine: evaluate, revisit assumptions and re-design [10]. Different per-

sonalities: De Bono encourages us to take on different personalities in
his six thinking hats [15]. Collaborate: Work with different people,
with different skills and knowledge [48]. Dissimilar ideas: Glue dis-
similar ideas together. E.g., Johnson [25] suggests finding dissimilar
ideas and joining them together and through this joining up of differ-
ent thoughts new ideas can be formed. de Bono’s ‘green-hat’ suggests
using random pages of a book to inspire [14]. Transference: Look
to other subjects for inspiration, e.g., biomimicry [38]. Research:

Discover every idea and every solution so far. Look at other ideas
and learn from others’ work [43]. Metaphors: Generate abstractions
and use analogies. Metaphors help users to instantly understand the
corresponding idea [38]. Ziemkiewicz and Kosara [58] suggest that
metaphors work both ways: they both inspire and are needed for in-
terpretation. Make mistakes: Good ideas can come from serendipity.
Either try to fix these mistakes or use the result to your favor. There are
well written examples where scientists make errors or have accidents
and it is these that are actually good ideas: e.g., sticky-note glue or the
discovery of penicillin [54]. Reverse/Invert: Reverse, flip or invert an

idea to generate others.
As the user goes through this exercise they need to think-through

different possibilities, but also keep their mind on the task. Usually the
user does each action in turn, and decides whether they have completed
it to a satisfactory level before moving onto the next task. But the very
nature of considering the next task may put them back to an earlier
stage. E.g., by categorizing the ideas the user may realize that there is
a missing category and thus move back to drawing more ideas. That
themselves can be categorized. Indeed the point of each stage is not
only divergent and convergent thinking, but also to provoke new ideas
and increase the potential set of ideas.

1. Ideate. Users need to sketch as many ideas as possible. These
are ‘mini-ideas’. They are lots of little drawings. While they
could be full solutions, they are more likely to be ‘insufficiently
thought out’ or ‘half-baked’ ideas, short concepts, or even wacky
concepts. At the start, the point is to articulate different potential
ideas. The thoughts should be driven by the task and the user
should have ‘half an eye’ on the goal (to develop a tool that will
visualize data), and should hold off criticizing the ideas because
this will be done later. When a substantial1 amount of ideas have
been made the user moves on to filter.

2. Filter. Users should start to remove any duplicated ideas, or con-
cepts that are irrelevant or absolutely impossible. Users can use
these negative thoughts positively, such that if they are impossi-
ble then they should consider how they could they be fixed. In
practice the sketches are being annotated rather than fully deleted
(a single line crossed through a design will suffice). When con-
sidering these aspects, users need to think what is suitable to the
task, and how new ideas can be generated from these deletions
or duplications.

3. Categorize. Users need to consider what is similar and what is
different. Annotation can be used to group similar ideas together.
Categories change and develop, therefore users should not worry
about the fine details of categorization: it is merely a tool to
facilitate the exploration of ideas. While this operation converges
(reduces) the designs, users should consider ‘what is missing’.
E.g., is there another category of designs that should be present?
What is this category? Is it relevant?

4. Combine & refine. Users need to organize the mini-ideas into
bigger solutions. For instance, look to develop Multiple Coor-
dinate Views [35]. Think what visualizations complement each
other. E.g., spatial (map) with temporal (timeline), or overview
with detail. Indeed the Space-time cube is an example of com-
bining ideas [1]. Refine the ideas, making sure they use suitable
colors [19] or other best practice [53]. Draw new combinations,
look to refining or changing any designs; start to consider which
three ideas will be planned in more detail on Sheets 2,3,4. Draw
or annotate circles around three possible choices.

5. Question. Users should reflect on what has been created. Do so-
lutions meet the task? Are they effective designs? Do they mis-

1It is difficult to quantify the number of mini-ideas required; but the more
ideas that are sketched, the easier the next stages of filter, categorize etc. will
be. Three is too few; 10 may be ok; 20 would be better.
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Fig. 6: An example of the FdS are shown on the left, with a picture of the final prototype on the right. Created for the Information Visualization
module as part of the MSc course. The student chose to investigate data regarding University access for disabled students.

