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Abstract

The flow and exchange of information is characteristic of the digital age.
Information is increasingly consumed and produced. It has to he stored,
channelled and processed. It also has to be reproduced in new forms again
and again. The exponential growth in the volume of digital data has led
to new challenges to visualize this data, such that it makes a significant
difference to one's understanding of this data. This gain is known as
information, which ultimately transforms into knowledge. Information
Visualization attempts to create tools and processes that are an aid to
cognition. Although this is a relatively new but established discipline,

its roots can be traced to developments in rhe early 17th century, to what
are now termed as Data Graphics. As a precursor to modern, dynamic,
computer-based visualizations, Data Graphics underpin the science of

visualization.

This thesis looks at the design principles that govern the construction
ofhistoric and contemporary data displays. Although the medium on
which Data Graphics have historically been constructed and presented
has changed from paper to the computer, design principles have remained
the same regardless of the medium or the source of content. The thesis
then applies these principles to construct two applications based on
large, complex and multivariate data-sets. The first is a proposal for a
three-dimensional radar display to visualize Air Traffic Control data.
The second application is a visual navigation tool to search within a
hypertext document. Both case studies apply design principles inherent
in data graphics and utilise human perceptual and cognitive abilities

to extract information inherent in data. Finally, both applications are
tested by conducting user studies. The contributions of the thesis lie in
the construction of the two novel information visualization applications
stated above, and by demonstrating that data graphic design principles
trascend the medium in which they are produced and presented and can

greatly enhance the beauty, efficacy and effectiveness of data displays.
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0.0 Introduction
0.1 The Age of Information

The latter half of the 20thcentury is often referred to as the Information
Age. The use of the term information' to coin phrases such as

19 ¢

‘information society”, ‘information economy, ‘information revolution
and so on seem to imply a profound sense of change in the way we live,
work and interact with our environment - both natural and artificial,
where the latter refers to electronic environments. The ability of the

computer to act as an agent of change was perhaps foreseen by Marshall

1 McLuhan, Marshall, I ruierstanding
Media: The Extensions of Mar.i,,

If the message was change, then the carrier of this message was the Cambridge, Massachusetts: MIT

Press, 1999, p 7

McLuhan in 1964, when he proclaimed “the medium is the message.”1

computer. Since its commercial introduction in 1977 by Apple, and then
by IBM in 1981, the personal computer or PC has struggled to keep

up with the growth of digital information.The flow and exchange of
information is characteristic of the digital age. Information is increasingly
consumed and produced. It has to be stored, channelled and processed.

It also has to be reproduced in new forms again and again. According to
researchers at the University of California at Berkeley, the world generated
five exabytes (5 x 108 bytes) of data in 2002, double the amount in 1999.
Put in another context, according to Eric Schmidt, CEO of Google,
“absorbing five exabytes of data on TV would require sitting in front of

a screen for 40, 700 years.” As semiconductor and bandwidth capacities 2 Eric Schmidt, Don’t bet against

the internet’, The Economist: The

try to keep pace with the growth of digital information, a primary area of
Wor/din 2<XJ7,p 130

concern is the representation and comprehension of information.

The representation and comprehension of data is at the heart of
producing exemplary data graphics, and has been practised for over

300 years. In the past, the medium of presentation and exploration

was print, today it is overwhelmingly digital. Although the medium

has changed, principles of data design are remarkably similar and are
reviewed in this thesis. The design principles and techniques that are
inherent in data graphics take advantage of the extraordinary skill of
human beings to perceive the information inherent in our environments
through their senses; and apply this capacity of the eye-brain cortex

to our understanding of data. Although “human perceptual skills are

quite remarkable, [they are] largely underutilised in current information
3 http: www.cs.brown.edu

. » S .
and computing systems.” Thus from both a historic perspective and a people ite hei shneideiman.html

human perception and cognition point of view, Data Graphics underpin <accessed 29 06 2004>
the maturing field of visualization. As a discipline, visualization grew
in response to requirements from the scientific community, particularly

medicine and biochemistry, in the 1980s. The field grew rapidly and

Introduction
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extended itselfto include other than scientific data, to produce the field of
Information Visualization. Several techniques and methods, discussed in
the next chapter, were introduced to make sense of phenomena inherent
in data. The field matured rapidly, as Stephen Eick suggests, from a

“craft practised by skilled craftsmen using heuristic methods 4 to a point
where established tools and techniques have become widely available.
Clearly, there are exciting opportunities ahead in this field owing to the
phenomenal volume of multivariate data generated on a year-on-year

basis.

Visualization can be approached and practised as art, science or
technology, and as a language. Given the inherent cross-disciplinary
nature ofthe discipline, there is a gap in the knowledge of ‘experts’
involved in data graphics or visualization. Those in the field of data
graphics are generally statistically illiterate and fail to understand the
significance of what they are representing. According to the American
Statistical Association, “formal training in graphic presentation has had
a marked decline at all levels of education over the last few decades.In
the visualization community, lack of knowledge oftheory of graphics in
general and data graphics in particular is common. In ‘On the Death of
Visualization”, Bill Lorensen, one ofthe founders of the field, argues that
“Visualization, the Community, lacks application domain knowledge. ’5
Particularly disconcerting is the fact that there is almost no evidence

of any involvement of those intimately concerned with the making of
space' ic architects. A review of major publications in the field reveals
little evidence of architects as active members of this community. There
is, however, some evidence of scholars with backgrounds in design
(Bertin, Tufte, Wijk, for example). Given the nature of the discipline

of architecture, the architect is in a unique position to combine these
disciplines, however far apart they may seem in practice, they all merge
in the dimensions of space, either on paper or on computer screen.

This is a discipline where subtle differences in understanding data or its

representation can result in mis-information or ‘negative knowledge”

0.2 Background to Study

An interest in this subject area arose out of a design project undertaken at
final year undergraduate level, which explored the navigation of data in
three spatial dimensions.8 An early research proposal outlined an interest
in exploring this project in depth, by investigating the three-dimensional
spatial navigation of data, particularly involving and influenced by the
human senses. However, as the thesis took shape, the direction of study
leaned towards data graphics for two primary reasons: a) as a starting

Introduction

4 Hick, Stephen G., ‘Information

\ isualization at 11§ JEI2E
Computer (Graphics and Applications,
Vol 25, No 1, January February
2008, pp 12-14

Warner, Jtoward, Making News-
paper Graphs 1 it to Print’, in
Kolers, Paul A., Merald E.
Wrolstad and 1lerman Bounta
(Editors), Processing of Visible
Language: Volume 2. New York:
London: Plenum Press, 1980, p
139

Lorensen, Bill, ‘On The Death of
Visualization’, Position Papers\ U1/
NSFProceedings, Pall2004 Workshop
I isualization Challenges, 2004

refer to die journals’ section in
die Bibliography

8 A final year undergraduate design

project: A British Pavilion for a
Future Exposition’, Year 3, The
Leicester School of Architecture,
2001



point, investigating theory of data graphics provided a basis to study and
apply the learnings to the science ofvisualization and b) an understanding
of data or what was being represented is crucial to producing exemplary
data graphics. This line of inquiry subsequently led to theoretical
investigations trying to define the nature of the term information’, and

its distinction from data and knowledge. These theoretical studies also
feed into practice. The method of investigation took an exploratory route
of applying design principles to the navigation of data in two large and
complex multivariate datasets: air traffic control and a visual search tool

for a hypertext document.

0.3 Thesis Structure

lhis thesis is structured in two parts: Part 1 discusses Theory and Part

2 applies this knowledge to construct Applications. In Part 1, Chapter

1 is an account of data graphics and the design principles employed to
construct superb visualizations. Chapter 2 attempts to define information
and expose its close association with probability, entropy and form. In
Part 2, two practical applications are described: Chapter 3 proposes a
three-dimensional radar display for future air traffic control; a project

that was envisaged in collaboration with National Air Traffic Services Ltd.
Chapter 4 discusses the design, development and testing of a navigation
tool based on the principles of information design. Known as an Observer
Participant User System or OPUS, the software application aims to
support searching within the web pages of an online portal related to
environmental design. This case study integrates theoretical considerations
from the disciplines of data graphics, user interface design and human-
computer interaction, to support an information seeking task. Since

the mode of output for both case studies is digital, a CD accompanies
this thesis, where the reader can view videos that demonstrate both

visualizations in action.

Introduction
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Bedolina petroghph, Valcamonica, northern Italy



1.0 “Envisioning Information”9

Our inquiry into ‘reasoning with information' begins with an
examination of data graphics, which find their earliest origins in statistical
graphics. These in turn have geographical maps as their predecessors.
Petroglyphs are the earliest known maps that represent landscape. The
petroglyphic map from Val Fontanalba at Mount Bego in the Ligurian
Alps (right), and the Bedolina petroglyph at Valcamonica in northern
Italy (left) are the earliest known examples of remarkable representations
of landscape. Maps quantify distances between places in the physical
world. As navigational aids, they orient us - a primary concern of
cartography. The journey from the mapping of physical space to the
mapping of quantitative variables in virtual or paper-space is a long one
and is explored in this Chapter. Historic and contemporary examples of
data design weave narratives of space and time to reveal design principles

that are consistent regardless of their source and content.

1.1 Origins

Visualization is an established but relatively new discipline. In October
1986, the National Science Foundation (NSF) in the United States
sponsored a meeting “to provide input on establishing and ordering
priorities for acquiring graphics and image processing hardware and
software at research institutions doing advanced scientific computing.'l0

Since computer graphics and image processing are within computer science

and the application of computers to the discipline sciences is called
computational science, the panel members defined “applying graphics and
image techniques to computational sciences [as] Visualization in Scientific
Computing (VISC)."]] This was followed by the first Workshop on VISC
in February 1987. This initiative was a catalyst for the discipline of
visualization. Initially, as the acronym suggests, this was heavily involved
with imaging produced from scientific data, but has now been extended
to encompass all possible types of data. The first Institute of Electrical
and Electronics Engineers (IEEE) conference on Visualization in 1990
brought together people from the diverse fields of statistics, data analysis,
data graphics, data mining, pattern recognition, machine learning and
artificial intelligence, and laid a formal direction for further developments
in this field. Amongst these interdependent areas of study, of particular
interest to this thesis, is the discipline of data graphics. Although the
origins of data graphics are generally traced to the 18thcentury, a few
notable and isolated earlier pieces of work deserve mention here.

htivisionirig Information

0 :tllet I dwarcl If Tidle, /'m'isioning

Information™ 1983

petroglyphic map from Val

Fontanalba at Mount Bego in the

Ligurian .Alps

10 McCormick, Bruce H., Thomas A.
Detail!i and Maxine D. Browne,
I isuctfixation in Scientific Computings
New York: ACM Siggtaph, 198”

11 ibid, p IX, emphasis in original
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This anonymous 1lthcentury time series of planetary orbits is the earliest
graphic ofits kind and was meant to represent a plot of the inclinations of

the planetary orbits as a function oftime.R2
Development ot the Graphical

Representation ot Statistical Data’,

Ihe Flemish astronomer Michael Florent van Langren drew this
remarkable one-dimensional graphic representing the distance between
Toledo and Rome in 1644. Note that the distance between Rome and
Toledo is measured in degrees longitude. Twelve diverse but incorrect

6 | sd\- Voilj
0 G RADOS DELA LONGITUD. * 2
H o d db¥ sou oV XcI
A A 6 ROMAG666 46
r* m -r I I 1 1 i I-T-T -J—1-1 >-I*g;.'i T I " r ° 1 1-’oi

estimates are shown. The correct distance is 16°30\

The two graphics above arc exceptional for their time owing to the fact

that they do not make any attempt to identify or represent some sort of
physical or geographical map. It is surprising how difficult and long the
journey of breaking free from analogies to the physical world took. In

the words of the eminent scholar on statistical evidence and information

ntr >Jntomwrion A



design, Edward R. Tufte:

Despite their quantifying scales and grids, maps represent miniature pictorial
representations of the physical world. To depict relations between any measured
quantities, however, requires replacing the map’ natural spatial scales with
abstract scales of measurement not based on geographic analogy. To go from
maps of existing scenery to graphs of newly measured and collated data was

an enormous conceptual step. Embodied in the very first maps were all the
ideas necessary for making statistical graphics - quantified measures of locations
of nouns in two-dimensional space - and yet it took 5,000 years to change the
name of the coordinates from west-east and north-south to empirically

measured variables X and Y. 3
This great intellectual step forward began to manifest itself in the 18th
century, when such examples of empirical measurement and analysis
found their way into scientific writings. In 1765, for example, Johann
Heinrich Lambert wrote: “We have in general two variable quantities, x,
v, which will be collated with one another by observation, so that we can
determine for each value ofx, which may be considered as an abscissa,
the corresponding ordinatey ¥ This writing by Lambert, who was
exceptional in his time for using sophisticated graphs to describe scientific
experiments (as in this graph below, depicting the rate of evaporation
of water as a function of temperature) describes the relational graphic’
which is perhaps the most widely used graphic today.15

\
0 X \ \H
39 A The decrease in the height of water
ti in acapillary tube (curve DEF) in
T
D K N response to the rising temperature
t
§ c (curve ABC) is the subject of the
n
graph to the left.
. A
0
0 v
i ] t s = * 1 2 i

The slope of the tangent EG to the curve DEF

gives a measure of the rate of evaporation at the
corresponding temperature. Plotting a number of
tangents against the temperature gives the graph to the

right.

Envisioning Information
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Tufte, Edward R., 1 ism !/
Explanations: Images and Quantities,
Evidence and Narrative, Cheshire,
Connectic ut: Graphics Press, 199'
pp 14-15, emphasis in original

Lambert, Johann Heinrich, Beytrage
%/m Gebnm'he der M atbematik nnd
deren Anuendi/ng (Berlin, 1765) as
quoted m Tilling, Laura, Early
Experimental Graphs’, British
Journalfor the History of Sciencey

Vol 8, No 30, 1975, pp 193-211,

emphasis in original

A relational graphic is one where
any variable quantity can be
plotted against another variable
quantity, the most common form
being 2d graphs plotting variable x
against variable }, on the X and Y
axes respectively.
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(long stride)

E. J. Marey, Movement, London, 1895



The origin of data graphics can be traced to developments, sometimes
happening simultaneously, in the eighteenth century, by several
pioneers: Johann Heinrich Lambert (1728 - 1777), a Swiss-German
scientist and mathematician; Ettiene-Jules Marey, a French scientist and
chronophotographer (1830 - 1904); William Playfair (1759 - 1823), an
English political economist; and Charles Joseph Minard (1781 - 1870),
a French engineer. Amongst them, William Playfair was the pioneer

in using economic data for statistical analysis, inventing most of the
graphical methods of statistical analysis still in use today: the bar chart,
the histogram, the surface chart and the pie chart. Playfair published
The Commercial and Political Atlas in 1786, which was succeeded by

The Statistical Breviary in 1801. In both works, graphics were ingeniously J6 Tufte, Edward R., The 1 ‘tsua!

e . .. . . ' Display of Quantitative Information,
used as “instruments for reasoning about quantitative information,” 16 Cheshire, Connecticut: Graphics
aptly demonstrated below: Press, 1983, p 9

CilAHTu, KXTHIJtT.rorri., ATION L»KVK M 'E S.i*. nunrtfAL SArmua*» Kl KdI’K, .iw uniwx *FOUAN IljuTRRATT «.ITIBVI1LUF..

This graphic depicts multivariate data using simple geometric elements, and with
clarity. The size of the circle represents the area of each country. The line on the left of
each circle represents the population of the nation, and the line on the right represents
revenues collected in taxes. The dotted sloping line joining these two tangential lines
does not reveal much through the magnitude of its slope, as it depends on the size of
the circle and the distance between the two vertical lines. However, the direction of
its slope reveals an immediate fact: states that are either under-taxed or heavily-taxed.
Hence, Great Britain and Ireland, represented by the fourth circle from the right, are

overburdened with excessive taxation.

Although the interest in statistical graphics continued through the 19th
century after Playfair, the next major step was taken with the advent
of the computer and its use as an analytical tool. In 1977 the eminent

statistician John W. Tukeys seminal work Exploratory Data Analysis

Envisioning Information
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introduced various novel ways of gaining rapid insight into a set of
numbers, for example stem-and-leafplots, box-and-whisker plots, and
suspended rootograms. Below is a brief description of Tukeys ‘five

number summaries or box-and-whisker plots:

A Box- and-Whisker plot is a graphic way of gaining rapid insight maximum
into aset of 5 numbers:

1. the highest or maximum value in the data-set

2. the 75k percentile or upper quartile is the median of the upper quartile
halfvalues; also known as the upper hinge.
3. the median, which is not the average of all values in the data-set, .
median
but a measure of central tendency
4. the 25thpercentile or lower quartile is the median of the lower quartile
half values; also known as the lower hinge.
5. the lowest or minimum value in the data-set
The lines joining the ‘quartiles’ to the minimum and maximum
minimum

values are called whiskers. To the left is a box plot of a very simple
data-set: {1,2,3,4,5,6,7,8,9, 12). A number of variations of the box plot exist of

which the one depicted is the simplest.

Progress in statistical graphics continued in incremental phases
throughout the 18th 19thand early 20thcenturies. The advent of the
computer created the problems it is now helping to solve. “[Digital] data
grew unmanageable for the human generated table and for tabulation
manipulation and analysis.Thus graphs, charts and tables gave way to
contemporary visualization tools and techniques to analyse and model
data-sets much larger in size and with many more variables. For example,
the Parallel Coordinates method of visualizing large data-sets, introduced
by Alfred Inselberg, provides a method of modelling relations. These
two-way’ displays of n-way’ data plot each variable within a data-set

on a vertical axis. Thus, the search for relations(hips) amongst variables
becomes a two-dimensional pattern recognition problem as described

overleaf.

In spite of nearly 300 years of inquiry in the field, literature theorizing
data graphics appears only in the latter half of the 20thcentury. In 1967,
French cartographer Jacques Bertin published a formal theory governing
the design of two-dimensional graphics in The Semiology o f Graphics.

John Wilder Tukey’s Exploratory Data Analysis in 1977 re-established

the integrity of statistical analysis using data graphic techniques. In

1985, William S. Cleveland provided further insight into the structure
of data using graphical methods and principles, in The Elements of
Graphing Data. In The Visual Display o f (Quantitative Information in 1983,
Edward R. Tufte demonstrated the importance ofdesign principles in

enhancing the dimensionality and density of information in the design

Fnvisioning Information

17 Fayvad, Usama, Georges G.
Grinstein and Andreas Wierse
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parallel co-
ordinates for:

30 60 16130 1970 - 1972
Cflinders Weight
1980- 1982
60 30 460 16130 70
MPG Cylinders Horsepower Weight

rear

The selective omission and comparison of information starts to reveal interesting trends
or patterns in the data. For example, cars in the 1980s were more fuel efficient (mpg)
than those in the 1970s; there is only one car with an 8 cylinder engine in 1981; cars
were more evenly spread out, in terms of horsepower, in the 1970s, whereas most of the
cars between 1980 to 1982 had 4 cylinder engines.



and display oflarge and complex sets of data. This was followed by his
Envisioning Information (1990), Visual Explanations (1997) and most
recently, Beautiful Evidence (2006). In contemporary terms, the work of
Bertin, Tukey and Tufte has been highly influential in the Information
Visualization community. Numerous tools and techniques that have
emerged over the last decade, of which Parallel Co-ordinates (left) is an
example, are a result of several areas of study mutually influencing each

other.

1.2 Definitions

Visualization has been described as “constructing a mental image in the

mind [or] a graphical representation of data or concepts.’ I8

Grinstein and Ward (2002) describe visualization as:
The graphical (as opposed to textual or verbal) communication of

information.’19

Schneiderman, Mackinlay and Card (1999) define visualization as:
“The use of computer-supported, interactive, visual

representations of data to amplify cognition. "2

Information Visualization is defined by the same authors as:
“The use of computer-supported, interactive, visual
representations of abstract data to amplify cognition.”2

The difference in the last two definitions is the addition of the term
abstract' to data’; ‘abstract data being defined as that which is inherently

non-spatial, for example, stock-market or financial data.

1.3 Purpose

Visualization is an aid to cognition. Intricately linked to perception,

it can harness human abilities to extract patterns inherent in data. The
mathematician and computer pioneer Richard Hamming has remarked,
“The purpose of computation is insight, not numbers.”2 In view of
cognition, “the purpose of visualization is insight, not pictures, [and] the

main goals of this insight are discovery, decision making, and explanation. '2

The purpose of visualization is to peel back the layer of the appearance of

objects to reveal their underlying nature.

18

19

20

21

22

23
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1.4 Model

The figure below describes a generic model of visualization as proposed by
Jarke J. van Wijk, Professor of Visualization at Eindhoven University. In
this diagram, squares denote containers and circles denote processes that

transform inputs into outputs.

dK/dt

ds/dt

The central process in the model is visualization V. Data D is transformed
according to a specification Sinto a time varying image /(z). The image
is perceived by a user, with an increase in knowledge K as a result. The
amount of knowledge gained depends on the image I, the current
knowledge K of the user, and the particular properties of the perceptual and
cognitive abilities P of the user. The current knowledge K(?) is the sum of the
initial knowledge K@and all knowledge gained from the images so far. An
important aspect is interactive visualization, E(K). Starting from an
initial specification S the user may continuously change the specification of
the visualization, based on his current knowledge, in order to explore the data
further.24
The model is about mapping of data (tables) to a visual structure25,
as described by McKinlay, Card and Schneiderman (1999). Thus
mathematical relations inherent in data, for example, are given a visual
form’ or structure based on graphical properties effectively processed by
the eye-brain cortex. The visual structure also affects the cost structure
associated with a task. The cost (structure) of a task is a way of measuring
the value of a visualization - its efficiency and effectiveness. A simple
example would be the amount oftime it takes to solve mathematical
or physics problems using diagrammatic versus non-diagrammatic
representations. Larkin and Simon (1987) demonstrate that diagrams are
superior to verbal descriptions for problem solving inferences owing to
their capacity to group information and reduce the amount oftime to

search for elements needed to make an inference.%

Envisioning Information

24

25

26

generic model parameters:

D —data;

V = visualization;

I —time varying image;

P = particular properties
of perceptual and cognitive
abilities o f user;

K —knowledge gained, where
KQ= initial knowledge and
K(t) = current knowledge;
S = specification of
visualization;

E(k) = intereactive

visualization

Wijk, Jarke J. van, ‘Views on
Visualization’, IEEE Transactions on
I isuaR"ation and Computer Graphics,
Vol 12,No 4,July August 2006,
pp 421- 432

visual structure is a term used to
describe the visual representation
of relationships in a data-set

Larkin, Jill H. and Herbert

A. Simon, Why a Diagram is
(Sometimes) Worth Ten Thousand
Words’, Cognitive Science, Vol 11,
1987, pp 65 -99
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1.5 Illustrations

The illustrations that follow are narratives through space-time' of six

selected works, each spanning a different author, date, genre and purpose.

All share a common intent: “to reveal data.”2] Edwin A. Abbot’s Flatland
uses the fourth dimension as a satirical tool to challenge the authority of
Victorian England; Charles Hinton’s compelling step by step depiction
ofa cube in four dimensions; Galileos application of visualization to
document a process and unravel the mysteries and workings of celestial
bodies; Richard Feynmans elegant diagrams depicting complex ideas
open up an entirely new world of interaction and inhabitation; Hawk-
Eyes modelling of the trajectory of'a ball offers subtle provocation to

the hitherto unchallenged authority of a cricket umpire; the dynamic
high-resolution imaging of the development of a human embryo, and its
effect on parental bonding - all of these collectively illustrate the power
of visualization. It is also worth noting that Galileo’ sunspots, Hawk-
Eye, and imaging o fLife before Birth' are scientific visualizations based
on physical data - the sun, a ball in motion and the human body. The
information is inherently spatial. Abbot and Hinton’ visualizations are
abstract - constructs of the mind, whereas Feynman diagrams inhabit
both worlds.

1.5.1 Flatland

In 1884, Dr. Edwin A. Abbot, headmaster of the City of London
School, wrote an immensely successful scientific novel entitled Flatland:
A Romance O fMany Dimensions, By A. Square. Despite its humorous
title, as lan Stewart suggests in Flatterland, Like Flatland Only More So,
“the scientific purpose of Flatland was serious and substantial.”28 Abbot
used the fourth dimension as a tool for exposing the “subtle bigotry
and suffocating prejudice prevalent in Victorian England.’2 The novel
pictures beings whose experience is confined to a two-dimensional plane,
and who have no ability to experience the third dimension by moving
offthe surface on which they live. In Flatland, “everyone is a geometric
object. Women, occupying the lowest rank in the social hierarchy, are
mere lines, the nobility are polygons, while the High Priests are circles.

The more sides people have, the higher their social rank.”3

The central character of the story is a gentleman, Mr. A. Square, who is
visited by a mysterious Lord Sphere, from an unknown world of three
dimensions, Spaceland. Lord Sphere uses the method of analogy to
convey his form ie dimension to Mr. Square. Since Mr. Square has no

conception ofa third dimension, Lord Sphere moves up and down the

Envisioning Information
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'plane* or flatland on which Mr. Square resides. Mr. Square visualizes the
intersections of the Sphere as the motion or growth of form in his world
of a circle which appears and gradually disappears. The following passage
from the novel gives an interesting insight into the scene:
Stranger. (To Himself.) How shall I convince him? Surely a plain statement of
facts followed by ocular demonstration ought to suffice.-Now, Sir; listen to
me.
You are living on a Plane. (...)I am not a plane Figure, but a Solid. You call
me a Circle; but in reality I am not a Circle, but an infinite number of
Circles, of size varying from a Point to a Circle of thirteen inches in diameter,
one placed on the top of the other. When I cut through your plane as I am now
doing, I make in your plane a section which you, very rightly, call a Circle. For
even a Sphere-which is my proper name in my own country—if he manifest
himself at all to an inhabitant of Flatland—must needs manifest himself as a
Circle.
But now prepare to receive proof positive of the truth of my assertions.
You cannot indeed see more than one of my sections, or Circles, at a time;
for you have no power to raise your eye out of the plane of Flatland; but
you can at least see that, as I rise in Space, so my sections become
smaller. See now, I will rise; and the effect upon your eye will be that my
Circle will become smaller and smaller till it dwindles to a point and finally
vanishes.3l 31 Abbott, Edwin ,\., YUthud: A
Romance of .Many Dimensions »A

Square, Oxford: Basil Blackwell,
1978, pp 71-«2

Lord Sphere demonstrates his form to Mr. Square

The quest for higher dimensions has perplexed scholars and artists for

centuries. Charles Hinton’s tesseract (Section 2.3) is an example of an

escape from the third dimension into the unknown fourth. However, how

does one represent n dimensions? A delightful attempt was by Herman

Chernoff, who, in 1973, devised a method to represent 'k' dimensions

(where k<18). Known as Chernoff faces, “multivariate data is represented

by a cartoon of a face whose features, such as length of nose and curvature 32 ClicrnofL Btermnanu, The I se ot
Faces to Represent Points in K-

of mouth, correspond to components of the point.” 3 Ribarsky et a/
Dixnensional Space Graphically,

(1994) have produced a tool called Glyphymaker to build customized Journal of the American Statistical
Association, Vol 68, No 342, (une

representations of multivariate data, and state that “glyphs owe their
19-3, pp 361-368

effectiveness to the human eye-brain system's ability to discern finely

resolved spatial relationships and differences in shape. "3 Unfamiliar faces 33 Ribarsky, William e al
. . . ‘Glvphmakot: Creating
!
lurking in the neighbourhood are thus strangers! Customized Visualizations ol

Complex Data5 Computer\ July
1994, pp 57-64
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1.5.2 Galileos Sunspots

Galileo Galilei and others are said to have observed sunspots in detail
between 1610 and 1612 by means of the telescope. What is particularly
fascinating is Galileos process of visualizing sunspots, as much as the
deductions from these recorded observations. Writing from Florence in
1612, Galileo explains:
The method is this: Direct the telescope upon the sun as if you were going to
observe that body. Having focused and steadied it, expose a flat white sheet of
paper about a foot from the concave lens; upon this will fall a circular image
of the sun’ disk, with all spots that are on it arranged with exactly the same
symmetry as in the sun. The more the paper is moved away from the tube, the
larger this image will become, and the better the spots will be depicted. Thus
they will all be seen without damage to the eye, even if the smallest of
them-which, when observed through telescope, can scarcely be perceived, and
only with fatigue and injury to the eyes.3 34 Drake, S., Dism'eries am! (opinions

of Galileo, New York: DoubleDav,
1957,p 115

Giyj V.ir
Ad- v

Galileos sunspot diagram

In order to picture them accurately, I first describe on the paper a circle of the
size that best suits me, and then by moving the paper towards or away
from the tube I find the exact place where the image of the sun is enlarged
to the measure of the circle I have drawn. This also serves me as a norm and
rule for getting the plane of the paper right, so that it will not be tilted to the
luminous cone of sunlight that emerges from the telescope. For if the
paper is oblique, the section will be oval and not circular, and therefore will
not perfectly fit the circumference drawn on the paper. By tilting the paper
the proper position is easily found, and then with a pen one may mark out
spots in their right sizes, shapes, and positions. But one must work dextrously,
following the movement of the sun and frequently moving the telescope, which .o (f lis |(
must be kept directly on the sun.3

Information consists of small multiples and variables, which is exemplified

in Galileos sunspot diagrams. The multiples being sunspots, and variables

KimSionrng Information



- the shape and position of the spots. The position of sunspots indicate
movement as a function oftime, and dispel myths about two facts,
simultaneously linking physics, astronomy and mathematics:

a) “The sunspots must be located either on the surface of the sun or at a

negligible distance from it”* ie the sunspots must be contiguous to the Oul-» s > ' 1
Inuhlion mid 'Revolution, Ann Arbor:
’1lie 'T mversjiy of Michigan Jress,

b) The cyclical changes in the paths of sunspots are attributed to the fact 19'0, p 115

surface orr tﬁe sun.

that a rotating sun is observed from a rotating and orbiting earth.

A C.horizon ABC, arcm folii diumus. Solcrniru ci parte A.macuJur enhrb* t
quaj vidci.occidens vrroC.eiidem ranonc prmii mciui. nonmhil inutclit. Ei
hjBc nuiuiinim vefpen]ram<|*nuijiioocrr,orr.nci rnacvlur quulidic fubcunt.
Qinid fcmtl ethibuiflc, Be monuifTe , fufliriara .

4 i CDH] 15[4?811 )/ > firOKp

INlustrations from Galileo’s Three Letters on Sunspots (1613), reporting the sunspots of
October 1611. Small multiples record the movement ofsunpots on die surface of the

sun.

As Galileo explains in his Letters on Sunspots in 1612:

To begin with, the spots at their first appearance and final disappearance near

the edges of the sun generally seem to have very little breadth, but to have the

same length that they show in the central parts of the sun’s disk. Those who

understand what is meant by foreshortening on a spherical surface will see this

to be a manifest argument that the sun is a globe, that the spots are close to its

surface, and that as they are carried on that surface toward the centre they will

always grow in breadth while preserving the same length. (,..)this maximum

thinning, it is clear, takes place at the point of greatest foreshortening.../ 37 ibid, p 10"
As mentioned earlier, visualization leads to discover)', decision-making
and explanation. Galileos observations and subsequent deductions made
him a supporter of the Copernican planetary system very early on, for if
the Ptolemaic system were true, the sunspots would not vary gradually
throughout the year, but would twist about the same set of paths o (Roptman
everyday. This is not what is observed. Finally, a modern interpretation
of Galileo s sunspot diagrams: a fine macro overview and micro detail of ©
the measurements of sunspots from 1877 to 1902, by E. W. Maunder.
Shown here is one-dimensional data - the latitudes covered by a spot on A Prolemaic

the surface of the sun, each vertical stroke representing one observation. A
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pattern emerges, akin to a butterfly’s wingspan, showing distributions on
both hemisphere’s of the sun, and most importantly: a visual measure of

variation, which is at the heart of quantitative reasoning.

1877 1876 1679 1880.1881 1682 1883,18B4| 1885 j1886 1887,1888 1889 1890 1891 11892

«20° 1

--m40 SulTlr-—

i - 1~ . i s
1696j(6i7 1698(1899|1900H90I j/9 02 A~

i)

-30'

1877 j1878,1879' IBSo( 88 111882118831(884 (888.1889! (890 (892 1693 (894 1895 1896 (897K898 (899 1900 1901 1902

TIG. 8. —DISTRIBUTION OF SPOT-CENTRES IN LATITUDE. ROTATION BY ROTATION. 1877-1902.

E.W. Maunders sunspot diagram

1.5.3 Hintons Cubes

Charles Howard Hinton, an English professional mathematician, is
widely remembered for a lifetime of work dedicated to the inquiry

of higher dimensional space. “The bulk of his writings are aimed at
developing in the reader the power to think about 4-D space.”® Hinton is
believed to have coined the word ‘tesseract' for his unravelled hypercubes
in four dimensions. Hinton treats dimensions as Variables' and our
experience of space as the Variation of these variables’, for “is that which
we call space simply the organised knowledge of the relations of these

variables?”’39

Knvisnning Information
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Hinton, Charles 11., (Editor)
Rudolph v.B. Rucker, Sptat/ations on
the f ourth Dimension: Selected Writings
of Charles H. liintnn, New York.
Dover. 1980, p Y

ibid, p 72



The following extract from The Recognition ofthe Fourth Dimension in

1902 induces the reader to visualize a tesseract in the fourth

dimension:
m *— r
A

figure 1.5.3a

Refer for a moment to figure 1.5.3a. The point A, moving to the
right, traces out the line AC. The line AC, moving away in a new direction,
traces out the square ACEG at the base of the cube. The square AEGC, moving
in a new direction, will trace out the cube ACEGBDHF. The vertical direction
of this last motion is not identical with any motion possible in the plane of
the base of the cube. It is an entirely new direction, at right angles to every
line that can be drawn in the base. To trace out a tesseract the cube must move
in a new direction - a direction at right angles to any and every line that can be
drawn in the space of the cube.

The cubic sections of the tesseract are related to the cube we see, as
die square sections of the cube are related to the square of its base which a
plane being sees.

Hence in four dimensions a body rotates about a plane. There is
no such thing as rotation round an axis.

Figure 1.5.3b 1 represents a cube in our space, the three axes x, Yy, z,

denoting its three dimensions. Let w represent the fourth dimension.

It

figure 1.5.3b

Thus, if the cube be turned by an x to w turning, both the edge AB
and the edge AC remain stationary; hence rhe whole face ABEF in the yz
plane remains fixed. The turning has taken place about the face ABEF.

Suppose this turning continue till AC runs to the left from A. The
cube will occupy die position shown in figure 1.5.3b6. This is the looking-
glass image of the cube in figure 1.5.3a. By no rotation in three-dimensional
space can the cube be brought from the position in figure 1,5.3b 1 to that
shown in figure 1.5.3b6.

One of the conditions, then, of our inquiry...is that we form the 40 Hinton, Charles IL., (Editor)
conception of rotation about a plane. The production of a body in a state Rudolph v.R Rucker, Speculation-; or.

in which it presents the appearance of a looking-glass image of its former the Fourth Dimension: Selected Writings
of Charles H. Hinton, New York:

Dover, 1980, pp 149. 150

state is the criterion for a four-dimensional rotation.4"
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In a three-dimensional world, the two-dimensional faces ofthe cross
shown in the figure can be folded to form a cube. In a four-
dimensional world, a hypercube can be unfolded to form the cross
consisting of six cubes ie a tesseract. It is impossible for a being in
this world to visualize a hypercube, but a being in the fourth
dimension could fold these cubes into one hypercube. Also, in
three-dimensions, the shadows ofa cube would be two-
dimensional. In four dimensions, the shadow ofa hypercube
would be “a cube within a cube. " It is also worth noting that the
number of vertices double with every dimension: a point has one, a
line or segment has two, a square has four, a cube has eight, and a
tesseract has sixteen. In general, and n dimensional cube has 2n
vertices. The stereoview below is an attempt to depict the tesseract

beyond the flatland of this page.

41

stereoview of a hypcrcube
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1.5.4 Hawk-Eye

In 2001, analysis in cricket entered a new dimension with the
introduction ofa technology named Hawk-Eye. Hawk-Eye is a simple
visualization technique that allows the possibility of looking at the ball
from practically any viewpoint in three dimensions. It uses “sophisticated
image processing techniques to process the output of a series of cameras
positioned around the sports ground. *2Traditional slow motion
techniques lack the three-dimensional interactivity which Hawk-Eye can
offer.

Image 1.5.4a: Hawk-Eye used for bowling analysis

“Hawk-Eye aims to aid the umpire by giving inputs on the physics of the
ball by tracking and predicting its motion.”4 Information such as the
exact pitch and bounce of each ball of the bowler can be visually analysed.
Hawk-Eye has led to instant replays of significant events on the field.
Controversial decisions such as leg before wicket (Ibw), are now subject to
cross examination by this visualization technique. The inclusion of Hawk-
Eye as an official tool to aid the umpire is still a matter of serious debate.
However, the technology has had, according to Hawk-Eye Innovations,

“important ramifications for umpiring and refereeing.”44

Image 1.5.4b 1.5.4¢

Envisioning Information
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l0.uk, Accessed Mav28,2004

PCQuest, ‘How Hawk Eye
Works', http:// uww.pequest.
com/content!cricket/103030404.asp,
Accessed <Mav 28, 2004

Hawk-Eye Innovations, Hawk-
Eye’, http://nwiv.hau heyeinnovations.
co.uk, Accessed <May 28, 2004

018


http://nwiv.hau%e2%80%99heyeinnovations

Images 1.5.4a, b & c allow local comparisons of the cricket ball in flight.
Unlike a conventional time series based on economic data, where the
same variable is compared against itself over time, these images compare
the positions of the different balls within the time-span of a bowlers over,
which is six deliveries, hence six recorded measurements and hence six
comparisons.

