




Thee Language of Graphics 
AA framework for  the analysis of syntax and meaning 

inn maps, charts and diagrams 



ILL CC Dissertation Series 2002-03 

INSTITUTEE FOR LOGIC, LANGUAGE AND COMPUTATION 

Forr further information about ILLC-publications, please contact 

Institutee for Logic, Language and Computation 
Universiteitt van Amsterdam 

Plantagee Muidergracht 24 
10188 TV Amsterdam 

phone:: +31-20-525 6051 
fax:: +31-20-525 5206 

e-mail:: illc@wins.uva.nl 
homepage:: http://www.illc.uva.nl 

mailto:illc@wins.uva.nl
http://www.illc.uva.nl


Thee Language of Graphics 
AA framework for  the analysis of syntax and meaning 

inn maps, charts and diagrams 

ACADEMISCHH PROEFSCHRIFT 

terr verkrijging van de graad van doctor 
aann de Universiteit van Amsterdam 
opp gezag van de Rector Magnificus 

prof.. mr. P.F. van der Heijden 
tenn overstaan van een door het college 
voorr promoties ingestelde commissie, 

inn het openbaar te verdedigen 
inn de Aula der Universiteit 

opp vrijdag 13 september 2002, te 14.00 uur 

door r 

Jörgg von Engelhardt 

geborenn te Hannover, Duitsland 



Promotiecommissie e 

Promotores:: Prof. dr. ir. Remko Scha 
Dr.. Peter van Emde Boas 

Overigee leden: Prof. Thijs Chanowski 
Dr.. Theo Janssen 
Prof.. Paul Mijksenaar 
Prof.. dr. Clive Richards 
Prof.. dr. ir. Arnold Smeulders 

Faculteitt der Natuurwetenschappen, Wiskunde en Informatica 
Universiteitt van Amsterdam 

Thee financial support for this research project was provided by the National 
Institutee for Public Health and the Environment (RIVM) in Bilthoven, and by 
thee University of Amsterdam. 

Copyrightt © 2002 by Yuri Engelhardt. 

Coverr design by Niels van der Sluijs. 

Coverr illustration: U.S. population in 1979, plotted by the Havard Laboratory 
forr Computer Graphics Mapping Service. This is an example of a 'composite 
meaningfull  space', see also figure 2-30. 

ISBNN 90-5776-089-4 



ToTo Lieve Witteveen 

thethe most amazing person on this planet 





Contents s 

Acknowledgmentss xi 

11 Graphic Representation 1 
1.11 Visual Language 4 
1.22 Aims of this Thesis 5 

Deconstructingg graphics 5 
AA syntactic framework 6 
AA comprehensive framework 7 
AA unifying framework 8 
Nott a normative framework 9 
Staticc versus dynamic and interactive graphics 9 

22 Graphic Syntax 11 
2.11 Overview of Graphic Syntax 13 
2.22 Graphic Space 21 

Graphicc space as a mental construction 21 
Visuall  layers: a common phenomenon in graphic space 21 

2.33 Graphic Objects 23 
Thee notion of graphic objects 23 
Elementaryy graphic objects 23 

2.44 Visual Attribute s 25 
AA special case of using size: proportional division 28 

2.55 Syntactic Structures 30 
2.5.11 Structures involving object-to-object relations 32 

Spatiall  clustering 32 
AA special case of spatial clustering: labeling 34 
Separationn by a separator 34 
Lineupp 36 
Ann application of lineup: proportional repetition 38 
Linkingg by a connector 40 
Containmentt by a container 44 
Ann application of containment: composite symbols 45 
Superimpositionn 50 
AA look at the literature concerning object-to-object relations 50 

vii i 



vinn Contents 

2.5.22 Structures involving meaningful spaces and object-to-space 
relationss 54 

Metricc spaces 57 
Distortedd metric spaces 65 
Degreee to which aspects of space can be meaningful 70 
AA look at the literature concerning meaningful spaces 71 

2.5.33 An overview of syntactic roles of graphic objects 74 
2.5.44 Composite syntactic structures 79 

Simultaneouss combination 79 
Nestingg 81 
Background-insett displays and multipanel displays 84 
Graphicc multiples 87 
Shared-axiss multipanels 92 

33 Interpretatio n of Graphic Representations 95 
3.11 Type of Correspondence 97 

3.1.11 Litera l correspondence 103 
Physicall  structures and conceptual structures 103 

3.1.22 Metaphoric correspondence 106 
3.1.33 Metonymie correspondence 107 
3.1.44 Rebus-based correspondence 109 
3.1.55 Arbitrary-conventiona l correspondence I l l 
3.1.66 A look at the literatur e concerning type of correspondence 115 

3.22 Mode of Expression 119 
Writtenn text 120 
AA look at the literature concerning mode of expression 122 
Relationshipp between mode of expression and type of 

correspondencee 125 
'Iconicc versus symbolic' distinction ignores non-literal pictorial 

graphicc objects 127 
3.33 Informationa l Roles of Graphic Objects 129 

AA look at the literature: emphasis on information objects 130 
3.44 Type of Represented Informatio n 134 

44 Classification of Graphic Representations 137 
Primaryy types of graphic representation 138 
Hybridd types of graphic representation 142 
AA look at the literature concerning classifications of graphic 

representationss 146 



Contentss ix 

55 Analyzing Graphic Representations and 
Graphicc Theories 151 

5.11 Analysis of Graphic Representations 151 
5.22 Analysis of Graphic Theories 153 

66 Conclusions 161 
AA syntactic framework 161 
AA comprehensive framework 162 
AA unifying framework 162 
Culturee dependence 162 
Whatt is it all good for? 163 

Abstractt  165 
Samenvattingg 169 
ILL CC Dissertation Series 173 
Bibliographyy 175 
Figuree Index 181 
Authorr  Index 189 
Subjectt  Index 191 
Glossaryy 193 





Acknowledgments s 

Thiss thesis would never have been finished if I had not received an enormous 
amountt of encouragement, support, feedback and help. I want to thank: 

Remkoo Scha for envisioning this research, and for playing a key role in the 
developmentt of the concepts that are presented here. Remko has been an 
inspiringg supervisor, both academically and through his open-minded 
approachh to lif e in general. I have always enjoyed our discussions - it 
seemss that Remko tends to understand my ideas before I understand 
themm myself. 

Peterr  van Emde Boas for kindly welcoming me in his department and for 
supervisingg the evolution of my work. Peter's mathematical perspective 
hass greatly helped to eliminate inconsistencies and to sharpen many of 
myy initiall y somewhat fuzzy ideas. I am grateful to Peter's department 
andd to the University of Amsterdam for supporting me during the cer-
tainlyy longer-than-expected course of this project. 

Joss de Brui n for creating this research project, for arranging the financing of 
thee project by the RIVM (National Institute for Public Health and Envi-
ronmentall  Protection), and for providing a lot of useful feedback on 
countlesss drafts. 

Cliv ee Richards for his phonebook-sized thesis titled 'Diagrammatics', which 
II  read while trying to live in a cave on the Canary Islands. While rats 
weree chewing holes into my inflatable mattress, Clive's book made a 
lastingg impression on my thinking about graphic representation. His 
analysiss lies at the base of my thesis. 

Theoo Janssen for numerous useful suggestions over the past eight years, the 
mostt recent being the 'COMMENT' as an item in the standard figure caption. 

Fredd Laki n for reading the entire manuscript and for providing various de-
tailedd remarks which have resulted in important improvements, such as 
sharpeningg my definition of recursive syntactic decomposition; also for 
hiss idea to turn my view of written text into a figure (figure 3-17). 

Matthia ss Mayer  for repeatedly commenting on my work and for proposing 
valuablee enhancements, one of them being the inclusion of the Glossary. 

Alann Blackwell, Jeroen van Hasselt, Cees Roele, Mehdi Dastani, Dejuan 
Wangg and Henk Zeevat for working together with me on publications, 
andd for our many stimulating brainstorming sessions about systematic 
approachess to graphic representation. 

XI I 



Xl l l Acknowledgments s 

Nielss van der  Sluij s for his design work (e.g. our joint contribution to the 
Infoo Arcadia exhibition, diagrams for my lectures, the cover of this thesis). 
Inn addition to designing the form, Niels always tries to understand my 
(sometimess vague) ideas, and tends to make remarks that help to im-
provee the contents of my work. 

Piett  Westendorp, Karel van der  Waarde, Peter  Bogaards and Conrad Taylor 
forr their help when the InfoDesign and InfoDesign-Cafe mailing lists 
whichh I founded and moderated, were growing beyond all expectations. 
Andd Piet and Karel, as well as Paul Mijksenaar  for involving me in the 
editoriall  work on the Information Design Journal. Last but not least, Piet, 
Karell  and Peter for their helpful and detailed feedback on my manuscripts. 

Zenonn Kulpa, Bob Horn and Hari Narayanan for reading the final manu-
scriptt and for reacting with many useful questions and comments. 

Jacquess Bertin, Barbara Tversky, Michael Twyman and Richard Saul Wur -
mann for discussing ideas about graphic representation with me. 

Janett  Abrams and John Thackara for the opportunity to write for 'If/Then'. 

Ronaldd van Tienhoven and Maarten de Reus for our very stimulating co-
operationn on setting up the InfoArcadia exhibition. 

Dann Boyarski and Bob Swinehart for having me as a visitor at Carnegie 
Mellonn School of Design. 

Clauss Michael Semmler  and Nicole Semmler  for generously helping me 
wit hh a number of things, for example with my figures, and with my first 
bookk contribution in German. And Kwee Tjoe Liong as well as comic 
shopp Lambiek for assisting me in practical matters. 

Edwinn Kisman for providing me with the opportunity to try out and prac-
ticee my skills in designing publishable infographics. 

Ingri dd von Engelhardt (my mom) for teaching me how to make sensible 
floww charts when I was nine years old, and for meticulously correcting 
andd improving the complete text of my Ph.D. thesis thirty years later. 

Wolfgangg von Engelhardt (my dad) for his continuous moral encourage-
mentt to finish this thesis, for his support, and both Wolfgang and his 
wif ee Annelies for many open and exciting discussions. 

Renatee Tesch and Hallock Hoffman for adopting' me for a year. That 
fantasticc year in Southern California did it to me: My being in love with 
lif ee is something I partly owe to Renate. I often wish that she was still alive. 

Stephh Sallaerts for making me practice essential living skills, like 'letting go'. 

Ruudd Beunderman for his humorous wisdom about life. And for managing 
too teach me how to do more (essential stuff) by doing less (non-essential 
stuff).. And also for telling me not to worry about eating poisoned fish. 



Acknowledgments s xui i 

Lievee Witteveen for millions of reasons, one of them being that she carefully 
scannedd and 'photoshopped' almost all figures that are contained in this 
thesis. . 

Jettyy Jurrissen and Ad Witteveen (Lieve's mom and dad) for being like an 
extraa pair of parents to me. 

Miguell  Jaspers for changing my lif e by setting up the blind date between 
Lievee and me. And for digitally polishing up my not quite print-ready 
files. . 

Sonja,, Robert, Petra, Jelle, Monte, Ana, Mary , Leif, Anala and Yvonne for 
havingg come into my life, and for lots of help in various ways. 

Miek ee Zijlman s for many years of being enormously supportive. 

Kennethh Coleman for his friendship and his incredible hospitality in pro-
vidingg me with a paradise-like second home in San Diego. In the course 
off  the years, I have spent many months in Kenneth's garden, working on 
thee concepts presented in this thesis. 

Mar cc Pauly for proofreading the entire manuscript, and for preparing the 
Dutchh version of the abstract. And, most of all, for our conversations. 
Everyy hour that I have spent with Marc discussing life, feels like a well 
spentt hour. 

Amsterdam,, August 2002 Yurii  Engelhardt 



"Muchh careful labor has been expended in so arranging 
thee book that a busy reader may get the gist of the matter 
byy looking at the illustrations and reading only the titles 
andd the sub-titles [...] under each illustration. [...] 
Thoughh the text gives much more detailed information 
concerningg method than can possibly be put into any 
sub-titles,, the reader who examines only the illustrations 
andd the titles, without any reference to the text, wil l un-
doubtedlyy get a major portion of the vital material in the 
book." " 

WillardWillard C. Brinton, 1914 (in the preface to his 
bookbook 'Graphic methods for presenting facts') 

Aboutt  the graphic representations and their  captions 

AA visual overview of the graphic representations that are contained in this 
thesiss can be found in the Figure Index (pages 181-187). 

Thee figures are divided into two groups. The largest group of figures con-
sistss of those that are enclosed in a box. Such a 'boxed' figure is included as 
ann example specimen, and its structured caption provides a standardized 
analysiss of the figure in terms of the developed framework (see section 5.1 
forr a brief discussion of this analysis). This kind of caption is not so much 
concernedd with what is shown in the figure, but rather with how it is shown. 

AA few figures however are not enclosed in a box. This second group of 
figuress serves to illustrate specific points, and their captions do not contain 
thee complete standardized analysis. 

Mostt of the specific terms that are used in the figure captions (and through-
outt the thesis) can be looked up in the Glossary at the very end of the thesis. 



CHAPTE RR 1 

Graphicc Representation 

[...]]  as we embark on a visual information age." 
MacEachrenMacEachren (1995, preface) 

Graphicc representations seem to play an increasingly important role in our 
lives.. Whether it is a cliché or not, modern lif e does appear to be charac-
terizedd by an ever growing access to information. While our common sources 
off  information (e.g. books, newspapers) used to be mainly textual, we are 
noww seeing more and more information presented through diagrams, picto-
grams,, maps and charts. We see such graphic representations on paper as 
welll  as on signage and on screen. Some types of graphic representations 
havee developed due to recent advances in computer technology, others were 
inventedd in the eighteenth century, and some can already be found on 
archeologicall  objects from ancient cultures. 

Variouss collections of beautiful graphics have been published (e.g. Tufte 
1983,, 1990, 1997), and several authors have discussed the cognitive advan-
tagess of graphic representations over textual representations (e.g. Wright 
andd Reid 1973, Card et al. 1999 on pp. 15-17, Tversky 2001). However, we 
stilll  know littl e about, for example, the internal structure of graphics. Is there 
aa set of general compositional principles that all graphics depend on? Does 
thee 'visual language' of graphics involve something like a 'grammar'? 
Becausee of the increasing use of graphic representations, it is both interesting 
andd relevant to find out more about how they work as representations of 

1 1 
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information.. This chapter offers a brief introduction to the subject of graphic 
representationss and their 'visual language', and then provides a description 
off  the aims of this thesis. 

Whatt exactly is a 'graphic representation'? Examples of what we would like 
too regard as graphic representations here include ancient maps and Egyptian 
hieroglyphs,, but also family tree diagrams, pictorial statistical charts, and 
modernn 3-D computer visualizations. In need of some kind of definition, we 
wil ll  work with the following: 

AA  graphic representation is 
aa visible artifact on a more or less flat surface, 
thatt was created in order to express information. 

Thee first aspect of this definition concerns the fact that a graphic representa-
tionn is something visual, and that it is usually found on a more or less flat 
surface,, for example on paper, on a wall, or on screen. In this sense graphic 
representationss live in 'flatland', a term used by Edward Tufte in his remark 
thatt "the world portrayed on our information displays is caught up in the 
two-dimensionalityy of the endless flatlands of paper and video screen." 
(Tuftee 1990, p. 12). Indeed, a physical, real-world model of a molecule for 
examplee would usually not be regarded as a graphic representation, while a 
drawingg of it would be regarded as a graphic representation. Many graphic 
representationss do show three-dimensional spaces and objects, so while the 
mediummedium of display of a graphic representation is usually flat, what is displayed 
mayy certainly be three-dimensional in character. A discussion of this issue is 
inn section 2.2. 

Thee second aspect of our definition concerns the fact that a graphic repre-
sentationn is purposefully created with the goal to express information. This 
meanss that self-occurring, 'natural signs' such as footprints in the sand, are 
nott regarded as graphic representations. Incidentally, a schematic map that 
iss scratched into the sand with a stick, does qualify as a graphic representa-
tion.. Note that while the term 'graphic' makes most people think of colorful 
stufff  on paper or on a computer screen, our definition above says nothing 
aboutt the medium in which the visible artifact is created. 

Howw about the goal of expressing information? Many visible artifacts on 
flatt surfaces are indeed created with some goal regarding the viewer. The 
mainn goal may, however, not be only to express information. Concerning 
graphicc design, Richards makes a distinction between "the intention to 
amuse,, delight, persuade, invigorate, provoke or otherwise stimulate" and 
thee "intention to describe, explain, inform or instruct" (Richards 1984, p. 
0/8).. Of course these two categories are not mutually exclusive. In the spirit 
off  our definition, visible artifacts involving mainly Richards' second cate-
goryy of intentions would be referred to as graphic representations, while 
thosee involving mainly Richards' first category of intentions might not. The 
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chosenn focus here means that this thesis wil l not concentrate on images in 
advertising,, nor wil l it contemplate art. 

Complexx computer visualizations that display large amounts of data are 
graphicc representations. So are the red dot and the blue dot on my shower 
faucets.. According to our definition, a photograph may also serve as a graphic 
representation,, especially if it is augmented with explanatory labels. Note in 
particularr that with our definition of graphic representations we choose to 
includee written text - regardless of whether it is written with pictorial hiero-
glyphss or with the letters of the Latin alphabet (e.g. the text you are reading 
now).. Written text as a special case of graphic representation is discussed in 
sectionn 3.2. Chapter 4 is devoted to the classification of graphic representa-
tions. . 

Havingg characterized what we wil l regard as graphic representations, we 
wil ll  now briefly explore the notion of the 'visual language' of such repre-
sentationss (section 1.1), and then discuss the aims of this thesis (section 1.2). 
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1.11 Visual Language 

AA graphic representation can be regarded as an expression of a visual lan-
guage,, and can be analyzed with regard to its graphic syntax and with 
regardd to its interpretation . Chapter 2 of this thesis is devoted to examining 
thee notion of graphic syntax, and Chapter 3 is devoted to issues related to the 
interpretationinterpretation of graphic representations. 

Inn the literature different attempts can be found to approach graphic rep-
resentationss with notions from the study of language, for example in Clive 
Richards'' 'Diagrammatics', and Robert Horn's 'Visual language'. The pro-
posalss of these (and other) authors are examined and criticized throughout 
thiss thesis. 

Iss there one visual language of graphic representations, or are there many 
differentdifferent visual languages? The notion of many different visual languages 
seemss appropriate, allowing us to distinguish for example 'traffic-sign-lan-
guages'' from 'subway-map-languages', 'quantitative-bar-chart-languages' and 
'color-coded-geographic-surface-languages'.. In this context a possible alter-
nativee term for 'language' is the term 'schema', such as in 'traffic-sign-sche-
mas',, 'subway-map-schemas', 'quantitative-bar-chart-schemas' and 'color-
coded-geographic-surface-schemas'.. Specific visual languages (schemas) can 
bee thought of as having their own set of compositional rules and their own 
sett of categories of graphic constituents with specific syntactic roles. Compo-
sitionall  rules and syntactic roles are notions of graphic syntax, and are dis-
cussedd in Chapter 2. Sometimes legends and annotated axes help to define 
thee specific visual language of the representation that they are part of (see 
thee discussion of reference objects in section 3.3). In this sense a graphic repre-
sentationn may use its individual, very specific visual language. This means 
thatt designing a graphic representation of information does not only involve 
aa translation of that information into a visual language, but it often also 
involvess the very creation of that specific visual language (Engelhardt et al. 
1996,, p. 2). 

Inn spite of the multitude of possible visual languages, these languages 
seemm to have many general principles in common. A specific visual lan-
guagee can be regarded as involving a subset of these general principles of 
visuall  languages. Exploring such general principles of visual languages is the 
aimm of this thesis. In the next section I wil l clarify the specific aims of the 
thesiss in more detail. 
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1.22 Aims of this Thesis 

Somee authors comment on what they think could be written on the 'lan-
guage'' of graphics, but has not been written yet. For example: 

"Thee principles for a grammar of graphic presentation 
aree so simple that a remarkably small number of rules 
wouldd be sufficient to give a universal language." 

BrintonBrinton (1914, p. 3) 

And,, seventy-five years later: 

""UnlikeUnlike verbal language, in which there are a set of syn-
tacticc and semantic rules which provide us with a means 
off  disambiguating the meaning of verbal language, picto-
riall  language has, as yet, no equivalent set of rules [...]" 

RogersRogers (1989 p. 106) 

DECONSTRUCTINGG GRAPHICS 

Whilee there are authors who are very optimistic, others are very pessimistic 
aboutt any search for systematic accounts of meaning in graphic representa-
tions.. Critics inspired by Wittgenstein's notion of language games, and by 
postmodernistt and deconstructionist ideas, have judged such endeavors to 
bee naive and even futile. For a brief discussion of relevant postmodernist 
viewss see MacEachren (1995, pp. 10-11). I completely agree with views of 
meaningg as being a social construct, of meaning being neither fixed nor 
absolute,, and of all interpretation being context- and culture-dependent. I 
agreee that rhetorical and connotational aspects play an important role in 
manyy graphic representations. These insights, however, are not in contradic-
tiontion with the notion that meaning in graphics involves phenomena with 
variouss systematic tendencies. Regardless of the degree to which such sys-
tematicc tendencies or systematic principles may be driven by culture and 
context,, they do seem to play important roles in the creation and interpreta-
tionn of graphics. In summary, I believe that adopting the notion of 'meaning 
ass a social construct' does not necessarily entail that one has to deny the role 
off  systematic principles in graphic representations. It appears to be a useful 
endeavorr to seek to understand such systematic principles in graphic repre-
sentations.. This thesis is devoted to that endeavor. 
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Comparedd to the postmodernist skepticism, the views of other authors go to 
thee opposite extreme: 

"Thee principles of information design are universal - like 
mathematicss - and are not tied to unique features of a 
particularr language or culture." Tufte (1990, p. 10) 

"Graphicss is a tool that obeys universal laws that are un-
avoidablee and undisputable". Bertin (2000/2001, p. 5) 

Thee framework proposed in this thesis is concerned with such possible 
'universal'' principles of graphic representation. These principles are claimed 
too be universal in the sense that they seem to extend across cultures and 
acrosss the broad spectrum of different types of graphic representations. In 
thiss thesis I wil l not discuss culture-specific visual symbology, such as cul-
ture-specificc meanings of colors, or culture-specific meanings of pictorial 
symbols.. Such issues concern specific visual vocabularies. Instead, I wil l con-
centratee on general principles of visual languages. 

Butt what does the framework proposed here add to the various frameworks 
thatt can be found in the literature? Well, there are three main aspects that 
distinguishh the framework proposed here from existing frameworks. This 
thesiss proposes a comprehensive and unifying framework for analyzing the 
visuall  language of graphic representations in general, and for analyzing 
theirr graphic syntax in particular. In the following paragraphs I wil l briefly 
elaboratee on what it is that makes this framework syntactic, comprehensive, 
andd unifying. 

AA SYNTACTIC FRAMEWORK 

II  mentioned in section 1.1 that several attempts can be found in the literature 
too approach graphic representations with syntax-related notions. Such 
attemptss include Michael Twyman's 'Schema for the study of graphic lan-
guage'' (1979), Clive Richards' 'Diagrammatics' (1984), Robert Horn's 'Visual 
language'' (1998) and Card, Mackinlay and Shneiderman's approach to 
'Visuall  structures' (1999). The merits and shortcomings of these approaches 
aree examined at the appropriate points throughout the course of the thesis. 

Onee of the main aspects that are missing in the existing approaches is re-
cursivenesscursiveness of the syntactic analysis. However, a recursive nesting of syntac-
ticc (de-)composition rules in the sense of Noam Chomsky's generative 
grammarss seems to be what is needed for the analysis of graphic structures. 
Inn this thesis we propose such an approach (described in section 2.1). Note 
thatt an exception to the lack of recursiveness in existing syntactic ap-
proachess is Lakin's (1987) work, which is discussed at the end of section 2.1. 
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AA second main aspect that is missing in the existing approaches is a broad 
inventoryinventory of syntactic principles that are involved in graphic representations, 
whichh would enable the syntactic analysis of the structure of any randomly 
chosenn graphic representation. The existing approaches seem to describe 
onlyy subsets of these syntactic principles. In general, the use of visual attrib-
utess such as size, shape, and color is well studied, while the role of spatial 
structuree has received much less attention (concerning spatial structure 
thinkk for example of phenomena such as superimposition, labeling, multiple 
chartss aligned along a shared axis, etc.). In this thesis we claim to offer such 
aa broad inventory of syntactic principles (in section 2.5). 

AA third main aspect that is missing in the existing approaches is a de-
scriptionn of the different syntactic roles that graphic objects may play within a 
graphicc representation (e.g. a graphic object may serve as a surface locator in a 
metricmetric space, or as a label for another graphic object, or as a connector between 
twoo other graphic objects, etc.). In this thesis we examine these different 
syntacticc roles (see subsection 2.5.3). 

Inn summary, no detailed and broadly applicable framework has been de-
velopedd yet concerning the recursive syntactic principles in graphic repre-
sentations.. Proposing such a universal grammatical framework for under-
standingg graphic representations is one of the main aims of this thesis. 
Chapterr 2, titled 'Graphic syntax', is devoted to this aim. Our general ap-
proachh to graphic syntax is based on the principle that syntactic structure 
parallelss semantic structure - see our remarks about compositionality of 
meaningg in section 2.1. 

AA COMPREHENSIVE FRAMEWORK 

Mostt of the existing literature on graphic representation covers only specific 
aspectss of graphics (e.g. structural aspects, semiotic aspects, classification), 
orr it covers only certain types of graphics, such as maps (e.g. MacEachren 
1995),, pictograms (Horton 1994), or statistical graphics (e.g. Card et al. 1999, 
Wilkinsonn 1999). In contrast, the approach proposed here is claimed to be 
'comprehensive'' in the sense that: 

 it integrates various different aspects of graphic representations into one 
coherentcoherent framework. For example, 

-- structural aspects {graphic syntax) are discussed in Chapter 2, 
-- semiotic aspects (type of correspondence) are discussed and related to 

structurall  aspects in section 3.1, 
-- classifications of graphic representations are discussed and related to 

structurall  and semiotic aspects in Chapter 4. 
 it can be applied to the complete spectrum of graphic representations, from 
mapss to bar charts, from pictorial illustrations to written text, and from 
singlee pictograms to complex multipanel computer visualizations. Spe-
cificc visual languages (e.g. 'the language of traffic signs', 'the language of 
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color-codedd vegetation maps', 'the language of Venn diagrams') can be 
thoughtt of as having their own set of composition rules, and their own 
sett of categories of graphic constituents with specific syntactic roles. In 
thee existing literature no general notion of graphic syntax has been pro-
posedd that would be able to account for the broad spectrum of graphic 
structuress that are generated by these various visual languages. 

Thee forty 'boxed' example figures that are contained in this thesis serve to 
illustratee the broad range of graphic representations to which the proposed 
frameworkk can be applied. In addition to a brief syntactic analysis (accord-
ingg to Chapter 2), the caption of each example figure includes an assessment 
off  the type(s) of correspondence that are involved in the figure (according to 
sectionn 3.1), and a general classification of the figure (according to Chapter 4). 

Ass a side remark, note that the essence of the proposed framework does not 
li ee in the choice of terms - all terms used in this framework could be ex-
changedd for alternative terms - but in the existence and interaction of the 
phenomenaphenomena that are referred to by these terms. 

Thee existing work that comes closest to having the same aims as this thesis is 
Richards'' 'Diagrammatics' (1984). Richards offers a quite comprehensive 
approachh and a (very basic) analysis of syntactic principles ('grouping, 
linking,, and variation'), although he is not concerned with discussing or 
'unifying'' existing graphic theories (see below). Richards' work is discussed 
andd sometimes criticized throughout this thesis. 

AA UNIFYING FRAMEWORK 

Severall  approaches can be found in the literature that explicitly state as their 
goall  to offer a terminology for discussing graphic representations (e.g. Tufte 
1983,, pp. 10, 15; Richards 1984, pp. 1/4, 10/1). However, no author so far 
hass offered an analysis of how the proposed vocabulary relates to the al-
readyy existing jungle of terminology for discussing graphics, proposed by 
otherr authors. Nobody has mapped out how the various proposed termi-
nologiess could be related to each other. Doing exactly that is another aim of 
thiss thesis. 

Onee of the reasons for the confusing diversity of terminology for discuss-
ingg graphic representations is that the literature comes from a wide variety 
off  different disciplines - from graphic design to statistics, and from computer 
visualizationn to semiotics. Twyman (1979) has commented on the lack of 
integrationn between the disciplines that are concerned with graphic repre-
sentation: : 

"Thosee who study letter forms [...] are likely to be prac-
tisingg typographers or historians of printing; those who 
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studyy the iconography of paintings are likely to be art 
historians.. Though related to one another in that both are 
concernedd with forms of graphic language, the two disci-
pliness hardly interact. To a large degree the same must 
bee said of other fields of scholarship concerned with 
graphicc language within a theoretical framework, such as 
semiology,, psychology, topology, anthropology, palae-
ography,, linguistic science, and cartography." 

TwymanTwyman (1979, p. 119) 

Ann impressive inventory of concepts from different disciplines has been 
accomplishedd by Alan MacEachren with his book 'How maps work'. How-
ever,, while MacEachren discusses a broad range of issues relating to graphic 
representation,, his work is basically restricted to the field of cartography, 
andd does not examine issues such as the possible uses of spatial arrangement 
forr representing non-geographical information. 

InIn this thesis an attempt is made to integrate all relevant approaches and 
conceptss from the literature into one consistent framework that can serve as 
aa 'unified theory of graphic representation'. Throughout the thesis the 
detailedd distinctions made by the relevant authors are thoroughly analyzed 
andd compared with each other in terms of the proposed unifying frame-
work.. 'Theory comparison tables' are included in various sections to provide 
overviewss and matchings of terminologies. Finally, section 5.2 offers termi-
nologyy translations, arranged per graphic theory. 

NOTT A NORMATIVE FRAMEWORK 

Ann aspect of graphic representations that falls outside the aims of this thesis 
iss the prescription of 'rules of good design'. Like academic work in linguis-
tics,, the work presented here is descriptive in the sense that it examines 
occurringg phenomena, rather than prescriptive in the sense of postulating 
ruless of 'correctness'. Studies like the one presented here may however help 
too provide the concepts and the terminology that are necessary for discuss-
ingg the phenomena that are involved in good and bad design. 