(a) Variables. List the data variables. What are the parame-
ters? Give them names. What are dependent and indepen-
dent variables?

(b) Types of data. What data-types are in the data? How are
they stored? What is the access to the data (API, JSON
file etc.)? What data-structure holds the data (e.g., is it
hierarchical)?

(c) Categories. Are the variables categorical (nominal or or-
dinal or ranks), are they quantitative (discrete or continu-
ous)?

(d) Temporal. Is the data streaming data? How was it stored
(all at one time or over several years)?

(e) Range & distribution. What is the distribution of the data?
Few values, small size, evenly spread, sparse or dense?

4. Resources. Finally the user needs to gather resources together
to create the FdS, e.g., colored pens or pencils, ruler and paper.

3.3 FdS Sheet 1: Ideation
Ideation is the process of creating new ideas. But where do ideas come
from? How do users actually think up ten, twenty or a hundred ideas?
How do new concepts get ‘born’? The five parts of sheet 1 leads the
user to think divergently, to first generate ideas, then filter and cate-
gorize them, followed by combining and refining them, before finally
questioning their suitability to the task, see Fig. 3

Ideas emerge by thinking, talking with other people, reading rele-
vant literature, gaining inspiration from other domains, resting and not
rushing, reflecting and collaborating. This theory is summarized in
the following literature: Relax: Good ideas come through long, slow
and careful thought, says Johnson [25] (he talks about a ‘slow hunch’).
Re-work: Webb [57] says we should gather-material, think, relax and
re-work. This reflection stage is extremely important in many domains
(we often encourage our students to write their work and then leave it
overnight before reading it again). Provoke: e.g., ask difficult ques-
tions, think of impossible solutions. Persist: Shneiderman [43] agrees
and says it’s “1% inspiration and 99% perspiration”. Iterate & Re-

fine: evaluate, revisit assumptions and re-design [10]. Different per-

sonalities: De Bono encourages us to take on different personalities in
his six thinking hats [15]. Collaborate: Work with different people,
with different skills and knowledge [48]. Dissimilar ideas: Glue dis-
similar ideas together. E.g., Johnson [25] suggests finding dissimilar
ideas and joining them together and through this joining up of differ-
ent thoughts new ideas can be formed. de Bono’s ‘green-hat’ suggests
using random pages of a book to inspire [14]. Transference: Look
to other subjects for inspiration, e.g., biomimicry [38]. Research:

Discover every idea and every solution so far. Look at other ideas
and learn from others’ work [43]. Metaphors: Generate abstractions
and use analogies. Metaphors help users to instantly understand the
corresponding idea [38]. Ziemkiewicz and Kosara [58] suggest that
metaphors work both ways: they both inspire and are needed for in-
terpretation. Make mistakes: Good ideas can come from serendipity.
Either try to fix these mistakes or use the result to your favor. There are
well written examples where scientists make errors or have accidents
and it is these that are actually good ideas: e.g., sticky-note glue or the
discovery of penicillin [54]. Reverse/Invert: Reverse, flip or invert an

idea to generate others.
As the user goes through this exercise they need to think-through

different possibilities, but also keep their mind on the task. Usually the
user does each action in turn, and decides whether they have completed
it to a satisfactory level before moving onto the next task. But the very
nature of considering the next task may put them back to an earlier
stage. E.g., by categorizing the ideas the user may realize that there is
a missing category and thus move back to drawing more ideas. That
themselves can be categorized. Indeed the point of each stage is not
only divergent and convergent thinking, but also to provoke new ideas
and increase the potential set of ideas.

