
















Fig. 10: Work from two students are shown. Both students were studying for their advanced Computer Science Masters (MSc). They performed
the FdS as part of their Information Visualization coursework assessment. Each tool was implemented using Processing.org. These pictures
show their five sheets (1 to 5, left to right) followed by a screenshot of their tool.

re-submit the FdS within two weeks of receiving their marks, but with
a penalty of a 10% deduction on their second mark. This particular
low-scoring student resubmitted and achieved a non-penalized score
of 68%. This demonstrates that the student substantially improved,
through this iteration.

To demonstrate how students develop ideas and work through dif-
ferent solutions, we provide two typical examples of the 53 students’
work, see Fig. 10. (1) The first example shows data of predatory birds
in the UK. The data contains information about breeding pairs, deaths
of birds and population growth. The student worked through several
ideas, including temporal, circular and map-based visualization; de-
veloping their main ideas in sheets 2,3,4 and eventually focusing on
a heatmap visualization for their realization design. While there are
aspects that could be improved with their implementation, the student
has clearly considered different ideas, and has created a working and
interactive visualization of this data. (2) The second example is of
Olympic medal wins. Two screenshots are included, upper shows the
full tool, with the lower view focusing on USA data. The student con-
sidered pie charts, stacked bar charts, map views through the process
and finally focused on a timeline as the parti visualization. Through
his tool he discovered the ‘missing’ Olympic games during WWII and
provided interactivity to allow users to explore the data and compare
medal wins per country.

5 DISCUSSION & CONCLUSIONS

There are many types of interfaces that software developers wish to
create. We acknolwedge that the FdS can be used for other types of
interface design. In fact, we have used it to teach interactive visual
tools in JavaScript on the web, and for a range of final-year under-
graduate projects. However, this methodology works best when there
is a visual interface to build, where a user can consider different visual
depictions and layouts of the interface, as well as different interaction
operations.

To make the FdS applicable for general interface design, obviously
the preparation stage (Sec. 3.2) needs to be swapped for general re-
quirements of the system and the parti needs to focus on the main idea
of the interface (rather than the mapping of the data). But it should
be possible to use the FdS metholody for many different interactive
systems. From our experience, however, students struggle to use the
FdS when the tool they are designing is simple. Systems that have a

single input and a single output file (or result) make the Operations
panel moot. This is because in such systems, while the interface may
be simple, the complexity is encapsulated within the underpinning al-
gorithms and not a visual interface.

The FdS design methodology provides a structured method for
users to think about ideas and sketch design solutions. The strategy
has been successfully evaluated using the SUS methodology, demon-
strating a ‘good’ level of usability (according to the scale by Bangor
et al. [2]). It has been used by a developer at an SME and demon-
strated to save time, and therefore money for that company. Shorter
turn-around times were achieved. Finally we have explained its use
in teaching, and have described how students have used the method in
the planning of an information visualization tool of chosen data, and
also in individual projects (and the presentation of alternative designs
in their design chapter).

The FdS assumes that the user knows about their data. We refer
the reader to Sec. 3.2 where we included guidance on how to evaluate
the data, as well as to the component analysis model of Bertin [4]. In
addition, we have not focused on effective mapping of data, nor on
interaction design, because other authors focus their attention to this
challenge, (e.g., [4, 53, 56]). However, we do believe that there is a
need to have better guidelines on these tasks (including, data analysis,
data mapping, interaction design) especially for learners.

The methodology encourages divergent thinking and enables devel-
opers and clients to discuss designs and iterate alternative solutions.
The FdS is another tool in the developers’ toolbox. The simplicity yet
comprehensiveness of the FdS means that it is a useful asset in the
ideation and design of interactive information visualization applica-
tions.
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[8] M. Chen and H. Jäenicke. An information-theoretic framework for visu-

alization. IEEE Trans. Vis. Comput. Graphics, 16(6):1206–1215, 2010.
[9] E. H. Chi. A taxonomy of visualization techniques using the data state

reference model. In Proc. Info. Vis., pages 69–75, Washington, DC, USA,
2000. IEEE Computer Society.

[10] D. Council. Eleven lessons: managing design in eleven global companies
desk research report, 2007. www.designcouncil.org.uk.

[11] B. Craft and P. Cairns. Sketching sketching: outlines of a collaborative
design method. In Proc. British HCI, pages 65–72, Swindon, UK, 2009.
British Computer Society.

[12] F. Crick. The impact of linus pauling on molecular biology. In The Paul-
ing Symposium: Special Collections, The Valley Library, Oregon State
University, OR, 1996.