STATICC VERSUS DYNAMI C AND INTERACTIVE GRAPHICS 

Wee are limiting our current analysis to static graphic representations. In the 
lightt of the numerous existing research projects on dynamic and interactive 
visualization,, our chosen scope may at first glance seem surprising (for 
seminall  publications in the area of automatic and interactive visualization 
seee for example Mackinlay 1986 and Card et al. 1999). Note that, despite the 
fascinatingg developments of electronic media, the amount of static diagrams, 
chartss and infographics that is being published in books, magazines and 



10 0 11 Graphic representation 

newspaperss has only been growing. Explaining something through a good 
graphicc representation, in a textbook for example, is usually an exciting and 
worthwhilee challenge, even if you can not click on it. Of course, analyzing 
thee visual language of dynamic and interactive graphic representations wil l 
bee a logical following step. Most concepts that are discussed in this thesis do 
applyy to dynamic and interactive graphic representations. However, anima-
tionn and interaction involve various additional aspects that are not ac-
countedd for here. In the context of this thesis we decided to take one step at a 
time:: We wil l first try to understand static versions of graphic representa-
tions,, before we wil l try to understand dynamic and interactive versions. 

Havingg stated the major aims of this thesis, we wil l begin with an analysis of 
graphicgraphic syntax (Chapter 2), followed by an analysis of the interpretation of 
graphicc representations (Chapter 3). We wil l then briefly discuss classifica-
tionstions of graphic representations (Chapter 4), and finally apply the framework 
developedd here to the analysis of graphic representations and to the analysis 
off  existing graphic theories (Chapter 5). 



CHAPTERR 2 

Graphicc Syntax 

Itt seems appropriate to start our exploration of 'graphic syntax' with a look 
att 'syntax' in language. Let us first note that meaning depends on structure. 

"Partt of what a sentence means depends upon its separate 
words,, and part depends on how those words are ar-
ranged.""  Minsky (1985, p. 266) 

Inn a similar way, part of what a graphic representation means depends upon 
thee graphic objects that it contains, and part depends on how those graphic 
objectss are arranged. 

"Noo matter what their form or purpose, all graphics con-
sistt of elements arranged in space. Both the characteris-
ticss of the elements and their spatial arrangement are 
usedd to communicate." Tversky (in press) 

Severall  authors have proposed to apply a notion of 'grammar' or 'syntax' to 
spatiall  arrangement in graphic representations. 

"Althoughh we can distinguish between sentences and 
diagrams,, in that amongst other things the former have a 
one-dimensional,, one-directional scheme to order their 
elements,, and the latter have the potential to utilize fully 
twoo (or even three) dimensions, both make use of a 
grammarr to establish their meaning." 

RichardsRichards (1984, p. 10/2-10/3) 

"Spatiall  parsing is the process of recovering the under-
lyingg syntactic structure of a visual communication object 
fromm its spatial arrangement." Lakin (1987, p. 684) 

11 1 
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"AA grammar is the set of rules for combining symbols, 
whetherr the symbols are words or pictures." 

HortonHorton (1994, p. 124) 

"Thee spatial syntax of a visual language refers to the sys-
temm of visual grammar rules that govern the spatial ar-
rangementt of components within a visual representation." 

EngelhardtEngelhardt et al. (1996, p. 2) 

Al ll  of these quotes refer directly or indirectly to spatial arrangement. How-
ever,, in addition to spatial relations, structure and meaning in graphic repre-
sentationss may also involve attribute-based relations. Attribute-based rela-
tionss may for example involve the relative sizes of graphic objects, or varying 
degreess of brightness (see the discussion of visual attributes in 2.4). The con-
ceptt of 'graphic relations' can serve as a superordinate concept that includes 
spatialspatial relations as well as attribute-based relations. In summary, we can take 
thee originally language-related quote from Minsky on the previous page, 
andd adapt it for graphic representations, saying that: 

Partt of what a graphic representation means depends 
uponn the graphic objects that it contains, and part depends 
onn the graphic relations that those graphic objects are in-
volvedd in. 

Thee decomposition of graphic representations into graphic objects and the 
graphicc relations they are involved in, lies at the core of this chapter (2). In 
thee first section (2.1), we wil l provide an overview of our approach to graphic 
syntaxsyntax and its recursive nature. We wil l then briefly explore graphic space 
(2.2),, which is the substrate of all spatial relations within graphic represen-
tations.. After that we wil l take a brief look at graphic objects (2.3) and their 
visualvisual attributes (2.4). By far the longest section is the last one (2.5), in which 
wee wil l explore the various types of basic and composite syntactic structures 
intoo which graphic objects can be arranged within a graphic space. 
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2.11 Overview of Graphic Syntax 

Richardss justly cautions us that "Whilst certain parallels between the gram-
maticall  structure of language and the graphical structure of diagrams may 
bee useful, particularly for providing descriptive terms, care must be taken 
nott push too far such similarities as there may be." (Richards 1984, p. 3/2). 
Havingg been warned about the endeavor, we have nevertheless taken up the 
challenge. . 

Inn this section we wil l provide an overview of the proposed approach to 
syntacticc composition and decomposition in graphic representations. First 
lett us briefly consider the principle of compositionality of meaning, as it is re-
ferredd to in the field of formal linguistics. 

"[...]]  the semantics must specify the interpretation of an 
infinit ee number of expressions, but in a finite manner. 
Thee obvious way to proceed, then, is to let the definition 
off  the semantics parallel the finite, recursive definition of 
thee syntax. This method ensures that to every syntactic 
rulee which allows us to construct a certain type of ex-
pressionn out of one or more simpler ones a semantic rule 
corresponds,, which states how the interpretation of the 
newlyy formed expression is to be obtained from the in-
terpretationss of its component parts. Succinctly put, [...] 
thee interpretation of a complex expression is a function of 
thee interpretations of its parts. This is the principle of 
compositionalityy of meaning, also referred to as 'Frege's 
principle'.""  Gamut (1991, p.140) 

AA recursive definition of syntax seems appropriate also for graphic repre-
sentations,, in order to account for the fact that a collection of graphic objects, 
arrangedd in some spatial structure, often functions as a single graphic object 
withinn a spatial structure at a higher level. This phenomenon of nesting is 
discussedd in section 2.1 and further in subsection 2.5.4. In order to achieve a 
recursivee definition of syntax we wil l refer to a graphic representation as a 
graphicgraphic object, and we wil l also refer to its graphic constituents as graphic 
objects.objects. The main principles of the proposed approach to graphic syntax can 
bee summarized as follows: 
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AA graphic representation is a graphic object. 

AA graphic object may be: 
 an elementary graphic object, or 
 a composite graphic object, consisting of: 

-- a graphic space that is occupied by it, and 
-- a set of graphic objects, which are contained within that 

graphicc space, and 
-- a set of graphic relations in which these graphic objects 

aree involved. 

Syntacticc decomposition of a graphic representation: 

aa composite graphic object 

aa graphic space 
thatt is occupied by it 

(thiss may be a 
meaningfull  space) 

consists s of: : 

aa set of 

graphicc objects 
whichh are contained 

withinn its graphic space 

\ \ 

object-to-space e 
relations s object-to-object t 

relations s 

aa set of 

graphicc relations 
inn which the contained 

graphicc objects 
aree involved 

Thesee may be: 

 object-to-space relations 
(involvingg a meaningful 
space),, and/or 

 object-to-object relations 
(eitherr spatial, or based 
onn visual attributes). 

FIGUREE 2-01: The proposed syntactic decomposition of graphic representations. A 
graphicc object may itself be a composite graphic object, thus this decomposi-
tionn can be applied recursively. 
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Recursivee application of the proposed syntactic decomposition: 

aa c o m p o s i te g raph i c ob ject 

graphicc space 
occupiedd by the 
compositee object 

graphicc sub-objects 
off  the composite object 

graphicc relations 
inn which the sub-objects 
(e.g.. A, B) are involved 

objectt  A 

graphic c 
space e 

occupied d 
byy object A 

graphic c 
sub-objects s 
off  object A 

graphic c 
relations s 

inn which the 
sub-objects s 
off  object A 

aree involved 

graphic c 
space e 

occupied d 
byy object B 

objectt  B 

graphic c 
sub-objects s 
off  object B 

graphic c 
relations s 

inn which the 
sub-objects s 
off  object B 

aree involved 

FIGUR EE 2-02: An illustratio n of the recursive nature of the proposed decomposition. 
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Wee can summarize: 

AA composite graphic object is a graphic object that consists of 
aa graphic space, a set of graphic objects that are contained in this 
graphicc space, and a set of graphic relations in which these 
containedd graphic objects are involved. 

Sincee a graphic object may itself be a composite graphic object, this analysis 
appliess recursively. This means that a complex graphic representation can be 
regardedd as a nesting of simpler graphic representations. The graphic objects 
att the lowest level of decomposition are referred to as elementary graphic 
objects. . 

Formulatingg the approach the other way around, regarding composition 
insteadd of decomposition, we can state that in order to make a composite 
graphicc object, we make use of a graphic space, of graphic objects that we place 
inn that graphic space, and of graphic relations that we let these graphic objects 
participatee in. Graphic relations may be object-to-s^ace relations or object-to-
objectobject relations, both of these wil l be discussed in section 2.5. 

Accordingg to the 'compositionality of graphic meaning', the semantic analy-
siss of the meaning of a graphic representation parallels the syntactic analysis 
off  its structure. 

Thee interpretation of a graphic object may be: 
 an interpretation of it as an elementary graphic object, or 
 an interpretation of it as a composite graphic object, constructed 
from: : 

-- the interpretations of the graphic objects that are part of it, 
and d 

-- the interpretations of the graphic relations in which these 
graphicc objects are involved, which may partly be based on 
thee interpretation of the graphic space in which they are 
arranged. . 

Inn this way the interpretation of a complex graphic representation (a com-
positee graphic object) may be derived through several nested levels of inter-
pretingg constituting graphic objects, and interpreting the ways in which 
thesee are combined (their graphic relations). 

Ass an illustration of the proposed approach, let us take a look at figure 2-03. 
Lik ee all of the boxed example figures in this thesis, figure 2-03 comes with a 
standardizedd figure caption, in which the figure is analyzed in terms of the 
specificc concepts that are explained in Chapters 2, 3 and 4 (e.g. 'integral 
metricmetric space, shared-axis multipanel, metaphoric correspondence', etc.). 
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Inn contrast to this standardized analysis in the caption of figure 2-03, the 
analysiss given in the text here below is of a slightly different character: it 
doess not contain the specific terminology from the chapters to come, but it 
servess to illustrate the general syntactic approach outlined above, empha-
sizingg its recursive nature. 

Att the first level of syntactic decomposition we can regard figure 2-03 as a 
graphicgraphic space containing two sub-objects: a complex map-object and a legend-
objectt (note that while the legend-object could be positioned anywhere with 
regardd to the map-object, the chart-objects are anchored at one layer deeper, 
withinn the map-object). The graphic relation between the map-object and the 
legend-objectt is one of superimposition, which is one of the possible basic 
otyect-to-objectotyect-to-object relations. 

Att the second level of decomposition, let us choose the map-object for 
furtherr analysis. The graphic space of the map is a meaningful space (every 
spatiall  position carries meaning, regardless of the presence or absence of 
graphicc objects). Graphic sub-objects that participate in ob)ect-to-space rela-
tionss are the surface locators that mark the vegetation zones (in the original 
thesee have different colors), the point locators that mark the positions of the 
cities,, the line locators that mark the rivers, and the grid lines that mark 
longitudee and latitude. Graphic sub-objects that participate in ob]ect-to-object 
relationss are all the label-objects that are attached to the objects mentioned 
above.. These include the longitude- and latitude-labels that are attached to 
thee grid lines, the names of the cities that are attached to the city-dots, and 
thee chart-objects, which are complex label-objects that are also attached to 
thee city-dots. 

Att the third level of decomposition, let us choose one of the chart-objects 
forr further analysis. The graphic space occupied by such a chart-object can be 
regardedd as containing two sub-objects: a line chart and a bar chart. The 
graphicgraphic relation between these two charts is a lineup, which is one of the 
possiblee basic otyect-to-object relations. 

Att the fourth level of decomposition, let us choose one of the bar charts for 
furtherr analysis. The graphic space of the bar chart is a meaningful space. 
GraphicGraphic sub-objects that participate in object-to-space relations are the metric 
barss of the bar chart and the grid lines. Graphic sub-objects that participate 
inn ob)eci-to-object relations are the label-objects that are attached to the grid 
lines. . 

Inn the course of this recursive application of the proposed syntactic decom-
position,, we have mentioned many different roles that graphic objects may 
playy within a graphic representation: 'surface locators', 'point locators', 'line 
locators',, 'grid lines', Tabel-objects', and 'metric bars'. Al l of these are exam-
pless of what we wil l refer to as different syntactic roles of graphic objects. An 
inventoryy and discussion of such different syntactic roles is provided in 
subsectionn 2.5.3. 
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FIGUREE 2-03: Vegetation map of North America, with annual temperature- and 
rainfalll  charts. Original is in color. SOURCE: Degn et al. 1973, p. 5. 

COMMENT:: This figure serves to illustrate the recursive nature of the proposed 
syntacticc decomposition (e.g. the bars in the littl e bar charts are 'graphic ob-
jectss within graphic objects'). The figures in the next sections wil l serve to il-
lustratee the very basic structural principles from which composite graphic 
structuress such as this one can be constructed. 
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Continuedd caption for figure 2-03: 
SYNTAXX OF SPATIAL STRUCTURE (2.5): At the highest level of decomposition, this is 

aa background-inset display. (The legend-object on the lower left is an inset on 
thee complex map-object: as opposed to the chart-objects, the legend-object 
doess not participate in the geographic spatial positioning of the map-object). 
Thee background (the map) consists of an integral metric space that contains 
variouss objects: surface locators (marking the vegetation-zones), point locators 
(markingg cities), line locators (marking rivers), and labeled grid lines (marking 
longitudee and latitude). In addition, each point locator (city-dot) has both a 
simplee and a composite label (a name and a chart) attached to it. The compos-
itee labels (the charts per city) are graphic multiples of a shared-axis multipanel 
(here:: a two-panel) which consists of two composite metric spaces, one above the 
other.. Both of these composite metric spaces (the single charts) are con-
structedd from two orthogonal metric axes. The horizontal one of these metric 
axess is their shared axis (representing the course of a year). The upper of the 
compositee metric spaces (the line chart) involves a line locator, grid lines and la-
bels,bels, the lower one (the bar chart) involves a lineup of metric bars, grid lines and 
labels.labels. The superimposed inset (the legend of the map) consists of a lineup with 
labels. labels. 

TYPEE OF CORRESPONDENCE (3.1): SPATIAL STRUCTURE: The integral metric space of the 
mapp involves literal correspondence (physical arrangement on the map stands 
forr physical arrangement in the world), while the metric axes of the charts in-
volvee meiaphoric correspondence (e.g. graphic space metaphorically stands for 
time),, VISUAL ATTRIBUTES: The shapes of the alphanumeric labels involve arbi-
trary-conventionaltrary-conventional correspondence (the shapes of the letters of the alphabet in-
volvee convention) while the heights of the bars in the bar chart involve meia-
phoricphoric correspondence (height metaphorically stands for amount of rain). 

TYPEE OF GRAPHIC REPRESENTATION (4): A map, with embedded statistical time charts. 
(Statisticall  time chart = both a statistical chart and a time chart.) 

Notee that for the sake of simplicity, we have not d iscussed attr ibute-based 
graphicc relations in the example above, such as those created by the colors of 
thee different vegetation zones, or by the sizes of the bars in the bar charts. 

Inn most of the exist ing l i terature, syntact ic approaches to graphics do not 
inc ludee a not ion of recursion. A notable except ion is Lakin 's (1987) exami-
nat ionn of ' formal visual languages '. For the bars in bar chart for example, 
Lakinn offers two pars ing rules: One rules states that a list of bars may be a bar 
pluss a list of bars (i.e. a list of bars consists of its first bar, p lus the list of the 
remain ingg bars). The second rule states that a list of bars may simply be a bar. 
Thee first rule can be appl ied recursively (e.g. app ly ing it twice, we learn that 
aa list of bars may be a bar p lus a bar p lus a list of bars), w i t h the second rule 
servingg as the 's top condit ion' (e.g. app ly ing it to the above, we learn that a 
listlist of bars may be a bar p lus a bar p lus a bar). In this way, " the g rammar can 
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handlee bar charts with an arbitrary number of bars" (Lakin 1987, p. 686). 
Unfortunately,, Lakin does not offer a generally applicable framework of 
graphicc syntax that would enable the analysis of a wide range of graphic 
representations.. Such an endeavor is a challenge that we wil l take up in this 
thesis. . 

Furtherr on in this chapter we wil l discuss graphic objects and graphic rela-
tionss in detail. But first we wil l now take a look at graphic space, which is the 
mediumm in which graphic objects and their graphic relations 'live'. 
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2.22 Graphic Space 

GRAPHICC SPACE AS A MENTAL CONSTRUCTION 

Imaginee a standard drawing of a cube. The drawing is perceived as showing 
aa three-dimensional cube, which has right angles at all its corners. However, 
manyy lines of the (flat) drawing itself do not actually form right angles with 
eachh other. Imagine a topographic map. The map may show a road crossing 
aa river, where we 'see' that the river crosses 'underneath' the road, while on 
thee (flat) map there actually is no river drawn underneath the ink that indi-
catess the bridge (see visual layers, discussed below). What we see when we 
lookk at a graphic representation is a mental construction. It is a result of the 
mechanismss of human visual perception. These mechanisms involve the 
principless of perspective and the principles of Gestalt perception. 

Throughoutt this thesis, whenever I talk about the spatial structure of a 
graphicc representation, I wil l mean the spatial structure that we 'see' in the 
representation,, as opposed to the spatial structure into which the marks (e.g. 
ink,, pixels) are arranged on the presentation surface. In other words, our 
notionn of spatial structure wil l not concern the physical space of the presen-
tationn surface, but the two-dimensional or three-dimensional graphic space 
thatt is displayed on that presentation surface. See the front cover of this 
thesiss for an example of a three-dimensional graphic space. We have noted 
abovee that even a map depicts (an aerial view of) a three-dimensional space, 
inn which a bridge visually occludes the river running 'beneath' it. 

Inn the creation of a graphic representation there is the step of projection and 
rendering,rendering, in order to produce the actual ink- or pixel-pattern that wil l hope-
fullyy lead to the mental construction, the 'mental diagram' that we want the 
viewerr to see. This step involves the careful application of principles of 
perspectivee and principles of Gestalt perception. In this thesis we wil l not 
deall  with this step of projection and rendering - our concern rather is with 
thee 'virtual' or 'mental' pictures that we see when looking at graphic repre-
sentations. . 

VISUALL LAYERS: A COMMON PHENOMENON IN GRAPHIC SPACE 

Ass mentioned above, even in seemingly two-dimensional graphic represen-
tationss graphic objects are often perceived as occupying different visual 
layers,, where some graphic objects appear as being superimposed on other 
graphicc objects, partially occluding them. Visual layers lie at the basis of 
superimpositionsuperimposition as one of the possible types of object-to-object relations 
(discussedd in 2.5.1), and background-inset displays, which are superimposi-
tionss of composite objects on each other. In other composite spatial structures, 
aa visual layer 'in front' may be used to provide elements that are 'secondary' 
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too a 'primary' spatial structure 'behind' it. Labeling for example (discussed in 
2.5.1)) can be regarded as occupying a visual layer 'in front' of the structure 
thatt is labeled. Graphic objects that play different syntactic roles (discussed in 
2.5.3)) may occupy different visual layers: from 'back' to 'front', a common 
orderingg of graphic objects is a) volume and surface locators, b) line locators, c) 
pointpoint locators and connectors, and d) labels. 

Inn section 3.3 we wil l distinguish information objects from spatial reference 
objectsobjects and legend objects. Spatial reference objects such as grids tend to occupy 
aa visual layer 'behind' the layer of the information objects. Legend objects on the 
otherr hand - if they are perceived to occupy a different visual layer - tend to 
bee 'in front', serving as an inset in a background-inset display. 

Thee phenomenon of visual layers is often referred to as 'figure-ground' 
perception.. It has been noted in various texts on graphic representation. 
Bowmann (1968 p. 18) refers to 'multi-plane space'. Tufte (1990 pp. 52-65) 
devotess a chapter to 'layering and separation'. MacEachren (1995 pp. 120-
123)) discusses 'visual levels'. Although they use different terminology, they 
alll  mean what we are describing here as visual layers. In the context of maps, 
whichh sometimes have superimposed legends, MacEachren (1995 p. 122) 
pointss out that layers may exist within layers, giving the example of a road 
crossingg a stream. He suggests that the notion of a continuum of visual lay-
eringg may be more appropriate than the notion of a limited number of visual 
layers. . 

Thee phenomenon of visual layers of superimposed objects should not be 
confusedd with the phenomenon of superimposed metric axes. An example of 
superimposedd metric axes is the clock face, which is a superimposition of 
twoo circular metric axes. One circular metric axis is divided into twelve 
hours,, the other is divided into sixty minutes. The clock has two hands, each 
off  which is interpreted according to its 'own' axis (hours or minutes). Su-
perimposedd metric axes do not necessarily involve visual layers of superim-
posedd objects. The two upper panels of figure 2-46 (illustrating the men-
struall  cycle) both involve vertical superimposed metric axes, in order to be 
ablee to show the curves for two different substances in the same chart. One 
axiss is labeled on the left of the chart, the other axis is labeled on the right of 
thee chart. Wilkinson refers to superimposed axes as "double (or multiple) 
axes""  and says that they "generally should be avoided" (Wilkinson 1999, p. 
334).. The appropriate alternative design for a chart with superimposed axes 
wouldd be a shared-axis multipanel (subsection 2.5.4). 
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2.33 Graphic Objects 

THEE NOTION OF GRAPHIC OBJECTS 

Itt was noted in section 2.1 that we wil l regard a graphic representation as a 
graphicgraphic object, and we wil l also regard the graphic constituents of a graphic 
representationn as graphic objects. This notion of graphic objects incorporates 
thee recursive notion of composite graphic objects and their  graphic sub-objects 
(discussedd in section 2.1 and shown in figures 2-01 and 2-02): 

AA  composite graphic object consists of a graphic space that contains a set 
off  graphic sub-objects. A graphic sub-object may be a composite graphic 
objectt itself, or it may be an elementary graphic object. 

AA graphic object is a 'carrier' of visual attributes such as size, shape and color. 
Oftenn a graphic object is equated with its shape, and the shape is regarded as 
thee 'carrier' of the other visual attributes (e.g. "a large red square"). Visual 
attributesattributes are discussed in section 2.4. 

ELEMENTARYY GRAPHIC OBJECTS 

Thee graphic objects at the most detailed level of a syntactic decomposi-
tionn are referred to as elementary graphic objects. The level of detail of 
aa syntactic decomposition wil l usually be chosen such that, with regard 
too semantics, an elementary graphic object wil l be a 'basic-level' mean-
ingfull  object (often standing for some concept, entity, or occurrence). 

Usefull  levels of detail for distinguishing meaningful graphic objects depend 
onn the function of the graphic representation in its communicational context 
andd on the goal of the compositional analysis. For example, for the schematic 
humann figure depicted on a bathroom door, it wil l usually seem appropriate 
too regard it as an elementary graphic object. Likewise, for a symbol that 
depictss a knife and a fork, functioning to indicate a restaurant, it wil l usually 
seemm appropriate to regard it as a single elementary graphic object. For the 
trafficc sign indicating a bike path however - a white pictogram of a bicycle 
onn a circular blue background, it is appropriate to regard it as a composite 
graphicc object consisting of two elementary graphic objects - the pictogram 
off  the bicycle, and the blue circular background. For a map it wil l usually 
seemm appropriate to regard it as a composite graphic object consisting of 
manyy graphic sub-objects. For a complex graphic representation (e.g. a data-
rich,, multipanel computer visualization) it may be appropriate to decom-
posee it at several levels, into nested, increasingly smaller graphic objects. For 
example,, a legend of a map that is displayed as a box-shaped, superimposed 
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inset,, can be regarded both as a sub-object of the map, and also as a composite 
object,object, composed of various sub-objects itself. Figure 2-03 is such an example 
off  a graphic representation in which graphic objects can be distinguished at 
severall  levels of detail. 

Thiss notion of elementary graphic objects corresponds to Richards' notion of 
'significantt elements'. Significant elements are "the smallest meaningful 
components""  (Richards 2002, p. 93), and "the primary units of analysis" 
(Richardss 1984, pp. 1/9, 3/13). Richards justly points out that it depends on 
thee intentions (assumed intentions, I would say) of the graphic representa-
tionn whether a particular collection of marks should be regarded as one 
singlee element or as several separate elements (Richards 1984, p. 3/14, 3/25, 
andd 2002, p.88). 

Iff  we would really want to pursue the comparison to a linguistic analysis, 
wee could regard the proposed notion of elementary graphic objects in graphic 
representationss as corresponding to the notion of morphemes in language. 
Morphemess are the smallest meaningful components of speech. The word 
'sleepwalking'' for example consists of three morphemes, 'sleep', 'walk', and 
'-ing'.. Graphic objects could be regarded as corresponding to constituents in a 
linguisticc analysis, which can be distinguished at various nested levels. In 
thee subsection on object-to-object relations, we wil l see that even the linguis-
ticc distinction between free morphemes and bound morphemes could possibly be 
madee in graphic representations. Free morphemes are morphemes that can 
occurr by themselves (e.g. 'sleep', 'walk'). Bound morphemes are morphemes 
thatt are always attached to other morphemes (e.g. '-ing'). In graphic repre-
sentations,, more specifically in composite symbols, content objects (e.g. a 
drawingg of a cigarette) could be regarded as corresponding to free mor-
phemes,, while modifier objects (e.g. a red cross over the cigarette) could be 
regardedd as corresponding to bound morphemes (see the discussion of 
compositee symbols in subsection 2.5.1). Concerning this issue of a possible 
linguisticc counterpart of elementary graphic objects, I might disagree with 
Richardss here. In his characterization of 'significant elements', Richards 
statess that "if we are going to use linguistics as a model, then what is needed 
forr present purposes is not the pictorial equivalent of a phoneme or mor-
phemee but something closer to a noun phrase" (Richards 1984, p. 3/13). 
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2.44 Visual Attributes 

"Thee nature of the pigments provides the basis for se n-
sationss of light and color; that is, brightness, hue and 
saturation.. The geometrical demarcation of these quali-
tiess provide the physical basis for perception of areas and 
theirr shapes. Altogether, these factors constitute the vo-
cabularyy of the language of vision [...]" (p.16). 
"Positions,, directions and differences in size, shape, 
brightness,, color and texture are measured and assimi-
latedd by the eye." (p. 20) 

GyorgyGyorgy Kepes (1944) 

Inn the quotes above, Gyorgy Kepes lists the visual 'factors' that were later 
proposedd by Jacques Bertin (1967/1983), and subsequently picked up by 
manyy authors on graphic representation: position, direction (referred to by 
Bertinn as orientation), and differences in size, shape, brightness, color and tex-
ture.ture. We wil l refer to these 'factors' as visual attributes. 

AA  visual attribut e is a visually perceivable attribute of a graphic object. 

Visuall  attributes have been discussed thoroughly in the existing literature. 
Inn this section we wil l therefore confine ourselves to providing a brief gen-
erall  inventory of visual attributes. 

Forr convenience, I propose to divide visual attributes into two groups, 
whichh I wil l call spatial attributes and area-fill attributes. In Bertin's illustra-
tion,, reproduced here as figure 2-05, what I wil l regard as area-fill attributes 
aree the two attributes shown on the right - value (V) and grain (T), and the 
attributee shown at the bottom - color (C). The remaining attributes - orienta-
tion,, shape, size, and the two spatial dimensions of the plane, fall in my 
categoryy of spatial attributes. 

Iff  we would regard every point of a graphic object as being anchored to 
itss location in graphic space, then varying a spatial attribut e of the ob-
jectt would alter this anchoring (at least for some points), while varying 
ann area-fill attribut e of the object would not alter this anchoring. 
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FIGUREE 2-04: Bertin's visual variables. SOURCE: Bertin 1967/1983, p. 43. 
COMMENT:: The figure shows Bertin's set of "visual variables" that can be used in 

graphicc representations: size (Si), value (V), grain (T), color (C), orientation 
(Or),, shape (Sh), and the two spatial dimensions of the plane (2PD). 
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FIGUREE 2-05: Another representation of Bertin's visual variables. 
SOURCE:: Mullet and Sano 1995, p. 54. 

COMMENT:COMMENT: In this figure we see from left to right: size, value, orientation, grain, 
shape,, and the two spatial dimensions of the plane. Color is not pictured here. 

Spatiall visual attributes, according to the definition given above, are spatial 
position,, size, shape, and orientation. In this framework spatial position is 
treatedd separately, in the context of syntactic structures (2.5). Size is a versa-
til ee attribute. Variations of the size of a graphic object may be homogeneous 
inn all directions, or they may be restricted to the height, length or width of 
thee graphic object. Two special cases of the use of size are proportional 
divisionn (which is about the sizes of sub-objects) and proportional repetition 
(whichh is about the sizes of composite objects). Proportional division is dis-
cussedd further down in this section, and proportional repetition is discussed 
inn subsection 2.5.1. A shape may be regarded both as a visual attribute and as 
aa graphic object - a graphic object is often equated with its shape, which is 
regardedd as the 'carrier' of the other visual attributes. 

Area-filll attributes can be divided into color attributes and texture attrib-
utes.. Color attributes are usually subdivided into hue, saturation, and 
brightness.. Bertin's 'value' refers to brightness (light versus dark). Bertin's 
'color'' refers to "the repertoire of colored sensations which can be produced 
att equal value" (Bertin 1983, p. 61). Later authors have split Bertin's 'color' 
intoo hue and saturation. Texture attributes have become almost obsolete these 
days,, through the wide-spread possibility of using color instead. Texture 
attributess can be subdivided with regard to the spatial attributes (defined 
abovee as including size, shape, and orientation) of the involved texture 
elementss (e.g. hatch lines). This means that we can distinguish size of tex
turee elements, shape of texture elements, and orientation of texture ele
ments.. There has been some slight confusion regarding Bertin's treatment of 
texture.. What Bertin means with the French term 'grain' is "the fineness or 
coarsenesss of the constituents of an area" (Bertin 1983, p. 61), which is our 
sizesize of texture elements. Another appropriate term may be 'granularity' (Wil-
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kinsonn 1999, p. 118). However, Bertin's French 'grain' was translated with 
thee broader and therefore somewhat misleading term 'texture' in the 1981 
andd 1983 translations of his work, which Bertin enormously regrets now 
(Daru'ss interview with Bertin, 2000). In his more recent English publications 
Bertinn translates his French 'grain' with the English 'grain' (Bertin 2000). For 
aa discussion of different approaches to texture attributes see MacEachren 
19955 (p. 272-275). 