1.5.5 Feynman Diagrams

Feynman Diagrams, as the name suggests, are diagrams invented by the
late physicist Richard Feynman for visualizing die interactions of particles
in Quantum Electrodynamics (QED). These extraordinarily elegant
diagrams indicate a process, which begins on the left and ends on the
right. Each line in a Feynman diagram indicates a particle; the simplest
particles in QED theory being:

an electron, represented by

a positron, represented by

a photon, represented by *W W

Thus, an electromagnetic interaction is represented by a vertex:

an electron emits a photon

an electron absorbs a photon

a positron emits a photon

a positron absorbs a photon

a photon produces an electron and a positron

an electron and positron meet and annihilate

ir. isiontrg information



Il Beautiful Evidence, Edward Tufte describes the essence of Feynman

diagrams as follows: “These diagrams portray the interactions of photons,
electrons, positrons, their colleagues and anti-colleagues by means of

visual reasoning, logical enumeration, and mathematical operations. 45 .
Although the formal derivation of these diagrams by means of path
integrals41has been subject to question, their numerical agreement under 46
laboratory conditions is a solid fact. As Martinus Veltman states in
Diagrammatica: The Path to Feynman Diagrams, ‘Physics is a quantitative
science, and such agreement defines its validity.”4

Time

47

Space

These diagrams are pictures of verbs' and they represent basic quantum
electrodynamic actions. The stage upon which these actions takes place is
space-time. For example, in figure below, an electron and photon travel
towards each other from TO. At T3, the photon

disintegrates to produce an electron and a

Tire

positron. At TS5, the electron collides with the
original electron to produce a photon. The
electron produced in the earlier disintegration
carries on forward in time. These results have
P been tested scientifically in a laboratory.
Feynman diagrams are an exercise in data reduction. They reduce a
complex process into an elementary diagram in the most economical way

without compromising meaning.

1.5.6 “Life before Birth”48: 4D scans of the human embryo 4

Sonography or Ultrasound is an imaging technology extensively utilised
in medical practice for obstetric imaging. Recent technological advances
in this area have enabled high resolution images of a prenate inside a
mothers womb to be visualized dynamically ie the images are updated
to capture the movements ofthe foetus. The three dimensions of space
and fourth dimension of time enable us to visualize life before birth’ as
never before. The emotional, psychological and physiological impact of
such imaging technologies is profound. Research has shown that such

Envisioning Information

Tufte, Edward R., ‘Beautiful
Evidence’, uvv:edu.ardtufte.com,
Accessed 'January 10, 2006>

Path Integrals are mathematical
tools for solving problems in
classical systems which are subject
to random influences from their
surrounding medium, for example,
Brownian motion.

Veltman M., Diagrammatica: The
Path to Feynman Rales, Cambridge:
Cambridge University Press, 1994,

P XI

alter Channel 4s documentary Fife
Before Birth, broadcast <April 07,
2005 at 21:00 hrs>
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Still images of 4d scans of a prenate inside the mothers womb.



visualization techniques utilised during pregnancy strengthen the bond
49 Campbell S. elal, ‘Ultrasound

. « . . .
between mother and child.49 “In addition to yawning, sucking and Scanning in pregnancy: the short-
swallowing, which have previously been described by 2D imaging, it is term psychological effects of early

. . . realtime scans’, J Psyvhosom Qbstet
now feasible by 4D ultrasound to study a full range of facial expressions Journal® 12, pp 57-61

including smiling, crying and eyelid movements.”S According to
50 Campbell S., ‘4D, or not 40: that

is the question’, \.<ltrasound Qbstet
“biggest gains in terms of 4D scanning are in two relatively unexplored Gynecol, Vol 19,2002, pp 1-4

Professor Stuart Campbell, a pioneer in the field of obstetric imaging, the

areas of parental behaviour and fetal behaviour.”5
51 ibid, pp 14
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Compiled actogram of a one hour observation of a fetus at 17 weeks. The rate of

occurrence of various categories of fetal movements during the first halfof pregnancy is

52 de Vries, J.I.P.,, G.H.A. Visser and
H.F.R. Prechd, ‘Tire emergence ol
fetal behaviour: II: Quantitative

an indication of developmental trends in fetal motility.”

aspects’, Early Human Derelopment,

The electrocardiogram or ECG is another fine example of visualizing the
Vol 12, 1985, pp 99-120

rate at which the heart beats, in this case of a patient with an irregular
heartbeat of 126 beats/minute:

Medical Imaging acquires vast quantities of raw data from scanning
technologies such as X-rays, CAT scans, MRI scans and Sonography.
Recalling the 1986 NSF Report “Visualization in Scientific Computing’,

which anticipated the emergence of a new discipline based on the
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need to see and understand the information hidden in the data

acquired by imaging technologies such as those mentioned above,

the discipline expanded rapidly and was no longer restricted to

developing tools and techniques to visualize scientific data. Financial

data, calculations from energy simulations, retail analysis - these arc

some examples of vast quantities of abstract or non-spatial data that
required visual representation that allowed the user to interact with the
data. Visualization is the tool which allows a user to ultimately derive
knowledge from data. In aiming to do so, it relies on human visual
perception capabilities to extract patterns in data. This subtle and complex

relationship is discussed below.

1.6 “Graphical Perception” *

The illustrations in preceding sections use subtle techniques to enhance
the effectiveness and efficiency of data graphics, most notably: multiples
and variables, context and comparison, cause and effect. Underlying these
fundamental techniques are powerful principles at play governed by the
science of human perception and cognition. In The Elements of Graphing
Data, William S. Cleveland explains,
When a graph is constructed, quantitative and categorical information is
encoded, chiefly through position, size, symbols, and colour. When a
person looks at a graph, the information is visually decoded by the person’
visual system. A graphical method is successful only if the decoding process is
effective. No matter how clever and how technologically impressive the
encoding, it is a failure if the decoding process is a failure. Informed decisions
about how to encode data can be achieved only through an understanding of
the visual decoding process, which is called graphicalperceptionf '
A thorough review of how humans process data or information is not the
subject of this study. However, it seems pertinent to discuss an area of

particular importance: Preattentive Processing.

1.6.1 Preattentive Processing

Preattentive processing refers to an area of human perception and
cognition that is related to vision research. Healy et al (1996, 1997)

describe preattentive processing as,
...cognitive operations that can be performed prior to focussing attention
on any particular region of an image. Typically, tasks that can be performed
on large multielement displays in 200 milliseconds or less are considered
preattentive. This is because eye movements take at least 200 milliseconds
to initiate. Any perception that is possible within this time frame involves only

the information available in a single glimpse.55

invisioning information

after William S. Cleveland, Ihe
lifoments oj C,mpbing Data, 1985

Cleveland, William S., Toe Lfoments
of Graphing Data, Monterey,
California: Wadsworth, 1985,
emphasis in original

1lealey, Christopher G., kellog S.
Booth and James T. linns, ‘Iligh-
Speed Visual Estimation Using
Preattentive Processing’, CAI
Transactions on Computer-Human
Interaction, Vol 3, No 2, |[une 1996,
pp 107-135



In simple terms, it is the amount of information that can be detected
(gained) instantly without focussed attention ie in a single glimpse. In the

example below, a red circle is detected preattentively in a group of blue

circles,
e © o o o o o o o %
] e H e o o H o o °
> o o o o ¥ o oo *

above: same form, different hue

below: same hue, different form

Using preattentive visual features as part of a display or design allows

for more intuitive interaction with the visualization. Triesman (1996)
states two problems that one is confronted with: “One is to define which
features or properties are the basic elements or visual primitives in this
language of early vision. The second concerns how they are put together
again into the correct combinations to form the coherent world that

we perceive.”% In response to the first question, visual features that

have been found to be preattentive are listed to the left. It has also been

established that certain visual features may cause interference, if used in

Envisioning Information

56 Triesman, Anne, ‘Preattentive
Processing in Vision’, Computer
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Preattentive Features by
Category

Form
Line thickness
Line length
Line width
Line collinearity
Size
Curvature
Spatial grouping
Added marks
Numerosity
Terminators
Intersection
Closure

Colour
Hue
Intensiry

Motion
Flicker
Direction of motion

Spatial Position
2D position
Binocular Luster
Stercoscopic depth
3D depth cues
Lighting direction

adapted and modified trom Ilealy
et al (1996) and Ware (2002)



the same display (Callaghan, 1989). For example, variation of intensity
interferes with hue segregation, but variation of hue does not interfere
with intensity segregation. Hence, a hue boundary can be identified

preattentively, regardless of whether form varies, as demonstrated below:

Multivariate data displays are likely to employ more than one variable to
encode data values, and preattentive features are likely to be combined.
For example, in a visualization representing the quantity and quality

of iron ore in a survey, the quality of ore can be represented by colour,
and the quantity by height. Searching for the best quality ore available
in significant amount would involve looking for a serial or conjunction

search for both colour (hue) and height, which is not preattentive.

searching for a red target in a sea o f‘blue circle and red square distractors’ is not

preattentive, and requires a time consuming serial search.

Envisioning Information
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The chart above shows the imports and
exports of England to and from the
East Indies between the years 1700 and
1780.

An important deduction from this
time series, apart from the increase
or decrease in imports or exports
over time, is the net sum of money

ie balance in favour of or against
England. To decode this information,
one is required to make a judgement
of distance along a vertical scale. A
casual observation may deduce that
the difference between the imports
and exports from 1760 onwards is not
much, and does not change by much

thereafter. This is not the case.

A graph showing the difference of
curves, shows accurately how the curve
suddenly rises after 1760, plunges
downwards and regains strength by
1780, with a balance «e»rin favour of

England.



Arbitrary mapping of preattentive features to data dimensions may not
build a successful visualization tool. However, applying principles of
graphical perception can greatly improve multivariate data displays.

In response to the second question posed byTriesman, the following

two examples by William Cleveland and Edward Tufte illustrate the
importance of graphical perception. In the example to the left, Cleveland
demonstrates the error that results from the weakness in our visual
apparatus to judge distances on a vertical scale. In the example below,
Tufte et al redesign the graphical display of footage on the simulation ofa
severe thunderstorm. Fundamentals of “scale, orientation and labels - for
centuries routine in maps and statistical graphics - are missing”5 in the

image below, and equally enhancing the latter.

North

100 km

minute*
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Tufte, Edward R., T/m il
EL\flatkitions: Images and Quantities,
Evidence and Narrative, Cheshire,
Connecticut: Graphics Press, 1997,
p 20

ibid, p 20

This slill from a
supercomputer animation of
a severe storm lacks visual
quality by failing to answer
the following basic questions:
“How big is that cloud?

What direction is it moving?
What are the dimensions of
the gnd?”38 The redesigned
example answers the above
questions by:

a) introducing a three-
dimensional axes that denotes
the direction in which the
storm is moving.

b) the intensity and contrast
of the grid is softened to
distinguish rather than to
dominate. An overlapping of
text on the axes gives the grid a
scale and restores quantitative
order.

¢) small still images at the
bottom of the grid below the
red line provide a context with
which to compare the moving

animation above.
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Finally, a fine example of how to visually construct a graphic that leaves
behind a permanent imprint on one’s mind - a superb visualization

of data in several dimensions which forces the viewer to visualize the
catastrophic march of Napoleon’s army through Russia in the bitterly cold
winter of 1812. Described by E. J. Marey as “seeming to defy the pen of
the historian by its brutal eloquence”, it may well be “the best statistical

MM n

graphic ever drawn.
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All the preceding examples on data graphics in diverse fields

(literature, astronomy, mathematics, sports, physics and medicine) are
related to graphical perception. They are all examples of exercises in
communication, the ultimate aim of which, as stated before, is to reveal
data.

IMiN'isioning Inform:)lion
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2.0 “The Nature of Information”®

In 1997, tlie Nobel Laureate physicist Murray Gell-Mann summed up the

future of computing over the next 50 years in an essay entitled Pulling
Diamonds From The Clay'. The challenge we face, according to Gell-
Mann, is finding 'meaning in a flood of data, and wisdom in an ocean
of information.’3 Gordon Moore, founder and chairman of Intel, first
observed and posited a phenomenon now known as Moore's Law, in
which every three years semiconductor capacities increase fourfold. The
exponential growth of processing speeds, storage capacities, and network
bandwidths at the rate of 1.60 every year, in accordance with Moores

Law, represents the ever increasing challenge to meet the growth of digital

information.
Secondary
Memory
(peta
(tera Primary
Memory
Processing
1947 1967 1987 2007 2027 2047

Evolution of computer processing speed in instructions per second and primary and
secondary memory size in bytes from 1947 to the present, with a surprise-free projection
to 2047. Each division represents three orders of magnitude and occurs in roughly

fifteen-year steps.

Much hype surrounds the word information, in economic circles, there
is talk of information replacing capital as the basis for local and global
economies. Eaton and Bawden (1991) cautiously define information

as a resourced This is indeed reflected in the stock market trends of
companies such as Google Inc. Information is finding its way into our
everyday lives through pervasive computing. In City o fBits, William

J. Mitchell comments, “More and more of the instruments of human

The Mature of Information
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Denning, PeterJ. (Editor), Talking
Back To The Machine: Computers and
Human Aspiration, New York:
Copernicus, Springer-Yerlag. 1999,
p 155

Eaton, £J. and D. Bawden,

What Kind ol Resource is
Information?’, InternationalJournal
of hfonnation Mangement, Vol 11,
1991, pp 156-165
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interaction, and of production and consumption [are] being miniaturized,
dematerialized, and cut loose from fixed locations.”6 The mobile or
cellular phone is a classic example. It can now mutate into a traditional
phone, a personal organiser, a camera, a game pad, a word processor, a
radio, an mp3 player, and much more. The range of content sent and
received across this device is immense, both in quantitative and visceral
terms. Weather reports, travel updates, match scores, stock markets,

news headlines: all can come in text, image or video format; access to

information, anywhere/everywhere; anytime/all the time.

The verbal penetration of the terms data, information and knowledge
belies the real meanings associated with them. Specifically, the
synonymous use of data and information in everyday language does not
recognise the fundamental technical distinctions between these words.
Data is information in its raw state. It is only when data makes some
significant sense, that it becomes information. The colloquial definitions
of information are too vague to be part of this study. They are like
“operational definitions, which require no real understanding of what it is
that is being measured. ¢ For example, the journey from the operational
definition of temperature around 1600, as a number read on a scale, to
its technical definition in the middle ofthe 19th century, as the average
speed of molecules, took a quarter of a millennium. A robust, succinct,
and precise technical definition of information, akin to that of energy, is

still a matter of serious pursuit in the scientific community.

The sections that follow attempt to both define information and expose
its nature. Sections 2.1, 2.2 and 2.6 define information through the
terms difference, freedom o fchoice and the communication o frelationships
respectively. Sections 2.3, 2.4 and 2.3 expose the close association of

information with probability, entropy and form.

2.1 Difference

In 1969, the anthropologist-philosopher Gregory Bateson defined
information as “a difference which makes a difference.”6/

The robustness of this simple definition comes from its obvious
implication of differentiating between that which makes sense and that
which does not. However, what is a difference? In Form, Substance and
Difference, Bateson addresses it as: “A difference is a very peculiar and
obscure concept. It is certainly not an event or a thing. A difference,
then, is an abstract matter.”@8At this point, it seems necessary to illustrate
what a difference actually is. For this purpose, Ishall turn to the study of

language, a reference which will recur later.

Hie Nature o f Information

65

66

67

68

Mitchell, William J., City Of
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Sanskrit is the oldest and most refined of the Indo-European languages.
The Indian Logician Dignaga developed a theory of meaning based on
the concept ofApohtf™ around approximately the Sthand 6thcenturies
AD. Apoha can be translated as differentiation. "In Dignaga's theory, the
meaning of a word consists of its repudiation of what it is not. Indeed it
is only perceived to exist to the extent that it is cognized or differentiated
from other things. 'Not-A implicitly says A' is.” "In The word and the
World, Indias Contribution to the Study o fLanguage, Bimal Krishna
Matilal explains,

...a class-name such as ‘cow’can be applied to a particular, not by virtue of

its possession of some abstract property such as cow universal, but by a

process of exclusion by which all contrary particulars, horses, etc., are excluded.

For Dinnaga, inference and word or language (sabda) generate knowledge
in a similar fashion. Both essentially depend upon a process of exclusion.
Just as the presence of smoke generates the knowledge of fire in a particular

spot,...,the word ‘cow’ generates the knowledge of acow by excluding similar

not-cow individuals, and this is also aided by our learning to use the word ‘cow’

in the presence of a cow on some occasion.

cCoOw not-cow not-cow

The French linguist Ferdinand dc Saussure, published his Memoir on the
Primitive Vowel System in Indo-European Languages in 1878. This work is
widely regarded as one of the most important in comparative philology,
and Saussure is acknowledged as the founder of modern linguistics and
semiology. Saussure's view of language in terms of system, structure and

relationships echoes Dignaga’ theory of exclusion. In Saussure's Course in

General Linguistics, he remarks:
We discover not ideas given in advance but values emanating from the system.
When we say that these values correspond to concepts it is understood that
these concepts are purely differential, not positively defined by their content
but negatively defined by their relations with other terms of the system. Their

most precise characteristic is that they are what the others are not.72
In Saussure's view, it is the distinctions which are important. “So long as
there are differences of some kind - any kind will do. Identity is wholly
a function of differences within a system.'" mWe can hence define a

difference as a diacritical relationship.
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”4 Berlin, Brent and Paul Kay, Basie
. . Color Terms: Their Umrersa/ity and
shown that there are differences in colour nomenclature around the Evolution, London: University of

California Press, 1969

To give another concrete example, studies4 on colour vocabulary have

world. Not only can the name or term used to designate a colour vary,
but also the semantic form' (hue) that a particular colour term designates
in a particular language, and its place in that colour system. In English,
for example, light blue and dark blue are shades of the same colour blue.
In Russian, both are treated as separate primary colours. Studies have also
indicated that people have difficulties in distinguishing the boundaries

of colours, ie where a particular colour starts or ends in colour space. 75 Colour Space is a mathematical
It is by knowing the distinctions between different colours that one can model describing colour

. . . . representation, usually using three
easily identify which colour term a hue (or form) may belong to. Context or four colour components. RGB
(red, green, blue) and CMYK

(cyan, magenta, yellow, black) are
quote Jonathan Culler in Saussure; a colour, for example brown, “is not an commonly used colour spaces.

and comparison play a crucial role in this process of differentiation. To

independent concept defined by some essential properties but one term
in a system of colour terms, defined by its relations with the other terms

which delimit it.”7% 6 Culler, J.,, Saussure, London:
Fontana, 1985, p 25

2.2 Freedom of Choice

In 1948, Claude E. Shannon published a classic paper, A Mathematical
Theory of Communication in the Bell System TechnicalJournal, which
laid the foundation for Information Theory. It was later popularized

and made more accessible by his colleague Warren Weaver. In The
Mathematical Theory o f Communication by Shannon and Weaver, Warren
Weaver defines information as, “..this word in information theory
relates not so much to what you do say, as to what you could say. That is,
information is a measure of one's freedom of choice when one selects a

message.” Hence, in theory, the more the number of choices, the more 77 Shannon, Claude E. and Warren
Weaver, The Mathematical Theory
of Communication, Urbana: The

is independent of previous or preceding choices). A pertinent question University of Hlinois Press, 1962,
p 100

the degree or measure of freedom (assuming the selection of each choice

to ask is: what governs our choices: are they independent or dependent
on previous choices’. A scenario where choices are dependent on previous
events is known as a Markoff process. Language is a good example of how

grammar determines our choice of words to form sentences.

For freedom of choice to exist, it is important that a 'set of messages
exists - an ensemble. However, measure of freedom of choice is not

an objective measure of information. For this, Shannon invented a
(conceptual) tool, in which, “...the amount of information is defined, ...,
to be measured by the logarithm of the number of available choices.”®B "8 ibid, p 100
Consider the following example: A person has to choose from a set of

eight alternatives. One could say that the uncertainty in reducing the

number of alternatives from eight to one is a measure of the amount of
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information associated with this event - 1/8 (since uncertainty is reduced
by a factor of 8) or 7 (since seven alternatives have been eliminated).
However, from a communication theory perspective, the binary code is
the most economical in storing, processing and transmitting information.
Tins implies that the message be translated into the binary code of the
computer. In doing so, the problem above is translated into a series of
binary choices: Given a set of eight alternatives, one divides them into
two groups of four choices each. With the flip of a coin, one of these
groups is selected and the other is eliminated. The selected group of

four alternatives is further divided into two groups of two choices each,
and the coin is flipped again. This process is repeated until one choice
remains. It takes three flips of a coin or three binary choices to reduce the
number of alternatives from eight to one. Hence, according to Shannon's
definition, three bits is the measure of information associated with the

above event as log,8 = 3.

However freedom of choice is not an isolated or insulated event. Context
influences freedom of choice, for example, choice under certainty (one
knows the possible outcome) or choice under uncertainty (the outcome
is unknown). In the example above, let the set of eight alternatives be
denoted by S, and let choosing an element xfrom this set 5 be denoted by
x/S. Suppose the feasibility of the set 5 shrinks to 7. The chosen element
may of course, nominally remain the same ie x. However, x/S is not equal
to x/T. Consider the case of a person choosing to fast. “Choosing to skip
meals can be described as Tasting only if the person really does have the
alternative of eating more. Indeed, if the opportunity of normal eating
diminishes or disappears, the person may no longer be able to fast. The
loss of the opportunity to eat freely is a substantive loss even for the

person who chooses to fast. Doing x and choosing to do x are, in general,
79 Sen, Amartya, ‘Freedom of

not equivalent.”®
Choice: Concept and Content5

European Economic Retlew, Vol 32,
No 2 - 3, March 1988, pp 269

Shannons operational definition of counting bits does not include the
- 294, emphasis in original

influence of context on a message; it ignores the information content
of a message - its meaning. The number of bits required to choose one
alternative from a set of eight is three regardless of which message is
selected at the end. The association between information and meaning is
explored in the last three sections of this Chapter. Shannons definition
does however, quantify the reduction in uncertainty of a system. This
measure of uncertainty and its effect on decision-making is explored in

the next section.
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2.3 Probability

The origins of data graphics, as seen in Chapter 1, can be traced to
statistics, with some of the earliest examples of quantitative reasoning by
William Playfair. Bui what are statistics and their relation to information?
In the opening paragraph of their paper, ‘Representations of Knowledge
in Complex Systems', Grenander and Miller (1994) state, “The object of
statistics is information. The objective of statistics is the understanding
of information contained in that data."H Statistical data graphics such 80
as Tukey’ box plots have since long been aids to statistics in achieving
this objective. More than often, the primary aim of statistical studies is
confirmation - to instill certainty' into the phenomenon represented by'
the numbers. The discussion here, however, will focus on the study of the

role of chance in statistics ie uncertainty or probability'.

Probability' can be defined as the frequency of occurrences. Natural
or spoken languages such as English can be and have been analysed
statistically. For example, according to the Oxford English Corpus
(OEC), the 100 most common lemmas§l in the English language are,

1-10 the be to of and a in that
11-20 it for not on with he as you
21-30 this but his by from they we say
31-40 or an will my one all would there
41-50 so up out if about who get which
51-60 when make can like time no just him
61-70 people into year your good some could them
71-80 than then now look only come its over
81-90 back after use two how our work first
91-100 even new want because any these give day
Hence, the' is the most frequently occurring lemma in the English 81

language. Probability', defined in terms of frequency of occurrences,

is an objective tool for assessment, to do with number or counting.

However, there is also a subjective approach to probability’. The English
Minister and able mathematician Reverend Thomas Bayes established a
subjectivist approach ro statistical analysis. His ‘An Essay towards solving

a Problem in the Doctrine of Chances was published posthumously in

1764 by his close friend and aid Richard Price. Bay'ess theorem has “since
become a focal point of debates on the foundations of inference”& and 82
has divided the statistical community into Bay'esians and Frequentists.

The significance of Bayes theorem has recently come to the fore, with

computational analysis rendering Bayesian methods possible, in very
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1. Millet, ‘Representations of
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have I
do at
her she
their what
g° me

know take
see other

think also
well way
most us

A lemma is a base word, for
example: climbs, climbing and climbed
are examples ol the lemma climb.
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of the 1 billion words used in die
Oxford English Corpus.
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complex statistical problems such as the location of geographical clusters

of cases of a disease.®

One of the most controversial probability problems, a subject of much
academic and public debate, is known as the Monty Hall problem, named
after Monty Hall, the host of a television game show ‘Lets Make A Deal
in the United States. On September 9, 1990, Marilyn vos Savant, a writer
for Parade magazine, posed a mathematical puzzle as follows:

Suppose you’re on a game show, and you're given the choice of three doors.
Behind one door is a car, behind the others, goats. You pick a door, say #1,
and the host, who knows whar’ behind the doors, opens another door, say #3,
which has a goat. He says to you, “Do you want to pick door #2?” Is it to your

advantage to switch your choice of doors?

Yes; you should switch. The first door has a 1/3 chance of winning, but the
second door has a 2/3 chance.8'1
The solution to the Monty Hall problem led to a serious academic and
public debate on probability. It appeared in journals and even found
its way to the front page of the New York Times. The 'correct answer
to this puzzle is of less concern to this study. However, it does unfold a
subtle principle that binds probability and information. Let us revert to
Bayes theorem. Thomas Bayes’ An Essay towards solving a Problem in
the Doctrine of Chances’ remains a piece of work difficult to read and
interpret. As Hans Christian von Baeyer unfolds in Information, The New
Language o fScience,
Bayes’ theorem answers the following question: Suppose you know, or
assume to know, the probability’ that a certain conclusion follows from an
initial hypothesis. Suppose that a new bit of information is obtained, and
added to the hypothesis. How do you then compute the updated probability'
that the conclusion is true, based on the combination of the old hypothesis

with the new information?85
Thus, Bayes’s postulate does not ask how likely is an event?’, but rather
’how has the likelihood ofan event changed by the information gained?’
It is the addition of information to the participant’s knowledge in the
game show ‘Lets Make A Deaf that (apparently) increases his or her
chance of winning the game. Bayes’ theorem involves computing aprior

probability, by allowing a subjective input in a statisticalproblem.

The subtle inter-relationship of information and uncertainty is the clue to
understanding (and solving) the Monty' Hall problem. In these statistical
terms the two words information and uncertainty find themselves to be
partners. To quote Shannon and Weaver,

The concept of information developed in this theory' at first seems
disappointing and bizarre - disappointing because it has nothing to

do with meaning, and bizarre because it deals with not a single message but
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rather with the statistical character of a whole ensemble of messages, bizarre
also because in these statistical terms the two words information and

uncertainty find themselves to be partners.86
Probability and the ‘lack of information' are related to another entity
which establishes the Second Law of Thermodynamics: Entropy.

2.4 Entropy

As seen in the previous section, the statistical study of language, in this
case English, reveals not only the frequency of occurrence or statistical
count of a lemma or word (which determines its order or rank in the
corpus), but to some extent, the structure and characteristics of the
language. The syntax or grammar of a language provides a framework
for determining subsequent letters in a word or words in a sentence ie
the order in which symbols occur. Each ‘freedom ofchoice' in choosing a
symbol is thus governed by previous choices. In mathematics, this event is
known as a Markoffprocess. Thus, the set of rules affects the freedom of
choice one has in selecting from a set of symbols, for example, letters of
the English alphabet. This in turn affects the information associated with
such an event. Tlie Mathematical Theory of Communication by Shannon
and Weaver states,

The quantity which uniquely meets the natural requirements that one sets

up for “information” turns out to be exactly that which is known in

thermodynamics as entropy. That information be measured by entropy after

all, natural when we remember that information, in communication theory, is

associated with the amount of freedom of choice w'e have in constructing

messages. Tlius for a communication source one can say, just as he would say

it of a thermodynamic ensemble, ‘This situation is highly organised,

it is not characterised by a large degree of randomness or of choice - that is to

say, the information (or the entropy) is low.’8

Terms that are of particular importance, extracted from the above
paragraph are: order, organisation, and shuffled-ness or randomness.
Although entropy is a deeply engaging subject, we refer here to the
“bearing of entropy on the concept of order and disorder '8 in the
statistical approach to thermodynamics. In Entropy and Art, Rudolph
Arnheim describes entropy as “the quantitative measure of the degree of
disorder in a system.”8) He further states that “Disorder is not the absence
of all order but rather the clash of uncoordinated orders.”® In a physical
sense, order and disorder have to do with the structure ofa system - the
way its smallest units are arranged. It is this arrangement that constitutes
entropy. In the purely statistical approach, “the term order can be used to
describe a sequence or arrangement of items unlikely to come about by

mere chance.”dl
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For example, let there be two transparent vessels, each filled with a
different kind of gas, both at a constant temperature and pressure. One
of these two gases is coloured. The vessels are connected by a tube with a
valve, which when opened allows the flow of gases in both directions. On
opening the valve, both gases intermingle and occupy each other s space.
It is highly unlikely that we will now see a mixture of gas in each vessel,
half of which is pale (uncoloured) and another half coloured. What is
observed is a new pale-coloured mixture occupying both vessels. It is the
arrangement of molecules in the new mixture that eventually produces
a pale-coloured gas. It is this re-arrangement of molecules in the system
that constitutes entropy. The Austrian physicist Ludwig Boltzmann is
associated with relating probability and entropy in 1871 - In Boltzmanns
words,

It is likewise highly improbable that when two different gases are present

in aspace, only molecules of the one are found in one part of the space

and in the remainder only molecules of the other. The mixing of two gases

therefore also represents a transformation from an improbable to a more 92 Daub, Edward, E., ‘Probability and
Thermodynamics: Tire Reduction
of the Second Law’, Isis, Vol 60,
No 3, Autumn 1969, pp 318-330

probable state.92

To take another analogical example of arrangement of units of a system,

a tangram. This is an ancient Chinese dissection puzzle which involves
rearranging seven pieces or 'tans’ (right) from a square to form different
configurations. As Martin Gardner dissects in the Scientific American'.
"The tans are obtained by slicing a square to produce two large triangles,
a middle-size triangle, two small triangles, a square and a rhomboid. Note
that all corners are multiples of 45 degrees. If a side of the square tan

is taken as unity, a side of any tan has one of four lengths: 1, 2, V2 and
2V2.793Tangrams rely on the users geometric intuition and artistic ability

to create artistic and amusing pictures as below.

93 Gardner, Martin, Mathematical
Games. ‘On tire fanciful history
and tlxe creative challenges of the
puzzle game of tangrams’, Scientific
American, 1974, pp 98 - 103B

POLAR BEAR

LAOY BELINDA
YACHT

I RABBIT RUNNING BOV VULTURE PRESIDENT NIXON
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early 19hcentury tangram cards



Each ofthe pictures to the right is made from exactly seven tans.
However, the form’ of each tangram is different, and the message' they
embody or communicate is not the same. Consider the following example
to the right where tangrams depicted are nearly similar, however, each one
is constructed from exactly seven tans. At another level, the number of
ways of (re)arranging a system’, has to do with the relationships amongst
parts of a system, and ultimately the meaning they communicate. The
Morse Code is another fine example of a very economical use of two
symbols - a dot and a dash - to produce all the letters of the English
alphabet, which can then be used for telegraphic messaging. An SOS
signal would thus be,

H E L P

A . N «. ) P —
B * K 0 ——— 1 # o«
T " e ST 7,0
D " Q —— .. 3

E - R 4 *,.,«
1 o o S ««. 5 s
G —. T ~ 6 cesoe
H U “ 7 —

1 Vo eed™ SEE= ..
J o — W F— |
K Tee T Fullstop
e ee Y —_— Comma N

M — Z .. Query
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2.5 Form

The word ‘information derives from the Latin informare (in + formare),
“meaning to give form, shape or character to, therefore to be the
formative principle of, therefore to imbue with some specific character

or quality.”¥ Prior to its entiy in Science, information meant knowledge.

After the 1940s, with developments in information and communication
technologies, especially with the work of Shannon and Weiner,

information became associated with the terms ‘signal and ‘message’, and
very quickly became a widely used term in scientific literature. However,

its amorphous quality transformed it into a device to describe a variety

of phenomena across several domains - to mean anything anyone wanted

it to mean. It became and remains ambiguous. One question to ask is
that isnt this obvious?’, for just as the physical shape of the amoeba
changes in response to external forces, ‘something’ becomes information
to someone, at a specific point in time, within a specific context. It is

in associating information with the mind or mental processes, that it is

confused with meaning. As Fred L. Dretske explains in Knowledge and the

Flow o fInformation,
To speak of information as out there, independent of its actual or potential
use by some interpreter, and antedating the historical importance of all
intelligent life is bad metaphysics. Once [this] distinction [between
information and meaning]| is clearly understood, one is free to think about
information (though not meaning) as an objective commodity, something
whose generation, transmission and reception do not require or in any way

presuppose interpretive processes.’*

But it is precisely this ambiguity, or to be more specific, contradiction,
that we see in historical debates on form, in which Plato and Aristotle
are key figures. Plato held the view that forms exist independently of
their physical manifestation. The idea or eidos was the essence, and all
physical forms were a likeness of this essence. Plato’ pupil Aristotle,
held an opposite view, where he rejected the idea that a form can exist
independent of its physical manifestation. As he states in Metaphysics,
“each thing itself and its essence are one and the same.”% A conundrum
in the classical views on form that carries over into the discussion on
information is “the beliefthat form’ exists to transmit meaning.”97

It is important to note that meaning does not inhere in form. While
information processes are form-dependent, all form processes do not
necessarily convey information. For example, the information carried
by several physical, chemical and biological systems (DNA molecule
for example) are embodied in their form. However, possessing a certain
shape, pattern, structure or form may not necessarily convey any useful

information.
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The Scottish polymath D ’Arcy Wentworth Thompson is widely
remembered for his epic work On Growth and Form, first published in
IV17, which controversially proposed a mathematical framework for form
processes in biological systems. In this work, D'Arcy Thompson states,

“the form ofan object is a 'diagram of forces .”® According to Thompson, 98 Thompson, D Arcy Wentworth,
(Ed.) John Tyler Bonner, On

we can see this mathematical conception of force at work in the living Growth and Form, Cambridge:

cell of an amoeba or spirogyra, or even in the bees honeycomb cell, Cambridge University Press, 1992,
where hexagonal arrangement results in the most efficient packing and pll
maximum storage of honey. According to D'Arcy Thompson,
The mathematical definition o f‘form’ has a quality of precision which...is
expressed in few words or in still briefer symbols, and these words or
symbols are so pregnant with meaning that thought itself is economized." 99 ibid, p 269
A parallel view, in terms of visualization, has been expressed by Edward
Tufte, when he says that “graphical excellence is that which gives to the
viewer the greatest number of ideas in the shortest time with the least
ink in the smallest space 1 - in other terms, an economy of perception 100 Tufte, Edward R., 1 "fsual
results. On a similar note, in the context of communications theory, Explanations: linages andQuantities,

. . . Evid d Narrative, Cheshire,
one has only to look to the telegraph where a single 'dot is assigned to ydonce andmarrative, T 1S e

Connecticut: Graphics Press, 1997,
represent the most frequently occurring vowel e”in the English alphabet. pS1

Studies in form, whether biological, chemical, physical or mathematical

reveal the underlying structure of an organism, or the underlying

mechanism of a process, and expose its workings. More fundamentally,

form expresses the relationships that constitute the functioning of a

system.

2.6 Relationships

“Shape, structure, configuration, pattern, arrangement, order,

organisation [and] relations™0l - all these are synonyms used by the writer 101 Young, Paul, The Xature of
Paul Young as he tries to pin down the nature of information. The last Vak 1ru-*r
- relations or relationships - is of particular importance, as it infiltrates or

defines all the preceding terms. Relationships are what establish context,

and it is context that is so crucial for information to exist - for it to

become. As Paul Young explains in The Nature o fInformation (in reference

to language, as seen in Section 2.1),

All languages are form dependent. In spoken language, arbitrarily selected
symbols are manipulated as units that can be interconnected or arranged only
in specific relationships according to specific rules. It is the form (relations),
whether semantic, syntactic, experiential, or contextual, of the elements of
the language, and not the matter of which they are constructed, from which

- .10 102 ibid, p 43
the mind generates meaning;.. el

In Section 2.1, we looked at information as 'any difference which makes a

difference”, and defined a difference as a 'diacritical relationship” In Mind
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and Nature, Gregory Bateson reinforces this perspective: “To produce
news of difference ie information, there must be two entities (real or
imagined) such that the difference between them can be immanent in
their mutual relationship;...” 1B It is the relationship amongst entities that
establishes context. Each entity is, in turn, defined by other entities. A
graphical demonstration of this complex web of (inter)relationships, in
this case those between human beings that form a community, is given by
the Italian novelist Italo Calvino in Invisible Cities:

In Ersilia, to establish the relationships that sustain the city’ life, the
inhabitants stretch strings from the corners of the houses, white or black or
grey or black-and-white according ro whether they mark a relationship of
blood, of trade, authority, agency. When the strings become so numerous
that you can no longer pass among them, the inhabitants leave: the houses
arc dismantled; only the strings and their supports remain.

From a mountainside, camping with their house-hold goods,
Ersilias refugees look at the labyrinth of taut strings and poles that rise in
the plain. That is the city of Ersilia still, and they are nothing.

They rebuild Ersilia elsewhere. They weave a similar pattern of
strings which they would like to be more complex and at the same time
more regular than the other. Then they abandon it and take themselves
and their houses still farther away.

Thus, when travelling in the territory of Ersilia, you come upon the
ruins of die abandoned cities, without the walls which do not last, without
the bones of the dead which the wind rolls away: spiderwebs o fintricate

relationships seeking a form .1'H
The nomads of Ersilia leave behind an everchanging imprint oftheir
relationships with each other, everytime they move. We may recall D ’Arcy
Thompson's description of form as a diagram of forces’. Relationships are
like these forces, where the nature and magnitude of the force changes

over time.

What is the nature of these relationships, one may ask, and how do we
visualize them? Relationships can be spatial, temporal, logical or causal.
Consider the space-time relationship between the Moon and the Earth’
oceans. The invisible pull generated by the Moon (and Sun}) gravitational
force causes a cyclical rise and fall in the earth’s ocean surface, ie tides.