[13] G. Curtis and L. Vertelney. Tutorial 33, storyboards and sketch prototypes
for rapid interface visualization. In CHI ’90, Seattle, Washington, 1990.

[14] E. De Bono. Lateral Thinking: Creativity Step by Step. Panguin, 2009.
[15] E. De Bono. Six Thinking Hats. Penguin UK, 2009.
[16] G. Dove, S. Jones, J. Dykes, A. Brown, and A. Duffy. Using data visual-

ization in creativity workshops: A new tool in the designer’s kit. In Proc.
Creativity & Cognition, C&C ’13, pages 304–307. ACM, 2013.

[17] M. Frederick. 101 Things I Learned in Architecture School. MIT Press,
September 2007.

[18] B. Gaver and H. Martin. Alternatives: exploring information appliances
through conceptual design proposals. In Proc. of SIGCHI, pages 209–
216, New York, NY, USA, 2000. ACM.

[19] M. Harrower and C. A. Brewer. Colorbrewer.org: An online tool for
selecting colour schemes for maps. The Cartographic Journal, 40(1):27–
37, 2003.

[20] J. Heer and M. Agrawala. Software design patterns for information vi-
sualization. IEEE Trans. Vis. Comput. Graphics, 12(5):853–860, Sept
2006.

[21] S. Heller and R. Landers. Infographics Designers’ Sketchbooks. Prince-
ton Architectural Press, 2014.

[22] W. Hibbard, C. Dyer, and B. Paul. A lattice model for data display. In
IEEE Proc. Vis., pages 310–317, Oct 1994.

[23] B. Jackson, D. Coffey, L. Thorson, D. Schroeder, A. M. Ellingson, D. J.
Nuckley, and D. F. Keefe. Toward mixed method evaluations of scientific
visualizations and design process as an evaluation tool. In Proc. BELIV
Workshop: Beyond Time and Errors-Novel Evaluation Methods for Visu-
alization, page 4, New York, NY, USA, 2012. ACM.

[24] T. Jankun-Kelly, K.-L. Ma, and M. Gertz. A model and framework for vi-
sualization exploration. IEEE Trans. Vis. Comput. Graphics, 13(2):357–
369, 2007.

[25] S. Johnson. Where good ideas come from: The natural history of innova-
tion. Penguin UK, 2010.

[26] D. F. Keefe, D. Acevedo, J. Miles, F. Drury, S. Swartz, and D. Laidlaw.
Scientific sketching for collaborative vr visualization design. IEEE Trans.
Vis. Comput. Graphics, 14(4):835–847, July 2008.

[27] G. Klein, B. Moon, and R. Hoffman. Making sense of sensemaking 2: A
macrocognitive model. IEEE Intelligent Sys., 21(5):88 –92, Sept 2006.

[28] J. Lansdown and S. Schofield. Expressive rendering: A review of nonpho-
torealistic techniques. IEEE Comput. Graph. Appl., 15(3):29–37, 1995.

[29] S. McKenna, D. Mazur, J. Agutter, and M. Meyer. Design activity frame-
work for visualization design. IEEE Trans. Visual. Comput. Graphics,
20(12):2191–2200, Dec 2014.

[30] T. Munzner. A nested process model for visualization design and valida-
tion. IEEE Trans. Visual. Comput. Graphics, 15:921–928, Nov 2009.

[31] P. Pirolli and S. Card. The sensemaking process and leverage points for
analyst technology as identified through cognitive task analysis. In Proc.
Intelligence Analysis, volume 5, pages 2–4, 2005.

[32] H. C. Purchase, N. Andrienko, T. Jankun-Kelly, and M. Ward. Theoretical
foundations of information visualization. In Information Visualization,
pages 46–64. Springer, 2008.

[33] M. Rettig. Prototyping for tiny fingers. Commun. ACM, 37(4):21–27,
1994.

[34] D. Roam. The back of the napkin: Solving Problems and Selling Ideas
with Pictures. Portfolio, 2008.

[35] J. C. Roberts. State of the Art: Coordinated & Multiple Views in Ex-
ploratory Visualization. In G. Andrienko, J. C. Roberts, and C. Weaver,
editors, Proc. Int. Conference on Coordinated & Multiple Views in Ex-
ploratory Visualization (CMV2007), pages 61–71. IEEE Computer Soci-
ety Press, July 2007.

[36] J. C. Roberts. The Five Design-Sheet (FdS) approach for Sketching Infor-
mation Visualization Designs. In S. Maddock and J. Jorge, editors, Proc.
Eurographics 2011 – Education Papers, pages 27–41. The Eurographics
Association, 2011.