Intendedd as additions to the set of visual attributes listed above, MacEachren 
hass proposed clarit y attributes, for example transparency of fil l and crisp-
nesss (or 'fuzziness') of edges (MacEachren 1995, pp. 275-279 and 2001, p. 28). 
Transparencyy and crispness can be suitable for the graphic representation of 
uncertainn information. Both transparency and crispness are also mentioned 
byy Wilkinson, although Wilkinson uses the term 'optics' for MacEachren's 
'clarity'' and the term 'blur' for MacEachren's 'crispness' (Wilkinson 1999, 
pp.. 132, 162). Regarding our dichotomy, transparency of fil l is clearly not a 
spatialspatial but an area-fill attribute. Crispness of edges however may fall outside 
thiss distinction. 

Wee wil l return to the set of visual attributes in section 3.4, where we wil l 
makee some brief remarks about the matching of different types of informa-
tionn to the appropriate graphic means for representing them. 

AA SPECIAL CASE OF USING SIZE: PROPORTIONAL DIVISION 

AA common way to graphically represent percentages of some total quantity 
iss the proportiona l division of a graphic object. In a proportional division 
thee total surface or volume of a graphic object is divided into sub-objects, 
andd the relative sizes of these sub-objects are subject to interpretation. Pro-
portionall  division is common along both circular and rectilinear dimensions. 
AA  pie chart, like the one shown in figure 2-04, involves a proportional divi-
sionn along a circular dimension. A stacked bar like those shown in figure 2-26 
(illustratingg offshore dumping of radioactive waste) involves a proportional 
divisionn along a rectilinear dimension. 
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FIGUREE 2-06: 'Disposition of a family income of $900 - $1000'. 
SOURCE:: Brinton 1914, p. 6. 

COMMENT:: This figure serves to illustrate proportional division. 
SYNTAXX OF SPATIAL STRUCTURE (2.5): A proportional division of a composite graphic 

objectobject along a circular axis. The segments contain graphic sub-objects and labels. 
TYPEE OF CORRESPONDENCE (3.1): VISUAL ATTRIBUTES: The proportional sizes of the 

piee slices can be regarded as involving metaphoric correspondence (the size of 
aa pie slice does not stand for some physical size but for a percentage of the 
totall  of financial expenses). The shapes of the contained pictorial objects can 
bee regarded as involving literal and metonymie correspondences. 

TYPEE OF GRAPHIC REPRESENTATION (4): A statistical chart. 

Hav ingg discussed graphic space, graphic objects and v isual at t r ibutes, we 
wil ll  now tu rn to a ma in theme of this thesis: syntactic structures in graphic 
representat ions. . 
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2.55 Syntactic Structures 

Inn this section we wil l explore the syntactic structures of graphic representa-
tions. . 

Thee syntactic structur e of a composite graphic object is a set of graphic 
relationss in which its constituent graphic objects are involved. 

Together,, graphic space (section 2.2), the graphic objects contained in it (section 
2.3),, and their visual attributes (section 2.4), could be regarded as the 'ingre-
dients'' of graphic representations. Graphic relations are the ways in which 
thesee 'ingredients' are combined into syntactic structures (usually meaning-
full  ones). In this section we wil l first examine syntactic structures consisting 
off  object-to-ob/'ecf relations (section 2.5.1), and then syntactic structures 
consistingg of object-to-space relations (section 2.5.2). After making an inven-
toryy of the syntactic roles that graphic objects may play within a syntactic 
structuree (section 2.5.3), we wil l finally discuss some specific aspects of 
compositecomposite syntactic structures (section 2.5.4). 

Typess of graphic relations that graphic objects may be involved in: 

r r 

object-to-space e 
relations s 

object-to-object t 
relations s 

^ ^ 

spatiall  relations 
betweenn objects and 

positionss in a 
meaningfull  space 

(metricc space or dis-
tortedd metric space) 

spatiall  relations 
betweenn objects 

(spatiall  clustering, 
separation,, lineup, 

linking,, containment, 
superimposition) ) 

attribute-basedd relations 
betweenn objects 

(relationss involving 
variationss in size, color, 
brightness,, shape, etc.) 

V V 

spatial l 
relations s 

V V 
attribute-based d 

relations s 

_> > 

FIGUREE 2-07: The different types of graphic relations. 
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"I ss twice as high as" and "has the same color as" are examples of attribute-
basedbased relations. Attribute-based relations concern the visual attributes that 
weree discussed in the previous section (2.4). In this section we wil l examine 
spatialspatial structures. A spatial structur e is set of spatial relations in graphic 
space.. Spatial relations may either be object-to-space relations or object-to-
objectt  relations (see figure 2-07). A spatial structure that involves neither a 
meaningfull  space nor meaningful object-to-object relations is an arbitrar y 
spatiall  structure: the spatial arrangement of graphic objects is not subject to 
interpretation. . 

Inn the following two subsections we wil l first examine object-to-object rela-
tions,, and then object-to-space relations. 
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2.5.11 Structures involving object-to-ofcject relations 

Object-to-objectt relations are graphic relations between graphic objects. 
Bertin,, MacEachren and other authors have studied attribute-based object-to-
objectt relations (concerning differences in size, color, etc.). We wil l here 
concentratee on spatial object-to-object relations, which have received much 
lesss attention in the existing literature on graphic representation. 

Whatt distinguishes different types of spatial object-to-object relations 
fromm each other, are different aspects of the relative spatial arrangement of 
graphicc objects that are subject to interpretation. The basic types of spatial 
object-to-objectt relations that we wil l distinguish in this thesis are: spatial 
clustering,clustering, separation by separators, lineup, linking, containment, and superimposi-
tion.tion. We wil l see that it is quite common for a group of graphic objects to be 
simultaneouslysimultaneously involved in two or more of these basic types of structures. 
Thiss is possible because syntactic structure in graphic representations may 
involvee several dimensions and aspects. Syntactic structure in linguistics on 
thee other hand involves only one dimension and aspect - linear sequence. 
Thiss means that in linguistic expressions, a constituent can not simultane-
ouslyy participate in several syntactic structures (except, of course, in struc-
turess at different levels of constituent decomposition). See the discussion of 
simultaneoussimultaneous combination in subsection 2.5.4. 

Onee way to look at different types of spatial object-to-object relations is to 
regardd them as different types of object-to-object 'anchoring'. The concept of 
'anchoring'' wil l be taken up again at the beginning of subsection 2.5.2, and 
discussedd further in subsection 2.5.3. 

Wee wil l now discuss each of the proposed types of object-to-object relations. 
Att the end of this subsection, we wil l examine the existing literature in 
searchh of notions concerning object-to-object relations. 

SPATIALL CLUSTERING 

Spatiall  clustering is the spatial arrangement of a set of graphic objects into 
twoo or more groups through the use of within-group proximity versus be-
tween-groupp distance. In other words, a spatial clustering of a set of objects 
wil ll  result in two or more composite objects that contain subsets of the 
involvedd objects. These subsets of graphic objects are referred to as clusters. 
Thee food pyramid in figure 2-08 for example shows clusters of ocean crea-
tures.. Spatial clustering entails the separation of (groups of) graphic objects 
byy empty graphic space, and is in that sense related to the separation of 
graphicc objects by a separator, which is discussed further down in this sub-
section. . 
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FIGUREE 2-08: The food pyramid of the ocean. SOURCE: Wallace 1978, p. 383. 
COMMENT:: This figure serves to illustrate spatial clustering. 
SYNTAXX OF SPATIAL STRUCTURE (2.2): An ordered vertical lineup of clusters of graphic 

objects.. Within a cluster, the graphic objects seem to be arranged in a more or 
lesss arbitrary spatial structure. 

TYPEE OF CORRESPONDENCE (3.1): SPATIAL STRUCTURE: Neither the division of crea-
turess into clusters nor the vertical order of these clusters are meant to be taken 
literallyy (as showing a physical structure). Both have a metaphoric function in 
expressingg the 'food pyramid' of the ocean, VISUAL ATTRIBUTES: The shapes of 
thee creatures involve literal correspondence. 

TYPEE OF GRAPHIC REPRESENTATION (4): A A grouping diagram, containing pictures. 
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AA SPECIAL CASE OF SPATIAL CLUSTERING: LABELIN G 

AA special case of spatial clustering is the pairing of labels with the objects that 
theyy label, through spatial proximity. Most maps, and many other figures 
reproducedd in this thesis contain labels. 'Label'  is one of the possible specific 
syntacticsyntactic roles that a graphic object may play within a syntactic structure (an 
inventoryy and discussion of syntactic roles is provided in 2.5.3). Label-
objectss are anchored to the object that they label by spatial clustering, some-
timess also involving containment or superimposition. An alternative is the 
linkinglinking of labels to labeled objects by connectors, see for example figure 2-16. 
Containment,Containment, superimposition and linking are discussed below. Concerning 
semantics,, a label-object specifies information that is related to the labeled 
object. . 

Manyy labels are textual, however, labels may also be pictorial objects or 
abstractabstract shapes (see mode of expression, section 3.2), or composite graphic objects. 
Inn the London Underground diagram in figure 2-15 for example, the station 
markerss are not only labeled with the stations' names, but some of them are 
alsoo labeled with abstract shapes. The British Rail logo is used to label sta-
tionss with connections with British Rail, and stars are used to label stations 
thatt are closed on Sundays. In figure 2-03, whole charts function as compos-
itee labels of the marked cities. 

Inn need of a term for the syntactic role of all graphic objects that do not 
playy one of the other specific syntactic roles discussed in this subsection (e.g. 
label,label, connector, separator), we wil l refer to these remaining graphic objects as 
'nodes'.'nodes'. So we wil l for example say that a label is labeling a node, that a 
connectorr is linking two nodes, that a lineup is a string of nodes, and that a 
separatorr divides a group of nodes (see subsection 2.5.3). 

SEPARATIONN BY A SEPARATOR 

SpatialSpatial clustering separates graphic objects through the use of empty space. 
Anotherr way to separate graphic objects is through the use of a separator. A 
separatorr  is a line- or band-shaped graphic object that is anchored between 
thee graphic objects that it separates. The separated objects (the nodes) are 
anchoredd to either one side or the other side of the separator(s). See the 
wheell  clamp sign in figure 2-09 for an example of a separator. 

Separatorss are free to run in all directions. For example, a set of graphic 
objectss may be separated into subsets by curving separator-lines that 'wrig-
gle'' their way through the group in various changing directions. In other 
cases,, separators may be straight, parallel lines. A separation may be ordered 
orr unordered. An ordered separation is a separation in which the spatial order 
off  the resulting subsets of graphic objects is subject to interpretation. 



2.5.11 Object-to-object relations 35 5 

®*w ®*w 
(J. (J. 

FIGUREE 2-09: If you put money in the machine, you wil l get a parking permit 
('ticket').. If you don't, you wil l get a wheel clamp, SOURCE: City of Amsterdam. 

COMMENT:: This figure serves to illustrate separation by a separator. 
SYNTAXX OF SPATIAL STRUCTURE (2.5): A multipanel display, involving vertical sepa-

rationration by a separator (the dashed line). Each panel contains two graphic objects 
(nodes)(nodes) that are linked by a connector (an arrow). 

TYPEE OF CORRESPONDENCE (3.1): SPATIAL STRUCTURE: The vertical separation is 
metaphoric,metaphoric, expressing two different possibilities (and not some kind of physi-
calcal partitions). The horizontal ordering expresses a temporal and/or causal 
sequence,, also involving metaphoric correspondence, VISUAL ATTRIBUTES: The 
shapess of the littl e pictures involve literal correspondence, while the general 
shapee of arrows involves metaphoric or arbitrary-conventional correspondence. 

TYPEE OF GRAPHIC REPRESENTATION (4): A multipanel display of link diagrams that 
involvee pictures. 



366 2 Graphic syntax 

Trai nn No. 

Neww York , NY . 

Newark,, N.J. P 
Northh Elizabeth 
Elizabeth h 

Linden n 
Northh Rahway 
Rahway y 

Metr oo Park (Itelln ) 
Meluchen n 

Edison n 
Neww Brunswick 
Jerteyy Avenue 

Princetonn Jet. S 
Trenton,, N.J. 

3701 1 

AA M 
122 10 

122 24 

122 31 

122 36 

122 40 

122 44 
122 48 

122 51 
122 55 

11 02 

XM M 

3301 1 

AA M 
122 40 

122 55 

11 03 

11 11 

3801 1 

AA M 
11 30 

11 44 

ll  51 

11 56 

22 00 

22 04 
22 08 

22 11 
22 15 
22 18 

2 31 1 
2 42 2 

A A 

67 7 

AA M 
33 52 

44 07 

44 26 

44 58 

3 3 
3803 3 

AM M 
44 50 

55 04 

5 11 1 

5 16 6 

55 20 

55 24 
55 28 

55 35 

55 50 
66 03 

3 3 
3201 1 

A M M 
66 10 

66 24 

631 1 

66 36 

66 40 

A3 3 
51 1 

AA M 
66 25 

6 38 8 

66 56 

77 05 

77 19 
77 28 

.3 3 
3703 3 

AA M 
66 35 

66 49 

66 56 

701 1 
77 03 
77 06 

77 10 
77 14 

77 17 
77 21 
77 28 

3 3 
3807 7 

AA M 
66 50 

77 04 

77 11 

77 15 

77 20 

77 25 
77 29 

77 32 
77 35 

77 50 
88 01 

3 3 
3203 3 

AA M 
77 10 

77 24 
77 30 
77 32 

77 37 
77 39 
77 42 

A3 3 
61 1 

AA M 
7 30 0 

77 45 

88 04 

8 31 1 

3 3 
3809 9 

AA M 
77 33 

77 47 

7 54 4 

77 59 

88 03 

88 07 
88 11 

88 14 
88 18 
B21 1 

88 34 
88 44 

A3 3 
47 7 

AA M 
77 45 

77 59 

88 15 

88 25 

8 41 1 
88 52 

3 3 
3901 1 

AA M 
77 50 

88 04 
88 10 
88 13 

88 18 
88 20 
88 24 

FIGUREE 2-10: Section of a train timetable. 
SOURCE:: New Jersey Transit 1985 (reproduced in Tufte 1990, p. 54). 

COMMENT:: This figure serves to illustrate the combination of horizontal separation 
andd vertical separation. 

SYNTAXX OF SPATIAL STRUCTURE (2.5): A table, involving the simultaneous combina-
tiontion of horizontal ordered separation and vertical ordered separation, (Concerning 
thee vertical separation, note that subsets of stations are separated by separa-
tors,, while the lineups of individual stations within each cluster are not sepa-
ratedd by separators.) 

TYPEE OF CORRESPONDENCE (3.1): SPATIAL STRUCTURE: The horizontal ordering repre-
sentss an ordering in departure time, involving metaphoric correspondence. The 
verticalvertical ordering can be regarded as representing an ordering in space - in that 
sensee it involves literal correspondence. 

TYPEE OF GRAPHIC REPRESENTATION (4): A table. 

AA  table can be created by a simultaneous combination (subsection 2.5.4) of 
horizontalhorizontal separations and vertical separations of graphic objects by separators 
(dividingg lines). See the train timetable in figure 2-10 for an example. How-
ever,, a table-structure can also be created without dividing lines, just by 
arrangingg graphic objects in horizontal lineups (rows), and simultaneously 
arrangingg them in vertical lineups (columns). See for example the table of 
thee Los Angeles air pollution landscapes in figure 2-45. Lineups are discussed 
next. . 

LINEUP P 

AA  lineup is a basic type of object-to-object relation in which graphic objects 
aree arranged in a 'string': Each graphic object is perceived as having two 
neighboringg objects, except for the two objects at either end of the lineup. A 
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graphicc object in a l ineup is anchored either between its predecessor and its 
successor,, or to the beginning or end of the l ineup. A l ineup may be ordered 
(aa sorted sequence) or unordered (an unsor ted enumerat ion). In an unordered 
l ineupp elements can switch posit ions wi thout altering the in tended mean ing 
off  the representat ion. Figure 2-11 shows an example of an ordered l ineup. 

OBSeRV«TO»too TRCUBRVR JU«n«CRTi .Rn CHRPULTCRCC SCVM.LR m s u R O e n T C S CURUMTCmoc BRLOERRB 

FIGUREE 2-11: Detail of the Mexico City subway map. Pictograms representing the 
stationss are lined up according to their physical order along the rails. 
SOURCE:: By L. Wance (reproduced in Wurman 1989, p. 269). 

COMMENT:: This figure serves to illustrate the lineup of graphic objects. It shows a 
nicee way of making a subway map without the use of lines. The original also 
includess crossing routes, shown as intersecting horizontal and vertical line-
ups. . 

SYNTAXX OF SPATIAL STRUCTURE (2.5): An ordered lineup of composite symbols. The 
compositee symbols consist of a container object (black), a content object (white) 
andd a label. 

TYPEE OF CORRESPONDENCE (3.1): SPATIAL STRUCTURE: The order of graphic objects 
involvess literal correspondence (it represents the physical order of the stations 
alongg the rails), VISUAL ATTRIBUTES: The type of correspondence involved in 
thee shapes of the content objects is probably mostly metonymie. 

TYPEE OF GRAPHIC REPRESENTATION (4): A lineup of composite symbols. 

AA table can be created by ar rang ing graphic objects in hor izontal l ineups 
(rows),, and s imul taneous ly a r rang ing them in vertical l ineups (columns). 
Forr an example of a lineup-based table see the i l lustration of Los Angeles air 
pol lut ionn in figure 2-45. Here each table cell (each air pol lut ion landscape) 
cann be regarded as simultaneously part ic ipat ing in two orthogonal l ineups. 

AA  segmented l ineup is a l ineup that is broken up into several paral lel 
shorterr l ineups, usual ly all r unn ing in the same direct ion. The l ineup of 
wordss on this page, and the l ineup of frames in a comic book are examples 
off  segmented lineups. (See section 3.2 for a discussion of wr i t ten text as a 
speciall  case of graphic representat ion.) Being a l ineup of l ineups, a seg-
mentedd l ineup can be regarded as a recurs ive appl icat ion of the l ineup 
pr incip le.. Twyman 's dist inct ion be tween ' l inear' and ' l inear in te r rup ted' 
conf igurat ionss concerns this phenomenon of lineups and segmented lineups 
(Twymanl979). . 
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FIGUREE 2-12: The changing ratio of the number of produced motorcycles and the 
numberr of workers involved in their production. 
SOURCE:: N. Holmes 2000/2001, p. 137. 

COMMENT:: Like the next figure, this figure serves as an illustration of proportional 
repetitions. repetitions. 

SYNTAXX OF SPATIAL STRUCTURE (2.5): A simultaneous combination of spatial cluster-
inging (into three columns, representing workers, years, and production) and ver-
ticaltical lineups along a vertical metric axis (representing time, from top to bottom) 
off  composite graphic objects (the proportional horizontal lineups) and labels. In 
bothh the left and the right column, the composite graphic objects consist of 
proportionalproportional repetitions of graphic (sub-)objects, and are aligned with regard to 
aa common horizontal metric axis. 

TYPEE OF CORRESPONDENCE (3.1): SPATIAL STRUCTURE: The vertical lineup involves 
metaphoricmetaphoric correspondence (order in space stands metaphorically for order in 
time),, VISUAL ATTRIBUTES: The proportional variation of the number of objects 
couldd be regarded as involving more or less literal correspondence (the 
changingg number of the pictures stands for the changing number of the pic-
turedd objects). The shapes of the pictorial objects can also be regarded as in-
volvingg literal correspondence (they basically stand for what we recognize in 
them). . 

TYPEE OF GRAPHIC REPRESENTATION (4): A statistical time chart. 

A NN APPLICATION OF LINEUP: PROPORTIONAL REPETITION 

Barr char ts use the relat ive sizes of metric bars (subsection 2.5.3) to express 
quant i ta t ivee propor t ions. A n alternat ive to this method is the proportional 
repetitionrepetition of graphic objects. See figures 2-12 and 2-13 for examples. 
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FIGUREE 2-13: Two ways of expressing numerical comparisons. 
SOURCE:: N. Holmes 2000/2001, p. 137. 

COMMENT:: This figure shows the use of sizes (upper panel) versus the use of pro-
portionalportional repetitions (lower panel) to express quantitative comparisons. 

SYNTAXX OF SPATIAL STRUCTURE (2.5): A multipanel display. The upper panel con-
tainss two size-coded, labeled graphic objects. The lower panel contains two la-
beledbeled proportional repetitions of graphic objects, arranged as lineups aligned with 
regardd to a common metric axis. 

TYPEE OF CORRESPONDENCE (3.1): VISUAL ATTRIBUTES: Manipulating size (upper 
panel)) involves metaphoric correspondence (changing graphic sizes does not 
standd for changing physical sizes), while manipulating number (lower panel) 
couldd be regarded as involving more or less literal correspondence (the 
changingg number of the pictures stands for the changing number of the pic-
turedd objects). The shapes of the pictorial objects could also be regarded as in-
volvingg literal correspondence (the pictures basically stand for what we rec-
ognizee in them). 

TYPEE OF GRAPHIC REPRESENTATION (4): Two statistical time charts. 
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AA  proportional repetition is an evenly spaced collection of several identical 
copiess of a graphic object, usually arranged in a lineup, in which the number 
off  copies - and thus the size of the resulting composite object - expresses quan-
titativee information. When the individual objects of a proportional repetition 
aree arranged in a lineup (as opposed to in a cluster), then the relevant size of 
thee resulting composite object concerns the length of the lineup. Usually 
severall  of such lineups are displayed next to each other, all starting from a 
commonn baseline, in order to facilitate comparisons. These lineups behave 
muchh like the metric bars in a bar chart (see subsection 2.5.3), involving an 
implici tt metric axis in the direction of the lineups. 

Proportionall  repetition is a core principle of the kind of pictorial statistics 
thatt were designed and promoted by Otto and Marie Neurath in the nine-
teen-thirties.. The Neuraths referred to their system as ISOTYPE - 'Interna-
tionall  System Of Typographic Picture Education'. ISOTYPE-like pictorial 
statisticss are still a common type of newspaper graphic today. In terms of 
ourr framework, these representations are lineups of proportional repetitions of 
pictorialpictorial graphic objects, aligned with regard to a common metric axis. (For a 
discussionn of pictorial representation, see section 3.2). 

LINKIN GG BY A CONNECTOR 

Linkin gg is a basic type of object-to-object relation that involves graphic 
objectss with two syntactic roles: nodes and connectors. A connector  is a graphic 
objectt in the shape of an arrow, band or line that is anchored to two other 
graphicc objects (nodes), connecting them. (See subsection 2.5.3 for an inven-
toryy and discussion of the different syntactic roles that graphic objects may 
playy within a syntactic structure.) For examples of linking by connectors, see 
figuress 2-14 (conceptual connectors), 2-15 (physical connectors) and 2-16 
(connectorss between labels and labeled objects). 

AA configuration involving linking may be a linear chain, a circular chain, a 
tree,tree, or a network. A linear  chain is a configuration of linking that involves no 
branching.branching. A circular  chain is a linear chain that forms a closed loop. A tree 
iss a configuration of linking that involves branching from one root, with no 
closedclosed loops. A network is a configuration of linking that involves one or 
moree closed loops. A closed loop entails that there is more than one possible 
routee for moving from one node to another. The distinctions of these types 
off  configurations also apply to some structures that are created through the 
lineuplineup of graphic objects, using proximity instead of connectors. Independ-
entlyy of these types of configurations, connectors may be visually directed 
(arrows)) or undirected (lines or bars). 
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FIGUREE 2-14: The lif e cycle of a typical fern, SOURCE: Wallace 1978, p. 157. 
COMMENT:: This figure shows conceptual connectors: the arrows do not stand for 

physicall  connections. 
SYNTAXX OF SPATIAL STRUCTURE (2.5): Linking of labeled nodes. This configuration is 

nott a pure circular chain, because it involves branching. 
TYPEE OF CORRESPONDENCE (3.1): SPATIAL STRUCTURE: Both the circular lineup and 

thee linking involve metaphoric correspondence, VISUAL ATTRIBUTES: The shapes of 
thee plant components involve literal correspondence. 

TYPEE OF GRAPHIC REPRESENTATION (4): A link diagram that involves pictures. 
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Ann arrow that serves as a connector leads from a source object to a target 
object.. Not every arrow, however, serves as a connector between two 
graphicc objects. For example, an arrow may represent the physical movement 
throughthrough space of an object, rather than a link between two different objects. 
Seee the vertical upwards-arrow on the right side of figure 2-17. Such a 
'movementt arrow' is not a connector (see our definition of a connector above). 
Itt traces a path of movement of a physical object in physical space. Usually 
thee moved object is shown, either in its 'start' position or in its 'end' posi-
tion,, or somewhere in-between. Being a 'path locator', a movement arrow 
couldd be regarded as a line locator (subsection 2.5.3) in an integral metric space 
(subsectionn 2.5.2). Arrows may also occur as isolated signs in the environ-
ment,, usually meaning "go this way". 
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semicircular r 
canals s 

malleus s 
EXTERNALL EAR 

vestibule e 

INTERNALL EAR 

internal l 
auditory y 
meatus s 

fossaa of 
antihelix x 

antihelix x 

eustachian n 
tube e 

tympanic c 
cavitv v 

tympanic c 
membrane e 

externall  lobe 
auditory y 
meatus s 

FIGUREE 2-16: The ear. SOURCE: Tufte 1997, p. 74. 
COMMENT:: This figure shows a type of connector that serves to establish a pair-

wisee linking between a label and a labeled object. 
SYNTAXX OF SPATIAL STRUCTURE (2.5): An integral metric space in which graphic ob-

jectss and their labels are linked by connectors. 
TYPEE OF CORRESPONDENCE (3.1): SPATIAL STRUCTURE: The spatial configuration of 

thee various parts of the ear involves literal correspondence, while the linking 
off  parts to their names involves metaphoric correspondence. (The connectors 
doo not stand for physical connections, but they metaphorically stand for the con-
ceptuall  connections of labels to their objects.) 

TYPEE OF GRAPHIC REPRESENTATION (4): A picture. 
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(Tc (Tc 

A A 

^ ^ 

I I 

FIGUREE 2-17: When it rings, pick up the phone! 
SOURCE:: Mijksenaar and Westendorp 1999, p. 90. 

COMMENT:: This figure shows that not all arrows are connectors (a connector links 
twoo graphic objects): The object on the right contains an arrow that is not a 
connectorr but a 'movement arrow'. 

SYNTAXX OF SPATIAL STRUCTURE (2.5): Two graphic objects that are linked by a con-
nector. nector. 

TYPEE OF CORRESPONDENCE (3.1): SPATIAL STRUCTURE: The linking of the two pic-
turess involves metaphoric correspondence, VISUAL ATTRIBUTES: The shapes of 
thee pictorial objects involve literal correspondence, while the general shape of 
arrowss involves metaphoric or arbitrary-conventional correspondence. 

TYPEE OF GRAPHIC REPRESENTATION (4): A link diagram that involves pictures. 

CONTAINMENTT BY A CONTAINER 

Containmentt  is a basic type of object-to-object relat ion that involves nodes 
a ndd containers. A conta iner  is a graphic object that contains other graphic 
objectss (nodes) by v isual ly su r round ing them. The conta ined objects are 
anchoredd inside the container. For an example of a container see the liver in 
f iguree 3-05. In some cases a graphic object may be perceived as a potent ial 
conta inerr even though it may be 'empty '. Venn d iagrams involve overlapping 
conta inerss in order to express set memberships. See figure 2-18 for an exam-
plee of a Venn diagram. 
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ANN APPLICATION OF CONTAINMENT: COMPOSITE SYMBOLS 

Onn the next pages we wil l briefly look at some 'families' of composite symbols 
andd at the specific visual languages that these may involve. Think for example 
off  certain traffic signs (such as shown in figure 2-20). 

AA  composite symbol is a graphic object that is composed of a small 
numberr of elementary graphic objects (often two) which are arranged in a 
conventionallyy fixed arrangement, usually involving a containment or 
superimpositionsuperimposition of the smaller object in or on the bigger object. Most 
compositee symbols are members of a 'family', which is characterized by 
aa shared visual vocabulary and a shared compositional grammar. 
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11 JfW% j 

1 1 
Documentt Template Published d 

edition n 
Directory y Diskette e 

o o 
Programss System System Control panels System files 

extensionss resources 
(fonts,, sounds, 

etc) ) 

Shownn above: different container  objects for Apple fil e icons. 

taii  O S m mm 
System m 

extensions s 
Control l 
panels s 

Printerss Preferences Fonts Apple e 
menu u 
items s 

Shownn above: different content objects for Apple fil e icons. 

Modifie rr  Image 

Availablee over a network 

Example e 

Locked,, cannot be opened I I 
Ownedd by the user /—*, 

Writee only, the user can 
addd to this container but \ I 

cannott take from it 

Shownn above: different modifier  objects for Apple fil e icons. 

CD CD 

Start-up p 
items s 

FIGUREE 2-19: Apple fil e icons. SOURCE: Horton 1994, pp. 134-135. 
COMMENT ::  Apple fil e icons are composite symbols that are constructed from con-

tainerr  objects, content objects, and modifier  objects. 
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Notee that according to this definition, a composite symbol is a special case of a 
compositecomposite graphic object, in other words, only certain composite graphic 
objectss qualify as composite symbols. 

Theree are specific syntactic roles that constituent objects may play within 
thee fixed compositional grammar of a family of composite symbols. The 
mostt common ones of these syntactic roles can be referred to as container 
objectt (discussed above), content object (indicating the 'specific subject' of 
thee composite symbol), label (discussed above) and modifier  (discussed 
below).. The terms 'container', 'contents' and 'modifier' are also used by 
Hortonn (1994, p. 134-135) in a case study of fil e icons in Apple's system 7, see 
figuree 2-19. 

Considerr the simple 'traffic sign grammar' shown in figure 2-20. This spe-
cificc visual language involves a choice of content objects (bicycle, car, air-
plane,, etc.) positioned inside a choice of container objects (permission, prohi-
bition,, attention). Another example is the specific visual language of word 
balloonss in comics, which involves textual content objects and a choice of 

® ® 
FIGUREE 2-20: Certain traffic signs are composite symbols with a systematic com-

positionn grammar. 
SOURCE:: Adapted from Dreyfuss 1972, p. 28. Recreated by CM. Semmler. 