A simple but powerful spatial relationship exists in the points that

form a circle, each point being equidistant from a centre or loci?. The
essence ofthe circle is in the relationships of its parts. Similarly, the

Koch snowflake (tight) follows a simple rule of division and multiplicity,
and forms a shape of infinite perimeter in a finite area - an incredible
condensation of information. We have already seen how the roots of the
concept of information take us to its close association with the concept

o fform’ dating back to classical antiquity. Since form is also about
relationships; since relationships are what govern the semantic component

of whatever it is we call information; since in the engineering problem of
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transmission and fidelity over a channel or pipe, these relationships have
to be preserved while being transmitted over various media; and since
the desired action (ifrequired) on behalf of the receiver, upon receiving
the message is an important phase in the process of communication,

information can be defined as the ‘¢ommunication o frelationships. > 16

By now information must be emerging as a plastic entity, which finds

its utility in several domains, from mathematics, to communication
theory, to biology and physics. The almost simultaneous publication in
1948 of Norbert Weiners Cybernetics, and Claude E. Shannons 'The
Mathematical Theory of Communication, both measuring 'the amount
of information in a message’; and the information-energy-entropy
connection arrived at independently though the study of heat, and the
equation of entropy as ‘missing information by Ludwig Boltzmann

- both of these developments are crucial factors that reinforced the view
that information was a commodity that could be generated, transmitted,
calculated, stored, channelled and distributed. But therein lies a paradox,
for unlike energy, which "as a robust scientific concept we can describe in
precise mathematical terms, and as a commodity we can measure, market,
regulate and tax,’ ¥ a similar situation does not exist for information.
There is no equation for information. I = ? Information resides partly in
the mind and is veiy person- and context-specific. Hence, its quantitative
and qualitative attributes are much more difficult to assess.

Understanding the nature of what is being represented, whether
numbers, pictures or words, is a deeply engaging and demanding task.
While the literature on data graphics or information design discusses
design principles and techniques, it does not seem to expose the nature
of information which has been discussed in this Chapter. The second
part of this thesis describes and evaluates two new tools for envisioning
information, whose design aims to put into practise the principles

explored in Part 1.

The Nature of Information

105 Baeyer, 11ans Cliri>iian von,

Information: The Natr Tangmge of

Science, London- Phoenix, Orion

Books, 2003, p 25, empliasis in

original

106 ibid, p 11
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Epilogue to Part 1

The reader may wish to revisit the data graphics by five pioneers in
Chapter 1: E. J. jMarey (p 7), William Playfair (p 7), John Wilder Tukey
(p 8), Edward R. Tufte (p 25) and Charles Joseph Minard (p 26). These
examples, and indeed all the illustrations in Chapter 1, sum up principles
of data design that emerge again and again in historic and contemporary
examples of data graphics. The primary objective of all these illustrations,
as explained before, is to reveal data'. All the examples in Chapter 1

are based on what William S. Cleveland termed Graphical Perception

- utilising human perceptual and cognitive abilities to comprehend
information that is not obvious, ultimately leading to the extraction

of knowledge from data. Regardless of the medium on which they are
created or presented, three simple and broad design principles underpin

the success of data graphics. These are outlined below.
1. Multiples and Variables

A multiple is a plural of a singular unit, where a unit is any (variable)

entity. It is the variation in features or characteristics of this unit, which

generally manifest themselves externally, that differentiates a specific

unit from its neighbouring units. In the examples discussed, Chernoff

faces (right) are examples of multiples of single unit - a face - with
variable features of mouth, nose and
eyes. Similarly the multiple dots or marks
on the circular disk (left) representing a
spherical sun vary in movement (path),
size and shape, which, as described by
Edward R. Tufte, led to Galileos support
for the Copernican planetar)7system by
deducing that such an observation of
sunspots is only possible if a rotating sun

is observed from a rotating and orbiting earth.

In the image below, the small units of the gecko are repeated with varying
positions ofits legs and tail, leading to the perception that it is advancing

upwards.



In E. W. Maunders sunspot diagram of data recorded from 1877 to 1902,
small multiples in the form of vertical strokes vary in length and position

to give this butterfly diagram.

-AJISTrilffeiWw ttlIUONIM I [ISaX|[166»[16M [i0e&1686[1867;i68a|IB89|M 90 [ia9l jI892| 1 1189 ji896[1 7 1896 >19001901 ~ 902~

1877|1878 j167&1660j 1681 1662! 1663 <884118S9[!COO[IS37 j<88O Ift&sjtS&oj j18S2!1Sg3(1694(ia95'189€|r897'1S3B[1699(|900(1901 j)902

FIG, a —DISTRIBUT ION CF SPOT-CLNTRtS IN LATITUDE. ROTATION BY ROTATION, 1877-1902.

A modern contextual comparison of sunspots from 1880 to 1980 gives

this macro overview below where the multiples resemble a butterfly 107 I'ufte, Edward R., Envisioning
. . c1 - Information, Cheshire, Connecticut:
wingspan, and the overall reading reveals “between- and within-cycle 4 o, ’
Graphics Press, 1990, p 23

variation ~107

Sun Latitude
90°N 1!

N

equator W = equator

PSS 30 s

The brilliant micro recording (top) and macro comparison (below) lead to

the second important principle in data design: Context and Comparison.
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2. Context and Comparison

'Always place numbers in their context - a fundamental rule of statistical
analysis. In other words, data, be it in any form, must never be quoted
out of context. This principle was seen in Galileos sunspot diagrams,
where the sunspots were depicted on a circular disk representing the sun.
These macro multiples were then placed in a linear sequence leading to a

comparison ofsize, shape and position over time.

The gecko in the picture overleafis perceived to advance only because its
varying multiples are placed next to each other. In the following construct
(right), E. J. iMarey places small multiples ~ 0. Q ofa basic unit that
vary in shape. These varying multiples, of studies of the movements of a
horse at different paces, are then placed longitudinally next to each other,

thus forcing the viewer to make comparisons within an eyespan.

Another fine example using the principle of multiples and variables, as
well as placing data in their context and allowing comparisons is a fax data
sheet compiled by Alan J. Davis, director of tax communications at Price
Waterhouse in Toronto. Every year Canada's federal government publishes
its annual budget. O f special concern to legal and accounting firms are
tax changes announced in this budget. Price Waterhouse Coopers, an
accounting firm, has a tradition of distributing bulletins outlining these
changes to their clients. “In 2002, Price Waterhouse engaged a new fax
service provider, which was given an electronic list of more than 2, 300
fax recipients, in an order that reflected their time zones. Generally,

those farther east were at the top of the list. Faxing began the following
morning. ' IBA few days later, the fax company provided a report. The
data consisted of the following variables: “the client or fax recipient, the
time at which the final attempt to fax was made, and whether it was

successful or not; a code indicating the number of attempts that had been

108 \\ hinei, Howard, Graphic Discoiviy:
A Trout in the Mi/k and Other 1 isual

description of the reason for failure. The data was not in any immediately Adventures, Princeton: Princeton

University Press, 2005, p 84

made (one, two, three, four) and either the word completed or a short

obvious order.” 1

109 ibid, p 84
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After a number of attempts to comprehend the data provided and gain
an overview of the process that had taken place through a series of graphs
and charts, Alan J. Davis, the director of tax communications at Price

Waterhouse in Toronto prepared the following data graphic below.

Price Waterhouse Fax Delivery Data

800 9:00 10.00 11:00 12:00 13:00 14:00 15:00 16:00 17:00

Time Fax Was Received

This fax delivery data graphic tells the following story:

a) The faxes were sorted alphabetically in three groups: A to H, I to N and
O to Z.

b) Faxing began at 08:30am and was nearly completed by 12:00pm,
except for group O to Z which finished at 12:30pm.

¢) At noon, the operators took a break. Groups I to N and O to Z
resumed faxing between 12:30 and 13:00pm.

d) Groups Ito N and O to Z had a number of unsuccessful faxes on first
attempt, compared to group A to H. They persistently tried to fax the
data, and at 16:00pm or just after, terminated faxing.

e) Group A to H had less unsuccessful first attempts compared to the
other two groups and the operator also seemed to have forgotten to

fax some data through, which was resumed at 15:00pm. Faxing for
unsuccessful attempts began just after 16:00pm and finished after
17:00pm.

lepilogue to Part 1
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110 Warner, Howard, Graphic Discovery:

A final comment by the author of the graph sums up its utility: '"The
.A Trout in the Ati/k and Other 1 isrtaJ

graph proved useful in discussions with the company about the timing Adventures, Princeton: Princeton
of the faxes. 'lI" This graphic is a very simple example of the "remarkable University Press, 2005, p 84
power that well-designed graphical displays can wield in aiding our 111 ibid, p 84

understanding of large data sets.” Ill

In this example, all the data is presented as small varying multiples * 0A*
so that the viewer can compare and deduce. Two subtle design principles

emerge under the umbrella of Context and Comparison:

2a. A constancy in design allows the user tofocus on changes in data

112 Tufte, luhvard R., Etimhn/ng
Information, Cheshire, Connecticut:
Graphics Press, 1990, p 29

rather than changes in design. 12
and
2b. Comparisons should be enforced within an eyespan.113 113 ibid, p 33

Both these principles are evident in the examples discussed in this section,
and the majority of examples in the Chapter 1. While both remain
important design principles regardless of the medium on which the data
graphic or visualization is created, the design principle 2a advocating ‘a
constancy in design so that the user can focus on changes in data rather
than changes in design is even more pertinent in the digital domain. It

is easy to fall prey to technological gimmickry that arises from applying
digital effects' to visualizations created using the computer. Constantly
changing colour backgrounds, rapid transitions or zooming in and out
are some examples of features that can be unknowingly built into the

application and be a hindrance rather than an aid to cognition.
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3. Cause and Effect

Analytical thinking requires us to reason about causality ie what cause
leads to a specific effect. Visual representations of analytical data thus
need to show causality. The cause and effect principle is once again seen
in action in Galileo’s sunspot diagrams. By elegant visual reasoning, he
demolished the association of data with official Church doctrine and
deduced that sunspots are contiguous to the surface of the sun. Moreover
the path ofthese bodies implied that sun was seen from a rotating and
orbiting earth, rather than the other way around (right).

Perhaps one of'the most disastrous consequences of failing to represent
and consequently analyse and think about causal behaviour is evident
in the decision to launch the Space Shuttle Challenger. The Challenger
was launched on January 28, 1986 and 73 seconds after take off it
blew up leading to the death ofseven astronauts. The primary reason
attributed to this catastrophic event was the failure to analyse and
represent convincingly, through visual means, the damage to O-rings 114
in relation to temperature. The lack of pre-launch analysis and effective
representation by the rocket maker Thiokol s engineers could have
prevented the disaster. Both representation and subsequent analysis
could have been achieved through visual means where dry tables should
have been represented by graphs or scatterplots to reveal an appropriate
correlation that would convince NASA officials that the space shuttle

should not be launched.

The following displays from three different sources show the same data in
a completely different light, highlighting the importance of data displays.
The first is a hand-written chart by engineers at the rocket maker Morton

Thiokol. Missing here are the 22 actual previous launches of the

Challenger. Only two1l’ out of twenty four previous launches are depicted

t. Cofirrnii tn

©

b. Ptolrmm

114 Rubber O-rings are nearly 11.6
metres in diameter and 6.4mm

thick, used to seal d

between two solid-luel booster

rockets.

ie joints

115 In the chart below, Developmental

Motors DM-4 and DM-2, and

Qualifying Motors QM-3 and
QM-4 are test rockets, not actual
launches. Only Solid Rocket
Motors SRM-15 and SRM-22 are

shutde pre-launch data. SRM-25 is

forecast data.

ffy H/SrexCy ms-rear £ CAN<~ WS\GER*TI#‘CQS‘
serz S veesr <& (PE<SSHES - d)
% fie* (ich mo TOA. m&r
o Jeny SAM-ZX Dm- * 65 36 47 (OWZ
Din-2 76 4s SZ fo tripn
e is. ar-8S 72.? 40 43 fo
_on-4 76 57 to mPH
-SftW - 15 52. 64 S3 to
s /S> S’Rufl- 22. 17 78 IS /0 sprt
o n . _ s Rm-zs sS 26 27 to trH
0ZSTur jgcxxz-sy 14 29 npt)
here. The database is incomplete, out of context and hence inaccurate and
1Epilogue to Part 1
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unreliable. The chart fails to show and ask the question: is their a
correlation between temperature and O-ring damage?

The second chart was prepared for the Presidential Commission
investigation after the Challenger accident, and is perhaps the most
significant. Unlike the previous graphic, this chart shows a/l the data ie all

twenty four (24) previous shuttle launches. However, it still

History of O-Ring Damage in Field Joints (Cont)

AAAAA AA AA 4A AAAAAA Ad 2o AA

0-Ring
Temp
(H
] trHScr rr'ry *rrr W ©
SRM 11 2 2 3 3 44 55 66 77 88 9 9 1010 1111 1212
No A B A B A B AB AB AB A B AB A B A B AB AB
AR AA AAAAAA AN AAA AA
O-Ring
Temp
(°F)
h
CDﬁ{©4=T]ST3 T
SRM 8718 18 19 20 20 21 21 22 22 23 23 24 2
No. A B A B A BADBAUBAB

MO» TOWT>00« X IN C X
* No Erosion

fails to show the relation between temperature and damage to O-rings;

Code
it still fails to show cause and effect. Poor data design in this graphic is EH - Heating of
attributed to: ge-l?i):; "
a) The data is depicted in the form of multiples of small rockets which H « gr;{"::;y
create visual clutter rather than focus on the data. Blowby
b) Rotated text indicating temperature interferes with the outlines of the El * gr.if{;;;y
rocket and is difficult to read. 0 - zr:::;
c¢) Five different types of cross hatching are used to depict the severity of 81‘}5;“;””
the damage to the O-rings indicated by the following legend (right). The O = No Damage

code further adds to visual noise and hinders the understanding of data.
d) The linear arrangement of rockets indicating previous launches is based
on the date of'their launch - earliest first &M A B to 24 B* " the launch
immediately prior to the Challenger. The ordering of data is perhaps the

STATIC TEST MOTORS

* HORIZONTAL ASSEMBLY

+ SOME PUTTY REPAIRED

. . . . s . 116 Tufte, Edward R,, I ism!
fatal flaw1l6in the data graphic. It fails to ask the question: is their a Explanations: Tmages and Quantities

relation between decreasing temperature and O-ring damage based on all Evidence and Narrative, Cheshire,
Connecticut: Graphics Press, 1997,

available pre-launch data?
p 48
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This highly relevant question is displayed and asked in the following data

117 redesigned by Edward R. Tufte in:
Tufte, Edward R., I ism!

graphic - a scatterplotll indicating all twenty four (24) launches prior to Explanations: Images and Quantities,

the Challenger. Here, the data is arranged not in chronological order of Evidence and Narrative, Cheshire,
Connecticut: Graphics Press, 1997,

p 45
O-ring damage
index, each launch

SRM IS

SRM 22

26*-29* range of forecasted temperatures
(as ofJanuary 27,1986) for the launch .
of space shuttle Challenger on January 28

. { oo ]
Temperature (°F) of field joints at time o f launch

launch date, but based on the falling temperature. The matrix reveals an
immediate fact: Every launch below 66°F resulted in damaged O-rings
and the launch at 53°F had maximum O-ring damage. Thus the decision

to launch the Challenger at 29°F was unthinkable.

The three data graphics on the space shuttle Challenger launch vary as
follows: the first graphic (p 47) hides most of the data and fails to show
it in context thereby revealing no correlation. The second graphic (p
48) shows all the data and attempts to compare it, but creates visual
clutter and reveals no correlation between the variables involved. The
third graphic above shows all the data, places it in context, compares it,
and reveals an appropriate correlation between falling temperature and

damage to O-rings.

The digital variant of the cause and effect principle manifests itself as

follows:

3a. It is important to show cause and effect within an appropriate time

span

This principle is particularly important in the digital domain where
users may interact with the data through an interface. The lack of
response from the system within an appropriate time frame can lead
to a disinterested individual or audience, System response time with
appropriate feedback is an important usability criteria in the design of

user interfaces.

Epilogue to Part 1
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It is clear from these examples how the display of data can provide crucial
insights into the understanding of phenomenon inherent in data. To do
this, one needs to understand the data, the variables involved and most
importantly, the relationships between these variables. Only then can a
meaningful representation emerge, which is consistent with the principles
of data graphics, and which leads to ‘discovery, decision making and

explanation.

Summary

The three broad data graphic principles that emerge from these studies
are summarized in this simple, but effective, and widely celebrated data
graphic of 1854:

Yok

50 o 20 100 O 200

X Pump e Deaths from cholera

The redesigned graphic on the
opposite page shows the 11 water

s pumps indicated in red crosses, in
relation to the deaths during that
period.

This dot map' was constructed in 1854, by Dr. John Snow, during the

worst Cholera outbreak in London in its history. Each dot «represents a

single death, while community water pumps are indicated by crosses (X).

Unable to establish a direct link by examining the water from a pump18 18 :yh: f:onsfs::uqa:’ee;t:‘?'lt;z ‘:’;::e:f
situated on the junction with Broad Street and Cambridge Street, Dr. T>’ in Broad Street on the map.
Snow obtained a list of 83 deaths that occurred as a result of Cholera.

This tabular representation of data was then represented visually by

constructing the dot map above, where multiples of dots arranged in two

dimensions give the density of distribution which varies in relation to the
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water pumps (Principle 1). The data graphic places the deaths in their
context spatially and compares them (Principle 2) to the proximity of the

11 water pumps located in the area, revealing a strong association between
the Broad Street pump and the high number of casualties in the vicinity.
A cause and effect (Principle 3) relationship becomes apparent as most of
the deaths occur near the Broad Street pump. Upon investigation, Snow
found that the deceased drank water from this pump. In September 1854,
acting upon Dr. John Snow s advice, the authorities ordered that the
handle ofthe pump be removed, after which the plague was stayed. Dr.
Snow is celebrated for establishing the mode of transmission of cholera

- water, and consequently, its cure.

Producing an exemplary data graphic requires of course, an understanding
of what it is that is being represented. In many cases, it is numbers or
quantities that require representation, and if those adept graphically may
not be so numerically, then data distortion is common. Worse, is if one is
inept at both, producing the graphically preposterous such as the example
below.

A four-fold increase in area of the athlete in this data-thin graphic fails to
answer what variables are being compared, in which context and why, for
whom and when; prompting a question such as “Comrade, why are we

having this meeting?”

Epilogue to Part 1



By nature, well designed data graphics arc high density, multi-
dimensional pieces of work that repay careful attention. Human beings

rely on their tactile, sensory and spatial abilities to gather and process

information from the environment both subconsciously and deliberately.

If visualization is a tool for envisioning information, then constructing
a visualization is a craft. As seen, the principles behind exemplary pieces
of information design are simple and consistent, but often ignored. If
living in the information age implies using electronic equipment for
information seeking then these established principles of data design

cannot be ignored.

I".pllogur to P, 1t 1
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Research Questions and Methodology

This thesis attempts to answer the following questions:

a) What are the design principles employed in Data Graphics?

and

b) How can they be applied to construct effective information

visualization(s)?
The literature review in the thesis focusses on the study of Data Graphics
as they are a precursor to modern dynamic computer-based visualizations.
Although the medium on which Data Graphics have historically been
constructed and presented has changed from paper to the computer,
design principles, as seen, have remained the same, regardless of
the medium or the source of content. Having uncovered the design
principles, two case studies will be explored, where the application of
these design principles can be tested. Although the choice of the case
studies may seem widely divergent or disparate, they have been chosen as
apart from the author's interests in these two areas, they represent data-
sets which have different spatial bearings - Air Traffic Control data is
inherently three-dimensional and Hypertext does not instrinsically have
any spatial mapping. Also, the data-sets are multivariate in nature, and are
large and complex to deal with. They also represent challenging real world
problems. With the growth in aviation worldwide, visualizing air traffic
control data for the efficient management of air traffic is a critical issue
for passenger safety, national security and the economy. Similarly, with
the exponential growth in digital data, constructing tools to assist users
to navigate through the internet or web documents remains a challenging
task.

Case study 1 is an investigation into the display of two-dimensional radar
images for air traffic control. National Air Traffic Services Ltd. (NATS)

- the government body involved in managing United Kingdom airspace
will be approached in order to inquire about the current status of radar
displays, technologies in use, and future directions in air traffic control
displays. A proposal to construct a three-dimensional radar display will be
proposed, which, if accepted by the Organisation, will enable operational
data to model and simulate controlled airspace to be acquired by the
author. It is necessary to prepare a dynamic simulation ofthe proposed
three-dimensional radar display by means of a computer model. The
software application 3d Studio Max will be used for this purpose as the
author is familiar with the modelling tool. It is envisaged that meetings
will be held between the author and ATC planners at NATS where

the visualization will be demonstrated, and subsequent refinements

will be based on their guidance and feedback. A final evaluation of the
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visualization is to be conducted in collaboration with domain expens at
NATS.

Case study 2 is a software application that is designed to facilitate the
navigation of data in a hypertext document. The author will have to

learn a suitable programming languagell9to implement the visualization.
Three distinct stages are manifest in this application: design, development
and evaluation. The design of the navigation tool is grounded in the
theoretical underpinnings of Part 1 of the thesis ie design principles

in Data Graphics. It may also utilise principles from domains such

as software user interface design and human-computer interaction.
Development of the software will be through a process of iterative design,
where the prototype will be refined through informal user studies at
intermediate stages. The final stage involves a formal validation of the
navigation tool, where statistically relevant data can be collected and
analysed to test the functionality of the proposed application. This will be
conducted through user studies described in detail in Chapter 4, Section
4.6.

It can be deduced from the previous two paragraphs that the exploratory
nature of this thesis combines both quantitative and qualitative methods.
Both case studies will go through an intensive, open-ended iterative
process, simultaneously involving data collection, data analysis and

representation, and data validation described below.

Data Collection: In case study 1, a series of consultative meetings with
domain experts in air traffic control form the basis of data collection. The
author intends to audio record the interviews with air traffic controller's
with permission from the participants. This data will also form part of
the data analysis and validation. In case study 2, a questionnaire will

be formulated which will be part of the user study conducted on the
navigation tool, and will form the primary source of data collection. The
actions of the user performing search tasks on computer will be recorded

using a screen capture software for later analysis.

Data Analysis: In case study 1, the three-dimensional simulation of the
proposed radar interface is to be validated and refined in the meetings
held with ATC planners. The interview audio recordings will be
transcribed for later analysis. In case study 2, data from the questionnaires
and video recordings will be coded and represented as a data matrix. 10
The video recordings of users performing search tasks need to be
statistically analysed in terms of parameters essential to assessing the
effectiveness of the software application. Qualitative feedback on the

user interface will also be coded and displayed in the data matrix. The

Research QIK stions and Methodology
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data matrix will present an overview of the results which is useful for
comparisons and to identify patterns, trends and paradoxes. The analysis

ol videos will provide direct insight into users search behaviour.

Data Validation-. Domain experts are the primary source of validation for
the proposed three-dimensional radar display. The audio transcriptionl 1
will serve as an audit of the feedback provided at a live demonstration

to an ATC planner at NATS. In the second case study, user studies will
confirm the search abilities of the tool if the majority of users are able to
answer majority of the task questions correctly within an appropriate time

frame.

The case study method where two practical projects will be implemented
is well suited to this thesis as:

a) Two case studies are explored as it is essential to test the application of
design principles of Data Graphics to visualizations based on two different
types o fdata-sets - spatial (ATC data) and non-spatial (hypertext).

b) Both case studies will go through an iterative process where the design,
product or process is refined through intermediate stages based on user
feedback and expert guidance. This combined method of data generation
and data analysis is well suited to an exploratory method with case studies
which is grounded in a body of knowledge ie Data Graphics.

¢) The formative method of evaluation for the radar display will guide its
development in a cyclical process whereas the predominantly summative
method ofevaluation for the navigation tool will test its functionality
after the prototype has been prepared.

Ri search Questions and Methodology
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Prologue to Part 2

The second parr of the thesis consists of two case studies. Although

they address widely divergent tasks - an air traffic control display and a
software designed to help with navigating a hypertext document - the
principles underpinning the designs are similar and grounded in the ideas
already explored.

Case study 1: Air Traffic Control

An interest in this case study was partly incidental. Given the events of
September 2001, the political and economic climate surrounding aviation
meant that it was subject to constant media coverage. During this time,
the Swanwick Air Traffic Control Centre had also been in the news as

it was finally operational, albeit with severe delays and major software
breakdowns in its early years. Further investigation into air traffic control
prompted an interest in how data is displayed to air traffic controllers

in conventional radar displays. It was thought that National Air Traffic
Services Ltd (NATS) would be the best source of operational information.
On contacting NATS, the author was directed to Alison Lewis, at their
Long Term Research and Innovation Unit. The organisation was very
cooperative with the authors proposal to construct a three-dimensional
visualization of air traffic data. Between March 2004 and September
2004, three meetings were held with authorities at NATS, who provided
limited but relevant information on air traffic control and radar displays,
which enabled the proposal in Chapter 3. Coincidentally, NATS was just
beginning work on a similar proposal entitled the ‘air tunnel approach’
and was keen to see results from an alternative viewpoint.

Case study 2: A Navigation Toolfor Information Seeking

Tliis case study is the result of an interest in the way we search for
information online, the subsequent representation of search results or
data, and how we interacr with the data during the search process. It thus
looks at the process of search, display and interaction in a navigation

tool designed to seek information w'ithin a specific data set. The software
application required programming or scripting a prototype to develop
and test ideas as they evolved. Initial ‘field work' in the programming
languages C++ and OpenGL proved too demanding a task. However,

an encounter with ActionScript, the native scripting language of
Macromedia Flash MX, was found to be appropriate both in terms of

its capability to produce the intended application, and, more crucially,
the author’ ability to understand and develop the application using this
programming language. Three distinct phases are evident in this case
study: design (applying theory from Part 1), development (implementing
the ideas by scripting using ActionScript) and finally, evaluating the
software (by conducting user studies). Although the case study is cross
disciplinary across several domains, a focus on subject matter of this thesis
has been retained.

Prologue to Part 2
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Both case studies discussed in this thesis are examples of Information
Visualization. The visualizations differ in the type of data they represent:
air traffic control data is inherently spatial, whereas the web pages on
environmental design, which form the content of the navigation tool have
no spatial bearing - they are abstract.

Prologue to Part 2
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3.0 Visualizing SID %

Since the Wright brothers undertook their historic flight in 1903, aviation

has become “a gigantic enterprise undertaken, above all, in the name of

economy and commerce.”12 Once so simple to comprehend, airways 122 Pasooe, D., sdinpacest London:
are now “a complex, crafted network invisible to the spectator on the Roakuon, 2001, p 2=
ground.” 13 The successful navigation of these mechanical birds depends 122 ibid, p 0

on avisualization system that translates geographic co-ordinates into

Cartesian co-ordinates. It is this exclusive zone - its management using

information visualization - that is the subject of this case study.

This case study has been made possible through collaboration with
National Air Traffic Services (NATS) Ltd., which is the official body

responsible for managing United Kingdom airspace.

3.1 Air Traffic Control (ATC)
3.1.1 Historical Background

During the beginnings of commercial aviation, air crew largely relied

on direct observation, their own deductions and simple navigational
instruments. With growth in air traffic, legislation to regulate airspace
was introduced after the First World War. In 1919, the International
Commission for Air Navigation (ICAN) was formed, after which the
exchange of weather reports between all major airports began. In 1922,
flights between London and Paris were instructed to remain west and
east of specific landmarks when flying inbound and outbound of London
respectively. This was a precursor of the airways system. A network of
radio beacons was created, which transmitted signals that could be sensed
by aircraft flying along that route, leading to the creation of airways. In
1933, specific procedures to maintain safe separation between aircraft
were adopted. The airways system enabled safe lateral, longitudal and
time separation between aircraft. Aircraft flying in the same direction

or in opposite directions could be on separate airways, or even on the
same airway or air corridor, as long as the safe separation between aircraft

involving the three spatial dimensions and time were ensured.

The Second World War led to technological advances in the identification
of aircraft, navigation and target finding. In 1935, Robert Watson Watt
submitted a memorandum The Detection and Location of Aircraft by
Radio Methods to the British Government, explaining how radio waves

could be used to detect aircraft, subsequently marking the birth of radar.
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In 1938, the division of airspace into two categories, aerodrome and

area, was proposed. In 1939, Air Traffic Control' (ATC) was adopted

as an official term by the Air Ministry in Great Britain. The Chicago
convention in 1944 formed the basis for present day ATC throughout the
world. In 1951, the UK adopted the airways system. Five new airways
were created: Amber One (Daventry-Dunsfold-Dieppe-Paris), Amber
Two (Daventry-Brookmans Park-Maidstone-Paris), Blue One (Worburn-
Watford-Crowborough), Red One (Dunsfold-Maidstone-North Foreland-
Amsterdam), and Red Two (Woodley-Epsom-Ashford). In 1962, National
Air Traffic Control Services (later known as National Air Traffic Services

Ltd., or NATS) was formed. “The safe, orderly and expeditious flow of air

124 Hopkiii, Y.D., Human Factorsin A ir
Traffic Controll London: Taylor &
Francis, 1995, p 4

traffic became established as the objective of air traffic control.” 124

125 Pascoe, I)., Airspaces, London:

3.1.2 “The Unalloyed Blue” 125 Reaktion, 2001, p 43

This section describes the conceptual organisation of United Kingdom

airspace.

UK airspace is divided into zones, with each zone being further divided
into sectors. A sector is a region of airspace defined by geographical
and height boundaries which is controlled by an Air Traffic Controller
(ATCO), or ateam of ATCOs.

A series of airways (analogous to motorways) exist in the skies, which
guide the movement of aeroplanes departing or approaching an airport.
The safe lateral, longitudal and time separation between aircraft arc
ensured at all times. “The actual magnitudes of'the separations required

for safety are not universal, but depend on the quality of the navigational

126 Hopkin, Y.D., Human Factors in A ir
Traffic Control\ London: Taylor &
Francis, 1995, p 4

information.” 1%

Departure routes are known as Standard Instrument Departures (SIDY%),
and Arrival Routes are known as STandard Arrival Routes (STARS).

An aircraft flying through a specific airspace has to follow the ATC
guidelines of that region or country, and is obliged to carry specified

navigation and communications equipment.

Each airport resides within a Terminal Radar Approach and Control
Region (TRACON). A Terminal Control Centre on the ground tracks
and controls the position of all aircraft entering or leaving the airspace it
is responsible for. Air Traffic Controllers track the position of aircraft: and

are responsible for communication with the pilot.
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A virtual map representing way points’ or altitude constraints exists (on
ground) which informs the pilot whether the aeroplane should he at,

above or below the height represented by the altitude constraint.

3.2 Radar
3.2.1 Definition

Radar or RAdio Detecting And Ranging, is “a method of detecting distant
objects and determining their position, velocity or other characteristics by
analysis of very high frequency radio waves reflected from their surfaces.
The equipment used in such detection is known as RADAR.M Radar
enables the air traffic controller to visualize the relative positions of all

objects in airspace.

3.2.2 The Radar Interface

The radar interface is a Graphical User Interface (GUI) system. As shown
in figure 3.2.2 (left), it comprises of three main elements:

1) A Radar Display: a high resolution, colour, raster display.

2) A Rollball Assembly: a rolling ball with additional keys.

3) A Rotary Switch Panel Assembly: three rotary switches, for label
rotation, brilliance and range setting, together with a numeric range

tell back.

The rollball assembly and the rotary switch panel assembly constitute
what the air traffic controllers refer to as 'OffScreen Man Machine
Interface'. Together, they provide the physical method of access and
control - pointing and selecting. Figure 3.2.2 is a graphical representation

of the radar interface.

3.2.3 The Radar Image

The radar image is a crucial element in the radar interface. It is a visual
representation in real-time of the data accumulated by the radar device,
which enables an air traffic controller to manage traffic on the ground and

in the air.

A series of dots, squares or asterisks represent the geographic position
of the aircraft. Each reference or blip is accompanied by a tag. This tag

carries two vital pieces of information: the aircraft identification number

Visualizing SID’s
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(similar to a flight number) and the altitude of the aircraft.

Concentric circles or range rings on screen define the area of view ie

the radius of airspace corresponding to its coverage on ground that the
air traffic controller is looking at. The range setting button within the
rotary switch panel assembly allows the air traffic controller to zoom in
and zoom out, thus enabling him or her to concentrate on a specific area
or sector of responsibility. Also, in the case ofthe United Kingdom, a
coastal outline gives the air traffic controller an indication ofthe aircrafts

position with respect to the land mass.

A series of menus and palettes can be hidden 01 invoked using the rollball
assembly allow further interaction with data on the radar screen.

As seen in the image below, a trail of circles, gradually diminishing in
size, forms a tail behind the asterisk representing an aircraft. The subtle
deviation of this tail from linearity gives the controller an indication of its

intended direction.

A representation of a radar image as seen on a radar display by an air traffic controller.
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3.3 Related Work

A number of studies on air traffic displays have been conducted. Studies
in this area have focussed on: the cognitive demands of air traffic control
(Wickens et al, 1998; Morineau et al, 2003; Wickens et al, 2005),
enthnographic studies on air traffic controllers (Bentley ef al, 1992;
Mackay et al, 1998) and the role of flight strips in air traffic control
(Mackay 1999), amongst others. In the context of this case study, studies
on the design of three-dimensional displays are of primary concern.

A number of formal studies in this direction have been conducted by
Wickens ef al, most significantly: ‘Two- and Three-Dimensional Displays
for Aviation: A Theoretical and Empirical Comparison' (Wickens and
Haskell, 1993); ‘Terrain Representation for Air Traffic Control: A
Comparison of Perspective with Plan View Displays’ (Wickens and

May, 1994); '"Weather Displays for Air Traffic Control: The Effect of 3D
Perspective’ (Wickens ef al, 1995); 'Cognitive Factors in Aviation Display
Design’ (Wickens et al, 1998).

3.3.1 Advantages and disadvantages of three-dimensional displays

advantages:
Wickens et al reveal 'mixed evidence’ regarding the utility of perspective
displays versus planar displays. An equivalent performance is found in
basic component tasks, whereas the planar display supports more complex
tasks. The planar display supports more accurate’ navigation, whereas
perspective displays support more 'efficient' navigation. Wickens et al
report that the spatial component representing altitude is a modest benefit
for the perspective display, whereas Brown and Slater (1997) state that
this more matural display of data leads to a potential reduction of mental
workload. Formal studies by two former controllers’ (Strutt, 1991 and
Burnett, 1991), suggest the development or formation ofa mental model
based on the alphanumeric information present in plan view, and suggest
that it is the spatial component in perspective display that can potentially
reduce the air traffic controller’s mental workload. Wickens ef a/ support
the use of the perspective display as a good training tool to understand
three-dimensional characteristics of airspace, therefore facilitating the
development ofthis mental model.

128 Brown, Mark A. and Mel Slater,

disadvantages: Some Experiences with Three-
Dimensional Display Design: An

Brown and Slater (1997) state "the difficulty in interpreting aircraft
. . . . . Air Traffic Control Visualization,
position in perspective displays due to inadequate depth cues’ IBas a IEEE International Workshop on
Robot and Human Communication,

possible reason why 3d displays have not yet been used in operational
1997, pp 296 - 301

ATC displays to date. A key concern in air traffic control is the
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judgement of distances and angles. Inadequate depth cues can lead to
objects much further in the distance being displayed close to each other,
resulting in clutter. Occlusion or the masking of background items by
foreground items is also more evident in perspective displays. Wickens
et al suggest that the difficulty or “negative transfer experienced in using

129 \\ li kens, Christopher 1).

. . . . - .
the perspective format due to difference in spatial meaning"19, which and Paricia May, Terrain

is related to the controller’s current mental model, as a drawback for 3d Representation lor Air Traffic
Control: | Comparison of

displays. However, all studies comparing 2d and 3d displays show that

Perspective with Plan View

air traffic controllers are biased towards the planar display, while pilots Displays’, Prepared for Federal
remain biased towards the perspective display. Evidence continues to Aviation Administration, Systems
L . L . . . Operations & Engineering Branch,
suggest the viability, if not superiority, of perspective displays. Published Washington DC, September 1994
literature does not appear to contain examples of other forms of

three-dimensional projections, for instance, isometric or axonometric

projections.

3.4 The Issue

Studies on air traffic control that are generic (giving an overview of the
field) and specific (specialist studies, on colour or the effect of perspective,
for example) are common. There is little or no evidence, however, of
studies on ATC display design from a data graphics viewpoint. This
section discusses the issues concerning two-dimensional radar displays
from this perspective, and proposes a graphic display consistent with the

principles of information design.

(a) data integrity.: the number o fdata variables is not equal to the number of
design variables

The radar image is two-dimensional. Air Traffic Controllers construct a
three-dimensional image in their mind by looking at (a) the proximity
of blips on screen, (b) their altitudes and (c) their velocity. In terms
ofvisualization, it lacks the interactivity that a three-dimensional
representation can offer. The ability to look at the interaction of
aeroplanes with each other in the air, from any direction or vantage point,
seems natural for a body of data that is inherently spatial. Examples
abound of graphics that distort the data by exaggerating the number

of real data dimensions compared to those depicted (see image 3.4a to

image 3.4a: a perfect example of

the right); but the radar display is a rare example where “the number of puffing up one-dimensional data,
in this case quantities, into three.

information-carrying (variable) dimensions depicted [does] not exceed the
number of dimensions in the data." 13 “Graphical [integrity] begins with 130 Tufte, Edward R., The I isual

telling the truth about the data. *Bl Display of Quantitative Information,
Cheshire, Connecticut: Grapliics

Press, 1983, p 77

131 ibid, p 53
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(b) data overload: cognitive demands and the impact o fvisualization

Air traffic controllers are subject to intense cognitive demands. According

to the International Labour Organisation (ILO),
Surveys show that the main sources of stress reported by air traffic controllers
arc related both to the operative aspects of their job and to organizational
structures. In the former case, the most important factors are peaks of traffic
load, time pressure, resolving conflicts in the application of rules, and the
limitations and reliability of equipment. The factors relating to organizational
structure mainly concern shift schedules (and particularly night work), role

conflicts, unfavourable working conditions and the lack of control over work.