1. Ideate. Users need to sketch as many ideas as possible. These
are ‘mini-ideas’. They are lots of little drawings. While they
could be full solutions, they are more likely to be ‘insufficiently
thought out’ or ‘half-baked’ ideas, short concepts, or even wacky
concepts. At the start, the point is to articulate different potential
ideas. The thoughts should be driven by the task and the user
should have ‘half an eye’ on the goal (to develop a tool that will
visualize data), and should hold off criticizing the ideas because
this will be done later. When a substantial1 amount of ideas have
been made the user moves on to filter.

2. Filter. Users should start to remove any duplicated ideas, or con-
cepts that are irrelevant or absolutely impossible. Users can use
these negative thoughts positively, such that if they are impossi-
ble then they should consider how they could they be fixed. In
practice the sketches are being annotated rather than fully deleted
(a single line crossed through a design will suffice). When con-
sidering these aspects, users need to think what is suitable to the
task, and how new ideas can be generated from these deletions
or duplications.

3. Categorize. Users need to consider what is similar and what is
different. Annotation can be used to group similar ideas together.
Categories change and develop, therefore users should not worry
about the fine details of categorization: it is merely a tool to
facilitate the exploration of ideas. While this operation converges
(reduces) the designs, users should consider ‘what is missing’.
E.g., is there another category of designs that should be present?
What is this category? Is it relevant?

4. Combine & refine. Users need to organize the mini-ideas into
bigger solutions. For instance, look to develop Multiple Coor-
dinate Views [35]. Think what visualizations complement each
other. E.g., spatial (map) with temporal (timeline), or overview
with detail. Indeed the Space-time cube is an example of com-
bining ideas [1]. Refine the ideas, making sure they use suitable
colors [19] or other best practice [53]. Draw new combinations,
look to refining or changing any designs; start to consider which
three ideas will be planned in more detail on Sheets 2,3,4. Draw
or annotate circles around three possible choices.

5. Question. Users should reflect on what has been created. Do so-
lutions meet the task? Are they effective designs? Do they mis-

1It is difficult to quantify the number of mini-ideas required; but the more
ideas that are sketched, the easier the next stages of filter, categorize etc. will
be. Three is too few; 10 may be ok; 20 would be better.
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Fig. 6: An example of the FdS are shown on the left, with a picture of the final prototype on the right. Created for the Information Visualization
module as part of the MSc course. The student chose to investigate data regarding University access for disabled students.

(a) Variables. List the data variables. What are the parame-
ters? Give them names. What are dependent and indepen-
dent variables?

(b) Types of data. What data-types are in the data? How are
they stored? What is the access to the data (API, JSON
file etc.)? What data-structure holds the data (e.g., is it
hierarchical)?

(c) Categories. Are the variables categorical (nominal or or-
dinal or ranks), are they quantitative (discrete or continu-
ous)?

(d) Temporal. Is the data streaming data? How was it stored
(all at one time or over several years)?

(e) Range & distribution. What is the distribution of the data?
Few values, small size, evenly spread, sparse or dense?

4. Resources. Finally the user needs to gather resources together
to create the FdS, e.g., colored pens or pencils, ruler and paper.

3.3 FdS Sheet 1: Ideation
Ideation is the process of creating new ideas. But where do ideas come
from? How do users actually think up ten, twenty or a hundred ideas?
How do new concepts get ‘born’? The five parts of sheet 1 leads the
user to think divergently, to first generate ideas, then filter and cate-
gorize them, followed by combining and refining them, before finally
questioning their suitability to the task, see Fig. 3

Ideas emerge by thinking, talking with other people, reading rele-
vant literature, gaining inspiration from other domains, resting and not
rushing, reflecting and collaborating. This theory is summarized in
the following literature: Relax: Good ideas come through long, slow
and careful thought, says Johnson [25] (he talks about a ‘slow hunch’).
Re-work: Webb [57] says we should gather-material, think, relax and
re-work. This reflection stage is extremely important in many domains
(we often encourage our students to write their work and then leave it
overnight before reading it again). Provoke: e.g., ask difficult ques-
tions, think of impossible solutions. Persist: Shneiderman [43] agrees
and says it’s “1% inspiration and 99% perspiration”. Iterate & Re-