COMMENT:: This figure shows how a traffic sign of this type (right column) is 
composedd of a container object (left column) and a content object (middle col-
umn). . 

differentlyy shaped container objects, see figure 2-21. 

AA + * = 
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FIGUREE 2-21: Word balloons in comics. SOURCE: W. Eisner 1985, p. 27. 
COMMENT:: Another example of containment by containers. Like traffic signs, such 

wordd balloons in comics involve different meaningful types of containers. 

Inn Egyptian hieroglyphs, a Royal name is represented inside an oval shape, 
whichh is usually referred to as a 'cartouche', see figure 2-22. These graphic 
representationss of Royal names are composite symbols, in which the car-
touchee serves as a container object. 

AA currently very common type of composite symbol is the 'pictogram-with-
text-label'.text-label'. As an example, see the labeled pictorial station markers in the 
subwayy map of Mexico city, part of which is reproduced in figure 2-11. The 
pictogram-with-text-labelpictogram-with-text-label can also be found on most computer screens, in the 
formm of icons with textual labels. The icons on computer screens may be 
compositee symbols themselves, involving for example container objects, 
contentcontent objects and modifiers, as shown in figure 2-19. 

AA  modifier can be regarded as a special case of a label: it is a label that has a 
fixedd role within the grammar of a composite symbol. The bottom panel of 
figuree 2-19 shows examples of modifiers of desktop icons. Another example 
off  a modifier is the superimposed diagonal line or cross (X) as a sign of 
negation,, often in red. This modifier is involved in the common non-
smokingg sign, and in many pictorial instructions. It can also be found in the 
lowerr panel of the 'wheel clamp' figure 2-09, in the form of a small diagonal 
linee crossing out the coin. 

Concerningg their semantics, both modifier objects and container objects 
usuallyy function to transform or further specify the meaning that is derived 
fromm a content object. In any given specific visual language the number of 
availablee content objects is usually larger than the number of available con-
tainertainer objects and the number of available modifiers. For example, in the 
discussedd visual language of traffic signs, there are only a very limited 
numberr of different container objects, while there are a large number of 
pictogramss that can serve as content objects. While a container object contains 
itss content object, a modifier is usually smaller than its content object, and is 
appendedd to it or superimposed on it. 
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FIGUREE 2-22: A Royal name in Egyptian hieroglyphs, SOURCE: Jean 1992. 
COMMENT:: This is an ancient example of the use of container objects in graphic 

representations. . 
SYNTAXX OF SPATIAL STRUCTURE (2.5): A container object filled with other objects. 
TYPEE OF CORRESPONDENCE (3.1): Some of the contained objects probably involve 

rebus-basedrebus-based correspondence. 
TYPEE OF GRAPHIC REPRESENTATION (4): A composite symbol. 

Wee have ment ioned in section 2.3 that the l inguistic dist inct ion between free 
morphemesmorphemes and bound morphemes could possibly be app l ied to composi te 
symbols.. Free m o r p h e m es are morphemes that can occur by themselves, 
whi l ee bound mo rphemes are morphemes that are a lways at tached to other 
morphemes.. In compos i te graphic symbols, content objects could be re-
gardedd as cor responding to free morphemes, whi l e modifier objects could be 
regardedd as co r respond ing to bound mo rphemes. Some container objects 
couldd be regarded as free (e.g. the red-edged traffic signs in figure 2-20, the 
'Directory'' icon in f igure 2-19), and others as bound (e.g. the blue circular 
trafficc sign in figure 2-20, the 'Programs' icon in figure 2-19). 
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SUPERIMPOSITION N 

Superimpositionn is a basic type of object-to-object relation that involves a 
foregroundd object and a background object. The foreground object is per-
ceivedd as being 'in front of' the background object, visually occluding part of 
it.. For an example of superimpositions see figure 2-03. Superimposition is 
basedd on the phenomenon of visual layers in graphic space, discussed in 
sectionn 2.2. Background-inset displays (see subsection 2.5.4) are superimposi-
tionss of composite objects on each other. 

Duee to the 'flatness' of graphic representations, containment (discussed 
above)) and superimposition can appear to be similar. In both cases, a graphic 
objectt occupies a visual area that falls within the visual area occupied by 
anotherr graphic object. It is, however, usually possible to distinguish be-
tweenn containment and superimposition. If the involved graphic objects are 
perceivedd as occupying the same visual layer (see section 2.2), then the con-
figurationn is regarded as a containment. If the involved graphic objects are 
perceivedd as occupying different visual layers (one 'in front of' or 'behind' the 
other),, then the configuration is regarded as a superimposition. For certain 
configurationss both interpretations may be possible. For example, a certain 
trafficc sign involving a red circle and a pictogram (see figure 2-20) may be 
regardedd as: 

•• a pictogram contained in a red circle (pictogram and red circle are re
gardedd as sharing the same visual layer), or as 

•• a pictogram superimposed on a red-bordered background (pictogram and 
redd circle are regarded as occupying different visual layers). 

Ann overlap that involves partial occlusion will usually be regarded as a 
superimpositionsuperimposition of objects that are on different visual layers. An additional 
differencee between superimposition and containment is that a superimposed 
objectt may extend beyond its background object ('stick out'), while a con-
tainedtained object will usually not extend beyond its container object. 

Havingg explored various types of possible object-to-object relations, let us 
concludee this subsection by briefly examining the existing literature in 
searchh of related concepts. 

AA LOOK AT THE LITERATURE CONCERNING OBJECT-TO-OBJECT 
RELATIONS S 

Thee proposed basic types of object-to-object relations can be regarded as 
owingg their existence to Gestalt principles of visual perception, such as 
proximityproximity and good continuation. However, a discussion of Gestalt principles 
andd the related literature falls outside the scope of this thesis. What we will 
examinee below is some of the most relevant literature regarding object-to-
objectt relations in the context of graphic representation. 
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Inn his "schema for the study of graphic language", Twyman divides "meth-
odss of configuration" into seven categories, arranged in a spectrum from 
linearr to non-linear (Twyman 1979). These seven categories are "pure lin-
ear",, "linear interrupted", "list" , "linear branching", "matrix", "non-linear 
directed""  and "non-linear open". Twyman's notions can be partly matched 
too our basic types of object-to-object relations. His category of "pure linear" -
ass examples he gives the lineup of words in spiraling text, and the lineup of 
picturess and words in the Bayeux Tapestry - falls under our notion of line-
ups.ups. His category of "list" - as examples he gives the vertical lineup of meals 
onn a menu, and the vertical lineup of pictograms on some roadside signs -
alsoo falls under our notion of lineups. His notion of "linear interrupted" 
correspondss to our segmented lineups. His notion of "linear branching" con-
cernss tree structures, which we have discussed above as a special case of 
linking.linking. His notion of "matrix" includes tables as well as "line graphs" and 
"barr charts", which require "the user to make searches about two axes" 
(Twymann 1979, p. 135). In our terminology a table involves a simultaneous 
combinationcombination (subsection 2.5.4) of horizontal and vertical separations and/or of 
horizontall  and vertical lineups (subsection 2.5.1), while a two-axis line chart 
involvess a simultaneous combination of a horizontal and a vertical metric 
axisaxis (subsection 2.5.2). Most of the remaining possible configurations, such 
ass the integral metric spaces (subsection 2.5.2) of pictures and maps (Chapter 4), 
falll  under Twyman's category of "non-linear". The approaches of several 
otherr authors, more specifically geared towards otyect-to-object relations, can 
bee summarized and compared in a table, see figure 2-23. 

Makingg an inventory of "graphical means", Richards (1984, pp. 8/5-8/6) 
brieflyy notes that the graphical means as derived from Bertin (the visual 
attributes,attributes, discussed here in section 2.4), can be extended with the possibili-
tiess of "proximity", "alignment", "connectivity", and "enclosure". These 
seemm to match with four of our basic types of object-to-object relations: 
spatialspatial clustering ('proximity'), lineup ('alignment'), linking ('connectivity'), 
andd containment ('enclosure'). However, Richards does not discuss these any 
furtherr in his work. Instead, he bases his framework on the distinction 
betweenn "grouping", "linking" , and "variation" (Richards 1984, pp. 8 /1-
8/46),, which does not match with our basic types of object-to-object rela-
tions.. While Richards' "linking" matches with our linking, his "grouping" 
includess containment as well as for example the color-coding of graphic ob-
jects,, regardless of their spatial arrangement. His "variation" includes posi-
tioningg along a metric axis as well as the variation of the brightness of graphic 
objectss (see the analysis of Richards' distinctions in section 5.2 of this thesis). 
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Richards s 
1984 4 

graphical graphical 
means* means* 

proximity y 

alignment t 

connec--
tivit y y 

enclosure e 

--

--

Lakoff f 
1987 7 

image image 
schemata schemata 

--

linearr order 
schema a 

link k 
schema a 

container r 
schema a 

--

front-back k 
schema a 

Horton n 
1994 4 

waysways to shmo 
relationships relationships 

cluster, , 
separatee by 
blankk space 

arrange e 
alongg a line 

connect t 

box,, frame 

separate e 
withh rules 
andd lines 

putt in front, 
overlap p 

Horn n 
1998 8 

visual visual 
topologies topologies 

proximity y 
grouping g 

--

network k 

--

boundary y 

--

Cardd et al. 
1999 9 

topological topological 
structure structure 

--

--

connection n 

enclosure e 

--

--

Thiss thesis 

object-to-object object-to-object 
relations relations 

spatial l 
clustering g 

lineup p 

linking g 
byy a 

connector r 

containment t 
byy a 

container r 

separation n 
byy a 

separator r 

super--
imposition n 

**  Richards' other 'graphical means' are the visual attributes as derived from Bertin. 

FIGUREE 2-23: Comparison of the literature concerning notions related to object-to-
objectt relations. 

Theree is an interesting parallel between the notion of basic types of object-to-
objectt relations in graphics and certain ideas about cognition that were 
proposedd by Lakoff , in a context seemingly unrelated to graphic represen-
tation.. Drawing partly on Johnson (1987), Lakoff (1987) elaborates on the 
notionn of 'kinesthetic image schemas' and claims that these play a central 
rolee in human cognition. Lakoff's examples of such 'image schemas' include 
thee 'linear order schema', the 'link schema', the 'container schema', the 'front-
backback schema', and the 'up-down schema' (Lakoff 1987, p. 283). According to 
Lakoff,, metaphorical mappings of these image schemas form the basis of all 
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ourr abstract conceptual structures. Lakoff does not mention anything about 
graphicc representations, but several of his image schemas match nicely with 
thee basic types of object-to-object relations that we propose for graphics: 
lineuplineup ('linear order schema'), linking ('link schema'), containment ('container 
schema'),, and superimposition ('front-back schema'). Furthermore, Lakoff's 
'up-down'up-down schema' seems to be related to our notion of meaningful space in 
graphicss (subsection 2.5.2). If Lakoff is correct about the central role of these 
imagee schemas in all human thought, then one could conclude that graphic 
representationss are based on exactly those structuring principles that form 
thee very basis of human cognition. This is an entertaining thought, although 
itt may not have any practical consequences for the study of graphic repre-
sentations. . 

Thee list that the table above provides for Horton is actually not given by 
Hortonn in this form. Rather, this list is the result of our selection and regroup-
inging of concepts that appear in different places in Horton's chapter on 
'Showingg relationships' (Horton 1994, pp. 75-109). 

Cardd et al. briefly mention 'connection' and 'enclosure' as possible repre-
sentationss of 'topological structure' (Card et al. 1999, pp. 28-29), without 
discussingg these in detail. 

Hornn lists six types of 'visual topologies', each with an example diagram, 
butt without any further definition or explanation (Horn 1998, pp. 81-82). 
Fromm his example diagrams it seems justified to match his topologies to ours 
ass follows. Horn's 'proximity grouping' seems to correspond to our spatial 
clustering,clustering, his 'network' seems to correspond to our linking, and his 'bound-
ary'' seems to correspond to our separation by a separator. His 'concentric' 
mayy correspond to the notion of a meaningful space with a radial axis (subsec-
tionn 2.5.2). Finally, his 'level' seems to correspond to what we would call 
verticalvertical separation, and his 'matrix' to the simultaneous combination (subsection 
2.5.4)) of horizontal and vertical separation. 

Ob\ect-to-objectOb\ect-to-object relations are one of two ways of creating spatial structure. In 
thee next subsection we wil l discuss the other way of creating spatial struc-
ture:: object-to-space relations, which involve meaningful space. 
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2.5.22 Structures involving meaningful spaces 
andd otyect-to-space relations 

Imaginee sitting in a bar and using the arrangement of empty beer glasses on 
thee bar table to explain, say, the location of Amsterdam with respect to 
Londonn and Paris. The positioning of two beer glasses, standing for London 
andd Paris, creates a meaningful space (see Engelhardt 1998, 1999) - every 
positionn on the bar table has been assigned a geographical meaning. The 
meaningfull  space can even be regarded as extending beyond the bar table - a 
personn on the other side of the bar may now happen to be 'sitting in Africa'. 
Similarly,, when starting to draw a financial chart, by drawing two labeled 
axess (e.g. one for the months of the year, and the other for expenses in dol-
lars),, a meaningful space has been created: every position in the yet-empty 
chartt has been assigned a meaning, even before we have any data. The face 
off  a clock also constitutes a meaningful space - it assigns meaning (time of 
day)) to the spatial positions along a circle. By the way, even though they are 
nott made of ink on paper or pixels on a screen, both the beer glasses on the 
barr table and the clock face could be regarded as graphic representations 
accordingg to our definition (Chapter 1): Arguably, the configuration of beer 
glassess constitutes 'a visible artifact on a more or less flat surface, that was 
createdd in order to express information'. So does the clock face. 

Thee graphic space of a composite graphic object is a meaningful space 
iff  spatial positions in it are subject to interpretation regardless of 
whetherr or not there are graphic sub-objects present at those positions. 
Too say it differently, a meaningful space is a graphic space that involves 
ann interpretation function from positions in space to information. 

Inn the context of this thesis, we wil l restrict our notion of meaningful space 
too metric spaces, such as those involved in topographic maps and in two-axis 
charts,, and to distorted metric spaces, such as those involved in subway maps 
andd in the vertical time lines of 'evolution trees'. In my earlier publications 
onn the concept of meaningful space (Engelhardt 1998, 1999), I have also 
includedd 'partitioned graphic spaces', such as those involved in tables, as a 
possiblee type of meaningful spaces. In this thesis however, I have supple-
mentedd the notion of meaningful space with the notion of various types of 
object-to-objectt relations, as discussed in subsection 2.5.1. This introduces a 
dilemma:: if a system of syntactic analysis would include the possibility of 
parsingg a graphic structure as a spatial clustering, as a lineup or as a separation 
byby separators (subsection 2.5.1), as well as the possibility of parsing graphic 
structuress as 'partitioned graphic spaces', then this system would offer two 
fundamentallyy different ways of parsing segmentations and tables (such as 
thee wheel clamp sign in figure 2-09, and the Los Angeles air pollution illus-



2.5.22 Meaningful space and object-to-space relations 55 5 

trationn in figure 2-45): Segmentation and tables could then be parsed as 
consistingg either of spatial clustering, lineups and separations by separators, 
orr as consisting of arrangements into 'partitioned graphic spaces'. This 
situationn would therefore not offer a system of unambiguous syntactic 
parsing.. The notion of a spatial clustering of graphic objects, the notion of a 
lineuplineup of graphic objects, and the notion of a separation of graphic objects by a 
separator,separator, are broad basic notions which also apply to scattered, curved and 
'winding'' graphic structures. They appear to be indispensable notions in any 
minimall  set of basic syntactic structures. 'Partitioned graphic spaces' on the 
otherr hand, can be analyzed as being created through spatial clustering, 
lineupss and separations by separators, and do therefore not appear to be 
indispensablee ingredients of a minimal set of basic syntactic structures. 

Inn summary, in the context of this thesis we are making the choice to 
strivee for a system of unambiguous parsing, involving a minimal set of basic 
syntacticc structures. We therefore choose to analyze 'partitioned graphic 
spaces'' as object-to-object structures which are created through spatial clus-
tering,tering, lineups and separations by separators, and we restrict our notion of 
meaningfulmeaningful spaces to metric spaces and distorted metric spaces. Metric spaces and 
distortedd metric spaces wil l be discussed in detail, further on in this subsec-
tion. . 

Lett me now add a few general remarks about the difference between object-
to-spaceto-space relations and object-to-object relations. See the table on the next page 
(figuree 2-24). In object-to-ob/ecf relations (spatial clustering, separation by 
separators,, lineup, linking by connectors, containment, superimposition), an 
objectt is anchored to one or more other objects. For example, a connector is 
anchoredd to the nodes that it connects, and a label is anchored to the node 
thatt it labels. In object-to-space relations on the other hand, an object is an-
choredd to one or more spatial positions in the involved (distorted) metric space. 
Wee wil l see, for example, that a point locator (e.g. a 'city-dot' on a map) is 
anchoredd to a single point, while a surface locator (e.g. a lake on a map) is 
anchoredd to a set of points. Objects in ob]ect-to-object relations usually have a 
certainn degree of freedom in their spatial positioning (e.g. on a map, a city-
namee may appear above or below its 'city-dot'). This could be referred to as 
'loose'' anchoring. Objects in ob]ect-to-space relations however are fixed in 
theirr spatial positioning in the involved (distorted) metric space (e.g. a 'city-
dot'' is fixed in its exact position on a map). This could be referred to as 
'tight'' anchoring. Object-to-object relations can express information regard-
ingg association, dissociation, and order. Object-to-space relations can express 
informationn regarding order, proportion, and direction. 
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ann object is 
anchoredd to: 

exactnesss of 
spatiall  positioning: 

cann express 
relationshipss of: 

object-to-spaceobject-to-space relations 

example: : 
aa line on a map that 

standss for a river 

onee or more points 
inn a meaningful space 

'tight'' anchoring 
(fixedd positioning) 

order,, proportion, 
direction n 

object-to-ob/ecff  relations 

example: : 
aa textual label consisting 

off  the river's name 

onee or more 
otherr objects 

'loose'' anchoring 
(degreee of freedom) 

association, , 
dissociation,, order 

FIGUREE 2-24: Comparison of object-to-space relations and otyect-to-object relations. 

Lett us briefly consider a few examples. Graphic objects on a topographic 
mapp are involved in object-to-s/wice relations. Graphic objects in a flow chart, 
connectedd by arrows, are involved in object-to-object relations. Graphic 
objectss on a map that are also connected by arrows are simultaneously 
involvedd in object-to-space relations and in otyect-to-object relations - they are 
anchoredd in space through their positions and anchored to each other 
throughh arrows. Graphic objects that are randomly arranged on the presen-
tationn surface are involved in an arbitrary spatial structure. 

Concerningg types of basic meaningful spaces, we wil l distinguish metric 
spacesspaces and distorted metric spaces. We wil l first discuss metric spaces. This wil l 
includee metric axes, integral metric spaces, and composite metric spaces. After 
thatt we wil l discuss distorted metric spaces. Further down we wil l discuss the 
degreee to which various spatial structures make use of the intrinsic properties 
ofof space. Finally, at the end of this subsection, we wil l examine the existing 
literatureliterature in search of notions concerning meaningful space. 
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METRICC SPACES 

AA  metric space is a graphic space in which metric aspects of spatial posi-
tioningg are subject to interpretation, such as the ratios of distances between 
objectss (e.g. 'the distance between A and B is twice the distance between B 
andd C). We wil l distinguish basic metric spaces from composite metric spaces. 

AA  basic metric space may either be a graphic space with a single metric axis 
(suchh as a time line) or it may be an integral metric space (such as a map): 

•• A metric axis creates a graphic space in which ratios of spatial distances, 
measuredd along the spatial dimension of the axis, are perceived as 
meaningful.. Example: a time line. 

•• An integral metric space is a two- or three-dimensional graphic space in 
whichh all geometric properties of Euclidian space are subject to interpre
tation.. Examples: a topographic map, a drawing of a three-dimensional 
physicall object (e.g. the ear in figure 2-16). 

AA composite metric space is a metric space that is constructed from two or 
moree basic metric spaces. See the discussion of composite spatial structures in 
subsectionn 2.5.4. The simplest type of composite metric space involves the 
simultaneouss combination of two orthogonal metric axes into a two-axis 
chart.. See for example the rectilinear two-axis charts in figures 2-25 and 2-26, 
andd the polar two-axis chart in figure 2-27. 

Howw does an integral metric space differ from a composite metric space? Of 
course,, an integral metric space can be artificially decomposed into orthogo
nall metric axes. This is nicely illustrated by the coordinate system that is 
shownn in the old map in figure 2-28. However, the involved choices - orien
tationss of the axes, rectilinear or polar coordinates - will be arbitrarily im
posed.. For example, either a rectilinear or a polar coordinate system can be 
usedd to span the same integral metric space. The difference between integral 
andd composite metric space can be specified in the following way. In an 
integralintegral metric space, the ratio between any two spatial distances is per
ceivedd as meaningful, regardless of the directions in which these two dis
tancess are measured (e.g. horizontally, vertically, diagonally, or in any 
directionn in-between). On a map for example, one might compare how far 
variouss people live from their respective jobs, regardless of the directions in 
whichh these people commute. In a composite metric space on the other hand 
(e.g.. a two-axis chart), the ratio between two spatial distances is only per
ceivedd as meaningful if these two distances are measured in certain direc
tionss (due to the way the space is constructed). 

AA spatial dimension that is neither structured by separators (2.5.1) nor by a 
metricmetric space, is referred to as an unstructured dimension. 
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FIGUREE 2-25: One of the first known statistical charts, showing exports and im-
ports,, SOURCE: 'The commercial and political atlas' by William Playfair, 1786 
(reproducedd in Tufte 1983, p. 92). 

COMMENT:: This figure shows an early example of a graphic representation that 
involvess a composite metric space. 

SYNTAXX OF SPATIAL STRUCTURE (2.5): A composite metric space (e.g. diagonal dis-

tancess are not meaningful), constructed through simultaneous combination of a 
horizontalhorizontal and a vertical metric axis. The space contains line locators, surface loca-
tors,tors, labels, and labeled grid lines. 

TYPEE OF CORRESPONDENCE (3.1): SPATIAL STRUCTURE: Both axes involve metaphoric 

correspondencee (spatial distance metaphorically stands for time and money). 
TYPEE OF GRAPHIC REPRESENTATION (4): A statistical time chart. 
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FIGUREE 2-26: Amount of radioactive waste (in Curies) dumped into the sea per 
yearr by European countries. SOURCE: Bounford 2000, p. 161. 

COMMENT:: This is an unconventional bar chart, regarding the downward orien-
tationn of the vertical axis. 

SYNTAXX OF SPATIAL STRUCTURE (2.5): A composite metric space, constructed through 
simultaneoussimultaneous combination of a horizontal and a vertical metric axis. The left side of 
thee horizontal metric axis is distorted (two-year jumps instead of one-year 
jumps).. The third spatial dimension does not serve informational but decorative 
purposes.. The same could be said of the displayed ship (see section 3.3). 
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Continuedd caption for figure 2-26: 
Thee space contains metric bars (the columns), labels, labeled grid lines, and an in-
setset (the legend). The metric bars are 'stacked bars': they are divided into sub-
objectss of proportional sizes, which is referred to as proportional division. 

TYPEE OF CORRESPONDENCE (3.1): SPATIAL STRUCTURE: Both axes involve metaphoric 
correspondence.. VISUAL ATTRIBUTES: The length of the columns involves meta-
phoricphoric correspondence. 

TYPEE OF GRAPHIC REPRESENTATION (4): A statistical time chart. 

Figuree 2-27 (showing accidents per hour) can be regarded as a bar chart 
forcedd into polar coordinates - the time axis is not horizontal but circular. 
Barr charts involve a metric axis along which the lengths of the bars are meas-
ured,, and a lineup of the bars in the orthogonal direction. The lineup of bars 
inn a bar chart may be an unordered lineup, an ordered lineup, or a lineup 
alongg a (second) metric axis. The latter case, a lineup of bars along a metric 
axiss involves not only an ordering of the bars, but also proportional distances. 
Notee that while the bars in figures 2-26 and 2-27 (the vertical columns and 
thee black pie slices respectively) are chosen to cover only fixed segments or 
chunkss of the time axis (one per year and one per hour respectively), the 
involvedd time axis is in both cases still a metric axis, in the sense that the 
distancee between any two randomly chosen bars is proportional to the time 
thatt has passed between them. (Upon careful reading however, the time axis 
inn figure 2-26 turns out to be a distorted metric axis: the two leftmost bars 
involvee two-year jumps, while all other bars involve one-year jumps.) 
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FIGUREE 2-27: Percentages of occupational accidents per hour of the working day. 
SOURCE:: Ratte 1924. 

COMMENT:: This figure serves as an example of polar coordinates. It can be re-
gardedd as a bar chart that is forced into polar coordinates. Note that surfaces 
off  the black pie slices (the 'bars') distort the represented proportions, because 
theirr radius has been used as a metric axis here, while the surface of a slice is 
proportionall  to the square of its radius. 

SYNTAXX OF SPATIAL STRUCTURE (2.5): A composite metric space, constructed through 
simultaneoussimultaneous combination of a circular and a radial metric axis. The space con-
tainss metric 'bars' (the black pie slices), labels, and a labeled circular grid line (the 
clockk face). 

TYPEE OF CORRESPONDENCE (3.1): SPATIAL STRUCTURE: Both axes involve metaphoric 
correspondence.. VISUAL ATTRIBUTES: The length of the black pie slices involves 
metaphoricmetaphoric correspondence (their surface distorts the represented proportions, 
seee comment above). 

TYPEE OF GRAPHIC REPRESENTATION (4): A statistical time chart. 
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FIGUREE 2-28: A map showing, among other cities, Prague, Vienna and Venice. 
SOURCE:: From the 1546 edition of 'Cosmographia' by Petrus Apianus (repro-
ducedd in Tufte 1983, p. 22). 

COMMENT:: The map shown in this figure serves to illustrate an integral metric 
space.space. Any decomposition into two metric axes is artificial, and one could use 
forr example a polar coordinate system to yield the same meaningful space. 

SYNTAXX OF SPATIAL STRUCTURE (2.5): An integral metric space containing labeled 

pointpoint locators, a surface locator (representing a mountain area) and labeled grid 
lineslines along its four edges. This (map-)space is nested into a higher-level integral 
metricmetric space (which displays the map, two threads that function as grid lines, four 
hands,, and additional labels). 

TYPEE OF CORRESPONDENCE (3.1): SPATIAL STRUCTURE: The positioning of cities in 

thee metric space of the map involves literal correspondence. 
TYPEE OF GRAPHIC REPRESENTATION (4): A map. 
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FIGUREE 2-29: Section of a graphic timetable, with the route running vertically and 
timee running from left to right. The diagonal lines represent trains traveling 
fromm Paris to Lyon (il ) and from Lyon to Paris (71). The density of the diago-
nall  lines corresponds to the frequency of trains. The slope of the lines corre-
spondss to the speed of the trains. 
SOURCE:: By E.J. Marey 1885 (reproduced in Tufte 1983, p. 31.) 

COMMENT:: Note that both this and the next figure show spaces that are hybrids of 
physicalphysical space and conceptual space. In this case we have a combination of ver-
ticaltical physical space with horizontal conceptual space. In the next figure this is 
thee other way around. 

SYNTAXX OF SPATIAL STRUCTURE (2.5): Line locators and labeled grid lines in a compos-
iteite metric space. The composite space is constructed through simultaneous com-
binationbination of two orthogonal metric axes. 

TYPEE OF CORRESPONDENCE (3.1): SPATIAL STRUCTURE: The vertical metric axis in-
volvess literal correspondence (spatial distance in the chart stands for spatial 
distancee along the rails), while the horizontal metric axis involves metaphoric 
correspondencee (spatial distance in the chart stands for the passing of time). 

TYPEE OF GRAPHIC REPRESENTATION (4): A time chart. 
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FIGUREE 2-30: U.S. population density. SOURCE: By Agnew Moyer Smith 2000, 
http://www.understandingusa.com m 

COMMENT:: Note that both this and the previous figure show spaces that are hy-
bridsbrids of physical space and conceptual space. In this case we have a combination 
off  horizontal physical space with vertical conceptual space. In the previous fig-
uree this is the other way around. 

SYNTAXX OF SPATIAL STRUCTURE (2.5): A surface locator (the whole landscape) in a 
three-dimensionall  composite metric space, with labels (the textual comments) 
thatt are attached by connectors. Embedded in the surface locator are line loca-
torstors (marking State borders) and very tiny point locators with labels (marking 
cities).. The composite space is constructed through simultaneous combination of 
aa two-dimensional horizontal integral metric space and a vertical metric axis. 

TYPEE OF CORRESPONDENCE (3.1): SPATIAL STRUCTURE: The horizontal integral metric 
spacee involves literal correspondence (physical arrangement on the map 
standss for physical arrangement in the world), while the vertical metric axis 
involvess metaphoric correspondence (height metaphorically stands for popu-
lationn density). 

TYPEE OF GRAPHIC REPRESENTATION (4): A statistical map (= both a map and a statisti-
calcal chart). 

— — 

http://www.understandingusa.com
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Theree are a few common orientations for spatial dimensions: 
•• rectilinear  coordinates: horizontal and vertical, plus - in 3-D graphics 

-- distal (variation of the 'distance' from the viewer), or 
•• polar  coordinates: circular  (angular rotation around a center) and 

radiall  (away from the center). 
Seee also Bertin's overview of coordinate systems in figure 2-36. For examples 
off rectilinear coordinates see figures 2-25 and 2-29. For an example of polar 
coordinatess see figure 2-27. Additional possibilities concerning combinations 
off orientations are cylindrical, spherical and trilinear coordinates. Trilinea r 
coordinatess are used in triangular charts, which plot the proportional com
positionn of a total with three ingredients (areas of application include elec
tionn results, and the composition of sediments). Note that such trilinear 
chartss are not integral metric spaces, but that their dimensions are also not 
'independent',, as they are in most composite metric spaces. Concerning this 
aspect,, trilinear charts may form a separate category. 