Analysis has emphasized the complexity of the work of air traffic controllers.
For example, the cognitive/sensory capacities required for high performance
at radar workstations include spatial scanning, movement detection, image
and pattern recognition, prioritizing, visual and verbal filtering, coding and
decoding, inductive and deductive reasoning, short- and long-term memory,
and mathematical and probabalistic reasoning. Air traffic controllers are also
among the groups of workers who are most exposed to critical accidents which
cause unusually strong emotional reactions, such as air accidents with loss of

life or serious injury, near collisions and loss of control due to overload.132 132 International Labour
Organization, ‘SaleWork, Stress
Prevention In Air Traffic Control’,
The importance o f‘graphical perception' has already been seen in http:// wuw.i/a org/public/ engish/
protection/safeu orkjstress/ tmfctr. htm,

Chapter 1, where pre-attentive processing was discussed. A visualization
Accessed ' November 25,2004>

is said ‘“to be more effective if it is faster to interpret, can convey more

133 Schneiderman B.,S.K. Card

. . . . . . and J.13 Mackinlay, Readings in

According to Edward Tufte, excellence in visual design is achieved ormation T isualinati ”
Ilyul f Iy Usmg

through graphics that correspond with the mental tasks they are meant I ision To Think,, San Francisco:
Morgan Kaufinann, 1999, p 23

distinctions, or leads to fewer errors than some other mapping." 13

to support. “If the thinking task is to understand causality, the task calls
for a design principle: ‘Show causality. If a thinking task is to answer a

question and compare it with alternatives, the design principle is ‘Show
134 Zachry, Mark and Charlotte

comparisons. "1%#A simple example is the design and display of symbols Thralls, ‘Cross-Disciplinary
Exchanges: .An Interview with
Edward R. Tufte’, Technical
fighter jet and a helicopter, in place of an asterisk or a dot (which relies Communications Quarterly, Vol 13,
No 4, 2004, pp 447 - 462

that exemplify what they represent, for example, a commercial aircraft, a

on the accompanying data tag) to determine the type of aircraft. The

importance of cognitive-design principles in enhancing the design and

display of data cannot be understated. A good visualization should reduce 135 ‘Chartjunk' is a term coined by
.. . . . Edward R. Tufte to describe
cognitive overload, not be the equivalent o f’chartjunk.13 the false ornamentation of data
displays.

(c) data density: Continuous growth in the volume o fdatal% 136 According to the Department

In light of paragraph (b), two recent events are worth noting. In for Transport, the number of air

. assengers in 2003 was nearly 200
November 2004, the Guardian reported that “a moment of forgetfulness passengers | . Y
million. This figure is set to rise

by an air traffic controller caused a near disaster at Manchester airport between 400 and 600 million by
when a MyTravel holiday jet had to abort its takeoffat 100mph to avoid 2030.

another aircraft. The Air Accident Investigation Board (AAIB) said the 137 http://www.guairdian.co.uk uk_
news,'story 0,,1348184,00.html.

incident was down to human error. '3 On June 3, 2004, BBC News
Accessed ' November 22, 2004>

reported that “thousands of passengers are facing delays after an air
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Image 3.4c: A computer failure at the Swanwick Air Traffic Control
Centre on June 03, 2004 suspended air traffic control services for a few
hours resulting in a traffic jam in the skies’, the density of which is

captured in the image above.



traffic control computer failure caused flights to be suspended across the
UK."1BImage 3.4c (left) shows the dense radar screen at the Swanwick
Centre on that day. Carefully designed and displayed multivariate data
sets of high density can be very effective in using the eyes ability to read
substantive quantities of information in limited space. Increasing the

size of radar displays is not an easy solution, as the optimum sizel® is
greatly influenced by viewing distances and angles, and the corresponding
legibility of information on screen. Here, the principle of selective
omission of information applies, where the ATCO can select what data

to view for a particular task and timcscalc. Although the addition ofa
third dimension for viewing is to be treated with caution, in terms of data
density, this escape from flatland does provide much needed extra depth
for data display. Also, the shift from tactical air traffic control (resolving
problems that have arisen) to strategic air traffic control (preventing
problems from arising), where air traffic control is likely to be organised
into flows, rather than dealing with flights on a singular basis, is the

potential biggest advantage of a 3d display. ¥

(d) Lack ofappropriate visual structure

One of the characteristics of air traffic displays is that they are not self-
evident ie they contain no information about themselves and make no
sense to the non-expert. The information displayed has to be learned

and this knowledge has to be applied in different scenarios. Most ofthe
information contained in the displays is quantitative in nature (speed,
height, acceleration, etc). This quantitative information has to be decoded
to form an appropriate mental model of airspace. 41 Ultimately, this
mental model and the visual representation must match. Current radar
displays are not instructionally supportive and an appropriate or better
visual display can enhance the formation or development ofthe air traffic

controller s mental model and also be a valuable learning tool.
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138 http: news.bbc.co.uk 1 hi
uk 3 2022.stin, Accessed ' [line
03,2004>

139 The optimum size of a radar
display with a viewing distance of
500mm is about 350mm.

140 Hopkin, Y.D., Human Faetors in A ir
Traffic Controld_ondon: Taylor &
Francis, 1995,p 5

141 See ‘Related Work’, Section 3.3.1
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3.5 Visualizing Standard Instrument Departures (SID s)

The sections that follow describe the transformation of the two-
dimensional radar image into a three-dimensional radar display. The

representation is also known as the air tunnel approach'.

3.5.1 Parameters/ Constraints

The sector of airspace to be visualized is above Heathrow airport. The
radius of airspace under consideration is 25 nautical miles (nm), where
11 = 1.852km.

Air traffic regulations are a set of rules that define the airspace and the way
that objects are supposed to navigate through this space. This set of rules
is binding for the users' of the airspace (aircraft), the air traffic controllers,

and designers of a visualization system.

An aircraft has a specific route map for its journey. Within controlled
airspace, it follows a strict flight path. ATC guidelines in the UK require
a minimum lateral separation between two aircraft of 3nm, on both sides,

and a minimum 1000 feet vertical separation, both up and down.

It is these constraints that are the very basis for this particular
visualization. The representation that emerges has the following basic

components: tunnels, symbols, text and colour.

3.5.2 Tunnels

As mentioned earlier, the trail of circles on the radar image gives the

air traffic controller an indication of the direction of the aircraft. A

more accurate representation is to plot the flightpath ofan aircraft. The
minimum lateral and vertical separation distances imply, in theory, that
an aircraft travels in an insulated volume of airspace. Translating these
distances into a shape, an elliptical form evolves. Extruding this elliptical
shape along a flight path, a loft or tunnel is formed, which represents the
three-dimensional elliptical volume of airspace through which the aircraft

is travelling.
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3.5.3 Symbols

The table to the right lists the various symbols used to represent data in
the proposed three-dimensional model. The term symbol(s) is used here
to “represent data through visual properties such as colour,

shape, size and orientation ” 2 (Wittenbrink etal, 1996) A

symbol is thus “an object with parametric geometry and dtituk
appearance that can be linked to data quantities.” 183 (Walsum, o
etal, 1996) The terms icon and glyph have also been used in
visualization. However, the term symbol is used here, as both

an icon and a glyph are symbols of some kind, whose purpose

is to signify. Semiotic aspects ofthese symbols are discussed in

Section 3.5.5. These geometric objects have attributes which

can be classified into three groups 144

a) spatialparameters such as position and orientation: The position of
static objects (landmarks, altitude constraints, runways and SID's) are
governed by their geographic positions. The objects are aligned with the Z
axis.

b) geometric parameters which control the shape of the object. The
symbols chosen to represent Heathrow and surrounding landmarks are
simple geometric objects - a pyramid and a cone respectively. Both can
be communicated with verbal ease. The altitude constraint however, is
represented by an elongated octahedron, whose size differs in proportion
to the altitude it represents.

c) descriptive parameters such as colour, texture, transparency or sound.
Two descriptive parameters arc utilised to increase comprehension -
colour and transparency. The colour assigned to each geometric primitive
is discussed in the next Section. The transparency or opacity of the
tunnels is modulated to allow symbols representing aircraft to emerge
through the skin of'the tunnels,

* WOBUN « WOBUN
BPI

BUZAD BUZAD

CPTH*
DET

SID’s with opaque (left) and transparent skin (right)

The symbols used to represent the flightpaths, runways and aircraft are
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142 Wittenbrink, CM., A T. Pang

andS.K. Lodha, ‘Glyphs ior
Visualizing Uncertainity in Vector
Fields’, IEEE Transactions on

1 'ismth&tion and Computer Graphics,
Vol 2, No 3, September 1996, pp
266-279

143 Walsum, Theo van et al,

‘Feature Extraction and Iconic
Visualization’, IE EE Transactions on
I isualhatkn and Computer Graphics,
Vol 2, No 2,June 1996, pp 111-
119

144 ibid,pp 111 - 119
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self-evident ie their virtual avatars bear considerable (if not absolute)
similarity with their real physical manifestations. However, two variables
that required to represent data - landmarks ~ and altitude constraints |
- are not self-evident. The meaning assigned to them has to be learned.
Although the shapes are highly distinguishable, and two out of three can
be communicated verbally with ease (cone and pyramid), an economic

use of such symbols is recommended in ATC displays.

3.5.4 Colour

The application of colour to the three-dimensional ATC model
developed, is primarily for segregating objects. “Colour is often extremely

effective as a nominal code Kie a label. The discussion of the application 145 Ware, C., Information 1iswlisation:
feol . . lizati £ hol £ i 4 Perceptionfor Design, San Francisco:
of colour in visualization from a psychology of perception perspective Morgan Kaufman, 2000, p 133

would unnecessarily broaden the scope of this thesis. However, there
are a few studies and established principles in colour theory that deserve

mention.

One important question is “how can we choose effective colours

that provide good differentiation between data elements during the
140 Healey, Christopher G., Choosing

visualization task.'M6In 1969, the anthropologists Brent Berlin and Paul Effective Colours for Data
Kay showed in a study on colour vocabulary, of more than 98 languages Visualization, Proceedings, Seventh

1 . h h . fori 1 . Kkabl . IEEE Visualisation 1916 (VIS 96),
worldwide, that the naming of primary colours is remarkably consistent 1996, pp 263 - 270

across diverse cultures. In Basic Colour Terms, Their Universality and
Evolution, Berlin and Kay state, “...a total universal inventory of exactly
eleven basic colour categories exists from which the eleven or fewer basic
colour terms of any given language are always drawn. The eleven basic

colour categories are white, black, red, green, yellow, blue, brown, purple,
147 Berlin, Brent and Paul Kay, Basic

color terms: their universality and
blue are “far more valuable in coding data than others.” &8 Ware (2000) evolution, London: University of
California Press, 1969

pink, orange and grey.” 11 Hence, colours such as red, green, yellow and

extends this set ofeleven colours by adding cyan, to produce a 12 colour-

set as follows: 148 Ware C, Information 1 isuali’ation:
Perceptionfor Design, San Francisco:
Morgan Kaufman, 2000, p 119

oIoooo e O
e o() o o o ® [

A related question to how we can choose effective colours in

149 Healey, Christopher G., Choosing
. . . . . . Effective Colours for Data
allowing for rapid and accurate target identification?” ¥ Previous work Visualization, Proceedings, Seventh

by Healey (1996) shows that “seven isoluminant colours is the maximum IEEE Visualisation 1996 (I IS 96),
1996, pp 263 - 270

visualization’, is “how many colours we can display at once, while still

we can display at one time, while still allowing for rapid and accurate
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An example of the application of colour to
air traffic control displays is given by Linda
Reynolds in Information Graphics: Innovative

Solutionsfor Contemporary Design.

As a colour specialist with the Colour

Group setup under the NATS Research and
Development Directorate, the task required
developing a draft colour standard for use by
display designers. The two images to the left
(centre and lower) represent prototypes of
full-colour radar displays in static form. The
displays use colours of medium luminance
and avoid highly saturated colours to avoid
visual fatigue. Transparency is introduced

to distinguish between background and
foreground layers. The results have been used
to fine tune specifications for civil and military

displays at NATS.

Layer 1 — Background areas

Opagque infills
Grey Rad Buff  Green Gm/BI  Blue

- ---..-

Transparent Infll*

Used Et  SOS, 80% 80% I 80% 80%

Layers 3, 4. 5 and 6 — colours for data-Olock infills

Gray Ptnk Buff Qreon  Hiuu  Tilac
Layer 3 — Low
Foreground

Layer 4 — High
Foreground

White Magenta Green Cyan Blue
Layer 5— Low
Level Alerts

Layer 6 — Rod Orange Yellow
Emergencies and
Conflict Alert



150 Healey, Christopher G., Choosing
Effective Colours for Data

1, colour is preattentive, and can be effectively applied to visualization Visualization, Proceedings, Seventh

TEEF. 1 Isuah”™ation 1996 (I IS V6J,

1996, pp 263 - 27

identification of any one of the colours.” 19 As mentioned in Chapter

tools where “high-speed target detection, boundary identification and
region detection are important.”' 5 The use of green in monochromatic

radar displays owes to the fact that it is the most sensitive part of the 151 Healey, Christopher G., KellogS.
booth andJames J. Enns, ‘High-

visible spectrum. Colours such as white and yellow suffer from excessive . L
Speed Visual Estimation I’sing

brightness contrast, whereas red and blue suffer from inadequate contrast. Preattentive Processing*, AC.M
o . . Transaeti C -H
Green maintains good brightness contrast throughout most of its am on -omp wman
Interaction, Vol 3, No 2, June 1996,
saturation range. pp 107-135

The choice of colour for different objects also depends on the background
colour in the model. The colour of the background in our representation
is light grey. The Swiss cartographer Eduard Imhof's classic work
Cartographic ReliefPresentation describes design principles for the Swiss
maps, fhe third rule in this work states:
Large area background or base-colours should do their work most quietly,
allowing the smaller brighter areas to stand our most vividly, if the former
arc muted, greyish or neutral. For this reason, grey is regarded in painting to be
one of the prettiest, most important and most versatile of colours. Strongly

muted colours, mixed with gray, provide the best background for the coloured

152 Imhof, Eduard, (Editor) I11J.
Steward, Cartographic Relief

Ultimately, the study of colour and irs application depends on context. Presentation, Berlin: Walter de

Gruvter & Co., 1982

theme. This philosophy applies equally to map design.152

For a visualization system required to handle a critical task as the one
under discussion, the application of colour and its effectiveness have to
be thoroughly tested for application in industry. This is beyond the scope
of this thesis. In this case study, colour has been discussed from scientific,
cultural and aesthetic viewpoints - the synthesis of which is necessary for

any visualization.

3.5.5 “What means this shape of hovering shade?” 133 153 Pascoe, D., Airspaces, London:
Reaktion, 2001, p 76
Semiotics is the study of symbols and how they convey meaning.
A 3d model consisting oftunnels in airspace means little to an air traffic
controller. It needs to be supplemented by a library of symbols as seen
earlier, each of which imparts some meaning to the representation. Let us
follow a hypothetical flight to any destination departing from Heathrow.
The runways, the city of London, surrounding cities, towns or landmarks
of concern to air traffic control; altitude constraints and the relevant
sectors of UK airspace - all of these are represented and acquire meaning
through some form ofgeometry and convey a message to the air traffic .
154 Owen, William, (Ed.) Roger
controller. The Highway Code is an example of a set of symbols that we Fawcett Tang, Mapping: A n
illustratedguide to graphic navigational

symbols, Mies, Switzerland:
it would not be surprising if an international set of symbols for air traffic RotoVision, 2002

“consult in order to locate, identify and understand. 1% In this context,
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control is introduced.

Visualization can be approached as an art, science or language. However,
the argument for visualization as a language has strong philosophical
proponents. Colin Ware, an expert in the psychology of perception
explains in Information Visualization, Perceptionfor Design,
Visualization is about diagrams and how they can convey meaning. Diagrams
are generally held to made up of symbols, and symbols are based on social
interaction. The meaning of a symbol is normally understood to be created
by convention, established in the course of person-to-person communication.
Diagrams are arbitrary and are effective in much the same way as the written
words on this page are effective - we must learn the conventions of the language
and the better we learn them, the clearer the language will be. Thus, one
diagram may ultimately be as good as another; it is just a matter of learning the

code, and the laws of perception are largely irrelevant.155
The detailed analysis of the semantics of symbols and their effectiveness
from the science of human perception and cognition is beyond the remit
of this thesis. The previous two sections have outlined the perceptual basis
for the symbols chosen, and decisions governing surface properties such as

colour and transparency.

3.5.6 Note to images

The images overleaf represent still frames from a simulation of Standard
Instrument Departures or SID's from Heathrow airport. The region

of airspace modelled extends to 25 nautical miles from the airport and
includes seven SID s via Compton, Southampton, Midhurst, Mayfield,
Dover, Detfield, Buzad, Brookmans Park and Wobun. The animation

is modelled using the software application 3d Studio Max (version 6)
and represents an egocentric ie through-the-window or monitor-based
view. The animations have been recorded as video files and can be viewed
on the CD accompanying the thesis. The Technology and Programmes
Division at NATS anticipates that the air tunnel approach’ depicted here
will be operational by 2015. As further development of the project was
inhibited by an intellectual property dispute between the University and
NATS (Section 3.7), data related to STandard Arrival Routes or STAR%
was not available to the author, and have thus not been simulated.
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155 Ware C, Information 1 IsualJi*ation:
Perceptionfor Design, San Francisco:

Morgan Kaufman, 2000, p 5
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above: t =0 and below: t = 1.5 seconds

Short-term Conflict Alert: The hue of the aircraft symbols changes as the system detects the possibility of a conflict. The

symbols start flashing at a 1.5 second interval.



3.6 Short-Term Conflict Alert (STCA)

A Short Term Conflict Alert refers to the possible mid-air collision of two
or more aircraft. In such critical cases, rapid response is required from an
air traffic controller to avert a disaster. For that to occur, the visualization
should be able to alert the user of such a possibility, effectively and
efficiently. In a real-time monitoring scenario, the expected cost' of
missing such an event is too high. As discussed earlier, all objects in
airspace are bound to the minimum lateral and vertical separation
distances, that result in an elliptical cocoon of airspace that insulates an
aircraft. However, there can be a situation where the radii - horizontal or
vertical - of two aircraft can come dangerously close to touching or even
overlapping each other. Aircraft which violate each others minimum
separation distances - lateral and vertical, longitudinal or time - are said to

be in conflict.

The solution employed in this study is to use a ‘flashing target' ie a
moving target that starts to flash at an appropriate time by detecting the
possibility of such a scenario. A moving-flashing target has two significant
benefits. Peterson and Dugas (1972)1%show that moving objects have a
wider 'useful field of view’ (UFOV)15], compared to static targets. Since
motion does play a role in attracting a user s attention outside the UFOV,
the persistence of a flashing target can continue to remind the user that
the associated task needs urgent attention. Goldstein and Lamb (1967)
show how a flashing target can be "effective as an attention-getting device
and as a message source.” I'8 Moreover, four different flash rates have been
found to be easily discernible by the visual system. The more critical the
signal or message becomes, the higher its flash rate. Change in the hue of
the aircraft symbol is another mechanism of seeking visual attention. The
hue of the aircraft changes from black (normal)to red (critical). However,
research has shown that peripheral vision is colour-blind, which reduces
the effectiveness of colour as a user interrupt compared to a flashing

symbol.
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Peterson, Harold E. and Doris 1

Dugas, Die Relative Importance
of Contrast and Motion in Visual
Detection’, Human Factors, Vol 14,
No 3, 1972, pp 207-216

UFOYV or ‘useful field of view5S
defines the size of the region on
screen from which one can rapidly

take in information.

Goldstein, Donald A and Jerry
C. Lamb, Visual Coding Using
Flashing Lights’, Human Factors,
Vol 9,No 5, 1967, pp 405-408
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3.7 Evaluation and Limitations

In September 2004, the project was presented to senior figures at
NATS’ London Terminal Control Centre (LTCC). At this point, NATS
was willing to fund the further development of the three-dimensional
airspace model. The proposal was entitled 3D Representation of ATC
Data’ and involved production of the current London Terminal Control
airspace model, and modelling of future airspace designs. The model
would replicate the SIDs and STARs to all of the London airports -
Stanstcd, London City, Heathrow', Gatwick and Luton - and adjacent
airports such as Southampton, Farnborough, Birmingham, Coventry
and East iMidlands. NATS emphasised their interest in a design guide
for future use by the Organization. However, the project was embroiled
in Intellectual Property issues, and an agreement could not be reached
between the University and NATS. At this point, it became clear

that further collaboration was not possible, preventing both a formal
evaluation of the display and further development of the case study.

User studies have hence not been part of this study. However, input has
been received from domain experts at NATS with whom the validity of
the proposal has been discussed. They confirmed its graphical superiority

and an internal email confirms the benefits of the visualization produced:
Can provide more graphical detail on tracks, aircraft, buildings, terrain, etc.
Faster processing and allows for a multiple of camera views.
Cylindrical tracks whilst Luciad has lines only.
A more detailed simulation of an aerodrome, London TMA, etc.

More emergent and realistic aircraft behaviour.159
In terms of interaction, one of the most significant benefits of the tool is
the ability to rotate in three-dimensions in real-time.160 The perspective
view depicted on page 60 was considered ‘ideal’ for purposes of viewing

the interactions between SID %.16l

3.8 Summary

Air Traffic Control is a complex collaborative activity wifiich is conducted
in real-time. New technologies are introduced with extreme caution.

The design ofthe ATC display integrates established principles in ATC
display design with principles of visual data design. It is not an attempt to
provide the solution to issues inherent in air traffic control displays, but
shows that principles of information design, if applied in careful measure,

can greatly enhance the efficacy, effectiveness and beauty of data displays.

Visualizing SID's

159 Email from Devang Lakhani

(Project Manager) to the author
on September 28, 2004. Refer to
Appendix A.

Refer to the video ‘Four Views,
exe’ in the ‘Chapter 3_Case Study
T folder on the CD accompanying
this diesis.

Refer to Appendix A for a
transcript of discussions between
the author and Mark Green (ATC
Planner) at NATS. Refer to die
video ‘Camera View.exe’ in die
‘Chapter 3_Case Study 1’ folder on
the CD accompanying this diesis.
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4.0 Visualizing Probable Space

This case study looks at the process of search, display and interaction in a
software tool designed to help with the navigation of data in a hypertext
document. It is important to note that the goal or aim of the project is not
to create a search engine or search tool per se, but to create an interactive
learning tool.1® The focus is on context and its representation and not

on semantics. This may seem absurd in light of the first half ofthe
preceding sentence (as meaning is derived from context) but will become
clear in further sections. The case study applies the theoretical aspects of
information explored in Chapter 2 to the design and display ofthe spatial

navigation tool.

4.1 “Electric Rain” 18

Googol is a number represented by 10100 In 1998, Messrs Larry Page and
Sergy Brin applied for the registration of their company by this name,
but misspelt it as Google. This name has since become synonymous with
one particular web-related activity: search.16j The number of web pages
indexed by the search engine Google at the time of writing is nearly ten
billion or 10"™. While it is true that not all information or knowledge is
available online', it is a fact that an increasing volume of data is published
electronically, the categories of which range from education, business and
media to the highly personal internet diaries or 'blogs' (web logs). The
steady proliferation of the internet worldwide and increasing bandwidth
capacities are factors driving the generation and dissemination of digital

data in numbers in "‘powers of 10'".

Although the foundations of the internet can be traced to developments
at the Advanced Research Projects Agency (ARPA) in the United

States in the 1960s, its commercial application was conceived at the
European Organization for Nuclear Research (CERN) by Tim Berners
Lee, who described a set of access protocols and display standards for an
internet application called World Wide Web (WW W). These standards
were later incorporated in an application named Mosaic by Netscape
Communications Corporation. In the early 1990s, Microsoft Corporation
launched its widely used browser, Internet Explorer. Today, browsing the
Net' has become alike to exploring locations in an unchartered territory.
More specifically, searching for information on the Net has become
equivalent to digging for precious minerals in deep mines. Unsurprisingly,
the terms 'data mining and 'knowledge discovery' are closely integrated

with the science of visualization.
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162 see‘Section 4.8: Discussion’

163 Raeyer, Hans Christian von,
Information: The New language oj
Science, London: Phoenix, Orion
Books, 2003, p 3

164 According to the Oxford English

Dictionary, ‘to Google’ or

‘Googling’ refers to using the
search engine Googje to find
information on the Internet



4.2 Visual Representation of Search Queries

The term ‘query’ is used here to represent what one is looking for on the
internet using a search engine such as Google, Yahoo or MSN. Before
delving into the visual representation of search results, a brief overview of

h rch engin rk is n . A generi ription is presen

ow search engines work is necessary. A generic description is presented 165 How do Internet search engines

here.1® work?5 Scientific American,
January 2003, p82

Publicly available search engines such as Google, Yahoo, MSN, Microsoft

Live and Altavista use three most common methods to search for user

queries: Preprocessing data, smart representation and prioritizing the

results. A software named a 'crawler' crawls through the web looking for
166 In computer literature, ‘to parse’

web pages. These pages are then parsedlto extract keywords which are means to describe the syntactic
stored along with the corresponding links to web pages in an index file. role of aword in a sentence or a
phrase.

User queries are matched against this index file. To update the database,
the crawler performs its routine periodically. Smart representation refers
to selecting an index structure that minimizes search time. For example,

is it more efficient to search through a list sequentially, or to use a tree
structure? It is established that the latter is a more efficient way to organise
data. The next step involves page ranking strategies. Here statistics and
probability take precedence by employing an algorithm that gleans for the
number of times a specific term occurs in a document. Known as
term-frequency-inverse-document-frequency’, relative weights are
attached to a term signifying its importance in a document. Search results
may also be refined further using techniques such as link analysis. In this
strategy, the importance ofa link ie a web page or a website depends on
whether it is an authority (a number of pages point to it) or a hub (it

points to a number of other pages).

An information quest usually begins with an information problem that
is conceptualized as a statement or question by the user. This is then
transformed into a search expression ie a series of keywords, or a phrase,
which can be submitted to the system. The user may also select from an
existing directory of categories. In response to the search expression, the
system returns a list of documents for the user to scan. The user may
then examine the documents in more detail, or may revise and re-submit
the query to the system in search for more or better results.16/ This time- 167 Toms, Elaine G., Supporting
honoured pattern of behaviour has changed very little in the last 40 years, the Sub-Tasks used in Search’,
since Douglas Engelbarts NLS (oN Line System) in 1968 - a hypertext hitp://xtasy.ofs induwa. eduljedim/

papers/toms.doc, Accessed <April
system inspired by Vannevar Bushs visionary Memex’ system, first 27,2004>

describing hypertext in the 1945 article As We May Think’.
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4.2.1 Data display techniques in Search Engines

This section reviews how search engines, from the most popular at this
time, to the relatively unknown, present information to the user. A cross-
section of displays shows a variety of methods utilised, from plain text,

to methods combining pictures and words. Twenty search engines are
reviewed, based on their market capitalizationl8and more importantly,
data display technique. Search engines employing a common data display

technique are grouped into a similar category:
a) Text (String of characters)
Google, Yahoo, Live, MSN, Excite, SearchMash, Ask, Lycos, AlltheWeb

and Guruji

aa) Clustering
Clusty, Vivisimo, Shakespeare Searched, Mooter

b) Words and Pictures
Exalead, Snap, Grokker

bb) Topological / Predominantly graphic

Kartoo, Brain, Quintura
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According to the Nielsen//Net

Ratings for July 2006, the market

share of search engines in the

USA was:

Google
Yahoo
MSN
AOL
Ask
Others

49.2%
23.8%
9.6%
6.3%
2.6%
8.5%
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Tybalt

67 Tis he, that villain Romeo

2 Romeo and Juliet-Act5. Scene 3

Montague

313. As that oftrue and faithful Juliet

Capulet
As rich shall Romeo's by his lady's lie.
Poor sacrifices of our enmityl

Prince

316 A glooming peace this morning with it brings;
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qneiies Click on a name to see latimes.com stories related to that queiy in Google.
www latimes com/news/local/ia-mostsearched-20C6.0,5775194 htmlstory - [cache] - MSN
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4 Using visualisation to interpret search engine results © A s

... potential contribution of data visualisation to interpreting the results of seatch-engine qneiies.... Visrtal
representation of a three-term queiy using the R-Wheel technique The experiment
www visualize uk com/conf/activeweb/proceed/papG - [cache] - MSN, Wisenut

5 FirstStoc WebSearch. Visual Edition © A
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hyperlinks created by Brush
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6. KartOO visual meta search engine © Vv

KartOO is a rnetasearch engine with visual display interfaces When you click on OK, KartOO launches the query
to a set of search engines, gathers the results, compiles them and represents them in a
www kartuo.-orn - [cache] - Wisenut
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A Visual Representation of Seaich-engine Oueiies and their Results ... This paper presents a visual technique for
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8 RDF Data Access Use Cases and Requirements © A &
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*4.10 Addressable Ouery  which Ryu's Visual Studio environment reads and presents to him as ...
www w3 org/TR/rdf-davvg-uc - [cache] - Gigablast
9. Research - Ratvinder Singh Grewal © A *
S., Jackson, M., Burden, P. arid Wallis, J (2000) A Visual Repiesentation of Seaich-engine Oueiies and their
Results Proceedings ofthe 1st International WISE Conference.
www cs laurentian cafrsgrewal/research/research html - [cache] - MSN, Ask
10. « Visual Representation and Contextualization of Search Results - List. © A <

. is used for showing the hyperlinks of a site seaicli or other seatch qneiies in ... So the user can navigate and
explore the result set Visual Representation and Contextualization of Seatch Results - List ...
www bncf net/dc2002/prograrr/ft/posteTO pdf- [cache] - MSN, Ask

1 2 3 4 5 6 7-8 9 10 next»

jvisual representation of search queries Search

about toolbars site search technology affiliates contact us
©2004-2007 Vivisimo, Inc Privacy Policy

Results from Wikipedia are licensed under the GNU Free Documentation License.

Clusty, as its name suggests, groups relevant links into ‘clusters’ enabling

users to navigate results by subject area. The search engine Vivisimo (left)

utilises a similar technique. The Shakespeare Search(ed) engine (top-left)

is specific to the works of the playwright Shakespeare, and displays results

in their context.
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Grokker uses the text-based clustering technique seen earlier, and presents

it in an ‘outline view’ (top). An alternate ‘map view’ (bottom) presents

information in circular baskets, where each basket represents a cluster,

whose results are displayed as lists on the right-hand side.
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‘node diagram'. Each keyword in the cluster map groups relevant links

which are presented in a manner similar to the search engines Clusty
or Vivisimo. Quintura (bottom) displays data as a text cloud' where
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cloud. Text sizes and distances represent the strength of association with
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results.
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The Brain search engine (left) refines its clustering technique by
introducing hierarchy into its clusters. There are four categories:
a) Parent (top)

h) Sibling (right)
¢) Jump (left) b v i MOAO Az TN
d) Child (bottom) SiteBrain poweedby T H E Sr>oirvj

cMappa.Mundi Magazine

) Months
Sections
pPeople
PAII Over the Map AReviews
L **
pDavid Strom, Web Informant pSpacei\’l&pper
PLOAS oTrip-M
oMap of trie Month oVisions
This technique can be tested and seen in action at "Miscellaneous
mappamundi.com.
navigate sitemap

The search engine Kartoo displays hyperlinks to web pages in the form
of a text-map that graphically mediates between Mooter and Quintura.
Hyperlinks to relevant results are displayed as icons. Lines are drawn
dynamically between links to show if web pages are associated with
each other; an analogy similar to the clustering technique seen earlier.
A thumbnail preview of the website is also shown on the top left-hand
corner of the display.
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4.2.2 Summary of data display techniques

The Sstring of characters’ approach suffers from two major
setbacks or flaws: a) the linearity of presentation inherent
in lists is not perceptually strong and does not relate to

the user’s model ofthe web1, and b) with so many results
being displayed, and 10 or 20 links displayed per web page
(depending on the user’ default preferences), few users
choose to navigate to the next ‘result page’,

Goooooooooogle »
12245£Z7Zg2iQ Next

Result Page:

This defeats the purpose of a search tool, if most results are
hidden from view due to restrictions in human computer
interfaces or user interface design. Also, the implicit
assumption that a user may want a complete set of relevant
documents is not well suited for the web. “It is more
important to guide the user to a small number of high quality

documents than to achieve completeness.” 10

Google t-—-————

%4, ..y o

169 see ‘Section 4.3: Related Work*

170 Nielsen,

Some tend to show previews to assist or even lure the user to jump to a

website. In this case, a large preview is better, as it is more legible.

Options

View: -

1 to see results as

text only, text

with thumbnails

or thumbnails

with even longer

lists, are always

welcome, but

seldom noticed

iftoo small to perceive. Issues of scale loom large on the limited screen

space of a desktop computer. The lack of effective overviews inherent in

lists does not support complex search tasks, where the user may require

‘baining overviews of and exploring large sets of search results, identifying

unusual documents, and understanding their context.” 171

Visualizing Probable Space

‘User Interface
Directions lor the Web’,
Communications of theACM, Vol 42,
No 1,January 1999, pp 65 - 72

171 Kules, Bill and Ben Schneiderman,

Categorized graphical overviews
for web search results: An
exploratory study using U.

S. government agencies as a
meaninglul and stable stmcture,
Proceedings of the ThirdAnnua!
Workshop on HC1 Research in MIS,
December 10 -11 2004, pp 1-5
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There are some who tend to group their results by similarity of subject
area that a website or body of data may be referring to. Clustering, as

this technique is known, can be quite useful when generic searches arc
performed, as they force the user to ask the question: “am 1looking for
V in context of y’?2” The clustering approach aims to bring context into
the picture. Users can select from rf number of choices from a particular
category. Recent work1 ' on the presentation of text-based lists has shown
that the clustering technique improves the speed of retrieval from text

lists, and can support exploration and navigation in large sets of data.

Tools to search within search results
and
the ability to reduce or enlarge font sizes on screen

are always welcome.

Those who are tired of searching, can resort to grokking'. Two alternatives
are presented here: an ‘outline view’, which is very similar to the
clustering approach; and a ‘map view' (below), where each cluster is

represented by a circle.

‘n number

of clusters =

n number

of circles;

all displayed

within a global

cluster which is
represented by a giant parent circle representing the search query.
Options to email or export a map, narrow search results by date, source
or domain, and even to change the colour or layout of the map are well
intended. However, the constant zooming in and out
leads to a loss in retention of the visual structure of the search results
returned by the system in comparison to the simple clusters above.

Visualizing Probable Space
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172 Recent work by Dumais, Cutrell
and Chen (2001) has shown
through comparative studies

of seven Categ>ry versus List

interlaces, diat the former are

always more effective than the

latter.

084



midnight to 3 am

NITROGEN OXIDES

CARBON MONOXIDE
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The display above shows the air pollution levels over southern California for four different times of the day. Once the viewer
understands the pattern of multiples and variables in ‘one slice of data, they have familiar access to data in all other slices. This
constancy in design allows viewers to focus on changes in information rather than changes in graphical composition.’ (Tufte,
1990)



One search engine represents the search query and other terms of
relevance to that specific query, in a text cloud' form. The distances of
these words from

semantic

o the original
inaty isplay

nstvwiR uery, and their
search query,
i . individual sizes
image representation
feature visual represent the
queries of entered mtc grodter strength of
result association to the

data  problem

search query.
Quintura uses
the mouse rollover technique where the user can hover the mouse over a
word to include it in their search and update results simultaneously.

An even more dynamically changing representation is TheBrain search
engine. Here, the user is left to figure out the hierarchy intended by

the creators!. The constant shifting of words based on the users current
selection, and the lack of a back button to convey a previous state leads
to confusion. However, it does show associations dynamically, which is
apowerful principle if employed appropriately. Grokker, Quintura and
TheBrain search engines seek to provide some form of overview, but
overlook a simple rule: a constancy in design allows the user to focus on
changes in data (see left), and not the other way around. The Zoomable
User Interface (ZUI) of Grokker, and the constant shifting of data in
Quintura and TheBrain lead to a common problem with hypertext:

disorientation.13

And finally, the cumbersome ‘death by a thousand clicks' approach: The
text list is replaced by clusters which are rearranged into a node diagram'.
Click on ‘next clusters' and get the next cluster, or click on ‘I want it ALL'
and see the search results. Why not show the results apropos? Novelty

here outweighs substance.