fine: evaluate, revisit assumptions and re-design [10]. Different per-

sonalities: De Bono encourages us to take on different personalities in
his six thinking hats [15]. Collaborate: Work with different people,
with different skills and knowledge [48]. Dissimilar ideas: Glue dis-
similar ideas together. E.g., Johnson [25] suggests finding dissimilar
ideas and joining them together and through this joining up of differ-
ent thoughts new ideas can be formed. de Bono’s ‘green-hat’ suggests
using random pages of a book to inspire [14]. Transference: Look
to other subjects for inspiration, e.g., biomimicry [38]. Research:

Discover every idea and every solution so far. Look at other ideas
and learn from others’ work [43]. Metaphors: Generate abstractions
and use analogies. Metaphors help users to instantly understand the
corresponding idea [38]. Ziemkiewicz and Kosara [58] suggest that
metaphors work both ways: they both inspire and are needed for in-
terpretation. Make mistakes: Good ideas can come from serendipity.
Either try to fix these mistakes or use the result to your favor. There are
well written examples where scientists make errors or have accidents
and it is these that are actually good ideas: e.g., sticky-note glue or the
discovery of penicillin [54]. Reverse/Invert: Reverse, flip or invert an

idea to generate others.
As the user goes through this exercise they need to think-through

different possibilities, but also keep their mind on the task. Usually the
user does each action in turn, and decides whether they have completed
it to a satisfactory level before moving onto the next task. But the very
nature of considering the next task may put them back to an earlier
stage. E.g., by categorizing the ideas the user may realize that there is
a missing category and thus move back to drawing more ideas. That
themselves can be categorized. Indeed the point of each stage is not
only divergent and convergent thinking, but also to provoke new ideas
and increase the potential set of ideas.

1. Ideate. Users need to sketch as many ideas as possible. These
are ‘mini-ideas’. They are lots of little drawings. While they
could be full solutions, they are more likely to be ‘insufficiently
thought out’ or ‘half-baked’ ideas, short concepts, or even wacky
concepts. At the start, the point is to articulate different potential
ideas. The thoughts should be driven by the task and the user
should have ‘half an eye’ on the goal (to develop a tool that will
visualize data), and should hold off criticizing the ideas because
this will be done later. When a substantial1 amount of ideas have
been made the user moves on to filter.

2. Filter. Users should start to remove any duplicated ideas, or con-
cepts that are irrelevant or absolutely impossible. Users can use
these negative thoughts positively, such that if they are impossi-
ble then they should consider how they could they be fixed. In
practice the sketches are being annotated rather than fully deleted
(a single line crossed through a design will suffice). When con-
sidering these aspects, users need to think what is suitable to the
task, and how new ideas can be generated from these deletions
or duplications.

3. Categorize. Users need to consider what is similar and what is
different. Annotation can be used to group similar ideas together.
Categories change and develop, therefore users should not worry
about the fine details of categorization: it is merely a tool to
facilitate the exploration of ideas. While this operation converges
(reduces) the designs, users should consider ‘what is missing’.
E.g., is there another category of designs that should be present?
What is this category? Is it relevant?

4. Combine & refine. Users need to organize the mini-ideas into
bigger solutions. For instance, look to develop Multiple Coor-
dinate Views [35]. Think what visualizations complement each
other. E.g., spatial (map) with temporal (timeline), or overview
with detail. Indeed the Space-time cube is an example of com-
bining ideas [1]. Refine the ideas, making sure they use suitable
colors [19] or other best practice [53]. Draw new combinations,
look to refining or changing any designs; start to consider which
three ideas will be planned in more detail on Sheets 2,3,4. Draw
or annotate circles around three possible choices.

5. Question. Users should reflect on what has been created. Do so-
lutions meet the task? Are they effective designs? Do they mis-

1It is difficult to quantify the number of mini-ideas required; but the more
ideas that are sketched, the easier the next stages of filter, categorize etc. will
be. Three is too few; 10 may be ok; 20 would be better.
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