Inn the chapter on the interpretation of graphic representations we will make 
thee distinction between representing physical structures and representing 
conceptualconceptual structures (subsection 3.1.1). It may seem that integral metric 
spacess always represent physical spaces while metric axes and composite 
metricc spaces always represent conceptual spaces. This is, however, not the 
case.. While our impression is that integral metric spaces indeed always 
representt physical spaces, metric axes may represent either physical or concep-
tualtual spaces, and composite metric spaces may represent either conceptual or 
hybridhybrid spaces. A hybrid space is a space that represents both physical and 
conceptuall space. Figure 2-29 for example traces the paths of trains through 
spacee and time. Its vertical dimension represents spatial distances along the 
route,, and is an example of a metric axis that represents physical space. In 
combinationn with the conceptual space of the horizontal time axis, a hybrid 
spacee is created. Figure 2-30 is another example of a hybrid space - here the 
horizontall integral metric space represent physical space, while the vertical 
metricc axis represent conceptual space. 

DISTORTEDD METRIC SPACES 

Somee graphic representations involve distorted metric spaces such as 'ex
ploded'' views and 'fisheye' views. Most subway maps involve a distorted 
metricc space. A distorted metric space is a graphic space that can be thought 
off as a metric space that was printed on a 'rubber sheet' and then stretched 
non-homogeneously,, preserving both order and approximate directions, but 
nott preserving the ratios of spatial distances. The vertical time axis in figure 
2-311 is an example of a distorted metric axis. 
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FIGUREE 2-31: Evolution. SOURCE: L. Gonick 1990, part of drawing on p. 20. 
COMMENT:: The vertical time axis in this figure serves to illustrate positioning 

alongg a distorted metric axis. (This is part of a larger drawing which is, in its 
originall  context, aligned with a distorted vertical time axis that is labeled in 
millionss of years). 

SYNTAXX OF SPATIAL STRUCTURE (2.5): Labeled nodes, linked by connectors, in a dis-
tortedtorted metric space that is created by a vertical distorted metric axis. 

TYPEE OF CORRESPONDENCE (3.1): SPATIAL STRUCTURE: Both the vertical positioning 
andd the linking of creatures involves metaphoric correspondence - positions 
higherr on the page metaphorically stand for developments later in time, and 
thee connectors metaphorically stand for evolutionary descent. 
VISUALL ATTRIBUTES: The shapes of the creatures involve literal correspondence. 

TYPEE OF GRAPHIC REPRESENTATION (4): A chronological link diagram (= both a link 
diagramdiagram and a time chart). 
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Thee subway map in figure 2-32 is an example of a distorted integral metric 
space.space. Strictly speaking, all maps could be regarded as distorted integral 
metricc spaces. As MacEachren has pointed out, "map space is always a 
transformationn and manipulation of world space" (MacEachren 1995, p. 313). 
Thee major inevitable distortion factor in a map arises from the projection of 
thee curved surface of the earth onto the flat surface of the map, see the world 
mapp in figure 2-33. 
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Thee Turgot map of Paris in figure 2-34 involves slight distortions, but for 
anotherr reason: many of the streets are widened in order to minimize the 
degreee to which buildings visually occlude each other. The thunderstorm 
simulationn in figure 2-42 also involves a distorted metric space: the vertical 
dimensionn is exaggerated by stretching it with almost a factor 2. 
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FIGUREE 2-34: The center of Paris, with the Pont Neuf and the Notre Dame (upper 
left),, SOURCE: Turgot and Bretez 1739 (reproduced in Tufte 1990, p. 36). 

COMMENT:: Note that in order to minimize the degree to which buildings visually 
occludee each other, the width of the streets is greatly exaggerated, especially of 
thosee that run horizontally. In this sense, this is a locally distorted metric space. 

SYNTAXX OF SPATIAL STRUCTURE (2.5): Graphic objects in a locally distorted integral 
metricmetric space. 

TYPEE OF CORRESPONDENCE (3.1): SPATIAL STRUCTURE: The distorted metric space 
involvess a distorted, though basically literal correspondence, VISUAL 
ATTRIBUTES:: The shapes of the displayed objects involve literal correspondence. 

TYPEE OF GRAPHIC REPRESENTATION (4): A picture. 
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DEGREEE TO WHICH ASPECTS OF SPACE CAN BE MEANINGFUL 

Spacee has different intrinsic properties or 'aspects', such as spatial proximity 
andd distance, spatial order, and spatial direction. Different types of spatial 
structuress in graphic representations differ in the degree to which they 
assignn meaning to such aspects of space. Recall the basic types of object-to-
objectt relations discussed in subsection 2.5.1. A spatial clustering makes use 
off  spatial proximity. A lineup makes use of spatial order. An unordered separa-
tiontion makes use of the separateness of sub-spaces. An ordered separation makes 
usee of the separateness and the spatial order of subspaces. A metric axis 
makess use of proportional spatial distances. 

Throughh these different degrees to which spatial structures assign mean-
ingg to spatial aspects, they also represent different types of information. See 
alsoo the brief discussion of the difference between object-to-object relations 
andd meaningful spaces in the beginning of this subsection (2.5.2). The table 
beloww (figure 2-35) provides an overview of types of spatial structures and 
thee types of information that they represent. 

Spatiall  structur e 

arbitraryy spatial structure 
(randomm scattering of elements) 

unorderedd separation 
(e.g.. unordered table columns) 

orderedd separation 
(e.g.. ordered table columns) 

distortedd metric axis 
(e.g.. vertical axis in evolution tree) 

metricc axis 
(e.g.. proportional timeline) 

compositee metric space 
(e.g.. two-axis chart) 

distortedd integral metric space 
(e.g.. subway map) 

integrall  metric space 
(e.g.. topographic map) 

Expressedd informatio n 

nono information 

nominalnominal relations between elements 
(categoriess of elements) 

ordinalordinal relations between categories of elements 
(orderedd categories of elements) 

ordinalordinal and distorted numerical relations between 
individuall  elements (ordered elements) 

quantitativequantitative relations between elements, 
concerningg a single attribute 

quantitativequantitative relations between elements, 
concerningg two (or three) attributes 

relationss of physical order, and distorted physical 
distancedistance and direction between elements 

relationss of physical distance and physical 
directiondirection between elements 

FIGUREE 2-35: Type of information that is expressed by different spatial structures. 
Seee section 3.4 for a very brief discussion of types of information. 
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AA LOOK AT THE LITERATURE CONCERNING MEANINGFUL SPACES 

IMPOSITION N TYPESS OF IMPOSITION 

ARRANGEMEN T T RECTILINEAR R ORTHOGONAL L 

i) ) 

u u 

FIGUREE 2-36: Bertin's classification of spatial structures ("impositions' 
SOURCE:: Bertin 1967/1983, p. 52. 

Berti nn offers a classification of spatial structures ('impositions'), see figure 
2-366 (Bertin 1967/1983, p. 52). He distinguishes four 'groups of imposition': 
'diagrams',, 'networks', 'maps' and 'symbols'. These four categories wil l be 
discussedd in our chapter on classification of graphic representations (4). Bertin 
alsoo distinguishes five 'types of impositions': 'arrangement', 'rectilinear', 
'circular',, 'orthogonal' and 'polar'. While the last four of these basically 
matchh with the common coordinate systems that we have discussed above, 
Bertin'ss category of 'arrangement' is somewhat peculiar. With an 'arrange-
ment'-impositionn of the 'network'-type, marked by him with an 'S'-shaped 
arrow,, Bertin seems to refer to link diagrams in which the nodes are not 
positionedd in a meaningful space. With the 'arrangement'-imposition of the 
'map'-typee however, marked by him with an arrow that runs in two or-
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thogonall  dimensions (note the difference with his two arrows for 'orthogo-
nal'),, Bertin may have something in mind that corresponds to our notion of 
integralintegral metric spaces. With the 'arrangement'-imposition of the 'symbol'-
type,, which is the only imposition not marked by any kind of arrow, Bertin 
seemss to mean what we call object-to-object relations involved in composite 
symbols.symbols. Finally note that an 'arrangement'-imposition and the 'diagram'-
typee seem to exclude each other - in his table Bertin leaves that cell empty. 

Variouss classifications of spatial structures can be found in the literature 
thatt have to do with the degree to which meaning is assigned to the proper-
tiess of space. Some of these are included in the table (figure 2-37) and in the 
discussionn below. Richards'  (1984) three modes of organization - 'grouping', 
'linking',, and 'variation' - are discussed separately in section 5.2. 

Wexelblat t 
1991 1 

Semantic c 
dimensions: : 

--

nominal nominal 
dimension n 

ordinal ordinal 
dimension n 

linear linear 
dimension n 

--

Tversky y 
1995 5 

Spatial l 
pictorial l 
devices: : 

--

conveying g 
categorical categorical 
relations s 

conveying g 
ordinal ordinal 

relations s 

conveying g 
interval interval 

relations s 

--

Engelhardtt et al. 
1996 6 

Represen--
tationall  uses 

off  space: 

nominal: nominal: 
random m 

arrangement t 

categorical: categorical: 
unordered d 

slotting g 

ordinal: ordinal: 
ordered d 
slotting g 

auantitative: auantitative: 
sliding g 

spatial: spatial: 
spatial l 

mapping g 

Cardd et al. 
1999 9 

Typess of 
axes: : 

unstructured unstructured 
axis s 

nominalnominal axis 

ordinalordinal axis 

quantitative quantitative 
axis s 

--

Thiss thesis 

Spatial l 
structures: : 

arbitrary y 
spatial l 

structure e 

unordered d 
separation n 

ordered d 
separation n 

metricc axis 

integrall  metric 
space e 

FIGUREE 2-37: Comparison of the literature concerning notions related to structure 
alongg a spatial dimension. 
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Wexelblatt  (1991, pp. 259-262) and Tversky (1995, pp. 46-49) both note that 
spatiall  arrangement can express relations of different 'scale types', such as 
nominal/categoricalnominal/categorical relations, ordinal relations, and quantitative/interval rela-
tionss (see also section 3.4). 

Inn a paper titled "The visual grammar of information graphics", Engel-
hardtt  et al. propose a list of "basic representational uses of space" (Engel-
hardtt et al. 1996, pp. 5-8). The paper uses somewhat clumsy terminology, 
butt in addition to discussing the spatial representation of relations of the 
differentt scale types, it includes the notion of arbitrary spatial structures 
("randomm arrangement"), and it implicitl y includes the notion of integral 
metricmetric spaces ("spatial mapping"). 

Referringg to Engelhardt et al.'s 1996 paper, Card, Mackinlay and Shnei-
dermann (1999, p. 26) list four different types of spatial dimensions: unstruc-
turedtured dimensions, and dimensions representing relations of the three scale 
types. types. 

Itt seems that nowhere in the literature an explicit distinction has been 
madee between integral metric spaces and composite metric spaces, and their 
differentt properties, as discussed in this thesis (e.g. at the beginning of this 
subsection,, 2.5.2). 

Havingg examined object-to-object relations and object-to-space relations as the 
twoo types of basic spatial structures, we wil l now first make an inventory of 
syntacticsyntactic roles that graphic objects may play within these structures (subsec-
tionn 2.5.3), and then turn our attention to composite spatial structures (subsec-
tionn 2.5.4) and the ways in which these are constructed from basic spatial 
structures. . 
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2.5.33 An overview of syntactic roles of graphic 
objects s 

Att several points in this thesis we have made remarks about the 'anchoring' 
off  graphic objects, and about the various syntactic roles that a graphic object 
mayy play within a syntactic structure (e.g. a node-role versus a connector-role, 
inn a syntactic structure based on Unking). In this subsection we wil l examine 
'anchoring'' and syntactic roles of graphic objects in a littl e more detail. 

Inn the context of traditional linguistics, issues of grammar and syntax in-
cludee the study of different 'syntactic roles' of language constituents such as 
nouns,, adjectives, transitive verbs, intransitive verbs, adverbs, etc. In this 
thesiss we are trying to apply related concepts to graphic representations, 
takingg a look at the different 'syntactic roles' that graphic objects may play 
withinn the graphic syntactic structure that they are part of. Littl e can be 
foundd in the literature concerning any notions of different syntactic roles of 
graphicc objects. Two exceptions are Horton's distinction into 'containers, 
contents,, and modifiers' in Apple fil e icons, shown in figure 2-19, and Rich-
ards'' notion of 'noun spaces and verb spaces'. Richards suggests that "ele-
mentss occupying noun spaces function like nouns and elements occupying 
verbb spaces function like verbs". As an example, he shows a line connecting 
thee letters 'A' and 'B', where he regards the line (a connector in our terminol-
ogy)) as occupying a 'verb space', and the letters (nodes in our terminology) 
ass occupying 'noun spaces' (see Richards 1984, pp. 3/20-3/29, 9/2-9/4, and 
2000,, p. 89). Engelhardt et al. (1996, pp. 1, 4) make a somewhat similar pro-
posall  regarding the distinction of 'syntactic categories of visual compo-
nents',, such as 'nodes, connectors and borders'. 

Thee different syntactic roles of language constituents in verbal expressions 
couldd be regarded as involving different types of 'anchoring' of these lan-
guagee constituents within a syntactic structure: an adverb is 'anchored' to a 
verbverb (e.g. "aging rapidly"), an intransitive verb is 'anchored' to a noun phrase 
(e.g.. "she sleeps"), a transitive verb is 'anchored' to two noun phrases (e.g. "she 
lovess me"), etc. In a related way, we can approach the syntactic role of a 
graphicc object as concerning its type of graphic 'anchoring' within a syntac-
ticc structure: a label is anchored to a node (e.g. the name of a subway station 
iss anchored to a station marker), a connector is 'anchored' to two nodes (e.g. 
ann arrow in a flow chart is anchored to the two boxes that it connects), a 
pointpoint locator is 'anchored' to a point in meaningful space (e.g. a 'city-dot' is 
anchoredd to a position on a map), etc. 
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Att the most general level of distinction we divide the different types of 
graphicc anchoring into three main categories: 

•• Object-to-object anchoring: An object-anchored object (e.g. a label, a connec-
tor)tor) is a graphic object that is anchored to one or more other objects as 
partt of a structure that involves ob]ect-to-object relations (discussed in 
subsectionn 2.5.1). 

•• Object-to-space anchoring: A space-anchored object (e.g. a point locator, a 
surfacesurface locator) is a graphic object that is anchored to one or more spatial 
positionss in a meaningful space (discussed in subsection 2.5.2, and below). 

•• No anchoring: A non-anchored graphic object is a graphic object that is 
anchoredd neither to a position in a meaningful space nor to another object. 
Graphicc objects that are arranged in an arbitrary spatial structure (men
tionedd at the beginning of section 2.5) are non-anchored graphic objects. 

Thee possible syntactic roles of object-anchored objects were discussed in the 
subsectionn on object-to-otyecf relations (2.5.1). There we have made distinc
tionss between the syntactic roles referred to as node, label, separator, con-
nector,, container, and modifier . Recall that in linguistic structures, a com
positee expression consists of constituents with specific syntactic roles. For 
example,, a sentence consists of a noun phrase and a verb phrase, etc. Continu
ingg the comparison with linguistics, we could note that in the composition of 
graphicc structures, a 'basic labeling structure' consists of a node and a label, a 
'basicc containment structure' consists of a node and a container, a 'basic 
linkingg structure' consists of two nodes and a connector, etc. Before we elabo
ratee further on syntactic roles in graphic representations, let us look at the 
possiblee syntactic roles of space-anchored objects. 

AA space-anchored object is a graphic object that is anchored to one or more 
pointss in a meaningful space. Different syntactic roles of space-anchored 
objectss consist of different ways in which an object can be anchored in 
meaningfull space. Let us consider a few examples. If a graphic object func
tionss as a point locator (e.g. a 'city-dot' on a map), the object is anchored only 
too a single point in meaningful space, leaving the graphic object free in its 
sizee and shape. If a graphic object functions as a surface locator (e.g. a Take' 
onn a map), the complete set of points (the surface) that it encompasses is 
anchoredd in meaningful space, fixing both the object's size and the object's 
shape. . 

Wee will now make a brief inventory of the possible syntactic roles of ob
jectss in object-to-space anchoring: point locators, line locators, surface locators, 
volumevolume locators, metric bars, and grid lines: 

AA point locator  is anchored to a specific point in a meaningful space. Ex
amples:: a church symbol on a map, a dot in a scatter plot, the city-markers in 
thee map in figure 2-28. Usually the area occupied by a point locator is cen
teredd on the specified point in meaningful space. Another possibility is that 
thee point locator has a kind of 'vertex' or 'tip' that is positioned on the speci-
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fiedd point in meaningful space, see for example the pin-shaped city-locators 
inn figure 2-28. A point locator is basically free in its shape and size. 

AA  lin e locator  is anchored to a specific line in a meaningful space. Exam-
ples:: a political border on a map, the 'train-lines' in the graphical train 
schedulee in figure 2-29. The area occupied by a line locator is usually cen-
teredd on the specified line in meaningful space. A line locator is fixed in its 
shapee and length, but is free in its width. 

AA  surface locator  is anchored to a specific surface in a meaningful space. 
Example:: a lake on a map. A surface locator may locate a surface in a two-
dimensionall  meaningful space (e.g. in the continents in the world map in 
figuree 2-33) or in a three-dimensional meaningful space (e.g. the mountain-
ouss surface representing U.S. population density in figure 2-30). The area 
occupiedd by a surface locator covers exactly the specified surface in mean-
ingfull  space. A surface locator is fixed in both its shape and size. 

AA  volume locator  is anchored to a specific volume in a meaningful space. 
Example:: a marked three-dimensional area in a 3-D chart or a drawing of 
physicall  objects. See for example the cloud in the thunderstorm-animation in 
figuree 2-42. The area occupied by a volume locator covers exactly the speci-
fiedd volume in meaningful space. A volume locator is fixed in both its shape 
andd size. 

AA  metric bar  is a graphic object in a bar chart that is anchored to two 
points,, extending between them: One end of a metric bar is anchored to the 
barr chart's base line (or base point in polar coordinates), and the other end is 
anchoredd to a point at a distance from the base line that is measured along a 
metricc axis (thereby determining the bar's length/height). See figures 2-26 
andd 2-27. A metric bar is fixed in its length/height, but depending on the 
typee of bar chart that it is part of, it may be free in its width and shape (such 
ass in pictorial bars). A special case of a metric bar is the stacked bar (figure 
2-26),, which is a metric bar that is divided into sub-objects by proportional 
divisiondivision (discussed in section 2.4). 

AA  grid lin e is a line that serves to mark a meaningful space. Many mean-
ingfull  spaces involve grid lines. Some two-axis charts for example use a 
densee pattern of grid lines in both directions (see figures 2-25 and 2-26). A 
simplee time axis on the other hand can be regarded as a single grid line. A 
gridd line in itself is not subject to interpretation, but it serves to enable or 
facilitatee the interpretation of the object-to-space relations of graphic objects 
thatt are positioned in a meaningful space. Often a grid line has one or more 
labelss attached to it. See section 3.3 on informational roles of graphic objects, 
wheree we discuss the difference between information objects and reference 
objects. . 

Afterr this inventory of possible syntactic roles of graphic objects, let us 
brieflyy return to the comparison with verbal expressions. In order to analyze 
thee syntactic structure of a sentence in a foreign language, we wil l have to 
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knoww or guess for each word what its syntactic role is - that is whether it is a 
noun,, a verb, an adjective, or another type of word. Likewise, in order to 
analyzee the syntactic structure of a graphic representation, we wil l have to 
knoww or guess for each graphic object what its syntactic role is. 

Ass an example, imagine a simple map of a country that shows the loca-
tionss of main cities and their names, and that also includes several arrows to 
representt the course of a certain journey from city to city. In order to inter-
prett the map correctly, we need to know or guess that the dots marking the 
citiess (the 'city-dots') are point locators in a metric space and not, for example, 
unanchoredunanchored objects in an arbitrary spatial structure. We also need to know or 
guesss that the names of the cities are not point locators, but that they are 
labels,labels, attached to point locator objects (to the city-dots). We need to know or 
guesss that an arrow on the map is not a point locator either (marking for 
examplee the location of the local School of Archery - the art of shooting with 
boww and arrow), but that it is a connector, attached to a pair of point locators 
(thee city-dots), stretching between them. 

Objectss with different syntactic roles are interpreted differently. Whether 
aa point locator (a city-dot) is located above or below another point locator, is 
definitelyy subject to interpretation. We might want to know, for example, 
whetherr a certain city is north or south of another city. In contrast, whether a 
labellabel (a city-name) is located above or below the point locator that it labels, is 
notnot subject to interpretation, as long as the label is visually grouped with that 
pointt locator. We only need to know which city-name belongs to which city-
dot. . 

Imaginee that in our map a picture of a littl e blue airplane is used to show 
thee location of an airport. In this case, we need to know or guess that this is 
anotherr point locator, and not for example a surface locator representing a lake 
(whichh happens to have the shape of an airplane). 

Lett us finally try to classify the syntactic role of an ambiguous example: a 
linee on a map that represents the border between two countries. One may 
feell  tempted to classify the syntactic role of such a border as that of a separa-
tor,tor, which we have discussed in the subsection on object-to-object relations 
(2.5.1).. However, by its location in a metric space and by its shape, a border 
onn a map expresses more information than the mere separation of other 
objectss (which may or may not be present): it locates every point on the 
concernedd border. It is anchored tightly to these points - even minor changes 
off  the border's shape and position correspond to changes in the information 
thatt is represented. In addition, a border on a map may enclose an 'empty' 
area,, in which case there are no objects that could be regarded as having 
beenn separated from other objects. For all the above reasons, the syntactic role 
off  a border on a map should not be classified as a mere separator, but as a line 
locatorlocator in a metric space. For similar reasons, the winding road between two 
mountainn villages on a map should not be classified as a mere connector, but 
alsoo as a line locator in a metric space. 
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Att the beginning of this section, we mentioned Richards' proposed distinc-
tionn between graphic objects that function as 'verbs' (e.g. a connecting line) 
andd graphic objects that function as 'nouns' (e.g. the objects that are con-
nectedd by the line). After the inventory and discussion above, we can now 
concludee that these roles of connector (the connecting line) and node (the 
objectss that are connected) are only two possibilities from a wide range of 
differentt possible syntactic roles that graphic objects can play within syntac-
ticc structures. 

Lett us recapitulate the contents of this chapter (2) so far. We have discussed 
twoo types of basic syntactic structures: those based on ob\ect-to-object rela-
tions,, and those based on object-to-space relations. Above we have provided 
ann overview of the different syntactic roles that graphic objects may play 
withinn such syntactic structures. In the following section we wil l examine 
howw these basic syntactic structures can be combined into composite syntactic 
structures. . 
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2.5.44 Composite syntactic structures 

Soo far we have discussed basic syntactic structures in graphic representations 
-- basic syntactic structures involving object-to-ofr/'ecf relations were discussed 
inn subsection 2.5.1, and basic syntactic structures involving object-to-space 
relationss were discussed in subsection 2.5.2. We did already mention compos-
iteite metric space, such as the meaningful space in a two-axis chart. (The reason 
wee mentioned composite metric space was to contrast it with the integral 
metricc space of pictures and maps, which is not composite). This subsection 
iss devoted to exploring the various ways in which composite syntactic struc-
turess can be constructed from basic syntactic structures. 

AA  composite syntactic structur e is a syntactic structure that is con-
structedd from two or more basic syntactic structures, through simultane-
ousous combination and/or nesting. 

Wee wil l successively discuss simultaneous combination, nesting, and different 
typestypes of nested structures. 

SIMULTANEOUSS COMBINATION 

SimultaneousSimultaneous combination is one of the two ways in which composite syntactic 
structuresstructures can be constructed from basic syntactic structures. 

Inn a simultaneous combination of basic syntactic structures, a set of 
graphicc objects simultaneously participates in two or more basic syn-
tacticc structures, at the same syntactic level of object decomposition. 

Examples:: A two-axis chart involves the simultaneous combination of ar-
rangementt along a horizontal metric axis and arrangement along a vertical 
metricmetric axis. A table involves the simultaneous combination of horizontal 
separationsseparations and vertical separations. Station markers on a subway map are 
simultaneouslyy involved in linking and in arrangement in a distorted integral 
metricmetric space. See figure 2-38 (illustrating document flow procedure) for an 
examplee of the simultaneous combination of linking, separation, and posi-
tioningg along a metric axis. In this respect, syntactic structures in graphic 
representationss differ from syntactic structures in linguistics. Syntactic 
structuress in linguistics concern a single dimension and aspect - linear 
sequence,, and do therefore not allow for its constituents to simultaneously 
participatee in several syntactic structures. (This applies within a set of con-
stituentss at some given level of decomposition. Of course, any constituent in 
aa nested structure could be regarded as 'participating in different structures' 
att the different levels of nesting, but this is not what we mean here.) 
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Notee that, through the simultaneous participation in more than one syntactic 
structure,, a graphic object can simultaneously function in more than one 
syntacticsyntactic role. For example, 'city-dots' on a map that are connected by arrows, 
functionn as point locators in the integral metric space of the map, and also as 
nodesnodes in the linking by arrows. The lines in a subway map function as line 
locatorslocators in a distorted integral metric space, and also as connectors in the 
linkingg of the stations. 
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NESTING G 

Inn a nesting of syntactic structures, a composite graphic object serves as a 
singlee (composite) graphic object in a syntactic structure at a 'higher 
level'. . 

Nestingg can also be referred to as 'embedding'. If the same structuring 
principless can be applied at different levels of a nested structure, then this is 
referredd to as recursion. Since Noam Chomsky's work in the 1950's, recursive 
nestingg is the dominant aspect of most linguistic approaches to syntactic 
structure.. Because syntactic structures in linguistics do not allow for the 
simultaneoussimultaneous combination of basic syntactic structures at the same level of 
constituentt decomposition, the nesting of basic syntactic structures is the 
onlyy way of constructing composite syntactic structures in linguistics. 

Forr a recursive application of polar coordinates see the representation of 
windd data in figure 2-39. For a recursive application of proportional division 
seee the representation of baseball data in figure 2-40. Both of these figures 
aree special cases of nesting because they recursively apply the same type of 
syntacticc structure at different levels. 
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January y 

Decemberr / \ February 

FIGUREE 2-39: Representation of a year of wind data. 
SOURCE:: Wilkinson 1999, p. 323. 

COMMENT:: This figure shows a recursive application of polar coordinates. 
SYNTAXX OF SPATIAL STRUCTURE (2.5): A graphic multiple of a (small) metric space 

withh polar coordinates (a circular metric axis and a radial metric axis), which is 
nestednested into a (large) metric space with polar coordinates (a circular metric axis). 
Thee constituent objects of the repeated small representation are a label (the 
namee of the month), a circular grid line (the compass circle), and a set of metric 
barsbars (the pie segments). 

TYPEE OF CORRESPONDENCE (3.1): The circular axis of the small metric space in-
volvess literal correspondence (standing for wind directions in physical space), 
whilee the circular axis of the large metric space involves metaphoric corre-
spondencee (standing for the course of a year). The sizes of the pie segments 
involvee metaphoric correspondence. 

TYPEE OF GRAPHIC REPRESENTATION (4): A statistical time chart. 
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FIGUREE 2-40: Representation of baseball data (a 'tree map'). 
SOURCE:: B. Shneiderman (reproduced in Spence 2001, p. 152). 

COMMENT:: This figure shows a recursive application of proportional division. 
SYNTAXX  OF SPATIAL STRUCTURE (2.5): Nested proportional divisions, involving three 

levelss of division (first horizontally, then vertically, and finally horizontally 
again). . 

TYPEE OF CORRESPONDENCE (3.1): The proportional sizes of the segments involve 
metaphoricmetaphoric correspondence (the sizes of the segments do not stand for any 
kindd of physical sizes, but they metaphorically stand for baseball-related in-
formation). . 

TYPEE OF GRAPHIC REPRESENTATION (4): A statistical chart. 

AA presentation of several maps next to each other (e.g. figure 2-43) is a quite 
simplee example of nesting: the integral metric space of a map ('lower' level of 
suchh a syntactic structure) is nested into a lineup ('higher' level of such a 
syntacticc structure). Regarding nested spatial structures of meaningful 
spaces,, we can distinguish several general types of arrangement. Meaningful 
spacess may be part of a background-inset display or part of a multipanel dis-
play.. Two special cases of a multipanel display are the graphic multiple and 
thee shared-axis multipanel. Al l of these wil l be discussed below. 
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BACKGROUND-INSETT DISPLAYS AND MULTIPANEL DISPLAYS 

Somee nested spatial structures are background-inset displays. A background-
insett  display is a nested syntactic structure that consists of the superimposi-
tiontion of one or more composite graphic objects on a background object (see 
visualvisual layers, discussed in section 2.2). Figure 2-41 (illustrating the character-
isticss of weeds) shows an example in which both the background and the 
insetss are pictures. Legends are often superimposed as insets, see for example 
thee ancient map of England in figure 3-12. An 'inset' that is anchored to a 
specificc graphic object can be regarded as a label, see for example the em-
beddedd charts in the map shown in figure 2-03 (which are anchored to the 
pointt locators that mark the cities). Insets that are not labels are more or less 
freee in their placement and the main criterion for determining their position 
iss usually that they should not visually occlude any important objects in the 
background. . 

Otherr nested spatial structures are multipanel displays. A multipanel display 
iss a nested syntactic structure in which two or more composite graphic 
objectss are arranged as separate panels, next to each other. See the thunder-
storm-animationn in figure 2-42 and Napoleon's march in figure 2-47 as 
examples. . 
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FIGUREE 2-41: Characteristics of the ultimate weed. 
SOURCE:: By P. Wynne, in Tufte 1997, p. 126. 

COMMENT:: This figure serves as an example of a background-inset display. 
SYNTAXX OF SPATIAL STRUCTURE (2.5): An integral metric space in the background, 

withh several superimposed insets, which also contain integral metric spaces. A 
numberr of the graphic objects have labels attached to them. 

TYPEE OF CORRESPONDENCE (3.1): SPATIAL STRUCTURE: The integral metric spaces, in 
thee background and in the insets, involve more or less literal correspondence. 
VISUALL ATTRIBUTES: The shapes of displayed graphic objects involve either me-
tonymietonymie or literal correspondence. 

TYPEE OF GRAPHIC REPRESENTATION (4): A picture with insets of pictures. 
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FIGUREE 2-42: From an animation of a numerical model simulating a thunder-
storm.. The lower part displays 'stills' from the animation along a timeline. 
SOURCE:: Tufte 1997, p. 21. 

COMMENT:: This figure serves as an example of a multipanel display. 
SYNTAXX OF SPATIAL STRUCTURE (2.5): A multipanel display involving a vertical 

lineuplineup of two panels. The upper panel involves a volume locator (the cloud) and 
gridgrid lines in a distorted integral metric space (the vertical dimension is exagger-
atedd by stretching it with almost a factor 2). The lower panel is itself a multi-
panelpanel display, more specifically it is a graphic multiple of the upper panel 
(withoutt the grid lines), arranged in a lineup along a horizontal metric axis (a 
timee axis). 