173 “Along with the power to

organize information much more
complexly comes the problem

of having to know (1) where

you are in the network and (2)
how to get to some other place
that you know (or think) exists

in the network. Hypertext offers
more degrees ot Ireedom, more
dimensions to move, and hence,
agreater potential to become lost
or disoriented.” - Conklin, Jeff,
‘Hypertext: An Introduction and
Survey3 Computer, September 1987,
pp 17-41

keyword

ml.......

map query

next dusters
want it ALL!
language All Results
search
tool
data
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4.3 Related Work

The design of the navigation tool integrates established principles from
several domains, most notably, human-computer interaction, user
interface design, human factors and information seeking. Below is a
review ofthe principle areas of concern to this case study, from these
overlapping spheres of knowledge, which are summarized under the

headings ‘successive searching, hypertext and user behaviour, cognitive

aspects, information seeking and direct manipulation'. Each of these sub-

sections discusses literature that is pertinent to the design and display of

data in the navigation tool.

successive searching

Three studies by Jansen and Spink are worth noting: ‘Searching the
Web: a survey of EXCIT E users’ (Spink, Bateman and Jansen, 1999),
‘Information Seeking and Mediated Searching Study: Part 3: Successive
Searching’ (Spink et a/, 2002), and the more recent ‘How are we
searching the World Wide Web? A comparison of nine search engine
transaction logs’ (Jansen and Spink, 2006). The former is a focussed
study on users of the search engine Excite. The study found that “[web]
users tend to employ simple search strategies, and often conduct more
than one search [/] successive searches over time to find information
related to a particular topic.’ 14 This is in stark contrast to the fact that
current Information Retrieval (IR) systems (library portals, for example)
and search engines do not, by and large, support successive searches.
Current search tools are built on the “single search paradigm, ie they are
designed and operate on the assumption that every search is unrelated
to a user’s previous or future search."15These earlier findings were later
supported by their work in 2002 on successive searching. The latter and
more recent study by Jansen and Spink is a comparative study of five
U.S. and European search engines - Excite, Fireball, AlltheWeb, BWI1E

and AltaVista - over a seven year period. Their findings confirm that the

number of one term queries remains very high and few users navigate past

the first results page; confirming the hypothesis that a small number of
highly relevant documents is critical from a navigation point of view.1%

hypertext and user behaviour

Numerous studies have been conducted on Hypertext. Those reviewed
here are: ‘Hypertext: An Introduction and Survey (Conklin, 1987),
The matters that really matter for hypertext usability’ (Nielsen, 1989),
‘The Art of Navigating Hypertext' (Nielsen, 1990) and ‘Interacting with
Hypertext: A Meta-Analysis of Experimental Studies' (Chen and Rada,
1996) and Between the clicks: Skilled Users Scanning of Pages. Studies
by Nielsen have confirmed that hypertext users behave differently than
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175

176

Spink. Amanda, Judy Bateman
and Bernard J. Jansen, ‘Searching
the Web: a survey of EXCITE
users’, Internet Research: Electronic
Networking Applications and Policy,
Vol 9,No 2,1999, pp 117 - 128,
text in brackets...

ibid, p 118, emphasis deliberate

According to the Graphic.
Visualization and Usability Centre
(GVU) at Georgia Tech University,
die 8hWWW User Survey in
1997 found that the three most
important issues facing the
internet were: Privacy (30.49%),
Censorship (24.18%) and
Navigation (16.65%). Concerns
about navigation tend to increase
with age.
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when reading printed texts. Experienced hypertext users tend to leave
their book habits behind. Users tend to scan text, rather than read it
sequentially as in a book or newspaper. Nygrens work suggests that spatial
grouping is a cue used by skilled searchers and “highlighting, informative

patterns and spatial constant positions are design principles 1/7 that can I"- Nygren, Else, 'Between the clicks:

Skilled Users Scanning of Pages’,

Proceeding} of Designing for the

rather than adopt a layout that optimizes legibility for the occasional user. Web: Empirical studies, October
1096

be employed in the design of web pages, to optimize average search time,

cognitive aspects

Acomprehensive three-part study of information seeking and retrieving
has been conducted by Saracevic and Kantor (1988). The study uses a
framework of five variable classes: users, questions, searchers, searches
and items retrieved. Three practical implications of their findings are

as follows: a) “The context of a question is confirmed to be important.
lhis suggests that it is important for searchers (or interfaces) to explore
the background of a question and get as much information as possible
about the problem at hand and the intent in use of information, b) Skills
in word association and a preference for abstract thinking appeared to
he important abilities in searchers with high search performance. This
suggests that cultivating semantic association, be it in the language in
general or in a subject in particular, seems to be a profitable enterprise
for searchers, c) Cycles in searching showed a significant impact on
outcome. This suggests that it may be quite important to view and

review intermediate results as the search progresses and adjust the search

accordingly.”178 1~8 Saracevic, Telko and Paul Kantor,
‘A Study ol Information Seeking
and Retrieving: III: Searchers,
information seeking Searches, and Overlap’, Jiw/raz/of
the American Societyfor Information
Science, Vol 39, No 3, 1988, pp 197
project is not to create a search engine or search rool per se, but to create - 216, emphasis deliberate

The beginning of this chapter states that the explicit goal or aim of this

an interactive learning tool. This view is consistent with a framework
where information seeking is a fundamental human process closely

related to learning and problem solving.1® Marchionini (1998) defines 179 Marchionini, Gary, Information

. . . « . . Seeking in Electronic Environments,
information seeking as “a process in which humans purposefully engage Cambridge: Cambridge University

in order to change their state of knowledge. The term information seeking Press, 1995, pp 5, 6
is preferred to information retrieval because it is more human oriented and
open ended. Retrieval implies that the object must have been known' at
some point; most often, those people who ‘knew' it organised it for later
knowing by themselves or someone else. Seeking connotes the process of
acquiring knowledge; it is more problem oriented as the solution may or
may not be found. For example, seeking spiritual enlightenment makes
sense, but retrieving enlightenment does not.'18 Information seeking is 180 ibid, p 6, emphasis in original

fundamentally both human-oriented and an interactive process.
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direct manipulation

Direct Manipulation is a concept introduced by Schneiderman (1983).

It literally refers to the direct manipulation of objects of interest.

One example of direct manipulation is driving an automobile or car,
where the scene is directly visible through the (front) window(s), and

the consequence of actions such as braking, accelerating or steering is
common knowledge. “To turn left, the driver simply rotates the steering
wheel to the left. The response is immediate and the scene changes,
providing feedback to refine the turn. Imagine trying to turn by issuing
acommand LEFT 30 DEGREES and then another command to see the
new scene; but that is the level of operation of many office-automation
tools of today! "I*] Another example is using the mouse to slide a cursor
on screen and see it move in the same direction and at a proportional rate.
Direct Manipulation is discussed here as it is “one of the key components

to highly interactive, advanced information-seeking systems. *18

4.3.1 “Rules for aJourney of Mind and Eye '*

To summarize the design principles commonly ignored by search engines
in data display, that directly impact the information seeking process:

1) overviews are important, as context is necessary for comparison and
deductive reasoning

ii) focus on changes in data rather than changes in design

iii) users tend to refine their search query over time and the interface
should provide mechanisms to support successive searching

iv) spatial positioning can be an effective cue in assisting search tasks

v) information seeking is fundamentally an interactive process and

interaction should be maximised in user interface design.

The above heuristics can be further reduced to three rules:

a) Never quote data out of context ie always attempt to show context.

b) Constancy in design allows the user to focus on changes in data, rather

than changes in design,

¢) Always try and show cause and effect.
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4.4 The Navigation Tool

In Chapter 2, the nature of information is discussed, where it is
distinguished from data and knowledge. Raw material 'data’ become
information to someone at some point in time within a specific context.
Information assimilated over time becomes knowledge. The different
states of this entity which we call information need active representation
in a system designed for information seeking. These cognitive states in
the mind manifest themselves as three physical states in the proposed
system - an Observer, Participant and User state - as data crystallizes into

knowledge through its intermediate stage as information.

The Participant state is the most important and active state implemented
in the system proposed here. In this state, as will be seen later, the user
becomes a participant in the process of information seeking; the user
becomes information. Consider this analogy to horticulture: the User
mode is where the soil is prepared for seeds to be planted; the Participant
mode involves planting the seed and nurturing it so that it can germinate;
and the Observer mode is where cross pollination takes place. From a
communication theory or information retrieval viewpoint, the User state
is where the gathering, assimilation, processing and storage of information
takes place. The Participant state involves data display and interaction.
The Observer state is where data interact with each other spontaneously
to establish relevant relationships, which can then refine the index file and
hence the display of results in Participant mode. Both the User state and
the Observer state are vast and deeply engaging subjects within the realm
of Computer Science and are not implemented or discussed here, as the
focus is on the intermediate 'Participant' stage of information seeking
using design principles and techniques based on information design.

Information Seeking is a fundamentally complex, interactive

process, involving search, browse and serendipity, where the "[users]
conceptualization ofthe high-level information need is imperfect and
evolving, their understanding of the relevant concepts and terminology
is limited and their understanding of the presentation and interactions
available in the interface is incomplete.” 18 This highly fluid state is thus
intended to be supported by a navigation tool entitled an Observer
Participant User System (OPUS); the primary aim of which is to support

information seeking by integrating searching and browsing.
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4.5 Stages in the development of OPUS

The following section describes the evolution ofthe navigation tool. Eight
distinct stages have been identified which represent significant steps in the

design, development and scripting of the software application.

naming conventions:

For technical consistency and ease of comprehension, the names of User
Interface (UI) elements used in the source code of the application will be
used to describe them henceforth. These arc as follows:

Ul Element Name

Label Opusdikt

Text field resultsPane

Text field windowPane

Text field inputd

Text field inputB

Button Observer button
Button Participant button
Button User button
RadioButton Occurrence radio button
RadioButton Context radio button
RadioButton Symantec radio button
Button Add+ button
Window pop-tip Window

A description of these Ul elements is given in the next section. A few
frequently occurring terms also need to be declared: ActionScript refers
to the native scripting or programming language of Macromedia Flash
MX, using which the software is authored, and is used here both as
verb and noun. MovieClip refers to an object authored in Flash MX,
either manually, or at run-time. Word, term and concept, used sometimes
simultaneously and often interchangeably, refer to the actual words in

a sentence, the query that a user may be searching for, or even a query
that the user may have in mind. Indirectly, they all refer to the search
expression. Screen refers to the actual desktop resolution on the monitor
of a computer, which has been chosen as 1024 x 768 pixels.1& It also
refers to the total space available for ‘laying out’ the user interface. Stage
refers to the virtual paper-space on which actions are performed by the

user in Participant mode.
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4.5.1 The Data-set

A primary requirement for this navigation tool is a data-set that is
reasonably large, specialist in nature, and valid in terms of its content.
The data-set chosen for this particular task is an online reference website
for the Masters in Environmental Design of Buildings' programme at the
Welsh School of Architecture. The website holds course material for six
modules taught on the programme, namely, Skins and Spaces, Ambient
Environment, Passive Design, Framework for Sustainable Design,
Efficient Building Services and Investigations in the Built Environment.
The specific module chosen to further narrow the data-set is ‘Skins and

Spaces’. The following characteristics 1& of the data-set make it suitable for 186 The sub-headings that describe the
characteristics of the Skins and

this case study: Spaces website are adapted from

topicality: the domain represented by the Skins and Spaces website relates Marchionini (1995), where these
. . characteristics are used define the
to Environmental Design.

database of a search system.
aim: the website is a primary source of information for students on the

MSc course.

data type: the data on the website is in text, graphic and numerical form,

with some animated illustrations.

quantity: the Skins and Spaces website consists of fifteen html web pages,

which is equivalent to approximately ninety-six A4 printed pages. 1
quality: as a teaching and learning resource, the iMSc online website is

produced by staffat the Welsh School of Architecture, who are experts

in their respective fields, and is updated regularly as required. The data is

thus valid and up-to-date.

granularity or specificity: the data-set is very specific in nature as it

discusses ventilation design in modern buildings.
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3 pages are displayed here

The main space of the application is occupied by the
windowPane text field in User mode. The same area
is occupied by an overlapping metaphor movieclip

in Participant mode (Section 4.5.4). At 692 x 712
pixels, the windowPane text field occupies nearly
63% of total screen space. The spatial requirements
of displaying web pages required maximizing the sizc
of the windowPane text field, hence occupying nearly
two-thirds of the screen.

The inputA texttield is the main Search field for
information retrieval. The user can enter a term in the

text field and trigger an action by pressing the Search
button.




4.5.2 Stage 1: Laying out the User Interface

This involved considerations for the size of the stage, which in turn is
derived from the screen or monitor size. The size of the screen is chosen
as the current XGA (eXtended Graphics Array)13standard at the time of
writing, which is 1024 x 768 pixels (for monitors 14” or 15 in size). This
resolution offers sufficient density to arrange user interface elements for
this task. The UI elements required are: Buttons (for actions), Text Fields
(for input and display), Text (for title), RadioButtons (for preference
selection) and a pop-up Window (for further data display). These are

arranged as below:

OPUS.dikt
0) U

this is anew text object and it should wordwrap! easter
sunday, good fnday, man landed on the moon? conspiracy
says bon jovi

Search

18" XGA or £xtended Graphics Array
is a high resolution graphics standard
introduced by IBM in 1990. The
most common resolution at the time
of writing is 1024 x 768 pixels.

OPUS.dikt label (Observer
Participant User System.data

information knowledge time)

The Observer, Particpant and User
buttons refer to different states of
the system.The logic behind these
buttons is given in Section 4.4.

At 50 x 50 pixels each, they occupy
the top right-hand corner of the
screen, and remain dominant
visually, and important functionally.
A toggle state, indicated by a

green halo, suggests which button,
and consequenctly which state, is

currendy active.

The inputB text field supplements
the inputA text field. If performing a
generic search, the user can use this

textfield to narrow the search results.

The resultsPane text field displays the
search results in ‘keyword in context’
format (Section 4.5.3). At 284 x 655
pixels, it occupies nearly 24% of the

toal screen area.

The user interface evolves to include
the Add+ button (Section 4.5.8)
and the Occurrence, Context and
Symantec RadioButtons (Section
4.5.7)



, 0 p U OPUS .dikt

search results: "ventilation"

ventilation | process | supplying | outdoor
| air | space | without | mechanical |
assistance

controlled | intentionally | provided |
openings | windows | doors | non
-powered | ventilators

openings | level | ventilation | addition |
infiltration

infiltration | sufficient | outdoor | air |
ventilate | building

infiltration | component | ventilation |
excessive | waste | heat | incur | high |
energy | penalty | building | difficult | heat
I cool | comfort I'levels

mechanical | ventilation | movement | air
| mechanical | means | space

'build | tight | ventilate | right'

infiltration | naturally ventilated |
mechanically Iventilated | spaces

'best | practice' | minimise | infiltration |
applying | sealing | measures |
controllable | natural | mechanical
ventilation

ventilation | effectiveness | fraction | fresh
lair | delivered | space | reaches |

occupied | zone

ventilation I efficiency [term | quantify I
ventilation effectiveness

measure | ability | ventilation | system |
exhaust I pollutants Igenerated Ispace

oldest | air | closest | extract | maximum
ventilation effectiveness

naturally | ventilated | buildings | air | well



4.5.3 Stage 2: Deploying search results; principle at play: Context and

Comparison

The resultsPane text field displays the search results. The approach devised

is to present the keywords in a sentence as a grouped entity, where each
keyword is separated by the '|' operator. Hence, the sentence Ventilation
in buildings is needed to provide fresh air for occupants to dilute and

exhaust pollutants and to provide cooling in summer’ is presented in its

keyword in context format as Ventilation | buildings | fresh air | occupants |

dilute | exhaust | pollutants | cooling | summer . The term that the user is
searching for is highlighted, with other words in a muted grey against the

black background. Thus, the sentence above takes the visual form of,

ventilation | buildings | fresh air |
occupants | dilute | exhaust | pollutants 1

cooling | summer

This approach is termed here as ’keyword in context'. The most frequently

occurring lemmas are removed from the sentence. In this case, the

lemmas not required are: in, is, to, far, and. As discussed earlier, this edited

form of hypertext is more suited for reading online. The preservation and
presentation of (key)words within a sentence is essential to retain and
display context to the user, who must then decide whether the instance
of the keyword detected is the search result anticipated based on the
terms surrounding it, ie its context. Also intended is the notion that

the user may learn new facts from studying the context within which a
particular term occurs by discovering hidden relationships that may have
been unknown to the user hitherto. Finally, the presentation of multiple

instances of keywords in their context (left) forces the user to compare the

different instances or study the contexts within which a specific keyword,
term or concept occurs, within an eye span. As seen in Chapter 1, colour
is preattentive, allowing the user to pick-up highlighted terms in white,
against a black background, with other terms in a muted grey.

ActionScript:

The resultsPane text field loads two files for each corresponding search:

a .txt file and its corresponding .css file. The .txt file is written in htm118
language and contains the main content to be displayed. The .css file is
the Cascading Style Sheetl8' which formats the text for it to be displayed
using the appropriate font type, font size, font colour and spacing. As a
test, the occurrences of the term Ventilation’ were extracted from a small
section of the Skins and Spaces website. These results were written in

a Ventilation.txt file in html format, and the corresponding stylesheet

Ventilation.css’ was also prepared.|IMThe user can now search for the term

Ventilation” and see results displayed in the left-hand resultsPane text
field. Later, this data-set is extended to include the terms {air, natural,
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pollutant, space}. As a test, the user can click on the term Ventilation in
the first sentence of the search results, and see content loaded into the

windowPane text field on the left-hand side.

rnsc online | welsh school of architecture I Cardiff u liversity

Introduction

This page will review the need for design of ventilation in buildings and will present some examples of
ventilation design in modern buildings.Why do we need ventilation?

Ventilation in buildings is needed to provide fresh air for occupants, to dilute and exhaust pollutants and to
provide cooling in summer. Ventilation is also needed for the protection of the building and elements of its
construction against moisture. A successful ventilation design should provide for good air quality (low levels
of pollutants) and occupant comfort in terms of ‘airy’(not draughty) and 'fresh' (not stuffy) spaces.Too little
ventilation and the health and comfort of the occupants is at risk. Too much ventilation during the heating
season will incur an energy penalty.What are the main aspects about ventilation design?

Traditionally, buildings were over-ventilated by virtue of their leaky construction, chimneys and il fitting
components. As a consequence ventilation was uncontrolled and buildings were difficult to heat, to
maintain comfort and keep dry.

Since the 1970is buildings have become more energy efficient. The heating (and cooling) requirements
have been reduced by increased levels of insulation and reduced air leakage. Indeed, the heating
requirements of modern buildings are sometimes so low that the main function of the environmental
system is no longer to provide heating but to provide ventilation, whether by natural or mechanical
means A successful ventilation system must be controllable in response to the requirements of the
buildings occupants. This is often difficult to achieve because the total ventilation rate of a building is a mix
of purpose ventilation (which may be natural or mechanical,or a mixture of both) and infiltration (that is,
unintentional air leakage, which by its nature is uncontrollable) A controllable ventilation system therefore
needs to be carefully designed. This means attention to:

¢ the airtightness of the building envelope;

¢ the method of air delivery and extract;

* the control of air delivery and room air distribution.
The ventilation design of modern buildings should be based on the principle 'build tight' and 'ventilate
right', in order to provide building occupants with good air quality and comfortable conditions for the most
efficient use of energy .Natural ventilation in complex buildings

Natural ventilation is often considered to be the most energy efficient and healthy solution. It is usually
considered to be a fundamental part of 'passive design', which is the term used to describe the integrative
design approach, involving the use of daylight, thermal mass, insulation, solar radiation and ventilation -
and as such ventilation design should not be considered in isolation from these other design factors.There
are some good examples of passive design non-domestic buildings such as the Gateway II office (Figure 2
& 3) and the Queens Building at DeMontfort University (Figure 4) in which the building form is an integral
part of the ventilation design.Both Gateway II and the Queens Building make use of natural daylight and
solar shading to reduce space heat gains combined with utilising the thermal mass of the construction to

ventilation 1] Search!

4.5.4 Stage 3: Investigations in Form, activating the Participant

button, introducing the Proximity Principle, and exploring Cause and

Effect.

At this stage, theoretical aspects explored earlier on probability (frequeng”

of occurrences) and entropy (rearrangement ofterms) are applied to

test their validity. Chapter 2 discussed probability in language and how
a statistical study ofthe English language reveals the most frequently
occurring lemmas 9l within the corpus of the language. Related to this
frequency ofterms in a particular language are mathematical processes
underlying the grammar of a language. A mathematical process in which
a system produces a sequence of symbols according to some probability
(for example, a sequence of characters or letters in a word, or words in a
sentence) is called a stochastic process. “A special case of the stochastic
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OPUS.dikt

search results "ventilation"

ventilation | process Irup%lvmg | outdoor
air | spare ] FWlthout) mechanical
(assistance) >

coritro led | (intentionally provded)
openings | windows | doors I non
po . o-od ventilators

upenir gy. | (level uf) ventilation Iin
addition | mfilt'ation

infltration | (sufficient) outdoor air |
ventilate | building

infItration component | ventilation |
e::-p;civp | waste nf heat | incur | high
energy penalty | building | diffcultto heat
or cool | comfort levels

mechanical ventilation | mo cement | ar |
mechanical means Ispace

build tight, ventilate right

infltration | naturally ventilated I
mechanicall / ventilated | spaces

'best practice' | minimise I infiltration I
applying sealing measures I controllable |
(natural or mechanical) ventilation

ventilation effectiveness | fraction | fresh
air | delivered | space | reaches | occupied
cone

veutilatiun efficiency | .erm | quantify I
ventilation effectiveness

measure of ability | ventilation i[ystem |
e::oaust | pollutants | generated Ispace

oldest air | closest | e::tract | ma::irnum
ventilation effectiveness

naturally ventiated Ibuildings | air | well
mixed | space | little difference | ar quality

191 aiaPter2:s ~ 0112)
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process in which the probabilities depend on the previous events is called
a Markoff process.” The syntax ofa language governs the choice of
words in a phrase or sentence, and is thus a markoff process in nature.

In response to the syntactic form of a language, the search for a physical
form that emulates this stochastic character at a topological level, a
distant but curious relationship is found in nature in the Equiangular

or Logarithmic Spiral, for here too, the terminal growth of the spiral is

in proportion to a previous event. The form of this spiral is emulated in
several plants and animals, for example, the shell of a snail (Nautilus shell)

and the florets of a sunflower.

The Equiangular Spiral grows in length and width in the same unvarying proportions,

thus keeping its overall form unchanged - a property unique to this spiral.

In its form, the Logarithmic Spiral is closely related to the Golden Spiral,
which can be derived from the Golden Rectangle. This Rectangle in turn,
is derived from the Golden Section, where each subsequent division

is in the order ofphi (O), where €= (1 +V5)/2 = 1.6108339887...
Though the analogy here between the Markoffprocess in language and
the equiangular spiral is deliberate, the underlying forces at play which
govern the form of both: syntactic in the former and physical growth in
the latter are the same - broadly stochastic in nature. The intention here
is to spatially represent a sentence through the geometry of the spiral and
apply the principle of direct manipulation seen earlier. Each quarter-arc
tangent to the interior of each square represents one division or one unit
of a sentence in diminishing order of occurrence. The spiral becomes a

device for spatial manipulation.
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The anchor point of each arc is used a) as a 'hinge for any term or an
item of data to be attached to, and b) to spatially manipulate the curve.
Dragging and dropping an anchor point displays a ‘skins and spaces'
hyperlink, which, upon clicking, loads the Skins and Spaces website.

outdoor air
supplying *

mechanical m space

process m = ventilation

above: anchor points of the golden spiral used to attach words to; and below: using the

anchor points to spatially manipulate the curve and invoke a hyperlink.

supplying =

outdoor air

mechanical W space

ition

process m

skins and spaces

The Cause and Effect principle seen earlier also appears in user interface
design as a heuristic ie a general design principle or rule of thumb: "The
system should always keep users informed about what is going on,
through appropriate feedback within reasonable time.” 1B At the stage of
the application described so far, dragging and dropping any ofthe words
triggers an event ie, loading the ‘skins and spaces’ hyperlink. This idea is
extended further by introducing the proximity principle. The logic is
simple: any two words can be brought in close range of each other, and
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Using the hitTest method in actionscript, the collision of movieclips is detected. This event displays active

hyperlinks, as in the example below, where moving the anchor point four’ next to six’ displays

o eighl

four & six
IV and VI

eiflhte

O ten



this event triggers an action. As a test, in the next version ofthe
application (opus8, below), when the terms Ventilation' and process’ are
brought in close proximity to each other, a hyperlink is displayed, with a
corresponding message in the resultsPane text field. Moving the words
away from each other removes the hyperlink. As a final test, to the anchor
points of the curve are attached numbers in word form (for example, two
instead of2). This time, bringing any two pairs of numbers - two and
four, four and six, six and eight, or eight and ten - displays 2, 3, 1and 7

links respectively; all of which are active (left).

Seam

ActionScript:

The hitTest method in actionscript is used to check collision detection
between two objects. This in turn triggers an action - loading a hyperlink
- which in turn loads an html web page when clicked. The spiral
movieclip is launched by clicking on the Participant button and is loaded
on top ofthe windowPane text field seen earlier. The area of the movieclip
within which actions are performed such as dragging, dropping, selecting,

etc is referred to as the stage.
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4.5.5 Stage 4: Probability and Entropy

The explorations in the previous stage were about imposing a form on a
formless entity.' Although the diminishing curve of the golden spiral is
self restricting (as the number of useful anchor points is nine, before the
curve diminishes out of view), it graphically illustrates the limitations of
imposing a form, be it any, on a set of data. As discussed in Chapter 1,
the mapping of data variables to spatial variables can often be arbitrary
and bear no direct correlation with the data-set in question or the task
intended. At this stage, the golden spiral as a mechanism for displaying
data was abandoned. However, the principles that the curve helped to
demonstrate - that of proximity and cause and effect - are extended
further.

At the beginning of this Chapter, strategies by current search engines to
mine for data were discussed. Common to them all is preprocessed data
which is stored in a database or an ‘index file’, which holds, amongst
other information, the statistical count of each term within a set of
data. The user is presented with a set of nine % terms (left, top) docked 194
to the left-hand side of the stage. This set ofterms is statistically and
semantically relevant to the Skins and Spaces data-set. At this stage of the
software application, freedom of choice to (re)arrange words, terms or
concepts on screen is handed back to the user. The user is free to drag and
drop any term on the stage. A circle is introduced or placed on stage for
two reasons: a) to serve as a reference for users to drag or drop their word
into, thus enabling ActionScript to b) determine whether any term has
collided with the circle, thus initiating an action, if required.

195
At this point, the proximity principle is extended by enacting the cause
and effect principle ie if a term is dragged and dropped into the circle, an
action is triggered in response. If a single term is dragged into the circle,
the search results are displayed on the left-hand side. Iftwo or more terms
are dragged into the circle, apart from updating and displaying the results,
the action is to draw a line dynamically, between the (two or more )
terms dragged into the circle. This line is drawn from one term to another
only ifthe other term is within range ie within a specified distance from
the currently selected keyword. This distance is specified as 250 pixels
which is the radius of the circle. This line is dynamically regenerated or
redrawn when the user changes the position of any term within the circle,
and is not drawn ifa term is outside the circle even if it is within range.
Also, as shown, lines are drawn from a specific word (known here as the
‘keyword’) to all other words within the circle. The user can indicate his
or her preference for another keyword by using the middle mouse button.

As will be seen in the next stage, this keyword specifies the main item of

Visualizing Probable Space

The number of terms ie nine

is based on the upper limit of
short-term memory or ‘immediate
memory3 as suggested by George
A. Miller in his classic 1956 paper
‘The Magical Number Seven Plus
or Minus Two: Some Limits on
our Capacity for Information
Processing’. Seven (+2) chunks
of information stfl] apply as a
guide to limits on short-term
memory to process percpetual
input.

Schneiderman, Ben, Designing the
User Interface: Strategiesfor Effective
Ebtman-Compuier Interaction,
Reading, Massachussets: Addison-
Wesley, 1998






interest the user is searching for. The other terms form the context around

the currently selected keyword.

ActionScript:

The ASnative function is used to detect if the middle mouse button has
been clicked. If a positive value (true) is returned, the movieclip selected
becomes the current keyword of interest. This in turn redraws lines from
this term to all other terms dragged into the circle. Lines are drawn using
the lineTo method.

4.5.6 Stage 5: Making search dynamic - introducing the ‘master.xml’

index file

So far, the user can drag and drop terms of interest into the circle, see
lines drawn dynamically from the active or chosen keyword to all other
words within range; and sec the line redrawn ifthe user changes his or
her preference for a keyword by clicking the middle mouse button. In this
stage, the functionality ofthe software is extended by deploying search
results corresponding to the actions that occur on stage: searching for one
item (serial search), searching for combinations of terms (conjunction
search), and updating results based on the currently specified keyword. In
Stage 1, deploying search results is discussed, where .txt and .css files are
loaded into the resultsPane text field on the right-hand side ofthe stage.
This is restrictive as a) the user can only search for one keyword at a time;
combinations are not possible and b) the search is not dynamic ie there

is no single index file from which the application can search and display
results. Instead, it relies on having a .txt and .css file for every search result
anticipated. This is a very cumbersome and inefficient approach, which

may work for a very small data-set, but is impossible for large data-sets.

At this stage, a master index file is formed in the .xml format. On entering
aword in the inputA search field and clicking on the Search! button or

hitting the Enter or Return key, ActionScript enables the application
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0 p u OPUS.dikt

search results: "rate + natural +
ventilation"

first | outside | air | cold | high | ventilation
Irate | produce | energy | penalties |
exhaust | large | amounts | stale | warm |
air | heat recovery | feasible | natural |
ventilation

densely | occupied | spaces | cold I
schools | bars | public Tassembly | places
Irecommended | ventilation | rates |
prove | difficult | provide | natural | means
| alone | comfort | energy | efficiency |
achieved

Occurrence  + Contexl Symantec



to search through the master.xml’ index file, filter the relevant search
results, and display them in the appropriate format in the resultsPane text
field. The same action is triggered, using the hitTest method, when the
user drags a word into the circle. At this point however, (opusl4), it is
still only possible to search for a single entity at a time. This is extended
further so that combinations of words can be searched for. Thus, ifthe
user drags in the keyword ‘rate’ into the circle, and subsequently drags in
the terms ‘natural and Ventilation , thus specifying an interest in the rate
of natural ventilation’, the application returns the results (left).

Finally, the search functionality is extended even further by including the
proximity principle in the search algorithm. Hence, ifa is the keyword,
and b and c are also included in the search query; and c is spatially closer
to a than b\ the algorithm returns results in the following combinatorial
order:

search results for terms a, b and ¢, based on the conditions above,

adac+b
a+tc

a

Hence the query, ‘rate of natural ventilation’ would be returned as >

wheat

mnfltrabon

aflatjral

mspace

mtemperature

ActionScript:

In this stage, the .txt and .css files used to display search results are
replaced by a ‘master.xml’ index file. The search algorithm gleans this
database for the current search term(s) and displays them accordingly.
XML is the extensible Markup Language introduced by the World Wide
Web Consortium (w3c.org), for the universal exchange of data over the

web. As it is platform independent, xml is capable of supporting a wide
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search results: "rate + natural +
ventilation"

fii st [outside I air I :0ld I high I ventilation
Irate | produ o | er *rgy | penalties |
e;;haust | large | amounts | stale | warm |
air | heat recovery Ifeasible | natural |
ventilation

densely loccupied | spares | rrld |
schools | bars Ipublic I assembly Iplaces
| rrcornmended | ventilation | rates |
priT. p | oliff 'fi!t | pt 1 dc ]natural yeat m
Talone | comfort | energy | efficiency I
acnieved

search results: "rate + natural"

first | outside | air | cold | high | ventilation
Irate Iproduce ienergy | penalties |
exhaust | large | amounts | stale | warm |
mir | heat reco. et ¢ | te alible Inatural |
ventilation

densely Ioccupied Ispaces Iccld 1
schools'! bars Ipublic Iassembly Iplaces
| reccommended | ventilation | rates |
prove I difficult I provide I natural Imeans
Idune | eumfurl | eneiyy | efficiency |
achieved

search results: "rate”

incorporate | filtration | heat | recovery |
system | extract | heat | exhaust [ air |
use | (ire-he”l | supply | air

generated | vithin | space

minimum | acceptable | fresh T air |
ventilation | rates | depend | occupancy |
levels | space | use |for examp e Irelation
Ispecfic | source | pollution

ventilation | rate | requirements | different
I building | types | different | occupancy I
levels | obtained | CIBSE | guide

term | typically | used | specifying |
ventilation Irates I'housing I occupancy I
levels | space Ivolumes I vvthin |
predictable | limits

unit | I/S/p | generally | used | specifying |
ventilation | rates | spaces | vary | size |
knnvvn | relatively | high | nrrjipanry |
levels | often | predominanty |

mo ¢ hn ically vontiloted

fust | uuLside | air | culd | Injli | veritilatiuii
Irate | produce | energy | penalties |
exhaust | large | amounts jstale I warm |
an | hoot recovery | foosiblc Inatural |
ventilation

densely | occupied | spaces | ccld |
schools Ibars | public Iassembly | places
| recommended | <entilation | rates |
prove | difficult | provide | natural | means
| alone | comfort | energy | efficiency |
achieved

however I ventilation Irates | sometimes
Ireduced | recommended I evels | tal mq
Taccount | duration | levels | occupancy |
volume | depth | space | pattern | room |
air | distribution

100



variety of applications. It is not a web authoring language like html, but is
a data description language. The ‘master.xml index file can be viewed in

Appendix C on the CD I accompanying this thesis.

4.5.7 Stage 6: Introducing the Occurrence, Context and Symantec
Radiobuttons

This stage sees a further refinement of the search results. Three ‘states’ are
introduced: an Occurrence state, a Context State and a Symantec State.
Each is activated by its respective Radiobutton, at the lower right-hand
corner of the screen (image). In Occurrence mode, the user is presented
with a statistical count ofthe number of times a particular word occurs in
that document or data-set, and is known here as Frequency o f Occurrence
Index or FOCI. For example, in our previous illustration on a conjunction
search for the terms rate, natural and ventilation’, thefoci of these terms
is,

u OPUS.dikt

frequency of occurence index (FOCI) for
"rate + natural + ventilation"

rate (9)
natural (9)

ventilation (27)

The Context mode is the default mode, where search results are presented
in their context. The Symantec mode, as the name suggests, is associated
with meaning. This mode is not implemented in this software application,

but is discussed in ‘Further Work (Conclusion, Section 6.3).

4.5.8 Stage 7: Adding words to the list dynamically

So far the user can only drag and drop from an existing list of terms on
the left-hand side of the circle. Though these terms are carefully chosen
from a small section of the Skins and Spaces website, the usability is
limited ie the user is restricted to searching for items using a pre-selected
set of terms. In Stage 5, the search process using the inputA text field was
made dynamic by introducing the master.xml index file, thus allowing the
user to dynamically search for any term. This principle is extended here.
An Add+ button is created and placed on stage next to the Search button.

Search

Visualizing Probable Space

196 Please refer to the ‘Chapter

| Add+ |

index file

-i Occurrence

4_Cnse Study 2\O P IJS\qiieryR’
folder on the CD accompanying
this thesis to view the master.xinl

... Context C Symantec
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The user can enter any query in the inputA search text field and click on
the Add+ button. This event dynamically creates and places the query
specified on stage, next to the existing list of terms. The user can drag this
term into the circle and see it being included to refine the search query.
Continuing from the previous example, where a user may be interesting
in the search query: Tate of natural ventilation; in a successive search, the
user may be interested in units' related to the rate of natural ventilation.
The user now enters the term ‘unit’ into the inputA search text field and
clicks on the Add+ button, which dynamically generates and places a
movieclip on stage (below). After re-arranging the terms according to the
priorities required o1 determined by the new search interest, the user}

visual query returns the results:
OPUS.clikt

Lewvnrd irrtvnit “rtf* i Lntf
ventilation"

Tl1/it't Tuei -Idiu us-C IspffLilviru
me sitilaiei

Iulus

I=**« Ivary I' = Irqwn I-e
high c¢;a Dancy Ilave z I jftari |
pritd'irr rwi~ly r -rh.=i -naliv

mbeat

minflation I€nverd tcontext "rata + i.-nt

1l/s/c Igererally urac Ispecifying

it I1.. 1tV
Ispates Ivary | s;? In*n | e atvely
hiQh c-casa'icc Ilsve 5T aften I
prederr nancly mechanically trerolateti

mspace

Ibr-vud leurr.yut "rale"
mtemperature

incc parate

IlilLictiuii | itat | Itec carm|systen I
n *rol | h*” r n" mrlair ucq | p-r
he at I flipjlv 5«

gtyrifa'-tJ
| vo-it-ir | e--i.-rr

nur —arn | accepcaqle |hen air |

"c witil-j.ii. ml raten.

| denrnit | nr-: ipmry Ic.ek "rarn
use Iic- e ar-ple Irelation Tipecn: I
sc jrce Iac lutic a

ce-itih-rir "l ratft
Irequ -evients | di'Te-ent I bjile nq I
t.oes | difte-eat I qccaparcy levels I

Occurrence + Context Symantec

ActionScript’.

The duplicateMovieClip method is used to create copies of'the search
query entered in the inputA text field. The user can add any number of
terms to the stage dynamically, and use them to refine the search query'.
The newly generated term appears in red, so as to be able to distinguish

from the default set of terms on stage, and any newly added terms.
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4.5.9 Stage 8: The pop-up Window

This is the last stage in the functionality of the system and involves
displaying additional data to the user. Once the resultsPane text field

has been populated with search results and the user has selected an item
of interest, a natural tendency of hypertext users is to click on a link, in
anticipation that this action will lead to an appropriate result. At this
stage, a pop-up Window is introduced which contains the corresponding
set of data, in the form ofa web page, to the link or data element selected.
To illustrate, in our example on the query ‘rate of natural ventilation’, the
user may be interested in the string

Clicking on 'often invokes a pop-up Window as shown below.
The web page is loaded and its contents are scrolled to the paragraph

within which the sentence selected is located. The highlight below is

deliberate.
msc online | welsh school of architecture | Cardiff university | - Microsoft Internet Explorer la 'ia'ji
He Edit View Favorites Tools Help
(0] '3 3 € i S8W ** Favorites *£> Meda

fHe:///D:/Compijting/Flash/Documentation/OPUS26/M Sc/ss-02-previevj.htm#p5 Q Go ig Snaglt

A successful ventilation system must be controllable in response to
the requirements of the buildings occupants. jjBi¥is RoifkbiK QffidR{B

achieve because the total ventilation rate of a building is a mix of

Figure 1: Analysis of wind driven
ventilation in an atrium.
purpose ventilation (which may be natural or mechanical, or a mixture
of both) and infiltration (hat is, unintenticnal air leakage, which by it
nature is uncontrollable).

A controllable ventilation system Therefore needs to be carefully
designed. This means attention to:

« the airtightness of the building envelope;
« the method of air delivery and extract;
+ the control of air delivery and room air distribution.

The ventilation design of modem buildings should be based on the
principle 'build tight' and Ventilate right', in order to provide building
occupants with good air quality and comfortable conditions for the
most efficient use of energy

Natural ventilation in complex buildings

Natural ventilation is often considered to be the most energy efficient
and healthy solution. It is usually considered to be a fundamental
part of 'passive design', which is the term used to describe the
integrative design approach, involving the use of daylight, thermal
mass, solar radiation and ventilation - and as such
ventilation design should not be considered in isolation from these
other design factors.

insulation,

T
There are some good examples of passive design non-domestic
buildings such as the Gateway I office (Figure 2 4 3) and the
Queens Building at DeMontfort University (Figure 4) in which the
building form is an integral part ofthe ventilation design.
- 0., D..UmM

j*jDone §

Figure 2 & 3: The warm air being
exhausted through the roof of the
atrium in the Gateway Il office
buildino ie used to induce an I

My Computer

ActionScript:
The 'link attribute in xml is used to define a hyperlink. The first keyword

in every passage is hyperlinked and thus appears underlined. In the
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OPUS.dikt

keyword in content: "rate + natural +
ventilation"

often | diff cult | achieve [because Itotal
ventilation | rate | building | mu: | ourpc ?e
I ventiation I'may Inatural I mechanical, 1
nurture Iboth | infiltration | unintentional I
air | leakage | its | nature | uncontrollable

first | when 1cutside | air | cold | high |
ventilation | rate Ican | produce | energy
penaltes Idue | exhaust | large |
amourts | stale | but | warm lair | heat |
recovery | not | yet | feasible | natural |
ventilation

more | densely | occupied | spaces | such
I'schools Ibars | ether | public I assembly
Iplaces | recommended | ventilation |
rates | may | prove | difficult | provide |
natural | mears | alone | if | comfort |
energy | efficiency I achieved

such Icases | natural | ventilation |
system Imay | need | integrated lhealing
I'system

such | cases | natural | ventilation |
system | may | need | integrated | heating
I'system

keyword in conte:::: "rate + natural"

ul'ten | difficult | achieve | because | tutal
ventilation Irate ibuilding | mi | purpose



example above, the hyperlink for often in the first passage is specified

in its xml format as: <word link="iMSc/ss-()2-preview.htm?#p5 ”>often</
word>. The html reference refers to the specific web page where that
particular passage is located. The question mark (?) and 'hash' (#) signs,
followed by the characters p5 {ie passage 5) are references to the anchor
tag, which is used to specify the location of that passage in the web

page. The anchor tag in the corresponding html file is written as: <a
naine="h5 >. The anchor tag is responsible for autoscrolling the web page
to the location of the paragraph within which the passage of interest lies,
so that the user does not have to browse through the entire web page.