[37] J. C. Roberts, D. Keim, T. Hanratty, R. Rowlingson, R. Walker, M. Hall,
Z. Jackobson, V. Lavigne, C. Rooney, and M. Varga. From Ill-defined
Problems to Informed Decisions. In M. Pohl and J. Roberts, editors,
EuroVis Wkshp Visual Analytics, pages 7–11. Eurographics, 2014.

[38] J. C. Roberts, J. Yang, O. Kohlbacher, M. Ward, and M. Zhou. Novel
visual metaphors for multivariate networks. In A. Kerren, H. Purchase,
and M. Ward, editors, Multivariate Network Visualization, volume 8380
of LNCS, pages 127–150. Springer International Publishing, 2014.

[39] Y. Rogers, H. Sharp, and J. Preece. Interaction Design: Beyond Human-
Computer Interaction. John Wiley and Sons Ltd, 2007.

[40] E. Sanders and P. Stappers. Co-creation and the new landscapes of design.
CoDesign, 4(1):5–18, 2008.

[41] M. Sedlmair, M. D. Meyer, and T. Munzner. Design study methodology:
Reflections from the trenches and the stacks. IEEE Trans. Vis. Comput.
Graph., 18(12):2431–2440, Dec 2012.

[42] E. Shen, S. Li, X. Cai, L. Zeng, and W. Wang. Sketch-based interactive
visualization: a survey. Journal of Visualization, 17(4):275–294, 2014.

[43] B. Shneiderman. Creating creativity: User interfaces for supporting inno-
vation. ACM Trans. Comput.-Hum. Interact., 7(1):114–138, Mar. 2000.

[44] R. Spence. Information visualization: An introduction (Third Edition).
ACM Press/Addison Wesley, 3rd edition, 2014.

[45] M. Tory and T. Moller. Rethinking visualization: A high-level taxonomy.
In IEEE Symp. Info. Vis. 2004., pages 151–158. IEEE, 2004.

[46] M. Tovey, S. Porter, and R. Newman. Sketching, concept development
and automotive design. Design Studies, 24(2):135 – 153, 2003.

[47] E. R. Tufte and P. Graves-Morris. The visual display of quantitative in-
formation, volume 2. Graphics press Cheshire, CT, 1983.

[48] J. Uglow. Lunar Men: The Friends Who Made the Future. Faber and
Faber, 2003.

[49] C. Upson, T. Faulhaber, D. Kamins, D.Schlegel, D. Laidlaw, F. Vroom,
R. Gurwitz, and A. vanDam. The application visualization system: A
computational environment for scientific visualization. IEEE Comput.
Graph. Appl., 9(4):30–42, 1989.

[50] J. van Wijk. Views on visualization. IEEE Trans. Vis. Comput. Graph.,
12(4):421–432, 2006.

[51] A. Vande Moere and H. Purchase. On the role of design in information
visualization. Information Visualization, 10(4):356–371, Oct. 2011.

[52] J. Walny, S. Huron, and S. Carpendale. An exploratory study of
data sketching for visual representation. Computer Graphics Forum,
34(3):231–240, 2015.

[53] C. Ware. Information visualization (Interactive Technologies). MK, 2012.
[54] R. Wiseman. 59 seconds: think a little, change a lot. Pan, 2010.
[55] J. Wood, P. Isenberg, T. Isenberg, J. Dykes, N. Boukhelifa, and

A. Slingsby. Sketchy rendering for information visualization. IEEE
Trans. Vis. Comput. Graph., 18(12):2749 –2758, dec. 2012.

[56] J. S. Yi, Y. ah Kang, J. T. Stasko, and J. A. Jacko. Toward a deeper un-
derstanding of the role of interaction in information visualization. IEEE
Trans. Vis. Comput. Graph., 13(6):1224–1231, Nov 2007.

[57] J. W. Young. A Technique for Producing Ideas. McGraw-Hill, 2003.
[58] C. Ziemkiewicz and R. Kosara. The shaping of information by visual

metaphors. IEEE Trans. Vis. Comput. Graph., 14(6):1269–1276, 2008.

This is the author's version of an article that has been published in this journal. Changes were made to this version by the publisher prior to publication.
The final version of record is available at http://dx.doi.org/10.1109/TVCG.2015.2467271

Copyright (c) 2015 IEEE. Personal use is permitted. For any other purposes, permission must be obtained from the IEEE by emailing pubs-permissions@ieee.org.