TYPEE OF CORRESPONDENCE (3.1): The spatial dimensions of the cloud involve dis-
tortedtorted literal correspondence, while the arrangement of clouds on a timeline 
involvess metaphoric correspondence. 

TYPEE OF GRAPHIC REPRESENTATION (4): A multipanel display consisting of a picture 
andd a time chart that involves pictures. 
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GRAPHICC MULTIPLES 

AA graphic multiple is a special case of a multipanel display: 

AA  graphic multipl e is a multipanel display in which the panels can be 
regardedd as variations of a single representation. These variations have 
thee same design and the same general syntactic structure (usually 
basedd on a meaningful space), but they display different data. Often the 
individuall  panels are nested into a lineup or a table. 

Inn the panels of a graphic multiple neither the syntactic structure nor the 
referencee objects (if present, see section 3.3) change, while (some of) the 
informationn objects (also see 3.3) usually do change. This distinguishes 
graphicc multiples from proportional repetitions (discussed in 2.5.1), in which a 
proportionall  number of identical copies of an elementary graphic object are 
repeated. . 

Thee most common type of graphic multiple is the chronological multiple, 
whichh uses its panels to show changes over time. Examples of chronological 
multipless are shown in figure 2-39 (wind directions), in the lower panel of 
figuree 2-42 (thunderstorm), in figures 2-43 (growing railway system) and 2-44 
(howw to tie a tie), and in the horizontal rows of figure 2-45 (L.A. air pollution). 

Thee concept of graphic multiples has been described by various authors. 
Berti nn promotes graphic multiples, referring to them with the confusingly 
unspecificc term "collections of images" (Bertin 1967/1983, pp. 397-407; and 
1977/1981,, pp. 161-167). Tuft e also advocates the use of graphic multiples, 
referringg to them as "small multiples": 

"Smalll  multiples resemble the frames of a movie: a series 
off  graphics, showing the same combination of variables, 
indexedd by changes in another variable." (p. 170) 
"Smalll  multiples are economical: once viewers under-
standd the design of one slice, they have immediate access 
too the data in all the other slices. Thus, as the eye moves 
fromm one slice to the next, the constancy of the design al-
lowss the viewer to focus on changes in the data rather 
thann on changes in graphical design." (p. 42) 

TufteTufte (1983) 

Kosslynn refers to what we call graphic multiples as 'pure multipanel displays', 
whilee he refers to other multipanel displays, in which the individual panels 
havee different formats, as 'mixed multipanel displays' (Kosslyn 1994, p. 54). 
Wilkinso nn refers to graphic multiples as 'facets', and describes them as 
"manyy littl e graphics that are variations of a single graphic" (Wilkinson 
1999,, p. 301). 
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Territoryy within 50 Miles of a Railroad 

18633 1913 

FIGUREE 2-43: The spreading of the railroad system. SOURCE: 'Modern man in 
making',, Otto Neurath, 1939 (reproduced in Houkes 1993, p. 49.) 

COMMENT:: This figure is a graphic multiple of a map. 
SYNTAXX OF SPATIAL STRUCTURE (2.5): A labeled graphic multiple of an integral metric 

spacespace (the map), arranged into a horizontal lineup of two panels. 
TYPEE OF CORRESPONDENCE (3.1): The integral metric spaces of the maps involve 

literalliteral  correspondence. 
TYPEE OF GRAPHIC REPRESENTATION (4): Maps. 



2.5.44 Composite syntactic structures 89 9 

wwm\ wwm\ 
FIGUREE 2-44: How to tie a tie. SOURCE: Mijksenaar and Westendorp 1999, p. 49. 
COMMENT:: This figure is a graphic multiple of a picture. 
SYNTAXX OF SPATIAL STRUCTURE (2.5): A graphic multiple of an integral metric space, 

arrangedd in an ordered horizontal lineup. 
TYPEE OF CORRESPONDENCE (3.1): While the pictures themselves involve literal cor-

respondence,, their ordered horizontal lineup involves metaphoric correspon-
dencee (order in space stands metaphorically for order in time). 

TYPEE OF GRAPHIC REPRESENTATION (4): Pictures. 
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FIGUREE 2-45: Varying intensity of air pollution in the Los Angeles area in the 
coursee of the day, concerning three different pollutants. 
SOURCE:: Los Angeles Times, July 22,1979 (reproduced in Tufte 1983, p. 42). 

COMMENT:: This figure is a graphic multiple that is arranged in a table. 
SYNTAXX OF SPATIAL STRUCTURE (2.5): A graphic multiple of a composite metric space 

(thee 'pollution landscape'), nested into a table. The table is constructed through 
aa simultaneous combination of an ordered horizontal lineup (representing time of 
day)) and an unordered vertical lineup (representing pollutant). The repeated 
compositee metric space (the 'pollution landscape') is constructed through si-
multaneousmultaneous combination of a horizontal integral metric space (representing geo-
graphicc location) and a vertical metric axis (representing intensity of pollution). 

TYPEE OF CORRESPONDENCE (3.1): SPATIAL STRUCTURE: At the level of the table, the 
orderr of the horizontal partitions (different times of day) involves metaphoric 
correspondence,, while the order of the vertical partitions (different pollutants) 
iss arbitrary. At the level of the individual 'pollution landscape', the horizontal 
integrall  metric space (representing geographic location) involves literal corre-
spondence,, while the vertical metric axis (representing intensity of pollution) 
involvess metaphoric correspondence. 

TYPEE OF GRAPHIC REPRESENTATION (4): A table of statistical maps. 
(Statisticall  map = both a map and a statistical chart.) 
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FIGUREE 2-46: The relationship of female reproductive hormones and the events in 
thee ovary and uterus during the menstrual cycle. 
SOURCE:: Wallace 1978, p. 172. 

COMMENT:: This figure is a shared-axis multipanel in which the (horizontal) shared 
axiss is a time axis. 

SYNTAXX OF SPATIAL STRUCTURE (2.5): A shared-axis multipanel involving four pan-
elss with a shared horizontal metric axis (a time axis). In both of the two upper 
panelss a composite metric space is constructed by combining the shared hori-
zontall  metric axis with two superimposed vertical metric axes (in the original the 
curvess have different colors and are annotated in corresponding colors on ei-
therr side of the panel - enabling the display of two different quantitative phe-
nomenaa in the same chart). (Caption is continued on the next page.) 
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Continuedd caption for figure 2-46: 
Thee upper panels both contains grid lines , line locators , and labels. The two 
lowerr panels involve horizontal lineups of (pictorial) graphic objects. 

TYPEE OF CORRESPONDENCE (3.1): SPATIAL STRUCTURE: The horizontal time axis and 
thee vertical axes of the line charts all involve metaphoric correspondence. 
VISUALL  ATTRIBUTES: The (possibly distorted) relative thickness (here the height) 
off  the lining of the uterus, as well as the shapes of the pictured objects such as 
thee individual follicles involve literal correspondence. 

TYPEE OF GRAPHIC REPRESENTATION (4): A multipanel time chart involving statistical 
timetime charts and lineups of pictures. (Statistical time chart = both a statistical 
chartchart and a time chart.) 

SHARED-AXISS MULTIPANELS 

AA  shared-axis multipanel is another special case of a multipanel display. 

AA  shared-axis multipanel is a multipanel display consisting of panels 
thatt share a metric axis, and that are arranged in a lineup - aligned with 
eachh other with regard to this shared metric axis. 

Inn a shared-axis multipanel with a horizontal shared axis the panels are 
arrangedd one above the other, while in a shared axis multipanel with a verti-
calcal shared axis the panels are arranged one next to the other. In other words, 
thee direction of the lineup of the panels is orthogonal to the direction of their 
sharedd axis. For examples of shared-axis multipanels see the illustration of 
thee menstrual cycle in figure 2-46 and the illustration of the march of Napo-
leon'ss army to Moscow in figure 2-47. 

Withh these two figures we are coming to the end of this chapter on graphic 
syntax.. We have explored the constituents and the structure of graphic 
representations.. This has led us to discussions of graphic space, graphic 
objects,, and various aspects of basic and composite syntactic structures. In 
thee next chapter we wil l turn to an investigation of the interpretation of 
graphicc representations. 
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CART EE FIGURATIVE . des penes successes in homme* de I'Arme e Franchise dans la campagne de Russn 1612-1813. 

DresiéeDresiée oarM.Minwd, tn$pexteur Gènèra.1 des Porta et Chaujséts en retTMtU. 

FIGUREE 2-47: The dramatically diminishing number of Napoleon's surviving sol-
dierss during their march to Moscow (lighter path) and their retreat (black 
path).. The chart at the bottom shows the temperatures during the retreat. 
SOURCE:: M. Minard 1861 (reproduced in Tufte 1983, p. 41). 

COMMENT:: This figure is a shared-axis multipanel in which the (horizontal) shared 
axiss represents longitude. 

SYNTAXX OF SPATIAL STRUCTURE (2.5): A shared-axis multipanel, involving two pan-
elss with a shared horizontal metric axis. The upper panel (the map) involves an 
integralintegral metric space in which positions are linked with width-coded connectors. 
Thiss (map) panel also contains line locators (representing rivers) and labels. The 
lowerr panel (the temperature chart) involves a composite metric space, con-
structedd from the shared horizontal metric axis and a vertical metric axis (the 
temperaturee axis). This panel contains grid lines, a line locator (the temperature 
curve)) and labels. 

TYPEE OF CORRESPONDENCE (3.1): SPATIAL STRUCTURE: The integral metric space of 
thee map involves literal correspondence, while the composite metric space of 
thee temperature chart involves metaphoric correspondence, VISUAL ATTRIBUTES: 
Thee width of the path segments involves metaphoric correspondence. 

TYPEE OF GRAPHIC REPRESENTATION (4): A multipanel display consisting of a statis-
ticaltical path map and a statistical chart. 
(Statisticall  path map = both a map and a statistical link diagram. Statistical link 
diagramm = a link diagram that displays quantitative information per link.) 





CHAPTE RR 3 

Interpretatio nn of 
Graphicc Representations 

Inn Chapter 2 we have examined the syntax of graphic representations. We 
havee regarded a composite graphic object as consisting of a graphic space, a 
setset of graphic objects that are contained in this graphic space, and a set of 
graphicgraphic relations in which these contained graphic objects are involved. In 
addition,, we have already made several statements about the interpretation 
off  graphic representations (section 2.1). Let us recall these: 

Thee semantic analysis of the meaning of a graphic representation paral-
lelss the syntactic analysis of its structure. 

Thee interpretation of a graphic object may be: 
•• an interpretation of it as an elementary graphic object, or 
•• an interpretation of it as a composite graphic object, constructed 

from: : 
-- the interpretations of the graphic objects that are part of it, 

and d 
-- the interpretations of the graphic relations in which these 

graphicc objects are involved, which may partly be based on 
thee interpretation of the graphic space in which they are 
arranged. . 

Inn this way the interpretation of a complex graphic representation (a 
compositee graphic object) may be derived through several nested levels of 
interpretingg constituting graphic objects, and interpreting the ways in 
whichh these are combined (their graphic relations). 

95 5 
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Theree is a large amount of literature on the interpretation of graphic repre-
sentations,, mostly consisting of semiotically-tinted proposals to distinguish 
differentt types of graphic symbols. Taken together, the existing literature 
consistss of a thick jungle of confusing and often contradictory terminology 
(seee the 'terminology comparison tables' towards the end of both section 3.1 
andd section 3.2). In this chapter, in order to 'sort things out', we wil l develop 
aa systematic and consistent approach to the main aspects of graphic inter-
pretation,, and apply this approach to numerous example figures. In addition 
wee will , at the appropriate points in the text, use this approach to compare 
thee existing literature on graphic interpretation, and to discuss specific 
shortcomingss in that literature. 

Lett me give a brief overview here of the four sections of this chapter. In the 
firstt section (3.1), we wil l discuss type of correspondence. Type of corre-
spondencee is a core aspect of the interpretation of elementary graphic objects as 
welll  as of the interpretation of graphic relations between graphic objects. We 
wil ll  define type of correspondence as the relationship between what is shown 
andd what is meant. The main types of correspondence that we wil l distin-
guishh are literal, metaphoric, metonymie, rebus-based, and arbitrary-conventional. 
Inn the two remaining, shorter sections of this chapter we wil l briefly discuss 
twoo additional aspects that are involved in the interpretation of graphic 
objects:: mode of expression and informational role. The mode of expression of 
graphicc objects (section 3.2) concerns the classification of graphic objects into 
pictorialpictorial objects (in a spectrum from realistic to schematic pictures) and non-
pictorialpictorial objects (abstract shapes, words and numbers). Sorting out a confus-
ingg issue in the literature, we wil l discuss the non-trivial relationship be-
tweenn type of correspondence and mode of expression. Concerning the informa-
tionall  roles of graphic objects (section 3.3) we wil l propose to classify 
graphicc sub-objects of a composite graphic object either as information objects 
(whichh have to be adjusted if the information changes), or as reference objects 
(e.g.. legends, labeled axes, grid lines), or as decoration objects. Finally we wil l 
makee a few brief remarks about different types of represented informatio n 
(sectionn 3.4). First however, we wil l turn our attention to different types of 
correspondencecorrespondence that may be involved in graphic representations. 
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3.11 Type of Correspondence 

"Signss are either literal or metaphorical. They are called 
literall  when used to signify the things for which they 
weree invented [...] They are metaphorical when the actual 
thingss which we signify by the particular words are used 
too signify something else [...]" (Book Two, p. 71). 

[Letters,, sounds and syllables have] "meaning not by 
naturee but by agreement and convention [...] People did 
nott agree to use them because they were already mean-
ingful;; rather they became meaningful because people 
agreedd to use them." (Book Two, p. 101) 

SaintSaint Augustine (A.D. 397/1995) 

Inn the quotes above, from more than 1600 years ago, Saint Augustine dis-
cussess the interpretation of signs, using three main terms that we wil l use in 
thiss section - 'literal', 'metaphorical', and 'convention'. However, while Saint 
Augustinee uses these terms with regard to text, we wil l here propose corre-
spondingg notions that apply to graphics. In other words, we wil l focus spe-
cificallyy on notions of visual literalness, visual metaphor, and visual conven-
tion.. Graphic representations differ from text in that they can 'depict' or 
'show'' things that we recognize. 

Inn a graphic representations we define type of correspondence as the 
typee of relationship between what is shown and what is meant. 

Too give an example of a textual metaphor, one might say: "man is a wolf" , 
wheree the use of the word 'wolf' would be regarded as involving a meta-
phor.. In the context of this framework, such a (visual) metaphor would 
involvee a picture of a wolf. Here we wil l not regard the written word 'wolf' 
ass a (visual) metaphor, because we wil l be looking at the relationship be-
tweenn what is shown and what is meant. See the definitions of the various 
possiblee types of correspondences that are given below. What a written 
wordd or text shows, consists merely of strings of letters from the Latin alpha-
bet.. Consequently, in this framework such textual graphic objects wil l always 
bee regarded as involving arbitrary-conventional correspondence (to interpret 
them,, we need to be familiar with more or less arbitrary conventions). 

Thee notion of 'what is shown' in a graphic representation is not a trivial 
matter.. Goodman (1976) has taken the extreme point of view that recogniz-
ingg depictions is not based on such a thing as 'natural resemblance' between 
thee depiction and the depicted, but always on arbitrary conventions. Rich-
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ardss has devoted a chapter to this issue (Richards 1984, fourth chapter). 
Takingg up these issues is beyond the aims of this thesis. Here we wil l as-
sumee that, regardless of the involved phenomena, people are somehow able 
too have the experience of 'recognizing' things in representations, and we wil l 
regardd these things as 'what is shown' in a representation. 

Saussure: : 

Eco: : 

Peirce: : 

MacEachren: : 

whatt is shown 

thee display 

thee representation 

signifier r 

expression n 

representamen n 

sign-vehicle e 

whatt is meant 

thee information 

thee represented 

signified d 

content t 

interpretantt and object 

interpretantt and referent 

FIGUREE 3-01: Terminology for talking about representation. 

Typee of correspondence is the territory of semiotics - the study of 'represen-
tation'.. See the table in figure 3-01 for an overview of terminology that has 
beenn used in the semiotic literature for talking about representation. Ferdi-
nandd de Saussure and Charles Sanders Peirce are usually regarded as the 
foundingg fathers of semiotics. While Saussure's 'dyadic' approach involves 
twoo elements (signifier and signified), Peirce's 'triadic' approach involves 
threee elements (representamen, interpretant and object). The 'interpretant' is 
notnot the 'interpreter', as it is misunderstood by some authors (e.g. by Mullet 
andd Sano, 1995, p. 171). What Peirce does seem to mean with the term 'inter-
pretant'' is the mental concept that is activated in the mind of somebody who 
encounterss the concerned representamen. As an example of the three ele-
mentss of Peirce's 'semiotic triangle', a process of representation may involve 
relationshipss between the three-letter word "dog" (the representamen), the 
mentall  concept of a dog in somebody's mind (the interpretant), and a real-
worldd dog (the object). 

Inn the context of this framework we wil l prefer the dyadic approach fol-
lowedd by Saussure above the triadic one followed by Peirce. As already 
notedd above, we wil l make the distinction between what is shown (for exam-
plee the three letters "dog", or a drawing of a dog), and what is meant (for 
example,, a specific real-world dog, or our mental concept of a dog, or the set 
off  all dogs). What is shown in a graphic representation consists of elementary 
graphicc objects and graphic relations, which we have analyzed in various 
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wayss in Chapter 2. Wliat is meant by a graphic representation is derived by a 
viewerr from what is shown. Different aspects of this derivation are the subject 
off  the current chapter. 

Concerningg the nature of the relationship between what is shown and what is 
meant,meant, it seems that a limited set of general possibilities can be identified. We 
wil ll  refer to these as types of correspondence. Elementary graphic objects as 
welll  as visual attributes as well as spatial structures may involve literal , meta-
phori cc or arbitrary-conventional correspondence. See the table in figure 3-
022 for some examples. For elementary graphic objects, there are two additional 
possiblee types of correspondence which we wil l refer to as metonymie 
correspondencee and rebus-based correspondence. See figure 3-03 for exam-
pless of the proposed types of correspondence as they appear in Egyptian 
hieroglyphs.. Many more examples of the different types of correspondence 
aree described in the figure captions throughout this thesis. The following 
subsectionss consist of separate discussions for each of the types of corre-
spondence.. For now we wil l limi t ourselves to brief definitions: 

•• literal : what is shown is based on similarity to the physical object or 
physicall structure that is meant, or on similarity to a prototypical exam
plee of the kind of physical object that is meant. 

•• metaphoric: based on a (supposed) analogy between what is shown and 
whatt is meant, this may concern either a shared functional characteristic 
orr a structural analogy. 

•• arbitrary-conventional : what is shown seems to stand for what is meant 
byy pure convention, although in many cases the current users of the con
cernedd representation may simply not be aware of the fact that the repre
sentationn originated involving one of the other types of correspondence. 

•• rebus-based: based on the fact that (part of) the spoken word for what is 
shownn sounds like (part of) the spoken word for what is meant. 

•• metonymie: based on a mental association due to the fact that there is (or 
usedd to be) a relationship of physical involvement between what is shown 
andd what is meant (e.g. what is shown 'is a part of' or 'is a possible result 
of'' what is meant, or in some other way it 'plays a role in' what is meant). 



100 0 33 Interpretation 

elementary y 
graphicc object 

visuall  attribute 

spatiall  structure 

literal l 

'winee glass' icon 
standingg for 
'winee glass' 

yelloww desert 
versuss green 

forest t 
onn a map 

thee arrangement 
onn a map, 

thee connections in 
aa wiring diagram 

Typee of Correspondence 

metaphoricc arbitrary-conventional 

'winee glass' icon 
standingg for 

'fragile' ' 

relativee sizes of 
barss in a bar chart 

thee arrangement 
onn an x/y chart, 

thee connections in 
aa family tree 

'elephant'' icon 
standingg for 

'Republicann party' 

colorr coding 
off  electrical wires 

thee arrangement 
off  red above green 

onn a traffic light 

FIGUREE 3-02: Literal, metaphoric and arbitrary-conventional correspondence apply to 
elementaryelementary graphic objects as well as to graphic relations (concerning visual attributes 
andd spatial structure). For elementary graphic objects there are two additional possible 
typess of correspondence: rebus-based correspondence and metonymie correspondence. 

Seee the figures throughout this thesis for many more examples. Each exam-
plee figure has a figure caption that includes an assessment of the involved 
type(s)) of correspondence. 

Typee of correspondence should not be confused with certain other aspects of 
pictoriall  objects: Al l pictorial objects, regardless of the type of correspon-
dencee that they are involved in, 

•• may vary in their degree of pictorial abstraction, involving a spectrum 
fromm very realistic to very schematic (see section 3.2), 

•• may show an archaic example of the concerned object, i.e. an object 'like 
itt used to look'. For example, the postal horn displayed in figure 3-07 is 
ann archaic object. 
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Typee of correspondenc e 
inn Egyptia n hieroglyph s 

literal:: bull 

metonymie:: wind metaphoric:: foresee 

arbitrary-conventional:: 1 000 rebus-based:: "w" 

FIGUREE 3-03: The five types of correspondence distinguished in this thesis can also be 
identifiedd in Egyptian hieroglyphs. SOURCE: Composed by the author, individual 
hieroglyphss reproduced from Betro 1995. 
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Inn this thesis, whenever we talk about the type of correspondence of an 
elementaryelementary graphic object, we wil l mean the type of correspondence of the 
shapeshape of the elementary graphic object. In other words, regarding type of 
correspondence,, an elementary object is equated with its shape (see also 
sectionn 2.4 on visual attributes). After all, it is usually the shape of an elemen-
taryy object that determines 'what we see in it'. Meanwhile, the elementary 
object'ss other visual attributes, such as size and color, and the object's an-
choring(s)) in spatial structure(s) may involve other types of correspondence 
thann the type of correspondence that is involved in its shape. In this way an 
elementaryy object may be simultaneously involved in different types of 
correspondence.. For example, a pictorial object may simultaneously involve 
aa literal shape, an arbitrary-conventional color-coding, a metaphoric size in 
relationn to the sizes of other objects, and a metaphoric spatial positioning 
alongg a time line. 

Inn an analysis that our framework is definitely related to, Richards (1984) 
usess the term 'mode of correspondence', distinguishing 'literal' and 'non-
literal'' correspondence. Richards also includes the possibility of 'semi-literal' 
correspondence,, partly because he does not allow an object to simultane-
ouslyy be involved in different types of correspondence. He does not distin-
guishh between the type of correspondence involved in an object itself (re-
gardingg its shape) and the type(s) of correspondence involved in its anchor-
ing^)) in syntactic structure(s), or the type(s) of correspondence involved in its 
otherr visual attributes. 

Inn addition to its intended referent (the concept that it stands for), a meta-
phoric,phoric, metonymie or rebus-based graphic object involves an intermediary refer-
entent (its literal interpretation). This applies to some arbitrary-conventional 
objectss as well, for example to the elephant as a symbol of the Republican 
Party.. In this sense, such objects involve a literal correspondence that serves 
ass a basis for their metaphoric, metonymie, rebus-based or arbitrary-conventional 
correspondence. . 

Inn some cases the intended meaning of a graphic object involves several 
intermediaryintermediary referents, where each step between referents has its own type of 
correspondence.. For example, an interface button in a word processing 
programm depicts a pair of scissors (first intermediary referent), the pair of 
scissorss stands metonymically for the act of physically cutting into a paper 
documentt (second intermediary referent), and the act of physically cutting 
intoo a paper document in turn stands metaphorically for the act of removing 
selectedd text from the electronic document (intended referent). This phe-
nomenonn can be referred to as multi-step semiosis. 

Inn the following subsections we wil l discuss the types of correspondence 
distinguishedd here, starting with literal correspondence. 
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3.1.11 Literal correspondence 

Correspondencee is litera l what is shown is based on similarity to the 
physicall  object or physical structure that is meant, or on similarity to a 
prototypicall  example of the kind of physical object that is meant. 

AA literal elementary object depicts the kind of physical object that it stands for. 
Literall  visual attributes express physical (spatial and visual) attributes of the 
representedd objects. Literal graphic relations may represent a physical ar-
rangement,, physical links, physical separation or physical containment. In 
thee context of this thesis the term 'physical' may refer both to physical things 
inn the real world and to physical things that exist only in the imagination 
(e.g.. a planned building, a fantasy creature). Possible synonyms for the term 
'literal'' correspondence include 'physical' correspondence and 'direct' 
correspondence. . 

FIGUREE 3-04: A pictogram used in the catalogue of a company that rents party glasses. 
Thiss pictogram involves literal correspondence: what is shown is a prototypical 
examplee of what is meant. 

PHYSICALL STRUCTURES AND CONCEPTUAL STRUCTURES 

Sincee our definition of literal correspondence uses the notion of a 'physical 
structure',, let me make a few remarks about physical versus conceptual 
structures.. Any 'structure' that is not a physical structure can be referred to as 
aa conceptual structure. Likewise, any 'space' that is not a physical space can be 
referredd to as a conceptual space. 

Concerningg their Titeralness', spatial structures that are displayed in graphic 
representationss can be divided into three groups: 

•• Spatial structures that represent physical structures, involving literal 
correspondence.. These are found for example in: 

-- maps and pictorial diagrams (representing physical spaces), or in 
-- wiring diagrams (representing physical links). 
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•• Spatial structures that represent conceptual structures, involving meta-
phoricphoric correspondence. These are found for example in: 

-- statistical charts and time charts (representing conceptual spaces), or in 
-- family trees and organization charts (representing conceptual links). 

•• Spatial structures that represent hybri d structures, involving both literal 
andd metaphoric correspondence. See for example the graphic timetable in 
figuree 2-29, and the 'U.S. population landscapes' on the front cover and 
inn figure 2-30. 

Notee that some representations of physical spaces (e.g. subway maps) are 
distorteddistorted (subsection 2.5.2) and can be regarded as involving distorted literal 
correspondence.. We will now turn to the discussion of metaphoric corre
spondence. . 
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Nahrung g 

'' ' {gflj fjrtroot/5! L 

Muskel Muskel 

Qefördertt durch: 
'' InsuHn (nach d Mahtzeit) 
'' Glukagon (Hunger) 
'' Adrenatin (Arbeit e tc) 

FIGUREE 3-05: The pathways of glucose in the human body. 
SOURCE:: Silbernagel and Despopoulos 1983, p. 247. 

COMMENT:: The containments of certain substances in organs such as in the liver in 
thee lower half of the figure, represent physical containments, involving literal 
correspondence.. In contrast, the circles of Venn diagrams (e.g. figure 2-18) 
representt conceptual containments, involving metaphoric correspondence. 

SYNTAXX OF SPATIAL STRUCTURE (2.5): A composite graphic object that involves 
nodes,nodes, labels, linking by connectors, and containment by containers. 

TYPEE OF CORRESPONDENCE (3.1): SPATIAL STRUCTURE: The containment in organs 
involvess literal correspondence, see the comment above. The linking by ar-
rowss involves metaphoric correspondence, VISUAL ATTRIBUTES: Some shapes 
(e.g.. the kidney, muscle, brain, liver) involve literal correspondence, the re-
mainingg shapes involve arbitrary-conventional correspondence. 

TYPEE OF GRAPHIC REPRESENTATION (4): A link diagram that involves pictures. 
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3.1.22 Metaphoric correspondence 

Correspondencee is metaphoric if it is based on a (supposed) analogy 
betweenn what is shown and what is meant. This may concern a struc-
turall  analogy, a comparable function, or a shared characteristic. 

T T 
FIGUREE 3-06: Two examples of graphic objects that involve metaphoric correspondence. 

Inn both cases, whatt is shown (wine glass, snail) 'shares a characteristic' with what 
iss meant: 
Left:: A pictogram on a cardboard box, indicating a fragile content. 
Right:: 'Go slow.' This is one of the earliest pictographic suggestions for a traffic 

sign,, from 1923. If this sign was interpreted as involving literal correspon-
dence,, it could be understood as a warning that there are snails ahead, 
crossingg the street. SOURCE: Krampen 1965, p. 12. 

Wee have noted earlier that metaphoric correspondence may be involved in 
graphicgraphic objects as well as in graphic relations between graphic objects. Exam-
pless of metaphoric graphic objects can be found on many computer screens, 
suchh as the pictogram of a trash can, and the pictogram of a house standing 
forr 'My Homepage' in an Internet browser. Some examples of metaphoric 
graphicgraphic relations are the arrangement of objects along a timeline (where 
distancess stand for time intervals), the proportional sizes of bars in a bar 
chartt (where heights stand for quantities), the linking of names in a family 
treee (where links stand for descent), and the containment in Venn diagram 
circless (where containment stands for set membership). In musical notation, 
bothh the horizontal and the vertical arrangement of the marks on the score 
involvee spatial relations that are metaphoric: the 'higher' the mark, the 
'higher'' the pitch, and the further on the score, the further in time. 
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3.1.33 Metonymie correspondence 

Correspondencee is metonymie if it is based on a mental association due 
too the fact that there is (or used to be) a relationship of physical involve-
mentment between what is shown and what is meant. For example, what is 
shownn 'is a part of' or 'is a possible result of' what is meant, or in some 
otherr way it 'plays a role in' what is meant. 

Notee that with the definition of metonymy that I am giving above, I am 
includingg what traditional rhetoricians refer to as 'synecdoche', where a part 
standss for the whole. I regard a synecdoche as a special case of metonymy. 
Theree are other authors who do the same (e.g. Lakoff and Johnson, 1980, p. 
36).. According to many scholars, both metaphor and metonymy play crucial 
roless in human cognition. 

"Metonymyy is one of the basic characteristics of cogni-
tion.. It is extremely common for people to take one well-
understoodd or easy-to-perceive aspect of something and 
usee it to stand either for the thing as a whole or for some 
otherr aspect or part of it." Lakoff (1987, p. 77) 

Forr examples of metonymie graphic objects see the various pictograms in 
figuree 3-07. The Cross as a symbol of Christianity is another example that 
couldd be regarded as a metonymie graphic object. Tversky discusses picto-
riall  metonymy and mentions that in the pictorial language of the Dakota 
Indians,, 'famine' was conveyed by portraying empty racks for drying buf-
faloo meat (Tversky 1995, p. 34, referring to Mallery 1893/1972). 