4.6 Evaluation

4.6.1 User Studies

The final stage of this case study involved evaluation of the software
application. This was done through a number of user studies conducted
to test the validity of the navigation tool. The studies were not intended
to be statistical or quantitative in nature, but qualitative, to assess the

ideas and design principles implemented in the software application.

4.6.2 Methodology

4.6.2.1 Test Procedure

All studies were administered by the author. Each session was
approximately sixty minutes long. The participants were greeted and a
general background to the authors thesis was provided, followed by a
general overview of the test session. The demonstration of the navigation
tool was performed, any questions were answered and the users were
made aware of bugs in the software. Finally, the test questionnaire was
explained. The screen capture mode was ‘switched on' and the user was
allowed to begin the search task. Users were asked not to speak to each
other for the duration of the task and to inform the author after they
had finished answering the task questions, so that the recording could be
stopped. The users were then asked to complete the User Response Form.
Finally, the users were asked if they had any additional comments on the
navigation tool and were thanked for their participation in evaluating
OPUS.

Visualizing Probable Space

An earlier unsuccessful attempt to
deploy the functionality described
in this section is as follows:

The pop-up Window is created
using the PopUpManiiger class in
actionscript. A movieclip named
mndou Content is created in die
library, which has a text field with
horizontal and vertical scrollbars.
The cnntentPath variable in the
Window component class allows
access to the content to be loaded
into the Window, which is the
windowContent movieclip in the
library. Thus, when die user clicks
on a hyperlink, Flash creates die
Window at runtime, and loads
the windowContent movieclip
into its body, which in turn loads
the corresponding hunl file that
corresponds to the result clicked
upon.

Ifowevet, due to limitations in
Rash to load multiple images
dynamically into a text field, die
more direct approach of loading a
web page using a browser window
was adopted.
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Participant:
Date & Time:
Profession:

An Observer Participant User System (OPUS)

User Response

Please answer the following guestions.

1) Do you understand the utility of the ‘principle of proximity? Is it intuitive?

2) Does the ability to spatially rearrange words/terms allow you to refine your previous/subsequent

scarch results?

3) Does this ability make searching easier and quicker?

4) Does the display of keywords in their context help you to compare the different passages?

5) Does highlighting the terms you are searching for help?

6) Does dynamically adding any keyword to the list using the Add+ button assist in the search task?
7) What was the highest number of terms you combined to search for a specific query?

8) Is there a learning effect in using and understanding this tool?

9) Comments on uscr intcrface:



4.6.2.2 Questionnaire

A questionnaire was prepared for users to complete after using the tool.
For a critical evaluation of the tool, a challenging task was required.

By nature, the task should obviously be search related, but should be
designed to utilize the search capabilities of the tool and the functionality
of its user interface elements. Design principles and ideas discussed in
earlier sections shape the questionnaire. These are summarized below:

a) freedom of choice to re-arrange words, terms or concepts

b) the keyword in context format

¢) the proximity principle

d) ‘dynamically adding terms to a list’ functionality

e) successive search capability and advantage

With the above in mind, it was decided that the following questions
needed to be asked:

1) Do you understand the utility ofthe 'principle of proximity ?Is it
intuitive?

2) Does re-arranging words, terms or concepts give you a greater 'freedom
of choice’ in searching for a result?

3) Do the above two characteristics ofthe software allow you to form a
mental map or model of items of interest?

4) Does the display ofkeywords in their context force you to compare the
different occurrences?

5) Does highlighting the terms you are searching for help?

6) Does dynamically adding any keyword to the list using the Add+
button assist in the search task?

7) What was the highest number ofterms you combined to search for a
specific query?

8) Is there a learning effect in using and understanding this tool?

Keeping in mind the skills and knowledge the users may possess,
neutrality of language is important. The questionnaire in its final form
appears to the left, and is entitled ‘User Response Form’. However, this
part of the questionnaire is answered after performing the search task,

which is described below.

4.6.2.3 Search task
As mentioned before, a challenging task is required for a critical

assessment of the tool. The questions asked and their search-related

characteristics are described below:

Visualizing Probable Space

105



An Observer Participant User System (OPUS)
Task Questions
Please answer the following questions using the Participant mode in the navigation tool:

1. On what principle should the ventilation design of modern buildings be based?

2. What is the age of air? What is the temperature of air?

3. What is the minimum ventilation requirement to control body odour? What is the air infiltration rate

of a modern house?

4. Explorc the relation between background ventilation and trickle ventilators,



Q1) On what principle should the ventilation design of modern buildings
be based?

This question requires a single search term as part of its search expression,
although multiple terms can be combined to find the answer. This is

perhaps the easiest question in the task.

Q2a) What is the age of air? Q2b) What is the temperature of air?

This question requires a minimum of two terms to be combined, for
each question, to find the correct answers. The term ‘air’is the common
denominator, and successive searching is required to find the answers,

which are located in different sections of the same web page.

Q3a) What is the minimum ventilation requirement to control body
odour? Q3b) What is the air infiltration rate of a modern house?

This is perhaps the most difficult question in the task. Two separate
questions, with two separate answers, in two different locations need to
be found. However, this time the answer to Q3a is not in sentences which
have been indexed, but in a table whose contents have not been indexed.
The caption to the table however, has been indexed. This question
requires carefully chosen terms as part of the search expression, involves

successive searching as well as open-ended browsing.

Q4. Explore the relation between background ventilation and trickle
ventilators.

This is an open-ended question which has answers in multiple locations.
It integrates searching and browsing to find an answer which the user

finds appropriate.

The ‘task questionnaire' in its final form appears to the left.

4.6.2.4 Pilot Studies

Two separate pilot studies were conducted - one with a single user and
the second one with two users. All users involved in the pilot study had
specialist knowledge related to environmental design and were very
familiar with the contents of the data-set ie the Skins and Spaces website.
The pilot studies were essential to refine the search task to be performed
using OPUS. After the first pilot study, the questionnaire was refined. It
was also suggested that the sessions be recorded for later analysis. Also, a
demonstration video could be prepared to show to the participants, which
would reduce the need for verbal description ofthe navigation tool. All
of these three suggestions were implemented in the second pilot study
which consisted of two users. A video of the tool in action was shown to
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the users as part of the introduction. The users performed the search task,
answered the questions and the user response form. Their search process
was recorded using a screen capture software.19 The second pilot study
confirmed that the questions were sufficiently challenging to answer and
that the overall format of the questionnaire was appropriate. It was also
suggested that a verbal description of the search tool should be kept to a
minimum and that the video should demonstrate the tool in action.

4.6.2.5 Participants

Twenty (20) participants were involved iii the user studies. All
participants were familiar with the internet and searching online. Apart
from staffand students at the Welsh School of Architecture, external
participants were also involved. Overall, they represented a range of ages,
backgrounds, professions, education and skill levels. A generic breakdown
is as follows:

Students (undergraduate) =3

Students (graduate) =2

Students (also part-time staff members and research students) =5

Staff (architecture related) = 1

Staff (specialist knowledge - Librarian) = 1

Staff (non-architecture related) = 5

External (architect in practice and ex-student on iMSc programme at
WSA) =1

External (Librarian - Law) = 1

External (research student - marketing) = 1

4.6.2.6 Infrastructure and Environment

User studies were usually conducted in pairs, or groups of 3 or 4
participants. The configuration of computers used in the task were:

1) Toshiba laptop: Intel Pentium 4, 2.66 GHz, 512 MB RAM, 15~
monitor at 1024 x 768 pixels resolution.

2) Toshiba laptop: Intel Pentium Mobile 1.40 GHz, 240 MB RAM, 12"
monitor at 1024 x 768 pixels resolution.

3) Dell laptop: Intel Pentium 4, 2.66 GHz, 512 MB RAM, 17 monitor
at 1024 x 768 pixels resolution.

4) Dell workstation: Intel Pentium 4, 3.0 GHz, 2 GB RAM, 19 monitor
at 1024 x 768 pixels resolution.

A digital projector was used to demonstrate the search tool. BB Flashback
Recorder by Blueberry Software Ltd was used for screen capture ie to

record the actions of the user. The search task was performed in a quiet

Visualizing Probable Space
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room, where digital projection facilities were available.

4.6.2.7 Limitations and Known ‘Bugs’K8

The navigation tool does not support searching using phrases or multiple
words. Users are required to combine multiple ‘single search terms to find
relevant results. The navigation tool has been scripted to a point where it
is operational - all intended search tasks using the user interface elements
can be performed. A few errors within the system that do not impact the
search process, but are necessary to be made aware of to the user, so that
they can be bypassed if encountered are:

1) Lines are not drawn between search terms in the circle: This error
occasionally occurs when the user adds multiple terms to the search

list using the Add+' button, and drags them into the circle. The user is
advised to reset the system by clicking on the Participant button, and
starting anew.

2) Words are still active outside the circle and included in the search results'
This bug is related to the one above, and occurs when the user adds words
to the list dynamically by using the Add+ button. Ifdragging a word
outside the circle does not remove it from the search expression ie it is
still ‘active’, the user needs to use the middle mouse button to click on
the relevant term(s) inside the circle to update the search expression, and
consequently the search results.

3) Clicking on a relevant result on the right-hand side does not load the
appropriate ivebpage: This error occurs if a web page is already open. The
user is advised to close all active web pages that may have been launched
by navigating through the results on the right-hand side, before another
web page is launched.

Although the errors above can be resolved, they would require much
advanced scripting, which was considered unnecessary for the purposes of

the software prototype.

4.7 Results

Results of the analysis of the search task performed by twenty participants
is summarized below under four headings: time, accuracy of results, use
of occurrence mode and summary of user comments. However, before
discussing the results under these headings, a summary of the above
variables in tabular form is presented as four double-page spreads from
pages 110 to 113. The page overleafis a summary of results from the

second pilot study.
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Users

Time

minutes: seconds : milliseconds
overall

for each question
Qi
Q2a
Q2b
Q3a

Q3b
Q4

Terms

used as part ofsearch expression

Qi

Q2a

Q2b

Q3a

Q3b

Q4

Accuracy

number of answers wrong

use of occurrence mode

(number of times)

comments on user interface

specific comments

Pilot Studies

# 1

17:43:00

04:29:40
01:10:60
01:34:70
05:25:80
00:59:30

04:03:20

ventilation, principle, modern

age, air

air, temperature

minimum, ventilation, infiltration,
requirement, rate, body, odour

modern, rate, infiltration

background, trickle

Q3a incorrect

Nil

The user commented that the
Occurrence mode could be removed, as
it provided Sstatistics only’, which did
not seem to be useful.

#2

19:21:00

02:06:80
04:42:50
02:42:40
05:52:90
00:49:90

03:06:50

principle, modern

age, air

temperature, what

ventilation, odour, body,
requirement, minimum

infiltration, rate, modern

ventilation, trickle

did not answer Q1

Yes (1)

Nil

The user contradicted the statement by
user 1, saying that in his search, the
Occurrence mode helped to establish
whether a particular search term existed
in the database.



Users

Time

minutes: seconds : milliseconds
overall

for each question

Qi
Q2a
Q2b
Q3a
Q3b
Q4

Terms

used as part of search expression

Qi

Q2a

Q2b

Q3a

Q3b

Q4
Accuracy

number of answers wrong

use of occurrence mode

(number of times)

comments on user interface

specific comments

User Evaluation

# 1

23:03:00

04:35:20
01:53:60

01:33:40

04:52:40
01:34:40

08:34:00

ventilation, design, principles

age, air

air, temperature, measure

ventilation, body, odour,

requirement, minimum

infiltration, ventilation, house

background, ventilation, trickle,
natural, age

Nil

interface could highlight searched terms

in the web page and a ‘find next’ tool

could be incorporated.

user commented that the formation

of a map at the end of the process was

very useful and that the idea could
be extended to build up a personal

dictionary of relevant items as part of

regular search routines.

42

45:09:90

07:10:20
04:20:60
10:51:80
09:49:00
03:02:10

09:06:70

ventilation, principle, modern,
principles

age, air

air, temperature, define,
definition, type

ventilation, body, ‘body odour’,
minimum, requirement, odour

air, infiltration, modern

ventilation, background, ventilator,
trickle, relation

Q2b not perfectly right

Yes (3)

Nil



User Evaluation

#3 #4 #5
18:51:10 24:26:40 13:50:60
01:11:40 04:04:00 02:38:50
01:30:40 01:55:00 01:48:20
03:10:00 00:47:40 01:16:20
02:39:00 12:05:40 03:11:30
01:37:30 01:31:50 00:52:60
08:42:10 04:03:30 04:03:80

ventilation, modern ventilation, modern ventilation, principle, modern
age, air age, air age, air
air, temperature air, temperature air, temperature

ventilation, odour, body, temperature,

ventilation, body, rate, minimum mechanical, control, requirement, ventilation, odour, body, minimun
minimum
air, infiltration, house infiltration, rate, modern air, infiltration, modern
ventilation, background, trickle ventilation, background, trickle ventilauon, background, trickle
Nil Nil Nil
Yes (1) X X

would possibly be easier if words in

. sentences - and, if, but, a, the, etc were
the terms on the left-hand side could

perhaps be labelled in alphabetical order;

left in, as sometimes it is not possible to>
. . A . A know exactly which result is best; could
an auto-align function for words placed nice, simple and clear interface.
. . . be turned on or off?
outside the circle would make things

clearer.
the text could be larger - easier to read

and move about.

user commented that he had discovered
new items of interest during the search
task, and found that very useful.



Users

Time

minutes : seconds : milliseconds

overall

for each question
Qi
Q2a
Q2b
Q3a

Q3b
Q4

Terms

used as part of search expression

Qi

Q2b

Q3a

Q3b

Q4
Accuracy

number of answers wrong

use of occurrence mode

(number of times)

comments on user interface

specific comments

User Evaluation

#6

23:56:20

03:50:40
05:02:20
04:47:50
05:50:50
01:44:40

02:41:20

ventilation, principle

air, age

air, temperature

ventilation, odour, minimum, comfort,

rate

air, infiltration

ventilation, ventilators

Q3a incorrect

it seems very simple and quick to
understand

#7

17:16:80

03:18:00
01:51:80
01:27:60
05:03:80
02:18:40

03:17:10

ventilation, principle, building

air, age

air, temperature

ventilation, body, odour, requirement,

minimum

air, infiltration, modern

ventilation, trickle

Nil

Yes (1)

highlighting the results in the web page
or document would help; a mechanism
to delete words in the circle, but keep
them in the list; and the possibility of
building a personal ‘dictionary’ and
saving it.



#8

25:14:60

07:18:00
02:19:80
03:29:00
03:18:30
02:36:00

06:13:50

ventilation, ‘modern buildings’

air, age

air, temperature

ventilation, ‘body odour’, rate

air, infiltration, rate

ventilation, background, trickle

Nil

Yes (3)

very user friendly, simple to understand

and use.

User Evaluation

#9

27:38:80

03:51:20
02:08:80
00:58:20
09:21:60
08:08:00

03:11:00

ventilation, design, modern, buildings

age, air

air, temperature

venrilation, minimum, body', odour,

requirement, control

air, infiltration, rate, modern, house

background, ventilation, trickle,
ventilators, relation, between

check

Yes (1)

a bit confused on how to gather groups
of text together as linking did not always
work.

# 10

15:10:00

03:51:20
01:21:20
00:47:30
05:09:70
00:58:80

03:01:80

ventilation, modern, principle

age, air

air, temperature

ventilation, temperature, bod)', odoui

air, infiltration, modern, rate

ventilation, background, trickle

Q3a answered but actions not recorded
in video

having the ability' to change search
process is very useful especially with the
‘add’ functionality; passages of text with
searched words contained in them is
extremely useful for identifying passages/
results quickly and efficiently.

ill



Users

Time

minutes:seconds : milliseconds

overall

for each question

Qi
Q2a

Q2b

Q3a

Q3b
Q4

Terms

used as part of search expression

Qi

Q2a

Q2b

Q3a

Q3b

Q4
Accuracy

number of answers wrong

use of occurrence mode

(number oftimes)

omments on user interface

specific comments

User Evaluation

#11

24:15:50

02:51:40
01:57:40
01:09:30
02:58:10
04:43:20

10:36:10

ventilation, modern, principle

air, age

air, temperature

ventilation, body, odour, minimum,

control, requirements

air, infiltration, modern

ventilation, background, trickle, relation

Q3a: table identified, but not answered

Yes (2)

Nil

# 12

30:53:30

09:36:20
01:59:70
01:34:70
07:18:00
01:00:70

05:14:30

ventilation, space, building, principles,

modern

air, age

air, temperature

ventilation, 'body odour’, body, odour,
minimum, rate

infiltration, rate

ventilation, background, trickle,
ventilators

Nil

Yes (1)

generally user friendly and appears to
give more accurate results; the right-hand
list of terms can get very long and nearly
requires a search engine to search within
search results; perhaps colour would help
to highlight main terms; could you click
on words from occurrence list to get
those sentences?



23:19:00

03:23:40
02:10:90
01:00:00
05:06:10
02:41:60

08:57:00

ventilation, principle, building

air, age

air, temperature

body, odour, minimum, venrilarion,

requirement

infiltration, air, rate, modern

ventilation, background, trickle,
ventilators

Nil

Yes (2)

very good and useful; the spatial
arrangement of terms is very effective;

more detailed sensitivity in the

positioning of words and the ranking of

results, perhaps a series of orbits, would
really improve speed; perhaps there

is also need for a quarantine area for
unwanted words.

User Evaluation

# 14

22:05:00

06:08:60
02:53:80
01:29:10
05:48:30
01:44:80

04:00:40

ventilation, principles, modern, principle

air, age

air, temperature

venrilarion, body, odour, control,

minimum

infiltration, house

ventilation, background, trickle

Nil

Yes (2)

the user interface needs to be more
intuitive if it is to be used generally; right
and left mouse click options and drop
down list on search terms in the circle
would be helpful as well as integrating
web-based searched in page results.

*15

m- ‘1

17:59:00

02:05:70
01:56:20
04:21:90
02:28:40
00:53:50

06:13:30

ventilation

air, age, temperature, measure

odour, ventilation, control, rate

infiltration, rate

ventilation, natural, mechanical, trickle
background

Nil

Yes (1)

it made more sense than other efforts
I've seen to represent searches and
results visually. I recall search tools

that put results in bubbles spreading
out according to relevant - these were
largely gimmicky and didn’t (I believe)
take off. This interface is visual wuthout
extraneous gizmo-bits. I liked very mucl
that it employed Boolean syntax withou
overtly stating so, and think that those
who struggle to grasp this concept will
accept a visual representation far more
easily.

1



User Evaluation

Users # 16 # 17

Time

minutes : seconds : milliseconds

overall 18:15:30 18:37:10

for each question

Qi 02:53:40 02:33:80

Q2a 02:20:50 01:58:50

Q2b 01:43:20 01:58:80

Q3a 07:04:60 05:09:80

Q3b 02:02:70 00:43:30

Q4 02:10:90 05:51:10
Terms

used as part ofsearch expression

Qi ventilation, ‘modern buildings’ ventilation, design, principle
Q2a air, age air, age
Q2b air, temperature air, temperature, definition

ventilation, ‘body odour’, control, odour,

Q3a A ventilation, body, odour, minimum
requirement
Q3b air, infiltration, rate -
Q4 ventilation, background ventilation, background, trickle
Accuracy
number of answers wrong Ql, Q3a & Q3b incorrect Q3a incorrect
use of occurrence mode X Yes (2)

(number oftimes)

easy to use; appeared user friendly and

fast; the bug of not always linking the . . . .
. I like the spatial/graphical interface of
. words could prove frustrating?; to keep A . .
omments on user interface the searching, in particular to be able to
the words you added on the left-hand
. K use a ‘central’ term.
side could be useful, rather than losing

them each time.

Answering Q3b by chance

specific comments Q1 answered in Q3a ) R
ie opportunistic



# 18

21:56:60

03:25:80
01:16:70
02:31:40
08:09:30
01:41:80

04:51:60

ventilation, ‘modern building'

air, age

air, temperature

ventilation, ‘body odour control’,
‘body odour’, body, heat, minimum

infiltration, air. rate

ventilation, background

Nil

Nil

Answering Q3a - ventilation + minimum

in a successive search

User Evaluation

# 19

19:06:80

02:41:30
01:06:50
01:07:60
04:36:20
01:03:80

08:31:40

ventilation, principle

air, age

air, temperature

ventilation, odour, minimum, control

air, infiltration

ventilation, trickle ventilator’, trickle

Q3a incorrect

I think it would be interesting to

think about a way of identifying words
(highlight differently, underline maybe)
in each of the selected sentences of the

‘keyword in context box’ that could

inform which kind of info related to the

keyword is contained in the sentence.

answered Q 1, Q2a, Q2b and Q3b
without opening web pages.
User commented that she was used to
searching using pairs of words.

#20

20:36:80

02:07:40
05:35:10
00:43:40
06:44:20
01:25:80

04:00:90

ventilation, principle

air, age

air, temperature

ventilation, requirement, odour,

minimum, control, body, ‘body odour’

air, infiltration, rate

background, ventilation, trickle

Nil

the tool is easy to use and I found it
useful in many instances, for example, in
academic life to help in the selection of

articles, literature review, etc.

user commented that the tool goes
beyond the knowledge/data-set

represented.



4.7.1 Time

The table below represents the minimum, maximum and average times

for different categories of the search task.

Summary of Results: Time
minutes: seconds: milliseconds

Minimum Maximum Average

Overall 13:50:60 45:09:90 22:13:00
Qi 01:11:40 09:36:20 03:55:10
Q2a 01:06:50 05:35:10 02:25:50
Q2b 00:43:40 10:51:80 02:19:30
Q3a 02:28:40 12:05:40 05:49:30
Q3b 00:43:30 08:08:00 02:00:60
Q4 02:10:90 10:36:10 05:29:70

Since this is not a statistical comparative study, the individual time
required for each question is not relevant. Attention is drawn however, to
the minimum, maximum and average overall' times required by the users:
* The minimum time required by one of the participants (user 5) to
perform the search task was 13 minutes, 60 seconds. This indicates that
the participant is skilled at searching online and used appropriate terms

as part ofthe search expression to find the relevant answers within a very

short period oftime. 19 199 User 5, p 110. Refer to the video
‘user2.exe’ in the ‘Chapter 4

. . . Case Study 2’folder on the CD
(user 2) was 45 minutes, 10 seconds; twice the average overall time accompanying this thesis.

* In contrast, the maximum time required to complete the search task

required by all users. Lack of proper articulation of the search expression,
and more importantly, the users mis-preference for browsing and
scanning of hypertext are responsible for this extended time required.20 200 User 2, p 110 facing
* The average time required to answer all questions in the search task was

22 minutes, 13 seconds.
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4.7.2 Accuracy of Results

The table below summarizes the number of incorrect answers for each

question, from a sample of twenty participants.

Summary of Results: Accuracy

Incorrect answers

Question (out 0f 20) Accuracy
Qi 1 95%
Q2a 0 100%
Q2b 1 95%
Q3a 5 75%
Q3b 1 95%
Q4 0 100%

The character of each question has been explained in Section 4.6.2.3

and the terms used by each participant for each question are indicated

in the User Evaluation tables (pages 110 - 113). As explained earlier,

the content of the answer to Q3a has not been indexed. Only the table
heading within which the answer was located had been indexed. This
search required successive searches with careful consideration to the search
expression, and in most cases browsing, to find the right answer. Out of
the five participants who did not answer Q3a, three did not persist with
the search task (a behaviour commonly seen as part of search behaviour);
one was unable to find the result, whereas one of the users identified

the table during browsing, but failed to recognise it as the source of the
answer. However the majority of users - 75% - answered Q3a correctly.
Seven out of twenty participants switched to Q3b after failing to answer
Q3a in the first instance, and then returned to it later, and answered it

correctly.

4.7.3 Use of Occurrence mode
Twelve (12) out of twenty participants (60%) used the occurrence mode

to confirm whether a term used as part of a search expression existed in
the index, subsequently allowing them to modify the search expression.

Visualizing Probable Space



4.7.4 Summary of user comments

Below is a summary of users’ comments after completing the search task.
Completed questionnaires can be found in Appendix D. Comments are
summarized in response to each question in the User Response Form.

1) Doyou understand the utility o fthe principle o fproximity? Is it intuitive?
Most participants agreed that arranging terms based on their
proximity to a keyword was intuitive and worked well. Some users
thought that the concept was easily grasped after it was explained. It was
also suggested that the spatial arrangement could be used or extended to

refine search results further.

2) Does the ability to spatially rearrange luordsiterms allow you to refineyour
previous/subsequent search results?

Most participants agreed that it did allow them to refine their
search results. One participant liked the ability to redefine relationships
between terms by using the middle mouse button, whereas another user
commented that the act of playing’

3) Does this ability make searching easier and quicker?
Most users commented that spatially rearranging terms did make
searching quicker and easier, especially for complex sequences of words. It

also appeared to allow for a higher accuracy of search.

4) Does the display o fkeywords in their context help you to compare the
different passages?
Users concurred that the ‘keyword in context’ format did enable

them to ‘scan’ results quickly.

5) Does highlighting the termsyou are searchingfor help?
Highlighting was useful, but most users suggested that this facility7

be extended to highlight passages or sentences in the web page as well.

6) Does dynamically adding any keyword to the list using the Add+ button
assist in the search task?
Yes.

7) What was the highest number o ftermsyou combined to searchfor a specific

query?
The average number ofterms used as part of a search expression,

as mentioned in the user response form was four.

8) Is there a learning effect in using and understanding this tool?

Visualizing Probable Space
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Some users thought that there was a short learning curve to
understanding the logic and design rationale behind the tool. Others

thought that it was intuitive and easy to understand.

9) Comments on user interface.

Comments under this question are summarized in pages 110-113.

4.8 Discussion

The user studies conducted on the navigation tool revealed positive
results. The application was seen to he intuitive and the interface was
regarded as simple and easy to use. The ability to spatially manipulate
terms or concepts had a positive impact on the search results as users felt
they could visually define the relationships between terms, and for some
users, achieve a higher accuracy of results. This direct spatial manipulation
enabled fast searches and, more importantly, the terms in the search
expression could be redefined if a suitable result was not found. This

rapid successive searching capability is seen as one of the main advantages
of the navigation tool. The keyword in context format proved highly
successful in enabling users to scan for relevant results, and in some cases,
answer the questions without having to visit the web pages. Another
strong characteristic of the tool has been its ability to integrate the tasks of
searching and browsing during an information seeking process. This was
particularly demonstrated when users were trying to answer Q3a and Q4,
both of which required redefining search terms, scanning relevant results

and browsing web pages as part of a cyclical thought process.

The formation ofa ‘map' of items of interest, as shown to the left, was
considered to be a useful feature that could extend the existing list of
terms to form a dictionary of most frequently used search terms during
information seeking sessions. More than half of the participants used the
occurrence radio button to determine whether a particular term existed in
the index, and this led them to refine their search query. It must also be
noted that no attempt to ‘rank results was made, and this did not seem
to impact the users abilities to answer the task questions. Also, Boolean
syntax (and/+, not/-) is subtly supported by visual means, and as one of
the users, who is a Librarian by profession commented (user 15, p 101)201,
'those who struggle to grasp this [Boolean] concept will accept a visual

representation far more easily.'

As mentioned earlier, information seeking is a complex process involving
search, browse and serendipity. It can be open-ended or heuristic, in

which case it is commonly known as browsing. On the other hand, it can

Visualizing Probable Space
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be goal oriented or strategic. A well designed navigation tool can support
both opportunistic and heuristic states of searching or information
seeking. The navigation tool has been successful in three specific areas:

a) By using techniques that enforce comparisons within an eyespan' (ie
the keyword in context format), it has enabled rapid scanning of results
which have led to decision-making and browsing.

b) Defining the problem by formulating a query using appropriate search
terms is a critical stage ofthe information seeking process, and remains
active as long as the search progresses. The ability to visually redefine
relationships between terms using direct manipulation has supported this
stage of the search process, and enabled efficient searches.

¢) The direct spatial manipulation of terms, combined with the keyword
in context format, the occurrence mode showing ‘statistics' and the
formation ofa map of terms used - they all facilitate the ability to search
in rapid successions during the information seeking process, as displayed

in the videos on the CD accompanying this thesis.

4.9 Future Work

Two key recommendations that emerge from the user studies are:

a) Highlighting of sentences or passages in web pages would greatly
increase the efficiency of search, and b) An option to save the keywords
that have been used during a search session, and perhaps building a
personal dictionary of most frequently used terms for search sessions
within a specific data-set. Apart from the above two recommendations
which would enhance the functionality' of the system, an advanced
prototype of the navigation tool would require implementing both the
'User' state and the 'Observer' state, which, as explained in Section 4.4,

are deeply engaging subjects in Computer Science.

Visualizing Probable Space
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5.0 Discussion

5.1 Principles applied

The case studies in the second part of this thesis apply design principles
inherent in Data Graphics to construct two visualizations. The three-
dimensional visualization of air traffic control is based on data that is
inherently spatial, whereas the navigation tool to search text within a
hypertext document is based on data that has no spatial bearings ie it
is abstract. The principles employed in each visualization are discussed

below.

5.1.1 A three-dimensional radar display for air traffic control

A fundamental rule of data design rather than a design principle governs
the visualization of air traffic control data: data integrity. It is much more
meaningful to represent or map data that has three-dimensional spatial
bearings to a familiar cartesian world on computer screen rather than

limit it to a plan view.

In doing so, the data becomes obvious; it speaks for itself. The same
principle guides the construction of elliptical tunnels that represent the
Standard Instrument Departure routes (SID %) or flightpaths that guide
the movement
of aircraft
departing from
Heathrow. The
three-dimensional

elliptical tunnels of
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airspace are important as apart from structuring the airspace, in the actual
simulation22, they place the data (the flight, its X, y and z co-ordinates,
its speed, height, velocity and bearing) in its context; and allow relative

comparisons of their changing positions over time.

A generic data graphic principle applied to visualize ATC data is
‘multiples and variables’. The symbols used to represent the altitude
constraints (multiples of | ) repeat themselves, but vary in size according
to the height represented by the constraint. These small multiples reveal
an overall picture currently absent from two-dimensional radar displays,

as is evident in the images below and overleaf.

A specific design principle from colour theory is adopted for the grey
background against which the elements of the foreground are placed.

As discussed earlier (Chapter 3, Section 3.5.4), the green colour of the
SID% is based on its established use in ATC displays as it maintains good
brightness contrast throughout most of its saturation range. Another
specific design principle grounded in scientific theory is that ofa ‘moving
and flashing object’, used to attract the user’ attention outside the Useful
Field of View (UFOV). Both ofthese design principles may not find
general applicability as design principles employed in any visualization

depend on the data-set, the context and desired goal of the visualization.

5.1.2 A navigation tool for information seeking

This visualization implements all three generic data graphic principles
discussed in Part 1 of'this thesis: Multiples and Variables, Context and
Comparison and Cause and Effect.

Data is presented in its context - sentences with (common) lemmas
omitted are presented in the resultsPane on the right-hand side ofthe
interface (overleaf). This linear arrangement of data enforces comparisons
within an eyespan. A specific principle adopted from colour theory is

applied to the data represented here. The small multiples of words or

Discussion
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perceptual feature that is preattentively processed. Once the user scans
this body of text and attempts to retrieve an item of interest by clicking 203 Triesman, Anne, Preattentive
on a hyperlink, the cause and effect principle comes into action by Processing in Vision, Computer
I ision, Graphics and Image Processing,

ensuring that relevant data is displayed in the windowPane within an
Vol 31, 1985, pp 156- 177
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A specific cognitive principle based on preattentive processing is termed
here as the principle of proximity . Line length is preattentively processed.
In the visual interface of the navigation tool, whenever a term is dragged
and dropped into the circle, a line is dynamically drawn from the
keyword to other terms in the circle which are within range (above). The
lines and their lengths help to infer the 2d spatial positioning of terms

in relation to the keyword, and also help in intuitively rearranging the
configuration to alter the results (right). The cause and effect principle
isalso in action here as dragging and dropping terms into the circle or
refining the search expression by altering the arrangement ofterms leads
to relevant search results being displayed within an appropriate time span.
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5.2 Generality and Specificity

It emerges from discussions’4on form in the thesis that trying to impose 204 Chapter 2, Sections 2.4, 2.5 and
aform on a data-set in the process of mapping it to an appropriate visual 2.6; and Chapter 4, Section 4.5.4
structure is counterproductive to the principles of data design. This was
apparent during the development of the navigation tool, when a spiral
form was used to represent data and also as a device to seek information
(left). An overriding rule of data design is that of data integrity. Any
attempt to map data arbitrarily in n dimensions (where n = 1, 2, 3...), or
even give it an arbitrary visual structure is bound to be less successful, or
in most cases unsuccessful. It has also emerged from both visualizations
that the principles utilised to construct them are not always the same

but differ depending on the data-set in question and the goals of the
visualization. The three principles specific to data graphics - multiples and
variables, context and comparison and cause and effect - find applicability
under specific circumstances depending on the data to be represented and
the goals of the visualization. However, both visualizations observe three

general rules of thumb':

1. maintain Data Integrity
2. attempt Data Density
3. avoid Data Overload

All the data graphics discussed in this thesis and the visualizations
constructed observe these rules. They are not design principles per se, but
heuristics, which, at a macro level guide the construction of visualizations,
which in turn implement specific design principles at micro level, to

form successful constructs. It is important for the designer to maintain an
overview of the goal of the visualization and gain an insight into the data
to be represented (the variables involved and their relationships), so that
an appropriate construct ultimately leads to rhe extraction of knowledge

from data.

5.3 Reliability

The design principles discussed in this thesis are independent of the
medium on which they are generated and presented, and the source

of content. The application of these principles depends on the data-

set in question and the context of the visualization. There is no recipe
or formula to apply these principles, but as the two visualizations

have shown, their selective application produces reliable results. If the
visualization constructed is effective, which, in this study the validations

have confirmed, then the reliability of the design principles is also
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confirmed. In general, the design principles to be applied depend on the

mental tasks to be performed. If the cognitive task requires comparing

alternatives, then ‘show comparisons’; if the cognitive task requires

reasoning about causality, ‘show cause and effect’; if the cognitive task is

to show variation, ‘show multiples and variables’. If applying these design

principles does not yield appropriate results, one should deviate from

these principles. These design principles have been derived from cognitive

tasks - “understanding causality, multivariateness and comparison” -

[which are universal] and tied to natures laws; indifferent to language,

culture, gender, or the particular mode of information that is provided.”2b
Hi rails, Cross-Disciplinary
Exchanges: An Interview with

Edward R. Tnite, Technical

A . Communications Quarterly, Vol 13,
5.4 Implications No 4, 2004, pp 44% - 462

The comprehension of data is at the heart of producing exemplary data
graphics. In the contemporary digital world, the same concern guides the
design of visualizations where users can interact with the data and gain an
understanding of phenomenon inherent in data. Simple design principles
and rules of thumb guide the design of data graphics and visualizations.
Some find general applicability and others need to be applied with
caution. An awareness of these principles and knowledge of how to apply
them to create effective applications for visual reasoning can yield great
results. The effectiveness of the visualizations in this thesis have been
confirmed through domain experts and user studies. The applications
demonstrate how design principles inherent in data graphics, which have
been historically represented on paper, are still valid to create effective,

contemporary, computer-based, interactive visualizations of data.

Discussion
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6.0 Conclusion
6.1 Principles uncovered

The aim of historic data graphics and modern computer-based
visualizations is to reveal data. Visualizations need to be effective. The
three heuristics that need to be applied to create successful visualizations
are:

1. maintain Data Integrity

2. attempt Data Density

3. avoid Data Overload
Under this umbrella, the three data graphic principles which have been
explored in this thesis that can be applied to create effective visualizations
are:

1. Multiples and Variables

2. Context and Comparison

3. Cause and Effect
Furthermore, specific cognitive principles derived from domains such
as colour theory, vision theory, etc need to be applied selectively. Their
application depends on the design of the visualization which remains
open-ended, but bound by the framework of visualization (Chapter 1,
Section 1.4) where data is transformed into information through an
appropriate visual structure, and over a period of time this information
crystallizes into knowledge.

6.2 Contribution

Tie contributions of this thesis lie in the two visualizations constructed.
Both visualizations are based on large, complex, multivariate data-sets
- one with, and the other without spatial bearings.

The three-dimensional visualization of air traffic control data presents
aver)' simple and novel interactive interface to visualize ATC data. The
background colour, symbology used to represent altitude constraints

and landmarks, multiple orthographic and perspective views, and real-
time rotation are techniques that, in the opinion of domain experts,
greatly enhanced interaction and increased comprehension of data. The
willingness of the Organisation to commission a design guide is indicative
ofits potential as an effective tool for future air traffic control.

