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SHIFT TO HERE ... FROM HERE CLOTHES DRYER

Fig. 1. Demand Horizons show modeled weekday energy demand over 24 hours amongst high consumption domestic appliances.
Data Sculpting allows us to shift consumption interactively by ‘moulding’ the horizons to explore ‘what if?’ scenarios. For example,
here fifty percent of ‘Clothes Dryer’ consumption is shifted from the evening peak to a period when overall demand is lower.

Abstract—We enhance a user-centered design process with techniques that deliberately promote creativity to identify opportunities
for the visualization of data generated by a major energy supplier. Visualization prototypes developed in this way prove effective
in a situation whereby data sets are largely unknown and requirements open – enabling successful exploration of possibilities for
visualization in Smart Home data analysis. The process gives rise to novel designs and design metaphors including data sculpting.
It suggests: that the deliberate use of creativity techniques with data stakeholders is likely to contribute to successful, novel and
effective solutions; that being explicit about creativity may contribute to designers developing creative solutions; that using creativity
techniques early in the design process may result in a creative approach persisting throughout the process. The work constitutes
the first systematic visualization design for a data rich source that will be increasingly important to energy suppliers and consumers
as Smart Meter technology is widely deployed. It is novel in explicitly employing creativity techniques at the requirements stage of
visualization design and development, paving the way for further use and study of creativity methods in visualization design.

Index Terms—Creativity techniques, user-centered design, data visualization, smart home, energy consumption

1 INTRODUCTION

These are exciting times for utility companies and their energy analysts
– the energy domain is data rich and globally significant. Energy an-
alysts and modelers are now striving to effectively use the volumes of
data from emerging Smart Home technologies to understand consumer
behavior, conserve energy and manage supply and demand. Data vi-
sualization can offer great potential in this domain, but developing ap-
propriate solutions presents considerable challenges, since the nature
of the data are relatively unknown and the needs of energy data an-
alysts and modelers are not yet well understood. The design brief is
therefore essentially open-ended.
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Participatory approaches to user-centered design, in which users
and other stakeholders are involved in co-creating requirements and
designs for interactive systems can lead to solutions that are more use-
ful and usable [35]. We have successfully used human-centered ap-
proaches in the design of visualization solutions before and have doc-
umented these in detail [27]. However, the role of creativity in these
approaches has as yet been only implicit. Over the last decade some
fields of interactive systems development have increasingly focussed
on introducing elements of deliberate creativity into participatory user-
centered design processes. The aim here is to enable all participants
(users, designers and other stakeholders) to contribute to the explo-
ration of new fields and the generation of requirements and design
ideas for novel and useful systems [1, 6, 53]. Establishing require-
ments can be considered a fundamentally creative process whereby
requirements analysts and stakeholders work collaboratively to gener-
ate ideas for software systems [29, 30, 32]. Indeed, Robertson [42]
regards requirements analysts as inventors who bring about innovative
change in designs to establish advantage. Techniques for deliberately
introducing creativity into the process of user-centered design can be
used effectively in this context. For example, Schmid [46] used cre-
ativity triggers [42] to help workshop participants invent requirements,
whilst co-creation [45] and creativity workshops [24, 31] have been
shown to be effective in generating novel requirements.
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Nowadays visualization is one of the key ways, in which scientific discoveries 
and advances in collective understanding are made. 

Therefore, those scientists, researchers, data explorers, and analysts who 
rely in their everyday work on producing visualizations and generating 
images, should have some acquaintance with the most rudimentary ABC of 
good design practice. 

Marek Kultys, Independent Designer
~	60	million	by	2017	
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Beecham and Wood, 2014

Session Outcomes 

Appreciate core principles of data visualization 
design 

Employ these principles when critiquing data 
graphics 

Create effective data visualizations using software 
built on these principles 

Characteristics of effective 
data graphics 

Tufte, Edward R. (2001), The Visual Display of Quantitative Information,  
Graphics Press, Cheshire, Connecticut 



Effective data graphics should 

1. Show the data 

2. Induce the viewer to think about the substance of the data  

3. Avoid distorting what the data have to say 

4. Present many numbers in a small space 

5. Make large data sets coherent 

6. Encourage the eye to compare different pieces of data 

7. Reveal the data at several levels of detail  
from a broad overview to a fine structure

Tufte (2001: 13)

“A computer should make both calculations and graphs.

Both sorts of output should be studied;

each will contribute to understanding”

Francis Anscombe (1973)

Week 03 - Key Objectives

• explore the components of visualization

• relate data properties to visual characteristics

• make informed judgments about how to visualize

• identify visual variables with selective, associative, 
quantitative and orderable properties

• distinguish attentive from preattentive processing and 
use the distinction to prioritise in visual design

• compare visual variables in terms of their expressive 
properties and effectiveness

• software skills

What you’ll be able to do

Identify the visual variables used in an existing graphic.

Identify which visual variables have which selective, associative, 
quantitative and orderable properties.

Distinguish attentive from preattentive processing and use the 
distinction to prioritise in visual design.

Distinguish different colour spaces, colour schemes and their 
compponents and use them to inform colour design decisions.

visual variables

Source: Mako, J. (2012)
www.tableausoftware.com/learn/gallery/unemployment-horizon-chart

Natalie Schmidt, on Medium Lazaro Gamio and Dan Keating, 
Washington Post

Natalie Schmidt, on Medium

Data graphics visually display measured quantities by 
means of the combined use of points, lines, a coordinate 
system, numbers, symbols, words, shading, and color. 