Lett me add a few remarks about the difference between metaphoric symbols 
andd metonymie symbols. Both metaphor and metonymy in graphic repre-
sentationss can be regarded as 'figures of depiction' (a term from Tversky, 
1995,, corresponding to 'figures of speech'), and they may sometimes seem 
confusinglyy related. However, the distinction between the two is quite clear. 

•• In the case of a metaphoric symbol, what is meant is compared to some
thingg that is neither part of it nor otherwise physically involved in it, and 
ann analogy between the two is suggested. 

•• In the case of a metonymie symbol, no comparison is involved and no 
analogyanalogy is suggested. Instead, what is shown is either part of what is 
meantt or otherwise physically involved in it. 



108 8 33 Interpretation 

(!TO\fiïïïïn n t l l 

XX I 
FIGUREE 3-07: Eight examples of graphic objects that involve metonymie correspon-

dence.. What is shown 'plays a role in' what is meant (or used to play a role), ex-
ceptt for the skull at the lower right, in which case what is shown 'is a possible re-
sult'.. The first four pictograms are from signage indicating a bar, a restaurant, 
bathrooms,, and a hairdresser. The third row shows two different pictograms in-
dicatingg a post office. The last row shows pictograms for a mine and for danger. 
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3.1.44 Rebus-based correspondence 

Correspondencee is rebus-based if it is based on the fact that (part of) 
thee spoken word for what is shown sounds like (part of) the spoken 
wordd for what is meant. 

Goldwasserr refers to a rebus as a 'phonetic metaphor'. She argues that, while 
"metaphorr is built on the discovery of similarities, or on the creation and 
revelationn of such between two signifieds", a rebus "i s based not on any 
similarityy of signifieds, but on similarity between signifiers", the signifiers 
beingg spoken words in this case (Goldwasser 1995, pp. 71-72). 

Rebus-basedRebus-based graphic objects have been involved in the early stages of the 
developmentt of many writing systems. Figures 3-08 and 3-09 show rebus-
basedd Egyptian hieroglyphs. In the course of their development, most writ-
ingg systems came to be regarded as arbitrary-conventional. Arbitrary-
conventionall  correspondence is discussed in the next subsection. 

&ii h flfl, -J- %. J» 

DD p m m rr  ra* 

FIGUREE 3-08: Rebus-based Egyptian hieroglyphs. 
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FIGUREE 3-09: Egyptian hieroglyphs from the 'White Chapel' of Sesostris I, around 
20000 B.C. SOURCE: Reproduced from Sandison 1997. 

COMMENT:: When they were fully developed as a writing system, about two 
thirdss of the Egyptian hieroglyphs had a rebus-based, phonetic function. 

SYNTAXX OF SPATIAL STRUCTURE (2.5): A horizontal separation, achieved by vertical 

separators,separators, containing a segmented vertical lineup of graphic objects. The upper 
partt of the second column shows objects that are contained by an elliptical 
containercontainer (indicating a Royal name). 

TYPEE OF CORRESPONDENCE (3.1): VISUAL ATTRIBUTES: The shapes of the majority of 

thee displayed hieroglyphs involve rebus-based correspondence. 
TYPEE OF GRAPHIC REPRESENTATION (4): A written text. 
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3.1.55 Arbitrary-conventional correspondence 

Correspondencee is arbitrary-conventional if what is shown seems to 
standd for what is meant by pure convention. Concerning many repre-
sentationss that are regarded as arbitrary-conventional, the current users 
mayy simply not be aware of the fact that the representation originated 
involvingg one of the other types of correspondence. 

Manyy arbitrary-conventional graphic objects actually do have a motivated 
origin,, involving a metaphor, a metonymy or a rebus. However, when such an 
originn is forgotten, the graphic object wil l be perceived as being arbitrary-
conventional.conventional. Thus an arbitrary-conventional representation is one that, while 
thee original choice for it seems arbitrary, receives meaning through consis-
tentt use. 

Exampless of arbitrary-conventional graphic objects are written words, the 
elephantt as the symbol for the Republican Party in the United States, and the 
Swastikaa as the symbol of the Nazi regime. Examples of arbitrary-
conventionall  visual attributes can be found in many color-coding systems 
(e.g.. of electrical wires, of subway lines). Arbitrary-conventional correspon-
dencee may involve either 

•• external convention, which is an established convention outside the repre
sentationn at hand, or 

•• internal convention, which is not an established convention but an en
codingg that is consistent and carries meaning within the representation at 
hand,, and is usually explained by some kind of legend. 

FIGUREE 3-10: The direction of writing is an arbitrary convention. 
SOURCE:: W. Eisner 1996, p. 49. 
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FIGUREE 3-11: Words involve arbitrary conventions. SOURCE: Gonick 1990, p. 66. 
COMMENT:: Written words involve two steps of arbitrary-conventional correspon-

dence:: one from meaning to sound, and one from sound to letters. 
SYNTAXX  OF SPATIAL STRUCTURE (2.5): An integral metric space with graphic objects, 

threee of which (the human figures) are labeled with containers (the word bal-
loons)) containing further graphic objects (three times the word 'sky'). 

TYPEE OF CORRESPONDENCE (3.1): SPATIAL STRUCTURE: The integral metric space in-
volvess literal correspondence (spatial relations in the picture stand for spatial 
relationss in an imagined physical world), VISUAL ATTRIBUTES: Like the integral 
metricc space, the shapes that stand for physical objects involve literal corre-
spondencee (what is shown is what is meant). The word balloons on the other 
handd (both the shapes of the containers and the shapes of the contained word) 
involvee arbitrary-conventional correspondence. 

TYPEE OF GRAPHIC REPRESENTATION (4): A picture. 

Thee standard traffic light arrangement of positioning the red light above the 
greenn light is an example of a spatial structure that is arbitrary-conventional. 
Thiss type of spatial structure should not be confused with spatial structures 
thatt are simply arbitrary but not conventional, such as a random scattering of 
graphicc objects on a page. While an arbitrary spatial structure encodes no 
information,, an arbitrary-conventional spatial structure encodes information 
throughh (arbitrary) convention. Relying on the information that is provided 
byy the arbitrary-conventional arrangement of the traffic lights, color-blind 
driverss stop for the 'top light' and go with the 'bottom light'. 
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FIGUREE 3-12: The first printed map of Britain. SOURCE: 1540 edition of Geographia 
(reproducedd in Holmes 1991, p. 32). 

COMMENT:: The orientation ('orient'-ation) of maps is an arbitrary convention. 
SYNTAXX OF SPATIAL STRUCTURE (2.5): An integral metric space (the map) containing 

surfacesurface locators (marking land masses), line locators (marking rivers), point locators 
(littl ee drawings of buildings, marking cities), labels, and a superimposed inset. 

TYPEE OF CORRESPONDENCE (3.1): SPATIAL STRUCTURE: The relative distances and 
relativee directions within the map involve literal correspondence, while the 
orientationn of the map involves arbitrary-conventional correspondence. 

TYPEE OF GRAPHIC REPRESENTATION (4): A map. 

Spatiall  arrangement may be partly arbitrary-conventional. We can make a 
distinctionn between two aspects of spatial arrangement: 

•• relative spatial arrangement (internal to the representation), e.g. spatial 
distancess and relative directions within the representation, and 

•• directionality (how the representation is oriented), e.g. the cartographic 
conventionn of orienting maps with North at the top. 

Oftenn the relative spatial arrangement of objects in a graphic representation 
involvess literal or metaphoric correspondence, while the involved directional
ityy may involve culturally determined, arbitrary-conventional correspondence 
(seee also Tversky 1995, 2001). See figure 3-10 (on reading from right to left), 
figuree 3-12 ('orient'-ation of a map) and figure 3-13 (a 'counterclockwise' clock). 
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FIGUREE 3-13: The clock face could also have developed to look like this. 
SOURCE:: Norman 1990. 

COMMENT:: The direction of advancement of the clock is an arbitrary convention. 
SYNTAXX OF SPATIAL STRUCTURE (2.5): A metric space involving a circular metric axis, 

twoo point locators (the two arms), and a labeled circular grid line (a circle of tick 
markss with numerals). 

TYPEE OF CORRESPONDENCE (3.1): SPATIAL STRUCTURE: The proportional distances 
alongg the circular time axis involve metaphoric correspondence, while the di-
rectionn of advancement ('clockwise' or 'counterclockwise') involves arbitrary-
conventionalconventional correspondence. VISUAL ATTRIBUTES: The lengths of the two arms 
involvee arbitrary-conventional correspondence. 

TYPEE OF GRAPHIC REPRESENTATION (4): A time chart. 
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3.1.66 A look at the literature concerning 
typee of correspondence 

Variouss authors have discussed issues related to type of correspondence, see 
thee table in figure 3.14 for an overview of commonly mentioned concepts. 

Metaphorr and metonymy in graphic representations can be referred to as 
'figuress of depiction', a term from Tversky (1995, p. 32) that corresponds to 
thee 'figures of speech' or 'tropes' in spoken language. Horton (1994) uses the 
somewhatt less elegant term 'figures of image'. 

Knowltonn 1966 

Arnheimm 1969 

Manyy authors 

Rogerss 1989 

Barthess 1965 

Hortonn 1994 

Tverskyy 1995 

Peircee 1897 

Richardss 1984 

literal l 

iconic c 

picture e 

icon n 

resemblance e 

iconic c 

subjectt directly 

straightforward d 

Typee of Con 

usingg a 'figur 

metaphoric c 

analogical l 

symbol l 

--

symbolic c 

respondence e 

?? of depiction' 

metonymie e 

--

exemplar r 

motivated d 

analogy,, 'figure of image' 

'figuree of depiction' 

icon n 

literal l 

index* * 

arbitrary--
conventional l 

arbitrary y 

sign n 

symbol l 

arbitrary y 

arbitrary y 

conventions s 

arbitrary y 

symbol l 

non-literal l 

**  At least a subset of the signs that Peirce calls "indices" seems to be related to the 
conceptt of metonymy. See the discussion in the text. 

FIGUREE 3-14: Comparison of notions in the literature that are related to type of corre-
spondence. . 
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Onn the following pages, we wil l discuss several of the distinctions from the 
literaturee as summarized in the table in figure 3-14. 

Accordingg to Peirce, a sign may be an 'icon', an 'index', or a 'symbol'. In the 
followingg I wil l briefly explore these three much-quoted categories. For each 
categoryy I wil l reproduce relevant quotes from Peirce and then match his 
categoryy to the concepts proposed here. 

'Icon ' ' 
Peirce'ss notion of an a 'icon' concerns what other authors may call 'isomor-
phism': : 

•• [An icon] "exhibits a similarity or analogy to the subject of discourse" 
(Peircee 1885 vol. 5, p. 243). 

•• "Icons comprehend all pictures, imitations, diagrams, and examples." 
(Peircee 1886 vol. 5, p. 380). 

•• Peirce subdivides iconic signs into three categories: 
"Thosee which partake of simple qualities [...] are images; those which rep
resentt the relations [...] of the parts of one thing by analogous relations in 
theirr own parts, are diagrams; those which represent the representative 
characterr of a representamen by representing a parallelism in something 
else,, are metaphors." (Peirce 1902/1998, p. 157.) 

Translatedd into our terminology, Peirce's 'icons' include: 
•• literal graphic objects (Peirce's 'images'), 
•• metaphoric graphic objects (Peirce's 'metaphors'), and 
•• graphic objects that involve metaphoric graphic relations (Peirce's 'diagrams'). 

'Index ' ' 
•• "Indices are signs which stand for their objects in consequence of a real 

relationn to them. [...] Of this sort are all natural signs and physical symp
toms."" (Peirce 1886, vol. 5, p. 379). 

•• One of the examples that Peirce gives for an 'index' is "a piece of mould 
withh a bullet-hole in it as sign of a shot" (Peirce 1895/1998, p. 170). 

•• "The index is physically connected with its object" (Peirce 1895/1998, 
p.. 168). 

•• "Psychologically, the action of indices depends upon association by con
tiguity"" (Peirce 1895/1998, p. 172). 

Althoughh it is not clear whether Peirce's notion of an 'index' would at all be 
applicablee to intentional graphic representation, it does seem to have aspects 
inn common with our definition of metonymie, which I recall here: "Corre
spondencee is metonymie if it is based on a mental association due to the fact 
thatt there is (or used to be) a relationship of physical involvement between 
whatt is shown and what is meant. For example, what is shown 'is a part of' 
orr 'is a possible result of' what is meant, or in some other way it 'plays a role 
in'' what is meant (see subsection 3.1.3). 
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'Symbol' ' 
InIn some of his early work Peirce refers to as a 'token' what he later calls a 
'symbol'. . 

•• "The token represents its object in consequence of a mental association, 
andd depends upon a habit. Such signs are abstract and general, because 
habitss are general rules to which the organism has become subjected. 
Theyy are, for the most part, conventional and arbitrary." (Peirce 1886, vol. 5, 
p.. 379.) 

Peirce'ss 'symbol' corresponds to our arbitrary-conventional graphic object. 

Manyy other authors have adopted the term 'symbol' for arbitrary-conventional 
representations,, contrasting it with the term 'icon' for literal representations, 
whichh is a narrower use of the term 'icon' than in Peirce's writings. 

Arnhei mm (1969, pp. 135-142) distinguishes three possible functions of im
ages:: an image may function as a 'picture', as a 'symbol', or as a 'sign'. 

Ass examples of 'pictures' , Arnheim mentions a photograph, a painting of 
aa Dutch landscape from the seventeenth century, and a simply drawn car
toonn or caricature. Other examples he gives of pictures are a triangle as a 
picturee of a mountain, and a drawing of two overlapping circles as a 
ground-plann for a two-ring circus. Arnheim's 'pictures' seem to correspond 
too our literal representations. 

Ass examples of 'symbols', Arnheim mentions how musical notation "rep
resentss the pitch level of sounds by the structurally analogous location of the 
notess on the staff". Other examples he gives of symbols are arrows, a trian
glee as a symbol of hierarchy, and a drawing of two overlapping circles "that 
mayy be meant to show the logical relation of any two overlapping concepts". 
Arnheim'ss 'symbols' seem to correspond to our mctaphoric representations. 
Notee that Arnheim's use of the term 'symbol' is very different from Peirce's 
usee of the same term. 

Ass examples of 'signs', Arnheim mentions letters and words in verbal 
languages,, and a triangle as a sign for danger. Arnheim's 'signs' seem to 
correspondd to our arbitrary-conventional representations. 

Rogerss (1989, p.110) proposes a classification of icons, illustrated in figure 
3-15.. She distinguishes 'resemblance' icons, 'exemplar' icons, 'symbolic' 
icons,, and 'arbitrary' icons. 'Resemblance' icons seem to correspond to our 
literalliteral  icons. It is not immediately clear what Rogers means with 'exemplar' 
icons.. From her definition "An exemplar icon serves as a typical example for 
aa general class of objects.", one might expect her to mean our literal graphic 
objects,, which often show a prototypical example of what is meant (see 
subsectionn 3.1.1). However, from the example that Rogers gives of an 'exem
plar'' icon - the knife and fork used on a sign that indicates a restaurant - and 
fromm her explanation that this sign "shows the most salient attributes associ
atedd with what one does in a restaurant, i.e. eating", I conclude her 'exem-
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plar'' icons correspond to what we refer to as metonymie graphic objects. Her 
'symbolic'' icons seem to correspond to our metaphoric graphic objects, and 
herr 'arbitrary' icons to our arbitrary-conventional graphic objects. 

AQDCEA A 
a b e d d 

FIGUREE 3-15: Classification of icons proposed by Rogers (1989): a) 'resemblance icons', 
b)) 'exemplar icons', c) 'symbolic icons', and d) 'arbitrary icons'. 
Inn our terminology these involve: a) literal, b) metonymie, c) metaphoric, and 
d)) arbitrary-conventional correspondence (this sign stands for 'biohazard'). 
SOURCE:: Rogers 1989, p 110. 

Richardss (1984, 2002) distinguishes between 'literal' and 'non-literal' corre-
spondence.. He also includes the possibility of 'semi-literal', partly because 
hee does not distinguish between the type of correspondence of a graphic 
objectobject itself (regarding its shape) and the type(s) of correspondence involved 
inn the graphic object's graphic relations. See section 5.2 for a discussion of 
Richards'' distinctions. 

Recalll  that a graphic object may be simultaneously involved in different 
typess of correspondence. For example, a pictorial object may simultaneously 
involvee a literal shape, an arbitrary-conventional color-coding, a metaphoric size 
inn relation to the sizes of other objects, and a metaphoric spatial positioning 
alongg a time line. None of the frameworks that can be found in the literature 
mentionss or examines such a simultaneous involvement of different types of 
correspondence. . 

Inn this section we have discussed type of correspondence, which is concerned 
withh the type of relationship between what is shown and what is meant. Type 
off  correspondence is a core aspect of the interpretation of graphic represen-
tations,, and is involved in the interpretation of elementary graphic objects as 
welll  as in the interpretation of graphic relations between graphic objects. We 
havee identified a basic set of possibilities for type of correspondence, and we 
havee discussed these possibilities, examining various examples. In the 
remainingg sections of this chapter we wil l provide a brief discussion of modes 
ofof expression (section 3.2), the informational role that graphic objects may play 
withinn a representation (section 3.3), and the types of information that may be 
representedd graphically (section 3.4). 
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3.22 Mode of Expression 

Concerningg its mode of expression, an elementary graphic object may be: 
•• a pictorial object: in a spectrum from a realistic pictur e to a 

schematicc picture, or 
•• a non-pictorial object: an abstract shape, a word or a number. 

Modee of expression is an aspect of graphic objects that is related to their type 
ofof correspondence. In section 3.1 we have pointed out that in addition to its 
intendedintended referent (the concept that it stands for), a metaphoric, metonymie or 
rebus-basedrebus-based graphic object involves an intermediary referent (its literal inter
pretation).. This applies to some arbitrary-conventional objects as well, for 
examplee to the elephant as a symbol of the Republican Party. In the latter 
case,, the elephant is the intermediary, literal referent, while the Republican 
Partyy is the intended, arbitrary-conventional referent. In this sense there is a 
relationn between type of correspondence and mode of expression: An ele
mentaryy graphic object is regarded as a pictorial graphic object (a picture) if 
itt involves a literal correspondence - either to its intended or to its intermediate 
referent.. In other words, a pictorial graphic object functions as a depiction of 
aa physical object or scene, which may be either its intended or its intermedi
aryy referent. A pictorial object can be situated on a continuum from realistic 
renderingg to schematic rendering. 

FIGUREE 3-16: An example of the spectrum from realistic picture to schematic picture. 
SOURCE:: Scott McCloud 1993, p. 45. 

Ann elementary graphic object is regarded as a non-pictorial object if it 
involvess no literal correspondence - neither to its intended referent nor to its 
intermediaryy referent. In other words, a non-pictorial object does not func
tionn as a depiction of a physical object or scene. It may be an abstract shape, a 
wordword or a number. 

Itt follows from the above that a graphic object (e.g. a circle) may be pictorial 
inn one context (e.g. as the head of a human figure), and non-pictorial in an
otherr context (e.g. in a Venn diagram). 
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WRITTENN TEXT 

Inn the discussion above, we have listed words as a category of non-pictorial 
graphicc objects. Words are the constituent objects of written texts like this 
one.. In this framework, written text is regarded as a special case of graphic 
representation.. Recall that we have defined a graphic representation as a 
visiblee artifact on a more or less flat surface, that was created in order to 
expresss information. 

Writtenn text is the special case of graphic representation in which: 
•• the syntactic structure of the representation is a lineup (long texts in 

Westernn languages are often vertical lineups of horizontal lineups), 
•• the graphic objects represent expressions in an existing human lan

guage,, and 
•• the linear ordering within the lineup is determined by the sentential 

grammarr of that language. 

Thiss definition of written text includes text in which the graphic objects are 
wordswords that are composed with letters from the Latin alphabet, such as the 
writtenn text you are reading right now. However, this definition of written 
textt also includes text in which the graphic objects are pictorial symbols, such 
ass Egyptian hieroglyphs and (ancient) Chinese characters. The lineup of 
graphicc objects in written texts is often a segmented lineup, which was de
scribedd in subsection 2.5.1 as a lineup that is broken up into several parallel 
shorterr lineups, usually all running in the same direction (e.g. this line of text 
continuess here). 

Writtenn text is a special case of graphic representation. 

FIGUREE 3-17: A sentence. SOURCE: Engelhardt 2002. 
COMMENT:: This figure serves to illustrate our view of written text as a special 

casee of graphic representation. 
SYNTAXX OF SPATIAL STRUCTURE (2.5): A horizontal lineup of graphic objects. 
TYPEE OF CORRESPONDENCE (3.1): SPATIAL STRUCTURE: The linear order of the words 

involvess arbitrary-conventional correspondence, following the grammatical con
ventionss of the English language, VISUAL ATTRIBUTES: The shapes of the letters 
involvee arbitrary-conventional correspondence, with the choice of letter combi
nationss involving the more or less phonetic conventions of English spelling. 

TYPEE OF GRAPHIC REPRESENTATION (4): A written text. 
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Textuall  graphic objects, such as textual labels, are contained in many graphic 
representations.. Different authors take different approaches to text within 
graphics.. Richards for example explicitly chooses to omit textual labels from 
hiss analysis of graphic representations (Richards 1984, pp. 9/9). Horn on the 
otherr hand emphasizes the special and crucial role that words play in 
graphicc representations {Horn 1998, pp. 57-58), and maintains that "tight 
integrationn of verbal and visual elements is the unique identifying feature of 
visuall  language" (ibid, p. 101). This notion of 'visual language' seems to 
implyy that all graphic representations that do not contain textual objects (e.g. 
figuress 2-08, 2-17, 2-20, 2-44, 3-06, 3-07) have to be regarded as not involving 
visuall  language. Concerning the treatment of textual objects, I agree with 
neitherr Richards nor Horn. In the syntactic analysis proposed in Chapter 2 of 
thiss thesis, textual objects are treated like all other graphic objects. 
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AA LOOK AT THE LITERATURE CONCERNING MODE OF EXPRESSION 

Arnheimm 1969 

Bowmann 1968 

Richardss 1984 

Bertinn 2001 

Hornn 1998 

Twymann 1979 

Krampenn 1965 

MacEachrenn 1995 

Variouss authors 

Tuftee 1983 

pict( ( 

realistic c 
picture e 

realistic c 

objective e 

figurative e 

Modee of Expression 

Driall  non-pictorial 

schematicc abstract word or 
picturee shape number 

stylized d 

associative e 

semi-figurative e 

figurativee image 

image e 

pictorial l 

pictograph h 

mimetic c 

iconic c 

non-mimetic c 

conventional l 

non-figurative e 

non-fig.. image 

shape e 

schematic c 

diagram m 

--

word d 

word d 

ver--
bal/numerical l 

phonogram m 

arbitrary y 

symbolic c 

picture e word,, number 

FIGUREE 3-18: A comparison of terminology used in the literature to describe mode 
off  expression. 

Lett us take a brief look at several of the distinctions that are summarized in 
thee table in figure 3-18. 

Bowmann (1968 pp. 30-33) distinguishes 'objective' figures (realistic pictures), 
'associative'' figures (schematic pictures), and 'conventional' figures (abstract 
shapes).shapes). He offers a fourth category - 'abstract' figures - which, he says, 
representt information "i n terms of pure visual logic". From the examples 
thatt Bowman shows, we can conclude that his 'abstract' figures are graphic 
representationss that express conceptual structures (see section 3.1.1) through 
thee graphic relations between several graphic objects. 
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Richards''  'mode of depiction' is concerned with the degree of schematiza-
tionn that is involved in the depiction of an object (Richards 1984, p. 7/6). 
Modee of depiction may be 'figurative, semi-figurative or non-figurative'. A 
figurativefigurative element is high in pictorial detail, a semi-figurative element is sche-
matizedd to a certain degree, and a non-figurative element is highly schema-
tizedd (Richards 2002, p. 93). Without the aid of captions, context or conven-
tions,, we are unlikely to recognize what is represented by a non-figurative 
elementt (Richards 1984, p. 10/8). 

Hornn (1998) uses the appealing simple terms 'image', 'shape' and 'word', see 
figuree 3-19. 

Words s Shapes s Images s 

Singlee words 
Phrases s 
Sentences s 
Blockss of text 

FIGUREE 3-19: Horn's division into 'image', 'shape', and 'word'. 
SOURCE:: Horn 1998, p.91. 

Twymann (1979) offers a "schema for the study of graphic language" in the 
formm of a matrix. He refers to our mode of expression as 'modes of symboli-
zation',, distinguishing four possibilities: pictorial, schematic, verbal/numerical, 
andd combinations of pictorial and verbal/numerical. 

Tuft ee distinguishes words, numbers, and pictures, where 'pictures' includes 
abstractt shapes (Tufte 1983, pp. 10,180). 
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mimeticc ^ ^ ^ arbitrary 

FIGUREE 3-20: Continuum from 'mimetic' to 'arbitrary'. SOURCE: MacEachren 1995, 
p.. 259, adapted from Robinson and Petchenik 1976. 

MacEachrenn (1995, pp. 257-269) discusses 'iconicity' as a continuum from 
'mimetic'' to 'arbitrary' signs (see figure 3-20). This continuum corresponds 
too our continuum of pictorial schematization from realistic pictures to schematic 
pictures,pictures, extended at the schematic end to include our non-pictorial, abstract 
shapes.shapes. However, MacEachren notices the shortcomings of such a one-
dimensionall  approach to 'iconicity' and struggles with problems such as 
"Wheree does metaphorical or metonymie correspondence fit in?" (Mac-
Eachrenn 1995, p. 262), and the related question of how to compare the 'ico-
nicity'' of a schematically rendered 'direct sign' with a realistically rendered 
'indirectt sign' (MacEachren 1995, p. 263), where 'direct' versus 'indirect' 
seemss to refer to our literal versus our non-literal. These issues can be sorted 
outt and clarified by distinguishing between what we are calling the mode of 
expressionexpression of a graphic object on one hand, and what we are calling the type of 
correspondencecorrespondence that the graphic object is involved in, on the other hand. We 
wil ll  now examine the relationship between these two. 
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RELATIONSHIPP BETWEEN MODE OF EXPRESSION AND 
TYPEE OF CORRESPONDENCE 

Inn the previous subsection, we have discussed type of correspondence. We 
wil ll  now examine the relationship between a graphic object's mode of ex-
pressionn and its type of correspondence. 

Y\odeY\ode of correspondente 

rfcii j y 

ajj E c -

ex x 

Non-figurativee -^ 
Semi-figurativee Ü 
Figurativee £ 

FIGUREE 3-21: According to Richards, type of correspondence on one hand and 
modee of expression on the other hand are two independent phenomena (re-
ferredd to by Richards as 'mode of correspondence and 'mode of depiction'). I 
believee that the category in the upper left corner (literal and non-figurative) is 
contradictory.. See below for a discussion of this issue. 
SOURCE:: Richards 1984, p. 8/1. 

Accordingg to Richards (1984) mode of expression and type of correspon-
dencee are two independent phenomena (see figure 3-21). Assessing the 
literalnesss of a pictorial graphic object ('figurative' in Richards' terminology, 
e.g.. a littl e drawing of a machine), he judges the object by itself, disregarding 
thee arrangement of several of these objects with regard to each other. This is 
indeedd what we would expect for the assessment of the literalness of objects. 
However,, when trying to assess the literalness of a non-pictorial object ('non-
figurative'' in Richards' terminology, e.g. a single station marker in the 
Londonn Underground diagram), Richards runs into a problem: There is no 
resemblancee to any obvious primary physical referent. Without making this 
explicit,, Richards then basically disregards the object itself. Instead, he looks 
att the literalness of the arrangement of several of these objects with regard to 
eachh other, in order to come up with a Titeralness-judgment' for that object. 
Thiss aspect of Richards' approach seems to be inconsistent. 

Ass opposed to Richards, I would claim that the concept of graphic objects 
thatt are literal and at the same time non-pictorial (Richards: 'literal and non-
figurative'),, is contradictory: As soon as a graphic object (e.g. a circle or a 
triangle)) is interpreted as involving literal correspondence - in other words if 
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itt is interpreted as depicting a physical object (e.g. the circle as depicting the 
moon,, or the triangle as depicting a mountain peak) - it is pictorial. See the 
tablee in figure 3-22 for an overview of the relationship between mode of 
expressionn and type of correspondence. 

Modee of 
Expression: : 

pictoria l l 

non--
pictoria l l 

Typee of Correspondence: 

litera ll  non-literal 

litera ll  pictures 
{whatt is shown is what is meant) 

-- Richards: literal and figurative 
-- Robinson et al.: pictorial 
-- Strothotte: presentational 
-- Commonly used term: iconic 

(aa contradictory category) 

-- Richards: literal and 
non-figurative e 

metaphoric,, metonymie, rebus-based 
andd arbitrary-conventional pictures 

-- Richards: non-literal and figurative 
-- Robinson et al.: associative 

abstractt  shapes (also words, numbers) 

-- Richards: non-literal and 
non-figurative e 

-- Robinson et al.: geometric 
-- Strothotte: abstract-graphical 
-- Commonly used term: symbolic 

FIGUREE 3-22: Relationship between a graphic object's type of correspondence and 
itss mode of expression. For examples, see figure 3-23. 
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pictorial l 

associative e 

geometric c 

4 4 
c f̂e e 

1 1 
X X 

A A 

wildlifee refuge 

bikee trail 

church h 

mine e 

informationn center 

historicall marker 

FIGUREE 3-23: Robinson et al.'s three categories of symbols correspond to 
threee of the four quadrants in our table on the previous page - figure 
3-22:: 'pictorial' to our upper left quadrant, 'associative' to our upper 
rightt quadrant, and 'geometric' to our lower right quadrant. 
SOURCE:: MacEachren 1995, p. 258, derived from Robinson et al. 1984. 

'ICONICC VERSUS SYMBOLIC' DISTINCTION IGNORES NON-LITERAL 
PICTORIALL GRAPHIC OBJECTS 

Whilee Richards proclaims type of correspondence and mode of expression 
ass two independent dimensions, other approaches do exactly the opposite by 
treatingg the two as one single dimension, often using the terms 'iconic' and 
'symbolic'' for the two poles of such a dimension. 