The navigation tool entitled an Observer Participant User System or
OPUS, presents a novel direct manipulation interface which enables
information retrieval and seeking within a hypertext document. This is
based on cognitive principles that support intuitive interaction to refine
the search query, rather than relying on algorithms to rank the data

in order of relevance. This ‘drag, drop and draw line method saliently
supports Boolean syntax without users realising so. The tool also supports
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the formation of a mental map , which is an important part of the
information seeking process. Users also used statistical information to
ascertain the presence of a term in the database and subsequently refine
their search query. The simplicity of the user interface, its ease of use and
efficiency in search-related tasks was confirmed through user studies.

6.3 Further Work

In the case of the three-dimensional radar display, it is worthwhile
investigating the visualization of STandard Arrival Routes or STAR's,
where incoming flights are stacked horizontally above each other. Since
the structure of airspace created by STAR's is very different from that
created by SID s, it may be worth exploring the potential of technologies
such as virtual reality, which may be more suitable to visualize STAR's.

As explained before, the navigation tool for information seeking named
an Qbserver Participant User System or OPUS requires implementing
both the Observer and User states, apart from the Participant state
implemented here. Highly effective information retrieval systems of the
future would require a deeper investigation into indexing. The ‘Symantec’
mode introduced in OPUS suggests an IR system that brings 'meaning’
into the picture by retrieving search results which the system 'thinks are
closer in meaning to the results anticipated by the user. It is also suggested
that in the case of indexing, perhaps the grammar of the specific language
in which the documents are required to be indexed, guides the structure
of the index file.

Finally, information visualization applications would benefit from
applying data graphic design principles, and significantly aid our
understanding of large and complex multivariate data sets, which in
turn may be immensely beneficial for sectors of the economy such as
healthcare, education, defense, retail, agriculture, to name a few.

6.4 Closing

The case studies explored in Part 2 are both examples of visualizations

where "the information becomes the interface"26 Applying principles of 206 Tulte, Edward R., I isua!

data graphics to two types of data - spatial (air traffic control) and non- Explinations: Images and Quantities,
spatial (a hypertext document) has yielded high-density multivariate Connecticut: Graphics Press, 1997,
pieces of work. hhe three-dimensional representation of data in the radar p 146, emphasis in original

Evidence and Narrative, Cheshire,

display and the two-dimensional interactive interface of the navigation
tool are both escapes from what Tufte calls 'flatlands', where the user is
forced to ask relevant questions, query the system, receive feedback and
make appropriate judgements. In both cases, perceptual features that
pop-out’, such as colour, shape, position or length, have been utilised by
the human perceptual system to rapidly recognise elements of interest
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and subsequently led to “discovery, decision-making and explanation' 207
which, as explained earlier, are the main goals of visualization. Design
principles derived from the study of data graphics in Part 1 trascend the
medium in which they are produced and presented. These principles

are often ignored in our contemporary digital world, where the task of
revealing data often leads to the unintended consequence of obscuring
it. In the digital age, the cost ofa “grapho (the graphical equivalent of a
typo) '2'81s, in critical applications (such as ATC), unacceptable.

The exponential proliferation of digital technologies such as

personal computers, mobile phones and personal diaries, and their
interconnectivity via fixed or wireless networks will continue to greatly
extend the electronic environment around us. The term ubiquitous
computing’ vividly captures a vision where computers and peripheral
devices integrate seamlessly in the environment surrounding us, and in
some cases, adapt and augment our physical bodies as well. Our capacities
to generate and disseminate digital data will grow many fold. In trying
to navigate through this dense cloud of data, human beings are likely to
take “the path of'least cognitive resistance.”2P Against this background,
designing highly effective interactive information environments, which
can “amplify our natural abilities and proclivities rather than create new
methods and tools that themselves must be learned M and where users
can extract knowledge from data, remains a key challenge in this newly
established field of information visualization.

Conclusion
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Transcript

Excerpts o fconversation between the author and Mark Green, ATC Planner,
National Air Traffic Services Ltd onJune 30, 2004

JK: We talked last time about two approaches, the most interesting was
the air tunnel one where the plane moves through its own airspace, so you
always see the airspace as it moves.

MG: That is one of the concepts we are currently developing for
deployment. Operational deployment will probably be around 2015
for that concept. But were already looking at it and doing fast-time
modelling at the moment and thats why were very interested in the 3d
visualization capability that you have with this tool.

JK: This is what we (I) came up with....(demo of model)

MG: That's very incredible, I mean, the ability to rotate in three-
dimensions in real-time is very impressive.

JK: One of the things I want to talk to you (about), probably towards the
end is setting up a real case scenario within this system.

MG: Well, its funny you should say that because having seen this some

of the visualization techniques you are using here would merge very well
with some airspace development work that we are doing at the moment
on something called the TC Northwest Sector, which is if you imagine
the airspace around London we tend to divide the terminal areas of all the
TMA sectors arc divided typically into quadrants, so with those quadrants
what were doing at the moment is, | mentioned were looking at the
concept of looking at ARNAF to separate tracks so slightly like depicted
here tunnels and sky, so the TC Northwest sector we have the Heathrow
departures, and also departures from Stansted and from Luton and from
London city; and all of this traffic is taking offand merging onto parallel
routes to fly north. So we've already developed the airspace but what I
would be very interested in doing is seeing if you can then take some real
traffic scenarios that we've got developed and whether you could run it
through an airspace visualization model for us.

MG: Its very useful just to visualize what the aircraft are doing, I mean,
I'm extrapolating what the tool is showing us here and putting it in
context of the development we re doing at the moment. I mean when we
come to looking at the actual work that we are doing which is a project
called SMART, which is Simulation, Modelling, Analysis of Arnav and
the TMA, which is these 3d profiles, a visualization tool like this would
be very very useful for us.



JK: for example the possibility of using icons, for example if there is a
helicopter, then you see a helicopter; ifthere is a Boeing, then you see a
Boeing.

MG: certainly for this future work, it would be interesting to see the
aircraft divided into large jets, small jets, turbo props, piston aircraft, just
to see a generic breakdown or a breakdown into generic categories.

MG: already what has been depicted there is very useful or has potential
to be very useful from an airspace design point of view.

JK: way ahead...

MG: Well certainly if you're going to be available for another two and a
halfyears, I think we can certainly provide you with lots of information
that would benefit both yourself and the PhD, but we would also draw
benefit for ourselves as the air traffic service provider, because I think
these sorts of visualization techniques are the way ahead for us. I'm
already investigating purchasing at the moment a tool that will enable us
to look at airspace in a 3d perspective. But at the same time even though
we are investigating that tool, by the time we purchase the tool and we
look at making the necessary software changes to it, I think its certainly
worthwhile pursuing the investigation here, and the area I think I'd like
you to get involved with, especially if youte available for two and a half
years, is working on this ARNAV concept of future airspace. What we
need to do is basically identify sort of a roadmap. I mean I know where
we would like to get to at the end - at the end [ would like to see the
whole ofthe TC Northwest sector and the Midlands sectors incorporated
into this tool so you can look at the interactions between the arrivals and
the departures flying through these 3d tunnels and I think that this tool
would be ideal to demonstrate that. Already I'm impressed how you've
taken the SID % and you've been able to model the SID s as they exist at
the moment obviously incorporating the 3d profiles. They are certain
areas which you've identified which we need to tidy up, things like the
departures separations and so on to make it more operational acceptable,
but I think it has the potential to be a very powerful tool. Especially this
sort of view here - the Cameral perspective - that is ideal.

MG: I've been very impressed by the performance, I mean the graphical
processing is really great. Ml in all the demonstration today has been very
powerful, and I would certainly like you to be involved in this airspace
development work that we are doing.



hekhar - RE: Funding

M’Page 1 ;

From: "LAKHANI, Devang" <Devang.LAKHANI@nats.co.uk>
To: Jignesh Khakhar <KhakharJ@Cardiff.ac.uk>

Date: 28/09/2004 13:54.:07 .

Subject: RE: Funding

Jig,

Please have a look at this for background info.

Dev

<<<<< Original Message-----

From: Jignesh Khakhar {mailto:KhakharJ @Cardiff ac.uk}
Sent. 24 September 2004 11:53

To: LEWIS Alison <Alison.Lewis@nats.co.uk

Cc: LAKHANI, Devang

Subject: Funding

Hi Alison,

The following is a breakdown of the funding required to undertake the 3d
visualization project for NATS:

Ws discussed the requirement of employing an asssitant for the 3d modelling.
On a salary basis of £12, 000 - £15, 000 per annum, this would yield a final
estimate of:

£19, 656 - £ 24, 670 (includes NI + overheads)

+

£5, 000 (maximum) for equipment purchases (if required)
+

travel and subsistence (as required)

The School would like to know how you would like us to put this proposal
forward in a formal manner ie writing?

Please do not hesitate to contact me for any further queries.
Looking forward to a response from you soon.

Many thanks.

Regards,

Jig

R L T L e s e

This email and any files transmitted with it are confidential. If you

are not the intended recipient, please notify our Help Desk. Email
postmaster@nats.co.uk immediately.

You should not copy or use this email or attachment(s) for any purpose
nor disclose their contents to any other person.

NATS computer systems may be monitored and communications
carried on them recorded, to secure the effective operation of the
System and for other lawful purposes.


mailto:KhakharJ@Cardiff
mailto:Alison.Lewis@nats.co.uk
mailto:postmaster@nats.co.uk
mailto:Devang.LAKHANI@nats.co.uk
mailto:KhakharJ@Cardiff.ac.uk

Al

Meeting with Roy Byres
27/09/04

Agenda
To find out more about Luciad ATC Playback

* ATC Playback is used to replay traffic movements from fast
time and real time simulators.

* The fast time simulators use software algorithms for
simulating traffic movements whilst real time simulators use
pseudo pilots for traffic movements

* The inputs to Luciad are

Navaid Data

Airport Data

Airspace/ground data

Airspace rules

Traffic Files - flight plans etc

Not radar data

All the above are in ASCII format

© o0 © 0 0 O

Useful features in the existing software.

* Distance measuring tool; used for track lengths etc.

« Different colours for sectors based on traffic loads

* Future path "prediction" lines/stalks

* Cumulative trajectories, whisker plots for track data

* Trajectory profile for aircraft; requested vs. actual flight
profile

* Filtering the display based on flight level and times

 Focusing in on areas of interest

Benefits of Jignesh's tools

* Can provide more graphical detail on tracks, aircraft,
buildings, terrain etc

* Faster processing and allows for a multiple of camera views

e Cylindrical tracks whilst Luciad has lines only

e A more detailed simulation of an aerodrome, London TMA etc.

* More emergent and realistic aircraft behaviour.
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Appendix B

Below are descriptions of the ventilation.txt and ventilation.css files described in Section 4.5.3,
Chapter 4. Since the parameters of the ventilation.css file are repetitive, only part of the entire file is
printed here. Both files can be viewed in their entirety on the CD accompanying this thesis.

“Ventilation.txt” file:

<hrmlxtitle>search results: ‘Ventilation’</titlexbr/xbr/xbodyxI .axa href="asfunction:
loadFile”>ventilation</ax l.ax1 ,b> | process | supplying | outdoor | air | space | without |
mechanical | assistancecl.b><br/><br/x2.a>controlled | intentionally | provided | openings |
windows | doors | non-powered | <2.ax2.b> ventilators<2.bxbr/xbr/><3.a>openings | level

| <3.ax3.b>ventilation<3.b><3.c> | addition | infiltration<3.cxbr/xbr/><4.a>infiltration |
sufficient | outdoor | air | <4.ax4.b>ventilate<4.bx4.c> | building<4.cxbr/xbr/><5.a>infiltration
| component | <5.a><5.b>ventilation<5.b><5.c> | excessive | waste | heat | incur | high | energy |
penalty | building | difficult | heat | cool | comfort | levels<5.cxbr/xbr/x6.axa href= “MSc\ss-
02-preview.htm”>mechanical | </a><6.ax6.b> ventilation<6.bx6.c> | movement | air | mechanical
| means | space<6.cxbr/xbr/x7.a>'build | tight | <7.a><7.b>ventilate<7.b><7.c> | right’<7.
cxbr/xbr/x8.a>infiltration | naturally <8.ax8.b>ventilated<8.bx8.c> | mechanically |<8.
cx8.d>ventilated<8.dx8.e> | spaces<8.exbi7xbr/><9.a>'best | practice’ | minimise | infiltration

| applying | sealing | measures | controllable | natural | mechanical <9.a><9.b>ventilation<9.
bxbr/xbr/x10.a>ventilation<10.ax10.b> | effectiveness | fraction | fresh | air | delivered | space

| reaches | occupied | zone<l O .bxbr/xbr/x1 l.a>ventilation< 11.ax1 1,b> | efficiency | term |
quantify | <I1.bx 1 l.c>ventilation<I 1.cx 1 1.d> effectiveness< 11 .d x br/x b r/x 12.a>measure |
ability | <12.ax12.b>ventilation<12.bxI2.c> | system |exhaust | pollutants | generated | space<12.
cxbr/xbr/x13.a>o0ldest | air | closest | extract | maximum <13.axI3.b>ventilation<13.b><13.

c> effectiveness<13.cxbr/xbr/x14.a>naturally | <14.ax14.b>ventilated<14.bx14.c> | buildings
| air | well | mixed | space | little | difference | air quality | <14.cx14.d>ventilation<14.dx14.e> |
efficiency | space<l4.exbr/xbr/x15.a>ventilation<15.ax15-b> efficiency E =Ce - Cs / CI -
Cs<15.bxbr/xbr/x/bodyx/htm 1>

“Ventilation.css” file:

title {

color: #FFFFFF;
font-family: Verdana,;
font-size: 12px;
margin-left: 5px;
margin-right: 5px

}

l.a {

color: #FFFFFF;
font-familv: Verdana;
font-size: 12px;
margin-left: 5px;



margin-right: 5px

.M
color: #AAAAAA;

font-family: Verdana;
font-size: 12px;
margin-left: 5px;
margin-right: 5px

2.a{

color: #AAAAAA;
font-family: Verdana;
font-size: 12px;
margin-left: Spx;
margin-right: 5px

2.h {

color: #FFFFFF;
font-family: Verdana;
font-size: 12px;
margin-left: 5px;
margin-right: 5px

3a{

color: #AAAAAA,;
font-family: Verdana;
font-size: 12px;
margin-left: 5px;
margin-right: 5px

3b {

color: #FFFFFF;
font-family: Verdana,
font-size: 12px;
margin-left: 5px;
margin-right: 5px

3.c{
color: #AAAAAA,
font-family: Verdana;
font-size: 12px;
margin-left: 5px;



margin-right: 5px
}

4.a {
color: #AAAAAA,;
font-family: Verdana;
font-size: 12px;
margin-left: 5px;
margin-right: 5px

}

40b {

color: #FFFFFF;
font-family: Verdana;
font-size: 12px;
margin-left: 5px;
margin-right: 5px

4.c {

color: #AAAAAA;
font-family: Verdana;
font-size: 12px;
margin-left: 5px;
margin-right: 5px

S5.a{

}

The css file continues in the manner above, until the format of all tags
upto <15.b> have been described.
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Appendix C

This section represents the ‘master.xml’ index file described in Section 4.5.6, Chapter 4. Including the

entire xml file in print would unnecessarily add weight to this thesis. Hence, the Preview web page of

the Skins and Spaces website is presented here as seen online, and part ofits corresponding translation

into xml format in the master.xml file. The Skins and Spaces website, with all its web pages and the

master.xml file can be viewed in their entirety on the CD accompanying this thesis.

Skins and Spaces ‘Preview’web page

Figure 1: Analysis of wind driven
ventilation in an atrium. .

SKINS AND SPACES

PREVIEW

Introduction

This page will review the need for design of ventilation in buildings and
will present some examples of ventilation design in modern buildings.

Why do we need ventilation?

Ventilation in buildings is needed to provide fresh air for occupants, to
dilute and exhaust pollutants and to provide cooling in summer.
Ventilation is also needed for the protection of the building and
elements of its construction against moisture. A successful
ventilation design should provide for good air quality (low levels of
pollutants) and occupant comfort in terms of 'airy' (not draughty) and
fresh' (not stuffy) spaces. Too little ventilation and the health and
comfort of the occupants is at risk. Too much ventilation during the
heating season will incur an energy penalty.

What are the main aspects about ventilation design?

Traditionally, buildings were over-ventilated by virtue of their leaky
construction, chimneys and ill fitting components. As a consequence
ventilation was uncontrolled and buildings were difficult to heat, to
maintain comfort and keep dry.

Since the 1970's buildings have become more energy efficient. The
heating (and cooling) requirements have been reduced by increased
levels of insulation and reduced air leakage. Indeed, the heating
requirements of modern buildings are sometimes so low that the
main function of the environmental system is no longer to provide
heating but to provide ventilation, whether by natural or mechanical
means.

A successful ventilation system must be controllable in response to
the requirements of the buildings occupants. This is often difficult to
achieve because the total ventilation rate of a building is a mix of
purpose ventilation (which may be natural or mechanical, or a mixture
of both) and infiltration (that is, unintentional air leakage, which by its
nature is uncontrollable).

A controllable ventilation system therefore needs to be carefully
designed. This means attention to:

+ the airtightness of the building envelope;
+ the method of air delivery and extract;



Figure 2 & 3: The warm air being
exhausted through the roof of the
atrium in the Gateway ii office
building is used to induce an
airflow through the adjoining
offices thus providing natural
ventilation to a deep plan space.

Figure 4: The chimneys of the
Queens building at DeMontfort
University provide the exhaust for
the naturally ventilated lecture
theatres and other teaching
spaces

Figure 5 & 6: 'Seasonal hybrid'
ventilation system at Trinity
College Library, Carmarthen

» the control of air delivery and room air distribution.

The ventilation design of modern buildings should be based on the
principle 'build tight' and Ventilate right', in order to provide building
occupants with good air quality and comfortable conditions for the
most efficient use of energy.

Natural ventilation in complex buildings

Natural ventilation is often considered to be the most energy efficient
and healthy solution. It is usually considered to be a fundamental
part of 'passive design', which is the term used to describe the
integrative design approach, involving the use of daylight, thermal
mass, insulation, solar radiation and ventilation - and as such
ventilation design should not be considered in isolation from these
other design factors.

There are some good examples of passive design non-domestic
buildings such as the Gateway Il office (Figure 2 & 3) and the
Queens Building at DeMontfort University (Figure 4) in which the
building form is an integral part of the ventilation design.

Both Gateway Il and the Queens Building make use of natural
daylight and solar shading to reduce space heat gains combined with
utilising the thermal mass of the construction to absorb the peak
heat gains. These measures eliminate the need for mechanical
ventilation and cooling in summer.

Natural ventilation can be successfully applied in the design of
complex buildings- but such solutions are not easy!

Supplementing natural ventilation

Many buildings have some form of mechanical ventilation system in
combination with natural ventilation. There is currently a great deal of
speculation and innovation in the design of such 'hybrid' ventilation
systems. For example, ventilation for some spaces may need
mechanical assistance at different times of the year. Trinity College
Library (Figure 5 & 6) is naturally ventilated using roof turrets and
opening windows in summer. However, it has mechanical ventilation
with heat recovery in winter, with low level supply ducts and high level
extract ducts. This reduces the heat loss due to the high ventilation
rates required for the high occupancy levels in the reading areas, and
avoids the potential discomfort due to cold draughts caused by
opening windows

Hybrid or mixed ventilation

Spaces that are predominantly naturally ventilated may require some
mechanical ventilation assistance in certain areas. For example,
some spaces within buildings or zones within a space may need to
be air conditioned to deal with high heat gains in summer or from
high internal loads. The Exhibition Hall in Linz (Figure 7 & 8) is a
daylit space which is air conditioned in the occupied zone through a
floor displacement system, but which also uses natural ventilation
through side (supply) and top (exhaust) louvres to exhaust high level
glazing heat gains in summer.

When mechanical ventilation is necessary

In recent years there has been a reaction against total mechanically
ventilated or air-conditioned buildings, largely on the grounds of
energy efficiency. The result has been the trend to natural ventilation



solutions. However, an overreaction to mechanical solutions should
be avoided. For many buildings, their form, their function and site
constraints require that they be mechanically ventilated. Such
solutions need not be inefficient in energy use. However, the same
'holistic' approach needs to be applied to ventilation design in
mechanically ventilated buildings as generally applied to the more
innovative type of naturally ventilated buildings, if an energy efficient
solution is to be achieved. Indeed, for some buildings mechanical
ventilation can provide the most energy efficient design as well as
providing the best option for satisfying the health and comfort needs
Figure 7 & 8: Exhibition Hah Linz ofthe building occupants.
with a 'spatial hybrid' ventilation

system “he London Ark (Figure 9) is considered to represent an efficient air-
conditioned building. It provides passive cooling through chilled fins in
the open ceiling space. The amount of air supplied mechanically is
therefore reduced to that required to satisfy the ventilation
requirements ofthe occupants. This allows an efficient 100% fresh air
supply system, and a reduction in plant space requirements. Duct
sizes are reduced and space for mechanical HVAC services is
minimised.

No longer is the choice between natural ventilation and mechanical
ventilation or air conditioning. An appropriate solution needs to be
designed in response to the building, its pattern of use, the site and
its constraints, and the requirements of the occupants.

There is a spectrum of possible solutions for ventilation design that
range from pure natural ventilation, through the various ‘'hybrid'
solutions, to total mechanical ventilation and finally to the fully air-
coriditioned building. A modern energy efficient and environmental
Figure 9: London Ark friendly building is more likely to lie within this spectrum than at
either the extremes of pure natural ventilation or total air conditioning.

Ventilation design is difficult! Whether it is achieving a good natural
solution through the building design or an efficient mechanical
solution though the selection of equipment and controls, the solution
must be appropriate to the needs of the user. The end product is the
design of a building that people can feel good in - which must be
worthwhile.

The best chance of achieving an optimised solution is when the
architect and services engineer work together from the early stages
of the building design, where decisions about the building form,
planning, provision for openings, ducts and equipment are still to be
finalised.

master.xml index file (for web page above)

<?xml version= 1.0 *encoding="utf-8”7>
<opus>
<line>
<word link="MSc/ss-02-preview.htm?#h1%skins</word>
<word>and</word>
<word >spaces</word>
</line>
<line>



</line>
<line>

</line>
<linc>

</line>
<line>

</line>
<line>

</line>
<line>

<word link-"MSc/ss-02-preview.htm?#h2 >preview</word>

<word link="MSc/ss-02-preview.htm?#h3 >introduction</word>

<word link="MSc/ss-02-previcw.htm?#pr >pagc</w()rd>
<word >reviewc/word>
<word>need</word>
<word>design</word>
<word>vcentilation</word>
<word>buildings</word>
<word>present</word>
<word>some</word>
<word>examples</word>
<word>ventilation</word>
<word>design</word>
<word>modern </word>
<word>buildings</word>

<word link="MSc/ss-02-preview.htm?#h4”’>why</word>
<word>do</word>

<word>we</word>

<word>need</word>

<word>ventilation?</word>

<word link="MSc/ss-02-preview.httn?#p2'">ventilation</word>
<word>buildings</word>
<word>needed </word>
<word>provide</word>
<word>fresh</word>
<word>air</word>
<word>occupants,</word>
<word>dilute</word>
<word>exhaust</word>
<word>pollutants</word>
<word>provide</word >
<word>cooling</word>
<word>summer</word>

<word link="MSc/ss-02--preview.htm?#p2”>ventilation</word>
<word>also</word>

<word>needed</word>

<word>protection</word>

<word>building</word>



</line>
<line>

</line>
<line>

</line>
<line>

</line>
<line>

<word>eclements</word>
<word>construction</word>
<word>against</word>
<word>moisture</word>

<word link="MSc/ss-02-preview.htm?#p2”>successful</word>
<word>ventilation</word>
<word>design</word>
<word>provide</word>
<word >good</word >
<word>air</word>
<word>quality</word>
<word>low</word>
<woid>levels</word>
<word>pollutants</word>
<word>occupant</word>
<word>comfort</word>
<word>terms</word>
<word>airy’</word>
<word>not</word>
<word>draughty</word>
<word >'fresh'</word>
<word>not</word>
<word>stuffy</word>
<word>spaces</word>

<word link="M Sc/ss-02-preview.htm?#p2">too</word>
<word>little</word>

<word>vcntilation</word>

<word>health</word>

<word>comfort</word>

<word>occupants</word>

<word>risk</word>

<word link= ,MSc/ss-02-preview.htm?#p2”>too</word>
<word>much</word>

<word>ventilation </word>

<word>during</word>

<word>heating</word>

<word>season</word>

<word>incur</word>

<word >energy</wo1d>

<word>penalty</word>



<word link-"MSc/ss-02-preview.htm?#h5">what</word>
<word>main</word>
<word>aspects</word>
<word>about</word>
<word>ventilation</word>
<word>dcsign?</word>
</line>
<line>
<word link= MSc/ss-02-preview.htm?#p3 ’>traditionally</word>
<word>buildings</word>
<word >wcrc</word>
<word>over-ventilated</word>
<word>virtue</word>
<word>their</word>
<word>leaky</word>
<word>construction,</word>
<word>cbimneys</word>
<word>ill</word>
<word>fitting</word>
<word>components</word>
</line>
<line>
<word link="1MSc/ss-02-preview.htm?#p3, >consequence</woid>
<word>ventilation</word>
<word>was</word>
<word>uncontrolled</word>
<word>buildings</word>
<word>were</word >
<word>difficult</word>
<word>heat</word>
<word>maintain</word>
<word>comfort</word>
<word>keep</word>
<word>dly</word>
</linc>
<line>
<word link="MSc/ss-02-preview.htm?#p4'>since</word>
<word> 1970 s</word>
<word>buildings</word>
<word>become</word>
<word>more</word>
<word>energy</word>
<word>efficient</word>
</line>
<line>
<word link="MSc/ss-02-preview.htm?#p4 ">heating</word>
<word>cool ing</word>
<word>requirementsc/word>



<word>been</word>
<word >redneed </word>
<word>increased</word>
<word>level s</word>
<word>insulation</word>
<word>reduced</word>
<word>air</word>
<word>leakage</word>

</line>

<line>
<word link="M Sc/ss-02-prcvicw.htm ?#p4 >indecd</word>
<word>heating</word>
<word>requirements</word>
<word>modern</word>
<word>buildings</woid>
<word>sometimes</word>
<word>so</word>
<word>low</word>
<word>main</word>
<word>function</word>
<word>environmental</word>
<word>system</word>
<word>no</word>
<word>longer</word>
<word>provide</word>
<word>heating</word>
<word>but</word>
<word>provide</word>
<word>venrilarion,</word>
<word>whether</word>
<word>natural</word>
<word>mechanical</word>
<word>means</word>

</line>

<linc>
</line>

The xml file continues in the manner above, until all the sentences in the Skins and Spaces Preview’

webpage have been described in this format.



As mentioned ealier, the xml file described in this Appendix covers only the Preview web page of the
Skins and Spaces website, lhc web pages that follow have also been indexed and form the basis for the
remainder of the master.xml index file.

Principles o f Ventilation and Air Quality web page
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Figure 1: Domestic housing
utilising the fundamental forms of
ventilation

SKINS AND SPACES

PRINCIPLES OF VENTILATION AND AIR QUALITY

Teaching Aims

On the completion of this unit the user should be able to:

» define the basic principles and methods associated with
natural and mechanical ventilation;

+ define the basic requirements for health and comfort;

+ describe the energy impact of ventilation in broad terms;

* relate methods of ventilation to types of built form.

» understand the principles of air quality

This section of unit 1 will cover the following topics in relation to
ventilation

« definitions
* energy use
» comfort

Ventilation

Ventilation is the process of supplying and removing air by natural or
mechanical means to and from any space. Ventilation is a
combination of infiltration arid purpose ventilation. Purpose ventilation
can be either natural (opening windows), or mechanical (turning on a
fan), or a combination of both.

Infiltration

Infiltration is the fortuitous leakage of air through a building due to
imperfections in the structure, such as:

cracks around doors, windows, infill panels;
service entries - pipes, ducts, flues, ventilators;

through porous constructions - bricks, blocks, mortar
joints, joist connections within intermediate floors.

Natural ventilation

Natural ventilation is the movement of outdoor air into a space without
mechanical assistance. It can be controlled by intentionally provided
openings, such as windows, doors and non-powered ventilators.
These openings provide a level of ventilation in addition to infiltration.
In many cases for much of the year infiltration alone will provide
sufficient outdoor air to ventilate the building However, infiltration is
uncontrollable, being dependent on the prevailing wind speed and the
temperature difference between the internal and external air, and on
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Figure 3: The youngest air is
nearest the supply and for efficient
room air distribution the oldest air

should be nearest ?be exhaust.

the size and type ofthe leakage areas. Ifthe infiltration component of
ventilation is excessive it can result in a waste of heat which will
incur a high energy penalty and/or make the building difficult to heat
(or cool) to comfort levels.

Mechanical ventilation

Mechanical ventilation is the movement of air by mechanical means
to and from a space. It is controllable and can be localised, using
individual wall or roof fans, or centralised, with ducted distribution. It
can incorporate filtration and a heat recovery system to extract heat
from exhaust air and use it to pre-heat supply air.

Build tight ventilate right!

Infiltration occurs in both naturally ventilated and mechanically
ventilated spaces. It is considered ‘best practice1to minimise the
infiltration by applying sealing measures and then to provide
controllable natural or mechanical ventilation.

Room air distribution and fresh air mixing

When fresh air is supplied to a space it mixes with the air already
there. The proportion of fresh air that is delivered to the occupied
zone depends on the room air distribution which is determined by the
location of the air delivery and extract points and the geometry of the
space. Ventilation effectiveness describes the fraction of fresh air
delivered to the space that reaches the occupied zone. Ideally 100%
fresh air should be delivered to the occupied zone. However, air often
‘short-circuits1 between the supply and extract points. Ventilation
efficiency is the term used to quantify ventilation effectiveness. It is
a measure of the ability of a ventilation system to exhaust the
pollutants generated within a space. For a specific pollutant it is the
ratio of its concentration at the point of extract to the mean
concentration of the pollutant throughout the occupied zone. The age
of air is a measure of the amount oftime air has been in a space.
The youngest air is found nearest the air supply and the oldest within
the space Ideally, the oldest air should be closest to the extract for
maximum ventilation effectiveness. In naturally ventilated buildings
the air is usually well mixed throughout the space and there is little
difference in air quality, or ventilation efficiency across the space.

Ventilation Efficiency E

Ce-Cs
E =
cr cs
where:
C = Concentration of pollutant at exhaust

Cs = Concentration of pollutant in supply air

C. = Concentration of pollutant at a location

Demand ventilation

Ventilation systems may supply varying amounts of fresh air in
response to occupant demand. This may be achieved simply by the
manual opening of windows or by some automatic sensing device
such as a CO02 sensor which can indicate occupancy level. ‘Shock

ventilation* is the ventilation purging of a space prior to, or after,
occupancy. During occupancy, ventilation levels may be kept
relatively low, perhaps to avoid cold draughts in winter.



Ventilation rates

All occupied spaces need to be ventilated. Minimum acceptable fresh
air ventilation rates depend on occupancy levels and space use, for
example, in relation to any specific source of pollution. Ventilation
rate requirements for different building types and different occupancy
levels can be obtained from the CIBSE Guide. Rates are generally
based on health, safety and comfort requirements. They are usually
stated either in units of air changes per hour (ac/h) or litres per
second per person (I/s/p).

Min. effects of heavy smoking
Min. effects of some smoking
Control body odour g nm

Reduce build up of Carbon
Dioxide ®

Provide Oxygen for breathing

10 15 20 25 30

Table 1: Fresh air requirements in relation to activity.

Units of ventilation rate

The unit of ac/h is building specific. It relates to space volume - for
example, 1ac/h means a complete volume change of air in one hour.
The term is typically used for specifying ventilation rates in housing
where the occupancy levels and space volumes are within predictable
limits. However, with significant reductions in domestic space
volumes in recent years care should be given to consideration of ac/h
alone as there is a danger of under-ventilating. The unit I/s/p is
generally used for specifying ventilation rates in spaces that may vary
in size but have known (and often relatively high) occupancy levels
and are often predominantly mechanically ventilated.

High occupancy spaces

The recommended fresh air ventilation requirements for spaces with
high occupancy levels cause problems in naturally ventilated
buildings in winter. First, when the outside air is cold a high
ventilation rate can produce energy penalties due to the exhaust of
large amounts of stale, but warm, air (heat recovery is not yet
feasible with natural ventilation). Second, the ingress of large
amounts of cold air from outside can result in thermal discomfort. For
more densely occupied spaces such as schools, bars and other
public assembly places, recommended ventilation rates may prove
difficult to provide by natural means alone if comfort and energy
efficiency are to be achieved. In many cases air quality is
compromised to avoid discomfort due to cold draughts. However,
ventilation rates can sometimes be reduced from recommended
levels, by taking account of the duration and levels of occupancy,
volume and depth of space, and pattern of room air distribution.



Figure 4: Variation in the
ventilation heat loss for a typical
factory in relation to transmission
losses through the fabric and
infiltration

Figure 5: Seasonal variation in
ventilation heat loss for 800m2
factory; shown as a frequency

distribution, with and without
loading door open.

Domestic: Habitable rooms - 1

Domestic: Kitchens, bathrooms - 3
Offices 8 1to 2
Schools 8.3 5
Bars 15 10to 15

Table 2: The tabfe summarises some of the main ventilation
requirements for different spaces. These requirements are for
people alone. Additional ventilation may be needed for any
process that produces pollutants or heat.

Ventilation and energy use

The air supplied to a space has to be heated in winter, and
sometimes cooled in summer. In a mechanical ventilation system
this is achieved by pre-heating or cooling the air before it is delivered
to the space. For natural ventilation it is usually achieved by
incoming fresh air mixing with air already in the space and then this
mixture is heated by the heating system, for example by contact with
'radiator' surfaces.

The air that is exhausted from the space, through natural or
mechanical means, contains heat energy. For a mechanical
ventilation system this heat is sometimes recovered through a heat
exchanger - otherwise it is wasted. The ventilation component of heat
loss can be a significant and sometimes major proportion of the total
building heat loss. It can also be very variable (especially in naturally
ventilated buildings) as it depends on external wind velocity and air
temperature.

Ventilation heat loss

During the heating season the heat lost through ventilation can be
estimated from:

Heat Loss = Vent rate(ac/h) x volume x AT x pC .3600
(watts)

Vent rate(l/s/p) x people x AT x pC/1000

where:

pC = volumetric heat capacity of air—1200 Jm'3KT1
AT = internal/external air temperature difference (°C or Kelvin)

Increases in internal/ external temperature difference causes:

e an increase in ventilation rate;
* an increase in heat loss.

Seasonal Ventilation Energy Use:
The seasonal energy performance will be related to the average
ventilation rate over a heating season.



Figure 6 & 7: Draughts can occur
in naturally ventilated and
mechanically ventilated spaces

r*

Figure S: Airjets are highly
turbulent and entrain air in the
high speed region and diffuse air
in the low speed region.

Design Ventilation Heat L oss:

When designing a heating system the ventilation rate used to
calculate the design heat loss should correspond to a design
ventilation rate (maximum).

House 130 25-35%
Offices 100 30-40%
Factory 140 40-50%

Table 3: Typical ventilation heat loss for different building types

Ventilation and comfort

Comfort is determined by air temperature, airspeed, relative humidity
and radiant temperature, in relation to a persons clothing and activity
level. During the heating season cold draughts and low air
temperature associated with ventilation can affect comfort. In summer
high ventilation rates may be used to promote cooling by exhausting
heat gains and increasing air movement, thereby increasing
convective and evaporative heat loss from the skin surface.

Air temperature

The temperature of the air is a measure of its heat content. The air
temperature within a space is determined by the surface
temperatures it comes into contact with, and the temperature of any
air supply to the space through mechanical or natural means
(mechanical ventilation grilles, open windows). In a typical building
space air temperature will vary creating temperature gradients. These
tend to be greater in the vertical direction due to buoyancy effects.
Cold air entering a space may sweep across the floor, increasing
temperature gradients and causing discomfort.

Draughts

If the air speed in a space is above 0.15 to 0.2m/s in winter, it is
often perceived as a draught, especially if the occupants of the space
have a sedentary activity. Draughts can be caused by air supply
devices, such as supply jets, open windows or vents, or by the
negative buoyancy effects of cold air induced by cold internal
surfaces, for example, downdraughts from cold glazing surfaces. In
mechanically ventilated spaces they can be caused by air jets
colliding with walls, downstands or other air jets. Higher air
temperatures are needed in heated spaces where there is high air
movement in order to maintain comfort conditions. The turbulent
nature of the air speed can also affect perceived comfort. The higher
the turbulence, the greater the perception of draught discomfort. In
summer, higher air speeds may be maintained during hot weather for
comfort cooling. However air speeds greater than about 0.5m/s can
cause mechanical problems of papers moving, etc.

The mechanisms for internal air movement

Internal air movement is caused by:

external forces of wind - the pressure variation over the
building envelop will cause an inflow and outflow of air at
openings which will influence internal air movement;



+ internal forces including stack effect, surface
temperatures and air jets - internal heat sources cause
air to warm and rise, exhausting through openings and
replaced by cooler air entering at lower levels. Cold
downdraughts will be produced at cold internal surfaces
(external walls and glazing). Mechanically supplied air is
jetted into the space with a particular momentum and
velocity.

Internal air movement is also affected by:

» entrainment of air - air being drawn into jets and plumes
due to drag and viscous forces;
+ diffusion of air in plumes and jets due to turbulence.

Away from the immediate influence ofjets, internal air movement is
mainly induced by buoyancy effects. In naturally ventilated spaces
buoyancy driven air movement usually dominates over any source of
air movement from ventilation openings and air infiltration.

Turbulence

Air flow can be laminar, turbulent or transitional'. Laminar flow occurs
when the flow is steady. Fluctuations in either flow direction or speed
occur when the flow becomes turbulent. The flow is said to be
transitional when it is between laminar and fully turbulent. An airjet is
usually fully turbulent, whereas airflow in a naturally ventilated space
is often in the transitional mode.

Natural Ventilation Design and Domestic Ventilation web page

Winter - Venti lation preheat

Figure 9: Summer and winter
effects on conservatory
ventilation.

Foreground and background ventilation

Naturally ventilated buildings generally have a mix of foreground and
background ventilation. Foreground ventilation relates to opening
devices that are used to produce relatively high ventilation rates
usually over short periods to provide relief when the air is excessively
stale, humid or warm. Background ventilation is active continuously
to provide sufficient fresh air for normal occupancy requirements.