Tufte, 2001  



Visual variables | channels

Hue

Brightness

Saturation

Shape

Orientation

Arrangement

Texture

Size

Focus

Location
Bertin, 1983 
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Munzner, 2014 
Visualization , Analysis & Design

Quantitative 
ratio, interval

Ordered

Selective / 
associative 
nominal

Selective | Associative 

Selective | Associative 

How many 3s do you see?  

visual channel : none 

Selective | Associative 

How many 3s do you see?  

2245928245321975081182099204607849628823

2721794481221265971901658115280059877697

8990933765541851694964205420283004425404

6494617672887564902538565628704592498494

6546576869626069965458601384501049611451

visual channel : none 



Selective | Associative 

visual channel : tilt 

How many 3s do you see?  

9945090 99929057845686000195246467268867

2966015694126969760908126411855467014540

1079078011547586219 90215 10196179771281

8624417462505921412 89796215700900478196

51 75520212281472040444910946291190788 6
3

3

3 3

3 3



Selective | Associative 

visual channel : 2d area 

How many 3s do you see?  

Selective | Associative 

visual channel : 2d area 

How many 3s do you see?  

07155848764871 6690849581171971679061029

7921452697625142910280425596600 12888064

17 45262 0789702074898629792692879216 28

5481114296407078115079852599446262850159

18107174 286272787460422968772440752976

3
3

3 3 3

33



Selective | Associative 

visual channel : colour hue 

How many 3s do you see?  

Selective | Associative 

visual channel : colour hue 

How many 3s do you see?  

4680874759889658278955201486515924448490

882 510829259850681970141671149024760092

0664496467 97202750182422702604445869905

9780626 29887764469901984705424752 44798

6107692848968690176702650176175787456 45

3

3

3 3

3



Selective | Associative 

visual channel : spatial region 

How many 3s do you see?  

Selective | Associative 

visual channel : spatial region 

How many 3s do you see?  

22656190916056676992217795185520556

5907108580647580921567267712806201969450

5222862564278801424772108748670942271244
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4529794722600246667158242102412709779749
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Quantity | Magnitude 
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What proportion of the area of the larger 
circle does the smaller circle take up?

Quantity | Magnitude 

visual channel : 2d area via Jason Dykes

What proportion of the area of the larger 
circle does the smaller circle take up?

Quantity | Magnitude 

visual channel : 2d area via Jason Dykes

Heer &  Bostock 2010
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Data

Transformation 

Element

Scale

Guide

Coord

Vega-Lite

Data variables you want to represent

Aesthetics mapping of data to visual channels

Geom shapes to represent data (point, line, bar)

Facets split on a (nominal/ordinal) variable to generate 
small multiples

Statistics aggregates using statistical models

Coordinates plotting space you are using

Themes
non-data ink: design with a particular visual 
fonts, colours and other design elements.

Brexit data: share of leave 
vote by Local Authority  

Demographics data: skills levels, 
occupation and diversity by Local 

Authority  
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ggplot(data=.,	
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data	channel aes geom
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referendum_data	%>%	
		mutate(margin=share_leave-0.5)	%>%	
				ggplot(data=.,	
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										fill=margin_leave)	+	
						geom_bar()
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ggplot(data=.,	
				aes(x=easting,		
								y=northing,	
								fill=share_leave,	
								size=area)	+	
				geom_polygon()
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Leave vote by degree-level education 

data	channel aes geom
share	leave x	position point
share	degrees y	position point
pop	size	 size	(area) point	

referendum_data	%>%	
ggplot(data=.,	
				aes(x=share_leave,		
								y=degree_educated,	
								size=electorate)	+	
				geom_point()
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data	channel aes geom
share	leave x	position point
share	degrees y	position point
pop	size	 size	(area) point	
region	 plot	position pont

referendum_data	%>%	
ggplot(data=.,	
				aes(x=share_leave,		
								y=degree_educated,	
								size=electorate)	+	

facet_grid(smwgX~smwgY)	+	
				geom_point()

Summary of mappings - specification
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Guideline 1 : match visual channel to data type

dimension type visual	channel
casualty	count ratio length	(bar	height)

casualty	count	by	mode ordinal position	(x-axis)

casualty	severity ordinal colour	lightness
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Guideline 1 : match visual channel to data type

dimension type visual	channel
majority	Clinton|Trump nominal colour	hue	(red|blue)

majority	size ratio colour	lightness

Guideline 1 : match visual channel to data type
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Tufte 2001

Data-Ink ratio =   data ink : total ink in graphic  
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Guideline 5 : don’t lie

Graphical integrity and the lie factor 

The representation of numbers as physically measured on 
the surface of the graphic itself, should be directly 
proportional to the numerical quantities represented 

Tufte 2001 : 77

Lie Factor =  size of effect shown in graphic  
             size of effect in data  

via Jason Dykes

Guideline 5 : don’t lie

Lie Factor =  size of effect shown in graphic  
             size of effect in data  

via Jason Dykes

Guideline 5 : don’t lie

Lie Factor =  size of effect shown in graphic  
             size of effect in data  

via Jason Dykes

Guideline 5 : don’t lie

gap = 20 pixels 
red = €4.8 / px 
blu = €6.1 / px 

gap should be … 
1.6 pixels 

gap is … 
    20 pixels 
20 / 1.6 = 

  

x13!  

Lie Factor =  size of effect shown in graphic  
             size of effect in data  