Foreground ventilation

These are general purpose ventilation openings that can be controlled
to respond to the ventilation needs of the space. During warm periods
in summer, windows and vents can be opened and the ventilation rate
increased without incurring an energy penalty or resulting in cold
draughts. In winter however, spaces that require high ventilation rates
(eg. school classrooms) can be a problem. Firstly, there must be
good control to avoid excessive ventilation and an energy penalty.
Secondly, the cold external incoming air must be heated to avoid
cold draughts. In such cases the natural ventilation system may
need to be integrated with the heating system.

Background ventilation
Background ventilation is usually achieved by a mix of fortuitous (air
leakage) and purpose (trickle ventilation) means.



Air leakage

Air leakage is usually termed air infiltration. In buildings fitted with
trickle ventilators, fortuitous air leakage can account for between 50%
and 90% of the background ventilation, depending on the relative
'tightness1 of the building envelope. In many building types where
trickle ventilators are not installed, air leakage provides the sole
means of background ventilation and is often sufficient to support
occupancy for most of the year. In order to have good control over
ventilation the fortuitous air leakage should be minimised by

[integrated double skin designing a well sealed construction.

[Separated double skin Controlling background ventilation

For naturally ventilated buildings in the UK, background ventilation is
Figure 10: Integrated and required in response to this general tightening up of the building
separated double skin ventilation gnyelope. This is usually achieved through some form of trickle
systems vyentilation. Trickle ventilators provide a constant ventilation to the
Click to view illustrations gccupied spaces to ensure good air quality and in particular to

reduce levels of humidity and the associated risk of condensation.

Sizing of trickle ventilators

Trickle ventilators are intended to maintain a constant background
ventilation rate of about 0 25ac/h. Their contribution to the overall
background air leakage is dependent on the general leakiness of the
building, they are therefore most effective in relatively well-sealed
buildings. They are only intended as background ventilation and can
therefore only provide ventilation for relatively low occupancy
levels. With higher levels of occupancy other ventilation methods
may be required.

Control of trickle ventilators

Most trickle ventilators are controllable in that they can be opened or
closed. Some are wind controlled, providing a constant airflow for
varying wind conditions. Some are humidity controlled which ensures
maximum opening at times of high internal relative humidity. Mostly
they are located in window or door frames. However, there may be
advantages in locating them close to heating fins or radiators,
incorporating them into the heating system design in order to avoid

BACKGROUND + [FOREGROUND cold draughts.

Trickle ventilators often incorporate a deflector on the inside in order

Figure 11: Domestic example of o direct the incoming air downwards or upwards to avoid direct

background (trickle) vs rapid draughts into the space or the perception of draughts, for example,
(foregroqfnd) ventila/t/ign. Click the due to the movement of curtains.



SKINS AND SPACES

DOMESTIC VENTILATION

This section of unit 2 will cover the following topics in relation to air
quality:

+ air leakage
* mechanical ventilation
« trickle ventilation and passive stack ventilation

This section presents ventilation design strategies and case studies
for domestic buildings. Natural ventilation and mechanical ventilation
systems are considered. However, it should be remembered that
houses with mechanical ventilation will still have air infiltration and
houses that are considered to be naturally ventilated will often have
fans for local extract.

Natural ventilation design in domestic buildings can be divided into
three components, as discussed below :

Background ventilation

Background ventilation is required to provide a continuous ventilation
rate to meet the long term ventilation demands of the space, that is,
the provision of fresh air for breathing, and for the dilution and exhaust
of pollutants. Background ventilation was traditionally provided by
infiltration, that is, the natural leakage of air through the building
fabric. However, as buildings are constructed to be more ‘airtight' in
order to reduce energy use, infiltration rates are becoming too low to
meet background ventilation requirements. Additional openings are
therefore needed to ensure adequate background ventilation. Trickle
ventilators are now commonly used in UK houses to provide a
controllable background ventilation rate.

Rapid ventilation

Rapid ventilation is the purpose ventilation that can be controlled to
respond to the ventilation needs ofthe space. During warm periods in
summer, windows and vents can be opened and the ventilation rate
increased without incurring an energy penalty or resulting in cold
draughts. In winter however, spaces that require high ventilation rates
(eg. school classrooms) can be a problem. Firstly, there must be
good control to avoid excessive ventilation and an energy penalty.
Secondly, the cold external incoming air must be heated to avoid
cold draughts. In such cases the natural ventilation system may
need to be integrated with the heating system. UK building
regulations prescribe a minimum area of opening in habitable rooms
as a function of floor area (1/20 of floor area in the form of an
openable window).

Extract ventilation

Extract ventilation is required in specific rooms that are likely to be
thesource of pollution or odour, for example, the bathroom, WC and
kitchen. Extract ventilation can be achieved by mechanical or natural
means. Natural extract systems involve the use of passive stack
ventilation (PSV), through which air is continuously exhausted from
the space via a duct to the outside. In contrast, mechanical systems
generally provide a high ventilation rate over a short period.



Extract ventilation

Extract ventilation is required in specific rooms that are likely to be
thesource of pollution or odour, for example, the bathroom, WC and
kitchen. Extract ventilation can be achieved by mechanical or natural
means. Natural extract systems involve the use of passive stack
ventilation (PSV), through which air is continuously exhausted from
the space via a duct to the outside. In contrast, mechanical systems
generally provide a high ventilation rate over a short period.

Whole house mechanilcal ventilation with heat recovery

Whole house mechanical ventilation, though still relatively uncommon
in the UK, is finding increasing application, especially when
combined with heat recovery. The usual strategy for domestic
mechanical ventilation is to extract air from the bathroom, WC, utility
room and kitchen. The air is then passed through a heat exchanger
where a proportion of its heat is transferred to the incoming fresh air
supply before it is exhausted. The fresh air is delivered to the main
living spaces, that is, the living rooms and bedrooms. Whole house
ventilation systems ensure minimum ventilation rates which can
eliminate  high  humidity and condensation problems. The
incorporation of a heat recovery system can maintain a reasonable
level of energy efficiency. However, for the most effective
performance, the air infiltration (air leakage) rate ofthe building needs
to be reduced to a minimum, which can prove difficult with the
standards of airtightness typical of UK domestic construction.

Occupant control

It is important that whatever ventilation system is used, it is clearly
understood by the occupants and that they can control the system to
respond to their needs. The design of a ventilation system should
therefore begin with a clear understanding of the ventilation
requirements of the occupant. In particular there should be clear
feedback' on any ventilation controls occupants are expected to use.

Low Medium High
Ceiling 212 (10.5) 439 (17) 710 (17.9)
Brickwork 231 (11.5) 250 (9.7) 281 (7.1)
Service pipe 15 (0.7) 17.3 (0.7)  19.9 (0.5)
Ceiling hatch 96.5 (4.8) 102 (4.0) 113(2.9)
Ceiling/ wall joints 590
- upper (22.9)
- lower 542 (26.9) 295 638 (16.1)
271 (13.4) (11.4) 319(8.1)
Wall/ floor joint 271 (13.4) 295 319 (8.1)
Window frame/ wall 104 (5.2) (11.4) 131 (3.3)
Door frame/ wall 24 (1.2) 120 (4.6) 30 (0.8)
Window opening 214 (10 6) 28 (1.1) 1018
Door opening 37 (1.8) 324 (25.7)
(12.5) 379 (19.6)
122 (4.7)
Total 2018 2582 3958
Air changes per hour 75 96 147

at 50Pa (pressure test)

Table 1: Typical breakdown of domestic air leakage



Air infiltration through leakage

Modern houses are relatively well sealed by comparison with their
older counterparts. A modern house would typically have an average
background air infiltration rate of about 0.5 ac/h. This might be
considered too low for normal occupancy, especially as it is often the
case that the majority of the infiltration takes place in the circulation
and highly serviced spaces, such as halls, stairwells, kitchens and
bathrooms. In modem well sealed houses, some living rooms may
receive very low (practically zero) fresh air infiltration, which is why
the requirement for additional background ventilation has been
introduced in the building regulations. Older houses were generally
well ventilated by comparison. They often had chimneys associated
with solid fuel heating, together will relatively leaky windows and
doors, with no draught stripping. Older houses therefore had air
infiltration rates typically as much as 2ac/h, and so whole house
heating was difficult to achieve and energy inefficient. Older houses
therefore benefit considerably from the application of draught sealing
measures. Also, in older houses care must be taken when mixing
open chimney fires with central heating systems. In fact, negative
efficiencies can be experienced with open fires when operated with
central heating, because the draught an open fire induces up the
chimney can exhaust more heat from the house than is actually
supplied by the open fire!

Two types of air leakage

Air leakage can occur in two main areas:

* air leakage through the construction, such as through walls,
construction details and service entries.
« air leakage through components, such as doors, and windows.

Although modern components are usually reasonably airtight,
modern construction methods (for example, internal dry lining of
walls) are not conducive to a good standard of airtightness. In
practice, it is very difficult to predict the degree of air tightness that
will be achieved in the finished building.

Habitable ~8000mm2 1720 floor area 4y, b gy
opening window elsewhere
(no minimum or PSV

Kitchen 4000mm?2 size)

opening window
Bathroom 4000mm2 (no minimum 301/s or PSV
size)

opening window
Utility 4000mm2 (no minimum 15l/s or PSV
size)

1/20 floor area
or 6l/s
mechanical
extract

Toilet 4000mm2

Table 2: Domestic ventilation requirements (Part F1 Buiicfing
Regulations 1991)
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Participant: £
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Profession:

An Observer Participant User System (OPUS)
User Response
Please answer the following questions.
1) Do you understand the utility of the principle of proximity’?Is it intuitive?
sjto
2) Does the ability to spatially rearrange words/terms allow you to refine your previous/subsequent
search results?
3) Does this ability make searching easier and quicker?
4) Does the display of keywords in their context help you to compare the different passages?
3) Does highlighting the terms you are searching for help?
6) Does dynamically adding any keyword to the list using the Add+button assist in. the search task?
7) W hat was the highest number of terms you combined to search for a specific query?
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3) Is their a learning effect in using and understanding this tool?
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9) Comments on user interface:
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_Task Questions
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4. Explore the relation between background ventilation and trickle ventilators.
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8) Is their a learning effect in using and understanding this tool?
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9) Comments on user ipxerface:
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An Observer Participant User System (OPUS)
Task Questions
Please answer the following questions using the Particpant mode in the navigation tool:

1. On what principle should the ventilation design of modern buildings be based?

Ve ld (\3\} Lk badd dght

2. What is the age of air? What is the temperature of air?

o,%e & @t B meoayuse ot amown of ke aur oy been within g -SFQCQ
terp & @x B« meanwe  obits host conlp,p

3. What is the minimum ventilation requirement to control body odour? What is the air infiltration rate
of a modern house?

)= +lsp
veg -5 a.c,/\\

4. Explore the relation between background ventilation and trickle ventilators.
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Participant: N

Date & Time: 1AjOC '176 i0O
Profession:

An Observer Participant User System (OPUS)
User Response

Please answer thefollowing questions.

1) Do you understand the utility of the ‘principle of proximity’?Is it intuitive?

2) Does the ability to spatially rearrange words/terms allow you to refine your previous/subsequent
search results?. /

3) Does this ability make searching easier and quicker?

Ve*
4) Does the display of keywords in their context help you to compare the different passages?

5) Does highlighting the terms you are searching for help?

%

6) Does dynamically adding any keyword to the list using the Add+ button assist in the search task?
7) What was the high”Pnumber of terms you combined to search for a specific query?

) A . = . . ] . .
8) Is their a learning effect in using and understanding this tool?

9) Comments on user interface
Vis



AnQObserver Participant User System (OPUS)
Task Questions
Please answer the following questions using the Particpant mode in the navigation tool:

1. On what principle should the ventilation design \(&f modern bulldmgs be based?
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4. Explore the relation berween background ventilation and trickle ventilators.
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Participant: V/\<» J -iU % W &S
Date & Time: J-2—V'-v —  vr« Z _jOo

Profession:
An Observer Participant User System (OPUS)

User Response

Please answer the folloiuing questions.

1) Do you understand the utility of the ‘principle of proximity’?Is it intuitive? .
Aj'Vev (r*2—s VAW uoW 7. Ty> # [j~ ~Jh<aS*jL
2) Does the ability to spatially rearrange words/terms allow you to refine your previous/subsequent
search results? v/ \
/jens \

3) Does this ability make searching easier and quicker?

4) Does the display of keywords in their context help you to compare the different passages?

5) Does highlighting the terms you are searching for help? V /-s

6) Does dynamically adding any keyword to the list using the Add+ button assist in the search task?

7) What was the highest number of terms you combined to search for a specific query?© K \

8) Is their a learning effect in using and understanding this tool? A "

tVo V oW/VOOS

9) Comments on user interface:



An Observer Participant User System (OPUS)

Task Questions

Please answer the following questions using the Particpant mode in the navigation tool:

1. On what principle should the ventilation design of modern buildings be based? “:1;
be bised o A N aciple "o d A "()V\’f nd
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3. What is the minimum ventilation requirement to control body odour? What is the air infiltration rate

of a modern house? \M l < L(,'\ l (‘pMa\,\ ]
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4. Explore the relation between background ventilation and trickle ventilators.

B Lo e -~ U Su o g
oA o>t Clgile  veA\ekon) oy
O A e R i —heei

\vx/\l\l«MM. \ nlige fVes "

Al e VieaA L\ ARSS I#LMN A et
Con DL A behee., 1O [ d Jor -



Participant: $/0 WAAJ PAI2a I’gLLA
Date & Time: ffi]W 2-‘5c¢7p”
Profession: SJIAD ~7\r T

An Observer Participant User System (OPUS)
User Response
Please answer thefollowing questions.

1) Do you understand the utility of the principle of proximity’? Is it intuitive? *
Ua . fykjr Jj f f r
2) Does the ability to spatially rearrange words/terms allow you to*n”ne you”previou”subsequent
search results?
V)ZA.

3) Does this ability make searching easier and quicker?
4) Does the display of keywords in their context help you to compare the different passages?

5) Does highlighting the terms you are searching for help?
vAis
6) Does dynamically addins: any keyword to the list usins the Add+ button assist in the search task?

7) What was the highest number of terms you combined to search for a specific query?

w o UOf W C - 3 V-

8) Is their a learning effect in using and understanding this tool? , a . . ix 1

Vs - W W A ur-

y) comments on user interface:
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Am Observer Participant User System (OPUS)

Task Questions
Please answer the following questions using the Particpant mode in the navigation tool:
1. On what principle should the ventilation design of modern buildings be based?
' build )90(\«5 md  verilake r.‘M’ A ovlew
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2. What is the age of air? What is the temperature of air?
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3. What is the minimum ventilation requirement to control body odour? What is the air infiltration rate

of a modern house?
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4. Explore the relation between background ventilation and trickle ventilators.
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Date & Time: \ILIGG? tO "~
Profession: Ir{[ P& CSY I Pbi > h& Y~ <

An Observer Participant User System (OPUS)
User Response
Please answer the folloiuing questions.
1) Do you understand the utility of the ‘principle of proximity’?Is it intuitive?
ulS I'T [S> IkTro it iucT.

2) Does the ability to spatially rearrange words/terms allow you to refine your previous/subsequent
search results?

XT HaP P caCo . .
3) Does this ability make searching easier and quicker? Y
64, goo VMO <vot*Te iV iaaT ti l.OtIMTtO *

4) Does the display ofkeywords in their context help you to compare the different passages?
<1A.' . .

5) Does highlighting the terms you are searching for help?

6) Does dynamically adding any keyword to the list using the Add+ button assist in the search task?

7) What was the highest number of terms you combined to search for a specific query?

8 Is their‘.a learniilg effect in using and understanding this tool? .
S3&S,, 'UOS.XLen TO ilg
9) Comments on user interface:
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An Observer Participant User System (OPUS)
Task Questions
Please answer the following questions using the Particpant mode in the navigation tool:

1. On what principle should the ventilation design of modern buildings be based?
1Y Hag Yo PVidE snesH AL FOL Occu PAVTS, TO |
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2. What is the age of air? What is the temperature of air? - -(.M
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3. What is the minimum ventilation requirement to control body odour? What is the air infiltration rate
of a modern house?

Sihem 0. aclh

4. Explore the relation between background ventilation and trickle ventilators.
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Participant: an A >

Date & Time:

Profession:

An Observer Participant User System (OPUS)
User Response

Please answer thefolloiuing questions.

1) Do you understand the utility ofthe ‘principle of proximity’? Is it intuitive?

2) Does the ability to spatially rearrange words/terms allow you to refine your previous/subsequent

search results? Ye*.

3) Does this ability make searching easier and quicker?

4) Does the display of keywords in their context help you to compare the different passages?

5) Does highlighting the terms you are searching for help? Xu$

6) Does dynamically adding any keyword to the list using the Add+ button assist in the search task?
7) W hat was the highest number of terms you combined to search for a specific query? Tjrcg.

8) Is their a learning effect in using and understanding this tool?

9) Comments on user interface:
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An Observer Participant User System (OPUS)
Task Questions
Please answer the following questions using the Particpant mode in the navigation tool:

1. On what principle should the ventilation design of modern buildings be based?
“bu d ‘/‘UL{— Y
v L4
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2. \What is the age of air> What is the temperature of air?
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3. What is the minimum ventilation requirement to control body odour? What is the air infiltration rate
of a modern house?

&L/s/P
0.5 o

4. Explore the relation between background ventilation and trickle ventilators.
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Participant: p\*\T
Date & Time: NS lAr '<3°
Profession: APQWTBC~f

An Observer Participant User System (OPUS)

User Response

Please answer thefollowing questions.

1) Do you understand the utility ofthe principle of proximity’?Is it intuitive? A"

2) Does the ability to spatially rearrange words/terms allow you to refine your previous/subsequent
search results?

3) Does this ability make searching easier and quicker?

4) Does the display of keywords in their context help you to comparethe different passages? V
5) Does highlighting the terms you are searching for help?

6) Does dynamically adding any keyword to the list using the Add+ button assist inthe search task?
7) W hat was the highest number ofterms you combined to search for a specific query? 3

8) Is there a learning effect in using and understanding this tool? *

9) Comments on user interface:

VB12-H rfclfchiOLLf , £M PIB  ~\0 AHVUSB.



An Observer Participant User System (OPUS)
Task Questions
Please answer the following questions using the Participant mode in the navigation tool:

1. On what principle should the ventilation design of modern buildings be based?
tThe ventilation design o} modern b ld u‘y@ showld loe based on the principle
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2. What is the age of air? What is the temperature of air?
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3. What is the minimum ventilation requirement to control body odour? What is the air infiltration rate
of amodern house?
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4. Explore the relation between background ventilation and trickle ventilators.
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Participant: A \e
Date & Time:

Profession: Gr*pV,ic. 'Oe”*UceT

An Observer Participant User System (OPUS)

User Response

Please answer thefollowing questions.

1) Do you understand the utility ofthe principle of proximity’? Is it intuitive?

2) Does the ability to spatially rearrange words/terms allow you to refine your previous/subsequent
search results?

3) Does this ability make searching easier and quicker? \j| fc

4) Does the display of keywords in their context help you to compare the differentpassages? ~

3) Does highlighting the terms you are searching for help?

6) Does dynamically adding any keyword to the list using the Add+ button assist in the search task? wj£
7) W hat was the highest number ofterms you combined to searchfor a specific query? (p 6~ %

8) Is there a learning effect in using and understanding this tool? N

9) Comments on user interface:
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An Observer Participant User System (OPUS)
Task Questions
Pleczse answer the following questions using the Participant mode in the navigation tool:

1. On what principle should the ventilation design of modern buildings be based?
Y
?\' \ﬁC;?\e \\)\»\\\é *\‘&\\'\ ' ar\é * \/on\" ;\q C ("Q\;k \ ;(3
ofder Yo O\—P"od\c\ VTR oy 0cC U pant s W T\ C:Xook a\r
guality ¥ comtortalle Qondition<.

2. What is the age of air? What is the temperature of air?
)‘%C 8& 0(\‘“ ‘\3 o MCqQlLle oSY qmouﬁ\" 3‘* '\"‘N\e a\vr \“"S

oeen I o Space -
Nemp. \S mMeasyule oF s hed conmYent .

3. What is the minimum ventilation requirement to control body odour? What is the air infiltration rate
of a modern house?

Cantrol ody 030ul approx § (Litres / Decond [ Person)
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4. Explore the relation between background ventilation and trickle ventilators.
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Participant: fl4.
Date & Time: Ig | 0-6 /O " 15-00
Profession: Uj£r<3 0" 1GMNO&t2 .

An Observer Participant User System (OPUS)

User Response

Please answer thefollowing questions.

I) Do you understand the utility ofthe principle of proximity’?Is it intuitive? Ves , 7<zS8

2) Does the ability to spatially rearrange words/terms allow you to refine your previous/subsequent
search results? y<2S

3) Does this ability make searching easier and quicker? YeS

4) Does the display ofkeywords in their context help you to compare the different passages?

3) Does highlighting the terms you are searching for help? Y es

6) Does dynamically adding any keyword to the list using the Add+ button assist in the search task?
7) What was the highest number ofterms you combined to search for a specific query?

8) Is there a learning effect in using and understanding this tool? Y e3

9) Comments on user interface:

'tW aW oU 40 cW gsi W ¢X (w cesss
rb reuj Q "j32txaifo tudU ITviIT tib d
ft& xuj2.s d w iik S«w c¢cW awds cTMW J
<WIM M OchoWy UtoPol !

jaStA*S /(«SvOfe, awi <# -



An Observer Participant User System (OPUS)

Task Questions

Pleczse answer the following questions using the Participant mode in the navigation tool:

1. On what principle should the ventilation design of modern buildings be based?
T vewdilakion dosiom d medevn budugp sheudd ke
g iedom dhe f@vmci(ﬁg Cpudd 'hc{\d‘-
2. What is the age of air? What is the temperature of air? .
| had hoan o spoce :
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3. What is the minimum ventilation requirement to control body odour? What is the air infiltration rate
of a modern house?

U o dd A Oee adside [Body odauw ok dond
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4. Explore the relation between background ventilation and trickle ventilators.
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Barticipant: f’ S A av- —N
Date & Time: I~ * 7-CJtTV

Profession:

An Observer Participant User System (OPUS)

User Response

Please answer thefollowing questions.

1) Do you understand the utility of the principle of proximity’?Is it intuitive?

2) Does the ability to spatially rearrange words/terms allow you to refine your previous/subsequent
search results? m V -

3) Does this ability make searching easier and quicker?

4) Does the display of keywords in their context help you to compare the different passages? oU o)

3) Does highlighting the terms you are searching for help? 'V o

6) Does dynamically adding any keyword to the list using the Add+ button assist in the search task? 4 *
7) W hat was the highest number of terms you combined to search for a specific query?

8) Is there a learning effect in using and understanding this tool? V’I\II>N

9) Comments on user interface:



An Observer Participant User System (OPUS)

Task Questions

Please answer the following questions using the Participant mode in the navigation tool:

. On what principle should the ventilation design of modern buildings be based?
bu\d %g\\k e vendled /\3\&/(‘*_ e~nchas 1o
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2 Whatis the age of air? What is the temperature of air?
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3. What is the minimurm ventilation requirement to control body odour? What is the air infiltration rate
of a modern house?
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4. Explore the iclation between background ventilation and trickle ventilators.
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Participant:
Date & Time: /e>6/°7
Profession: LACTIfO ~~

An Observer Participant User System (OPUS)
User Response
Please answer thefollowing questions.

1) Do you understand the utility ofth e principle of proximity’?Is it intuitive? — IM>fpLca, \r~ Alf
Saf "XHK.C]  fi3nd

2) Does the ability to spatially rearrange words/terms allow you to refine your previous/subsequent '? f-d '€ 1
search results?

3) Does this ability make searching easier and quicker? fis't SZVH' - (f~ " ppcsXi- > <Zi" I4)
'Y IIf# v v CCCUt\ Cif A/ i
4) Does the display of keywords in their context help you to compare thedifferentpassages? fC &

5) Does highlighting the terms you are searching for help? Ig’P—t) 1

I
6) Does dynamically adding any keyword to the list using the Ada+ button assist in the search task? (jg*? [/"j1

? ’
7) W hat was the highest number of terms you combined to search for a specific query? (7 wer o \ifC

8) Is there a learning effect in using and understanding this tool?

9) Comments on user interface:

-1 1
" ? r 7fia A f N3 N3
frf VI ji'1 ;h'} 7
~1 NC HfjlU A n <2/ Jer”™s N T
) A r U wrok erf* *
T A-n * ¢
_ e e / Lcelb f-5 vt irt) Hy
3% L AGTh ooty K K U.
7 So-, nil I -p;T n,), OCCOU/l'thf Uel
f o'l
1
-J/?? $it ' ’



An Observer Participant User System (OPUS)
Task Questions
Please answer thefollowing questions using the Participant mode in the navigation tool:

1. O n what principle should the ventilation design of modern buildings be based?
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2. W hat is the age ofair? What is the temperature ofa ir ? 3
] . vy wi
MIWOJYW K
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3. W hat is the minimum ventilation requirement to control body odour? What is the air infiltration rate
ofa modern house? N Wl
1

4. Explore the relation between background ventilation and trickle ventilators.
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Participant: n A

Date & Time: )oAf 6Lj 2.5~0"7 |6 <3<~
Profession:

An Observer Participant User System (OPUS)

User Response
Please answer thefollowing questions.

1) Do you understand the utility ofthe principle of proximity’?Is it intuitive? , JI1d <Ot A

" \Y A if
2) Does the ability to spatially rearrange words/terms allow you to refine your previous/subsequent <5\
search results? £tilo \rft

3) Does this ability make searching easier and quicker? /] 0
CtfvUc/ Ir*lK  (flebllVbs™l/
4) Does the display of keywords in their context help you to compare the different passages?
IASor* hjf& j if fU OSfile//

3) Does highlighting the terms you are searching for help? Oj~
isfyS
6) Does dynamically adding any keyword to the list using the Aad+ button assist in the search task? "

7) W hat was the highest number of terms you combined to search for a specific query?

[L

8) Is there a learning effect in using and understanding this tool?
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9) Comments on user interface: A AA
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An Observer Participant User System (OPUS)
Task Questions
Plezse answer the following questions using the Participant mode in the navigation tool:
1. On whar principle should the ventilation design of modern buildings be based?
. . )
| \
‘ [ .
bu\d \\3\0\’ ond  ~veohhle ng\/d'
2. What is the age of air? What is the temperature of air?
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3. What is the minimum ventilation requirement to control body odour? What is the air infiltration rate
of a modern house?
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4. Explore the relation between background ventilation and trickle ventilators.
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Participant:

!
Date & Time: 1Sj (M,J°7 \7'“) \
Profession: cCK~*"
An Observer Participant User System (OPUS)
User Response
Please answer thefollowing questions.

1) Do you understand the utility of th e principle of proximity ?Is it intuitive? N~ 1/ L

2) Does the ability to spatially rearrange worcts/terms allow you to refine your previous/subsequent

search results? v7 / /i 0 C "/ /o /1
( 0h4d tO oelL (4 oa, JjhA x A
3) Does this ability make searching easier and quicker? <
( Cy PVKH-L- o4

4) Does the display of keywords in their context help you to compare the different passages?

3) Does highlighting the/terms you are searching for help? « . / U > y
"TMn ol 00 USL

6) Does.dynamically adding any keyword to the list using the Aaa+ button assist in the search task?

lfo A\ f Ix~Jc (amM 60 ho 1a™~O"O
7) W hat \Va#tthe highest number ofterms you combined to search for a specific query?

3
8) Is there a learning effect in using and/understanding this tool? * / /
Y A( 2y fR— [If LA A

9) Comments on user interface:
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An Observer Participant User System (OPUS)
Task Questions

Pleczse answer the following questions using the Participant mode in the navigation tool:

1. On what prmc1ple should the ventilation demgn of modem buildings be based? {,
2. What is the age of air? What is the temperature of air?

e bt o MW@’/&M”

3. What is the minimum ventilation requirement to control body odour? What is the air infiltration rate
of 2 modern house?

5 e %3
<2/7 &z%f%j% Mw

4. Explore the relation between background ventilation and trickle ventilators.
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Participant: S U fT d | Nicholas
Date & Time: o7 JVIH-P o~n~ 15 *00 cLypyn
Profession: [ _

An Observer Participant User System (OPUS)
User Response
Please answer thefollowing questions.

1) Do you understand the utility of the principle of proximity’? Is it intuitive? m& iSIr y i .
MCc second

2) Does me ability to spatially rearrange words/terms allow you to refine yoihrprevious/subsequent

search results? f bC(A0) cdo(C “IAJ2 bU

oh obi>u) laddie UrftM . Ofkcovi's t,/ cuerlf 4Koct&l UJ dko Sfitdcxd
3) Does this ability make searching easier and quicker? af J COvild A0 ObvffK.

it mnun- did
4) Does the display of keywords in their context help you to compare the different passages?
AU<>fluie(u - 1 tfMib a(4"tf3 tfdu ciouctlu SQ ZM HQ retfkar
3) Does highlighting 'the terms you are sear¢hin Cr(%rlhé)lp? 1 tfy7Weﬂ,Stn0) mW' Std/eUeS
m I*s o practise i am uW fb (i Ivthrvi a wuem irtteffhCE .

6) Does dynamically adding any keyword to the list using the Aaa+ button assist in the search task?

LI VU ¢t\J r rvuxcK fHiOcjijjK f£fh'fk&s£  u/H4\ Iritis, iKpetiCMdC tMixAJid odd
7) W hat was the highest number of terms you combined to search for a specificqueryr***
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8) Is there a learning effect in using and understanding this tool? MI2. “tXWecf dHS b(2Sf~

nitdht I7 success’)

9) Comments on user interface:
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An Observer Participant User System (OPUS)
Task Questions
Please answer the following questions using the Participant mode in the navigation tool:

1. On what principle should the ventilation design of modern buildings be based?

o Ayt and wechlate ot "

2. What is the age of air? What is the temperature of air?
Fov & a8 Tl a5 thifing ds been o o QPact .

The f%ﬂmw o{ e (S A MLAW oF i heat A

3. What is the minimum ventilation requirement to control body odour? What is the air infilcration rate
of a modern house?

To cobal pody cdont s pronnd € thes pu stend por pag
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4. Explore the relation between background ventilation and trickle ventilators. 0. S 0\0/ N
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Participant:
Date & Time: 0
Profession: A . L -X v

woa\\ ¢w /-,
An Observer Participant User System (OPUS)
User Response
Please answer thefollowing questions.
1) Do you understand the utility ofthe principle of proximity’?Is it intuitive?

Vs>, VW |

2) Does the ability to spatially rearrange words/terms allow you to refine your previous/subsequent
search results?

1 \ MKWYCtWC\vkq  TA*n|0* ,
3) Does this ability make searching easier and quicker?
4) Does the display ofkeywords in their context help you to compare the different passages?

de > >
5) Does highlighting the terms you are searching for help?
6) Does dynamically adding any keyword to the list using the Add+ button assist in the search task?
uSyed <a\Qr- _ ,

7) What was the highiest number oTterms you combined to search for a specific query?

8) Is there a learning effect in using and understanding this tool?

9) Comments on user interface: A ! \Y% J
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An Observer Participant User System (OPUS)
Task Questions

Pleczse answer the following questions using the Participant mode in the navigation tool:

1. On whart principle should the ventilation design of modern buildings be based?

Rayvds Qe a

2. What is the age of air? What is the temperature of air? = Wuw C)'t/ \keaa‘ CN

O UReasIe ) o aual o anc Supd & Mo fdten
WS Ay Pd (@

3. What is the minimum ventilation requirement to control body odour? What is the air infiltration rate
of 2 modern house?

— D g A& enRlat 1w
-~ R hener  veun\adrour

4. Explore the relation between background ventilation and trickle ventilators.
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Cavad\ade Valicqawd v (o



Participant: VJoOH o
Date & Time: 0 C Y '] 0]

Profession:
An Observer Participant User System (OPUS)
User Response
Please answer thefollowing questions.
1) Do you understand the utility of the principle of proximity’?Is it intuitive?
Y<5T" Y
2) Does the ability to spatially rearrange words/terms allow you to refine your previous/subsequent
search results? -
3) Does this ability make searching easier and quicker? y<rs
4) Does the display ofkeywords in their context help you to comparethe different passages? y~'**
5) Does highlighting the terms you are searching for help?
6) Does dynamically adding any keyword to the list using the Add+button assist in thesearch task?
7) W hat was the highest number of terms you combined to search for a specific query?

3
8) Is there a learning effect in using and understanding this tool?

A% | Is

9) Comments on user interface: bvS*,
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An Observer Participant User System (OPUS)
Task Questions
Please answer the following questions using the Participant mode in the navigation tool:

1. On what principle should the ventilation design of modern buildings be based?

T pPrrw)eied
. Burs fayht
. Vow‘fvvfc "‘7/\“

2. What is the age of air? What is the temperature of air?
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3. What is the minimum ventilation requirement to control body odour? What is the air infiltration rate
of a modern house? ?
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4. Explore the relation between background ventilation and trickle ventilators.
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Participant: A\

Date & Time: 27001

Profession: [j \pTt"VI C\ A

An Observer Participant User System (OPUS)
User Response

Please answer thefollowing questions.

1) Do you understand the utility of the principle of proximity’?Is it intuitive? sj €

2) Does the ability to spatially rearrange words/terms allow you to refine your previous/subsequent
search results?

3) Does this ability make searching easier and quicker?

4) Does the display of keywords in their context help you to compare the different passages?  Njc>
3) Does highlighting the terms you are searching for help? tfo

6) Does dynamically adding any keyword to the list using the Add+ button assist in the search task?
7) W hat was the highest number of terms you combined to search for a specific query? A

8) Is there a learning effect in using and understanding this tool? V)-Uo

9) Comments on user interface:



An Observer Participant User System (OPUS)

Task Questions

Please answer the following questions using the Participant mode in the navigation tool:

1. O n what principle should the ventilation d651gn of modern buildings be based?
borsed g e YY‘(W‘“/}’AQ« % (W Jp&(,\;r M
vemhle Vit

2. What is the age of air? What is the temperature of air?
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T@W@M é} So V\/\M%Md& e Woat cocbnct *

3. What is the minimum ventilation requirement to control body odour? What is the air infiltration rate
of 2 modern house?
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4. Explore the relation berween background ventilation and trickle ventilators.
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Participant:
Date & Time: f 2j9D>-/ ( (" QU<.
Profession: O A cU kdc

An Observer Participant User System (OPUS)
User Response

Please answer thefollowing questions.

1) Do you understand the utility of the principle of proximity’?Is it intuitive?
§€*4 of- dkupzw Jk

2) Does the ability to spatially rearrange words/terms allow you to refine your previous/subsequent
search results?

t (*
ST (t/arh 'm of weeds /uofsi- € T wA VT *hl
3) Does this ability make searching easier and quicker? cU.jjgrw 'ODu<.*iVait

I M f* i "I CcuvUoh Ufe.
4) Does the display of keywords in their context help you to compare the different passages? 1

5) Does highlighting the terms you are searching for help?

6) Does dynamically adding any keyword to the list using the Aaa+ button assist in the search task? »

S> VkJ. if b&WWV'l b fr t &f

7) What was the highest number of terms you combined to search for a specific query?
3 M4 £&\ 2 S"  +OMAJ2JUL *k&f*
8) Is there a learning effect in using and understanding this tool?

9) Comments on user interface: %"
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An Observer Participant User System (OPUS)
Taslt Questions
Please answer thefollowing questions using the Participant mode in the navigation tool:

1. On what principle should the ventilation design of modem buildings be based?

- Wild.

2. What is the age ofair? What is the temperature of air?

-« ], 4 - t t a

3. Wailiat is the minimum ventilation requirement to control body odour? W hat is the air infiltration rate
ofa modern house?
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4. Explore the relation between background ventilation and trickle ventilators.
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Participant: TA N 'A OL I]‘B\ * A

Date & Time: , \Ne30 A~
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ATl Observer Participant User System (OPUS)

User Response

Please answer thefollowing questions.

1) Do you understand the utility ofthe principle of proximity’?Is it intuitive?

2) Does the ability to spatially rearrange words/terms allow you to refine your previous/subsequent

search results? ~ ~  ( JAA " UA tfxtUtVrC

B

3) Does this ability make searching easier and quicker?

4) Does the display of keywords in their context help you to compare the different passages?

Yo, x4 u Ok x| J wurcL dj® A -cdx nuu/"
5) Does highlighting the terms you are searching for help?
/\)U .

6) Does dynamically adding any keyword to the list using the Aad+ button assist in the search task?
7) What was the highest number of terms you combined to search for a specific query?
8) Is there a learning effect in using and understanding this tool?

9) Comments on user interface:
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An Observer Participant User System (OPUS)

Task Questions
Please answer thefollowing questions using the Participant mode in the navigation tool:
1. On what principle should the ventilation design of modem buildings be based?
VvSAZL'JIdk'eiA' rjrfuici U

A *W K ixo™d * °AyL
AA! -
2. W hat is the age ofair? What is the temperature of air?
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3. What is the minimum ventilation requirement to control body odour? What is the air infiltration rate

ofa modem house?
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4. Explore the relation between background ventilation and trickle ventilators.
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Appendix E: CD



Appendix E: CD

The cd accompanying rhis thesis contains two folders:
‘Chapter 3_Case Study 1 and ‘Chapter 4 _Case Study 4' folders.

Tiie Chapter 3_Case Study 1 folder has two executable (.exe) files which
can be launched by double clicking the file names.

Tie Chapter 4 _Case Study 4 folder has three executable (.exe.) files which
can be launched by double clicking them. The reader is advised to view
the demo.exe file. Tie two remaining files - user5.exe and userl 5.exe
have been provided as a record ofthe actual task performed by users as
part of the evaluation ofthe navigation tool.

Also provided in this folder is a sub-folder named OPUS. The user is
advised to copy this folder onto the local hard drive ofthe computer they
are using. After copying the folder, the user can launch the ‘opus.exe' file
by double clicking it. To initiate a search, the user can drag any word
from the set ofterms on the left-hand side and attempt to familiarize
themselves with the tool as demonstrated in the ‘demo.exe’ file.