AA commonly made distinction divides visual signs into 'iconic' signs and 
'symbolic'' signs. This distinction probably originates from Peirce's 'icon-
index-symbol'' trichotomy, although it does not follow Peirce's original 
broadd concept of 'iconic'. Peirce used the term 'iconic' in the sense of 'iso-
morphic',, which includes structural analogy (see subsection 3.1.6). Many 
authorss use the term 'iconic' in the narrower sense of 'showing the visual 
appearancee of what is represented'. In our terminology such 'iconic' signs 
aree pictorial, literal graphic objects. On the other hand, signs that are com-
monlyy referred to as 'symbolic' are usually defined in the sense of 'abstract 
andd based on convention'. In our terminology such 'symbolic' signs are non-
pictorial,pictorial, arbitrary-conventional graphic objects. An application of this dichot-
omyy is the classification by Strothotte and Strothotte (1997) into "presenta-
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tional""  pictures and "abstract-graphical" pictures. According to Strothotte 
andd Strothotte, "presentational" pictures are "dominated by iconic signs", 
wheree an "iconic sign" is "a sign that resembles what it stands for" (Strot-
hottee and Strothotte, 1997 p. 51). "Abstract-graphical" pictures on the other 
handd are "dominated by symbolic signs", where "symbolic signs" are "geo-
metricc primitives, arrows, lines, or text labels", or mappings of "invisible 
propertiess onto visible attributes" (Strothotte and Strothotte 1997, p. 46). 
Thiss simple dichotomy between 'iconic' and 'symbolic' would work well if 
pictoriall  signs would always stand for what they depict, and if arbitrary-
conventionall  signs would always be non-pictorial. The fact is however, that 
manyy pictorial signs do not stand for what they depict. In addition, arbi-
trary-conventionall  signs may be non-pictorial as well as pictorial. As we 
havee seen, many pictorial graphic objects are based on metaphor, metonymy, 
orr arbitrary convention. Think for example of a pictogram of a wine glass 
standingg for 'fragile object' (metaphor), of the pictograms of human figures 
onn signs for bathrooms (metonymy), or of the elephant standing for the 
Republicann Party (arbitrary convention). Al l these symbols fall outside the 
'iconic'' versus 'symbolic' distinction. They are not 'iconic' because they do 
nott stand for the object that they show, and they are not 'symbolic' because 
theyy are pictorial. 

Finallyy let me note that a non-pictorial symbol (which is always non-literal, 
seee the table in figure in 3-22) usually involves arbitrary-conventional corre-
spondence.. Sometimes however, metaphoric connotations of an abstract 
shapee may play a role, such as a round shape standing for harmony (de-
scribedd by both Arnheim and Horton). Some co/or-coding systems could 
possiblyy be regarded as involving both metaphoric and a metonymie corre-
spondence.. For example, one might argue that red as a color for warning and 
dangerr involves a metaphoric correspondence between a dangerous object or 
situationn on one hand, and glowing fire or blood on the other hand. Repre-
sentingg these objects (glowing fire or blood) by their red color could be 
regardedd as involving metonymie correspondence. 



3.33 Informational roles 129 9 

3.33 Informationa l Roles of 
Graphicc Objects 

Inn Chapter 2 we noted that, regarding the structure of a graphic representa-
tion,, the graphic sub-objects of a composite graphic object can play different 
syntacticsyntactic roles. In this section we wil l look at the fact that, regarding the 
interpretationinterpretation of a graphic representation, the graphic sub-objects of a com-
positee graphic object can play different informational roles. Concerning such 
informationa ll  roles of graphic objects, we propose to divide graphic objects 
intoo information objects, reference objects (e.g. legends, labeled axes, grid lines), 
andd decoration objects. 

Informatio nn objects are the graphic objects that would have to be adjusted if 
thee information (data) that one intends to represent would change. Examples 
off  information objects are the bars in a bar chart or the shaded areas on a 
weatherr map that show the regions where it is expected to rain the next day. 

Referencee objects are the graphic objects that a) serve to enable the inter-
pretationn of information objects, and that b) would not necessarily have to be 
adjustedd if the represented information (data) would change. Reference 
objectss clarify the specific language or representation 'schema' (section 1.1) 
off  the representation that they are part of. We can divide reference objects 
intoo spatial reference objects and legend objects: 

•• The function of spatial reference objects is to mark a meaningful space. 
Examples:: Axes and their annotations, grid lines, familiar landmark fea
turess on thematic maps (e.g. towns and coastlines on a rainfall map). In 
thee graphic multiple in figure 2-45, showing Los Angeles air pollution, 
thee labeled map at the top is a spatial reference object. 

•• The function of legend objects is to explain symbols and /or visual at
tributess that are used in a graphic representation. Most legend objects are 
compositee graphic objects, structured as a table with one column dis
playingg (some of) the used symbols and/or visual attributes, and another 
columnn displaying a verbal or numerical explanation of their meaning. 
Example:: The boxed composite graphic object in the lower right corner of 
thee subway map in figure 2-32 is a legend object. 

Decorationn objects are graphic objects that serve neither as information 
objectss nor as reference objects, and that could be erased without affecting 
thee intended representation of data (information). They serve as embellish
ment,, and may or may not be related to the context and theme of the repre
sentedd information. In some cases a graphic object that seems to be a deco
rationn object at first glance, may actually be regarded as an information 
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objectt or a reference object, because it provides important contextual infor-
mation. . 

Ass an illustration of informational roles note that in a standard classic clock 
facee there are only two information objects: the two arms of the clock. The 
remainingg objects such as tick marks (for hours and possibly minutes) and 
numeralss are all reference objects. 

Thee informational roles described above apply to graphic objects in their 
entirety.. Separate visual attributes of graphic objects (e.g. shape, texture, 
color)) can also be classified concerning their informational roles, as either 
informativ ee or decorative visual attributes. 

AA LOOK AT THE LITERATURE: EMPHASIS ON INFORMATION OBJECTS 

"AA warning seems justifiable that the background of a 
chartt should not be made any more prominent than actu-
allyy necessary. Many charts have such heavy co-ordinate 
rulingg and such relatively narrow lines for curves or 
otherr data that the real facts the chart is intended to por-
trayy do not stand out clearly from the background. No 
moree co-ordinate lines should be used than are abso-
lutelyy necessary to guide the eye of the reader and to 
permitt an easy reading of the curves." 

WillardWillard C. Brinton (1914, p. 346) 

"Sincee the grid is simply a frame of reference, it should 
bee visually subordinated so that the trend curve can be 
clearlyy distinguished". Bowman (1968 p. 49) 

AA 'curve' as mentioned in these quotes is an information object, while a 'co-
ordinatee ruling' or 'grid' is a reference object. Most authors advise to minimize 
spatiall  reference objects and decorative objects. 

Bertin ::  Subject matter  versus reference elements 
Concerningg the visible marks in a graphic, Bertin makes the distinction 
betweenn what he calls subject matter and reference elements (Bertin 1983, 
pp.175,, 180-181, 190). The subject matter consists of the elements "which 
constitutee the information", also referred to by Bertin as the "content" of the 
graphicc or the "meaningful marks". The reference elements or reference compo-
nentsnents on the other hand are the "background", also referred to by Bertin as 
thee "meaningless marks". The subject matter is "figure" while the reference 
elementss are "ground". 
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Bertinn notes the importance of separating the subject matter from the back-
ground.. In this context Bertin talks about the "total amount of black" in a 
graphic,, and about the "portion of black" that is devoted to reference ele-
mentss rather than to subject matter. To increase legibility, Bertin calls for "a 
reductionn in the visibility of the background" (the reference elements) and 
"ann increase in the visibility of the subject matter" (Bertin 1983, p.181). See 
Bertin'ss illustration that is reproduced here as figure 3-24. To demonstrate 
hiss point, Bertin first separates a graphic (first row of the figure) into refer-
encee objects and information objects (second row). He then reduces the 
amountt of black (visibility) of the reference objects, and increases the amount 
off  black (visibility ) of the information objects (third row). He finally rejoins 
referencee elements and subject matter (fourth row). 

Tufte' ss 'data-ink ratio ' 
Tuftee (1983, 1990) makes beautiful books in which he propagates the use of 
moree ink for what we call information objects, and less ink for what we call 
referencereference objects and decoration objects, resulting in a high 'data-ink ratio'. He 
basicallyy says the same as Bertin, but uses other words. 

Tuftee divides the total ink used in a graphic into data-ink and non-da fa-ink. 
Data-inkk is the portion of the graphic's ink that displays the actual data. For 
examplee in a scatter plot, the axes and the grid are non-data-ink, while the 
dotss marking the measurements are data-ink. The data-ink ratio is the ratio of 
data-inkk to total ink. Tufte's design principle of increasing the data-ink ratio 
basicallyy means reducing the amount of non-data-ink. In the course of 
strivingg for high data-ink ratios, Tufte introduces several related concepts: 

•• De-gridding - making reference grids less prominent - is one way to in
creasee the data-ink ratio. 

•• In more general terms, a way to increase the data-ink ratio is to empha
sizee the figure and to de-emphasize the ground. 

•• Chart junk is Tufte's term for the presence of a lot of non-data-ink, such as 
decorationn objects and heavy grids. Chartjunk has a low data-ink ratio. 
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FIGUREE 3-25: A comparison of terminology that is used in the literature, and in 
thiss thesis, to describe different informational roles of graphic objects. 
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3,44 Type of Represented 
Informatio n n 

Thee various graphic means that we have discussed in Chapter 2 tend to be 
usedd in certain typical ways. For example, different quantities of something 
aree often expressed by different sizes (such as in a bar chart), while different 
categoriescategories of something are often expressed by different colors (often ex-
plainedd in a legend). Quantities and categories are different types of infor-
mation.. Types of information and the appropriate graphic means for repre-
sentingg them have been extensively examined and discussed in the existing 
literature.. These aspects of graphic representation are not a focus of this 
thesis,, so the few general remarks in this very brief section serve merely as 
pointerss to these issues, included for the sake of completeness. 

Thee most-cited author regarding types of information and their matching to 
appropriatee graphic means is Jacques Bertin (1967/1983, 1977/1981, 2000/ 
2001).. Many authors who write about the use of visual attributes in graphic 
representationss explicitly refer to Bertin's work as their basis (e.g. Richards 
1984,, p. 8/5; MacEachren 1995, p. 270; Card, Mackinlay and Shneiderman 
1999,, pp. 26-30; Wilkinson 1999, p. 118). The common main distinction that is 
madee concerning types of information is into nominal, ordinal and quantitative 
informationn (quantitative information is also referred to as 'numerical', 
' interval'' or 'ratio'). A nominal attribute concerns categories, an ordinal 
attributee concerns a ranking, and a quantitative attribute concerns quantities. 
Thee table in figure 3-26 shows which visual attributes are generally consid-
eredd appropriate for representing which types of information. For a brief 
discussionn of visual attributes see section 2.4 of this thesis. 

Inn the existing literature most attention concerning the matching of informa-
tionn to graphic means has concentrated on the use of attribute-based relations 
suchh as variations in size or color. Concerning the use of spatial relations, 
suchh as separation by a separator or arrangement along a metric axis, some 
considerationss can be found in Tversky's work (1995, 2001). The table in 
figuree 2-35 of this thesis gives an overview of which kinds of spatial struc-
turess express which types of information. For example, separation by a 
separatorr usually expresses nominal information, while arrangement along a 
metricc axis expresses quantitative information. 
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numericall ordinal nominal 

FIGUREE 3-26: This table shows which visual attributes (shown at the left) are generally 
consideredd appropriate for representing which types of information (shown at 
thee top), SOURCE: MacEachren 1995, p. 272, derived from Bertin 1967/1983. 

Twoo additional kinds of distinctions that can be made regarding type of 
representedd information are the distinction of concept-to-attribute relation-
shipss versus concept-to-cowcept relationships, and the distinction of physical 
structuress versus conceptual structures: 

•• Nominal, ordinal and quantitative information involves concept-to-attribute 
relationships.. Concept-to-concepf relationships are relationships that can 
bee expressed graphically through linking by connectors. 

•• The distinction between the representation of physical structures and the 
representationn of conceptual structures is discussed in subsection 3.1.1. 

Thiss very brief summary concerning types of information that can be ex
pressedd in graphic representations brings us to the end of this chapter. In the 
nextt chapter we will discuss the classification of graphic representations. 





CHAPTERR 4 

Classificationn of 
Graphicc Representations 

Variouss proposals can be found in the literature concerning classifications 
off  graphic representations. Although both the exact way of categorizing as 
welll  as the terminology that is used are always different, it is nevertheless 
possiblee to identify certain distinctions that tend to be made when graphic 
representationss are divided into different types. 

Thee main criteria in most existing classifications of graphic representa-
tionss seem to be based on combinations of: 

•• the type of syntactic structure that is involved in the representation, and 
•• the type of information that is expressed in the representation. 

Thee concepts proposed in this thesis can serve to give a principled descrip
tionn of commonly distinguished types of graphic representation. The full list 
off types of graphic representation that we are proposing here consists of: 

•• ten primary types: map, picture, statistical chart, time chart, link diagram, 
groupinggrouping diagram, table, (composite) symbol, written text, and 

•• six hybrid types: statistical map, path map, statistical path map, statistical 
timetime chart, statistical link diagram, and chronological link diagram. 

Thee figure captions of all example figures contained in this thesis (the boxed 
figures)) include, as their last item, a classification of the concerned figure 
regardingg these types of graphic representations. In this chapter we will first 
givee brief descriptions of the proposed primary types, then discuss the pro
posedd hybrid types, and finally examine and compare classifications of 
graphicc representations that can be found in the literature. 

137 7 
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PRIMARYY TYPES OF GRAPHIC REPRESENTATION 

Wee wil l now look at the characteristics of each of the proposed primary types 
off  graphic representation. 

AA  map is a graphic representation in which the syntactic structure is based 
onn an integral metric space (see subsection 2.5.2) that serves to represent a 
physicall  arrangement on a geographical surface. This integral metric space 
mayy be distorted, involving a more or less literal correspondence to the repre-
sentedd physical arrangement. The graphic objects that a map consists of are 
usuallyy free in their mode of expression: they may be non-pictorial - such as 
abstractt shapes as symbols for cities, and words or numbers as labels - or 
pictorialpictorial - such as pictorial symbols. Examples of maps (figures 3-12 and 
2-28): : 
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AA  pictur e is a graphic representation in which the syntactic structure is 
basedd on an integral metric space (see subsection 2.5.2) that serves to represent 
thee physical structure of physical objects. Like in a map, the integral metric 
spacee of a picture may be distorted, involving a more or less literal corre-
spondencee to the represented physical structure. While the graphic objects 
thatt  a map consists of are usually free in their mode of expression, the main 
graphicc objects that a picture consists of involve a pictorial mode of expression 
(realistic(realistic or schematic). However, a picture may also include labels, which are 
freee in their mode of expression. Examples of pictures (figures 2-16 and 3-11): 

semicircularr EXTERNAL EAR 

AA  statistical chart is a graphic representation in which the syntactic structure 
servess to show (and allows to compare) quantities. In order to do this, such a 
syntacticc structure uses: 

•• metric axes (see subsection 2.5.2), such as in a two-axis chart, and/or 
•• proportional division of graphic objects (see section 2.4), such as in a pie 

chart,, and/ or 
•• variations in visual attributes (see section 2.4), such as variations of size or -

muchh less precise in their interpretation - variations of brightness. 
AA statistical chart usually involves metaphoric correspondence. 
Exampless of statistical charts (figures 2-06 and 2-40): 
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AA  time chart is a graphic representation in which the syntactic structure 
servess to show the passing of time. Such a syntactic structure may be an 
orderedordered lineup (subsection 2.5.1) or it may be based on a metric axis (subsection 
2.5.2).. A time chart involves metaphoric correspondence (order/length in 
graphicc space stands metaphorically for order/length in time). According to 
Tufte,, time charts are the most frequently used type of graphic representa-
tionss (Tufte 1983, p. 28). Examples of time charts (figures 2-29 and 3-13): 

AA  lin k diagram is a graphic representation in which the syntactic structure 
consistss of linking. Syntactic structures that consist of linking can be divided 
intoo linear chains, circular chains, trees, and networks (see subsection 2.5.1). 
Exampless of link diagrams (figures 2-14 and 2-17): 
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AA  grouping diagram is a graphic representation in which the syntactic 
structuree serves to express the categorization of a set of elements. The syn-
tacticc structure of a grouping diagram may consist of a spatial clustering, of 
separationsseparations by separators, or of (overlapping) containers (all discussed in sub-
sectionn 2.5.1). This type of representation involves 'grouping' in the sense 
proposedd by Richards (1984). Examples of grouping diagrams (figures 2-18 
andd 2-08): 

AA  table is a graphic representation in which the syntactic structure consists 
off  a simultaneous combination of horizontal separations and vertical separations 
and/orr of a simultaneous combination of horizontal lineups and vertical lineups 
(subsectionn 2.5.1). Examples of tables (figures 2-10 and 2-45): 
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AA  symbol is a graphic representation that is either an elementary graphic 
objectobject (section 2.3) or a composite symbol (subsection 2.5.1). Examples of sym-
bolss (figure 3-04 and an outdated traffic sign): 

AA  writte n text is a graphic representation in which: 
•• the syntactic structure of the representation is a lineup, 
•• the graphic objects represent expressions in an existing human language, and 
•• the linear ordering within the lineup is determined by the sentential gram

marr of that language. 
Seee section 3.2 for a discussion of written text. An example of a written text 
iss what you are reading right now. 

HYBRIDD TYPES OF GRAPHIC REPRESENTATION 

Somee types of graphic representation are simultaneous combinations of the 
primaryy types described above. See the table in figure 4-01. 

map p 

timee chart 

statisticall chart 

statisticall map 

statisticall time chart 

linkk diagram 

pathh map 

chronologicall link diagram 

FIGUREE 4-01: Some combinations of primary types of graphic representation, resulting 
inn hybrid types. 
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AA  statistical map is a representation that qualifies both as a statistical chart 
andd as a map (a map that displays quantities). Example of a statistical map 
(figuree 2-30): 

AA  path map is a representation that qualifies both as a link diagram and as a 
map.map. Example of a path map (figure 2-15): 

AA  statistical time chart is a representation that qualifies both as a statistical 
chartchart and as a time chart. Examples of statistical time charts (figures 2-25 and 
2-27): : 
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AA  chronological link diagram is a representation that qualifies both as a link 
diagramdiagram and as a time chart (e.g. family tree). Examples of chronological link 
diagramss (figures 2-38 and 2-31): 

AA  statistical link diagram is a representation that qualifies both as a statisti-
calcal chart and a link diagram (e.g. quantitative flows are represented by the 
thicknesss of lines). Example of a statistical link diagram (source: Bounford 
2000,, p.111): 
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AA  statistical path map finally is a representation that qualifies both as a path 
mapmap and as a statistical link diagram. Example of a statistical path map (figure 
2-47): : 

AA complex graphic representation may involve a nesting of one or more of 
thee above listed types of graphic representation into each other. The nesting 
off  graphic representations into a multipanel display - usually arranged as a 
lineuplineup or a table - is quite common. Two special cases of such a nesting are 
thee shared-axis lineup and the graphic multiple (see subsection 2.5.4). 
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AA LOOK AT THE LITERATURE CONCERNING CLASSIFICATIONS OF 
GRAPHICC REPRESENTATIONS 

Categories s 
proposed d 
here: : 

symbol l 

picture e 

map p 

statisticall  map 

linkk diagram 

statistical l 
chart t 

timee chart 

table e 

Richards s 
1984 4 

(33 categories) 

symbol l 

pictorial l 
illustration n 

diagram m 

Holmes s 
1993 3 

(33 categories) 

--

diagram m 

map p 

chart t 

--

Kosslyn n 
1994 4 

(44 categories) 

--

diagram m 

map p 

chart t 

graph h 

--

Bertin n 
1967 7 

(44 categories) 

symbol l 

--

map p 

network k 

diagram m 

FIGUREE 4-02-A: Some existing classifications of graphic representations. Continued on 
nextt page. 
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Categories s 
proposed d 
here: : 

symbol l 

picture e 

map p 

statisticall  map 

linkk diagram 

statistical l 
chart t 

timee chart 

table e 

Tufte e 
1983 3 

(55 categories) 

--

dataa map 

--

relational l 
graphic c 

timee series, 
narrativee of 

spacee and time 

table e 

Bounford d 
2000 0 

(88 categories) 

symbol l 

pictorial l 
diagram m 

relational l 
diagram m 

organizational l 
diagram m 

graph,, chart 

timee diagram 

table e 

Lohsee et al 
1994 4 

(111 categories) 

icon n 

picture,, struc-
turee diagram, 
processs diagr. 

map p 

cartogram m 

networkk chart 

graph h 

timee chart 

table, , 
graphicc table 

FIGUREE 4-02-B: Some existing classifications of graphic representations. Continued 
fromm previous page. 
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Thee table in figure 4-02 (split in figure 4-02-A and 4-02-B) shows that eight of 
thee sixteen types of graphic representations that are proposed here can serve 
ass a common denominator for existing classification systems. In addition, 
thee classification proposed here offers discrete categories of very common 
representationss for which most existing classifications have overlapping 
categories.. Statistical time charts for example - the most common type of 
quantitativee graphics - have to be classified either as 'statistical charts' or as 
'timee charts' in most existing classification systems, probably depending on 
whetherr their quantitative aspect or their chronological aspect appears more 
dominant.. Likewise, chronological link diagrams - such as family trees and 
workk flow diagrams - have to be classified either as 'networks' (link diagrams) 
oror as 'time charts' in most existing classification systems, ignoring their dual 
nature. . 

Wee wil l conclude this section by taking a brief look at the classifications 
proposedd by Bertin, by Tufte, and by Richards. 

Bertin' ss classification of graphic representations is shown in figure 2-36 of 
thiss thesis. First of all, Bertin makes a distinction between graphics and pic-
tographytography (Bertin 1981, p.176). Pictography is concerned with the design of 
symbols.symbols. The aim of a symbol is to "define a set or a concept". The aim of 
graphicsgraphics on the other hand is to make "relationships among previously de-
finedd sets appear". 

Concerningg graphics, Bertin distinguishes between diagrains, networks, and 
maps.maps. This classification depends on the nature of the correspondences that 
aree expressed on the plane. When the correspondences on the plane can be 
established: : 

•• between all the elements of one information component and all the ele
mentss of another information component, the construction is a diagram. In 
otherr words, a diagram transcribes the relationships between two sets of 
elements.. (Bertin 1981, pp. 192, 230; Bertin 1983, pp. 8, 50,193.) 

•• among all the elements of the same information component, the con
structionn is a network. In other words, a network transcribes the relation
shipss within a single set of elements. (Bertin 1981, pp. 192, 232; Bertin 
1983,, pp. 8, 50, 269.) 

•• among all the elements of the same information component, arranged 
accordingg to the actual arrangement of elements in physical space, the 
constructionn is a map (sometimes referred to by Bertin as a topography). 
(Bertinn 1981, pp.192, 232; Bertin 1983, pp. 8, 51, 285.) 

Inn summary, Bertin divides graphic representations into four groups: dia
grams,, networks, maps, and symbols. See figure 4-02-A. 

Tuft ee distinguishes four 'fundamental graphical designs': data maps, time 
series,series, narratives of space and time, and relational graphics (Tufte 1983, pp. 15-
50).. Tufte does not mention this explicitly, but this classification seems to be 
basedd on whether or not graphic space is used to represent physical space and 
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whetherr or not graphic space is used to represent time. If this is true, then the 
fourr possible combinations would be: space, time, both space and time, and 
neitherr space nor time (see table in figure 4-03). These four possibilities 
matchh with Tufte's classification. In addition to these four fundamental 
graphicc designs, Tufte discusses tables, which he does not regard as graphics 
(1983,, pp. 178-181 and 1990, pp. 104-105). 

graphicgraphic space 
represents represents 

physicall  space 

yes s no o 

graphicgraphic space 
represents represents 

tim e e 

yes s 
narrativee of 

spacee and time timee series 

no o dataa map relationall  graphic 

FIGUREE 4-03: Our arrangement of Tufte's four 'fundamental graphical 
designs'' into a table. 

Richardss makes a distinction between pictorial illustrations, symbols and dia-
gramsgrams (Richards 1984, pp. 1/1, 10/1, and 2002, pp. 85-86). Pictorial illustra-
tionstions "show physical appearances". Symbols "indicate a presence or act as 
pointers".. Diagrams "exhibit relationships". See figure 4-02-A. 

Thiss rounds up our discussion of the classification of graphic representa-
tions.. The next chapter wil l provide a brief overview of the various concepts 
fromm existing graphic theories, and describe how these concepts fit into the 
frameworkk that is proposed in this thesis. 





CHAPTERR 5 

Analyzing g 
Graphicc Representations 

andd Graphic Theories 

5.11 Analysis of Graphic 
Representations s 

Noww that we have completed the discussion of the proposed framework, we 
cann apply it by 'trying it out' on example specimen of graphics. We claim 
thatt we can provide any graphic representation with an analysis in terms of 
thee framework. Instead of grouping such example analyses here in this 
section,, we have decided to distribute these throughout the thesis. In other 
words,, all 'boxed' example figures in the thesis have been provided with a 
figuree caption that follows a standardized analysis scheme, applying the 
proposedd framework. A visual overview of the figures is given in the Figure 
Indexx towards the end of the thesis. 

Thee standardized figure caption starts with a brief description of What is 
shownn by the figure, followed by a note on the Source of the figure, and a 
Comment,, which serves to point out some specific aspect of the figure. This 
iss followed by a standardized analysis scheme, which includes three main 
items: : 

•• Syntax of spatial structure: a brief analysis of the figure in terms of the 
conceptss presented in the section on 'Syntactic structures' (2.5). 

•• Type of correspondence: a brief analysis of the figure, usually split into 
'Spatiall structure' and 'Visual attributes', in terms of the concepts pre
sentedd in the section on 'Type of correspondence' (3.1). 
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•• Type of graphic representation: an assessment of the figure in terms of 
thee general categories presented in the chapter on 'Classification of 
graphicc representations' (4). 

Mostt of the specific terms that are used in the figure captions can be looked 
upp in the Glossary at the very end of this thesis. 
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5.22 Analysis of Graphic Theories 

Thee framework that is developed in this thesis does not only enable the 
analysiss of graphic representations, but it also enables the analysis and 
comparisonn of existing graphic theories. 

Inn this section, 'terminology translations' are provided for various existing 
graphicc theories, sorted alphabetically by author. The terms used by the 
concernedd author are given between single quotes, and are translated into 
thee corresponding terms from the framework developed in this thesis, which 
aree given in italics. The latter terms can be looked up in three places in this 
thesis:: in the Glossary, in the Subject Index, and in the (sub)sections that are 
givenn in parentheses after each 'translation'. 

Forr most of the mentioned authors, brief discussions of their concepts can 
bee found throughout the preceding chapters; see the separate Author Index 
towardss the end of the thesis. 

Somee of the summaries below include a brief note concerning one or more 
conceptss that seem to be missing in the context of the analysis proposed by the 
concernedd author. 

Arnhei mm (1969) makes a distinction between three possible functions that an 
imagee may have. It may be a 'picture', a 'symbol', or a 'sign': 

•• 'picture' = a literal graphic object (3.1.1). 
•• 'symbol' «=> a metaphoric graphic object (3.1.2). 
•• 'sign' « an arbitrary-conventional graphic object (3.1.5). 
Missingg concept in this context: a metonymie (3.13) graphic object. 

Arnheimm also discusses the 'abstraction level of the image': 
•• 'realistic' = realistic (3.2). 
•• 'stylized' « schematic (3.2). 
•• 'non-mimetic' * abstract (3.2). 

Barthess (1965) distinguishes between'iconic', 'motivated', and'arbitrary' signs: 
•• 'iconic' signs * literal (3.1.1) graphic objects. 
•• 'motivated' signs » metaphoric (3.1.2), metonymie (3.1.3), and rebus-based 

(3.1.4)) graphic objects. 
•• 'arbitrary' signs * arbitrary-conventional (3.1.5) graphic objects. 
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Berti nn (1967,1977) is best known for his inventory and study of: 
•• 'visual variables' « visual attributes (2.4). 

Bertinn divides graphic representations into four 'groups of imposition': 
•• 'map' « map (4). 
•• 'diagram' « statistical chart and/or time chart (4). 
•• 'network' *= link diagram (4). 
•• 'symbol' « symbol (4). 

Concerningg the 'amount of black' in a graphic, Bertin makes a distinction 
betweenn 'subject matter' and 'background': 

•• 'subject matter' * information objects (3.3). 
•• 'background' » spatial reference objects (3.3). 

Too show complex collections of data, Bertin promotes using a: 
•• 'collection of images' = a graphic multiple (2.5.4). 

Bowmann (1968) distinguishes different types of 'visual translation': 
•• 'objective' = realistic (3.2). 
•• 'associative' = schematic (3.2). 
•• 'conventional' * abstract (3.2). 
•• 'abstract' ~ a graphic representation that expresses a conceptual structure 

throughh metaphoric (3.1.2) graphic relations (2.1) between graphic objects. 
Bowmann also introduces the concept of: 

•• 'multi-plane space' « a graphic space with several visual layers (2.2). 

Card,, Mackinlay and Shneiderman (1999) approach 'visual structures' as 
consistingg of: 

•• 'spatial substrate' * graphic space (2.2). 
•• 'marks' « elementary graphic objects (2.3). 
•• 'graphical properties' * visual attributes (2.4). 

Theyy distinguish four different 'types of axes': 
•• 'unstructured axis' « an unstructured dimension (2.5.2). 
•• 'nominal axis' « an unordered lineup or an unordered separation (2.5.1). 
•• 'ordinal axis' = an ordered lineup or an ordered separation (2.5.1). 
•• 'quantitative axis' * a metric dimension (2.5.2). 

Concerningg 'topological structure', Card et al. note two possibilities: 
•• 'connection' == linking (2.5.1). 
•• 'enclosure' ~ containment (2.5.1). 

Ass special techniques for spatial encoding they briefly mention: 
•• 'composition' « simultaneous combination (2.5.4) of orthogonal dimensions. 
•• 'alignment' * shared-axis multipanel (2.5.4). 
•• 'recursion' *= nesting (2.5.4) into a separation or a lineup (2.5.1). 
•• 'overloading' « nesting (2.5.4) into a metric space (2.5.2). 
Missingg concepts in this context: proportional division (2.4), proportional 
repetitionrepetition (2.5.1), integral versus composite metric space (2.5.2), graphic multi-
plesples (2.5.4). 
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Hornn (1998) distinguishes three types of 'morphological elements of visual 
language': : 

•• 'image' = pictorial object (3.2). 
•• 'shape' ~ abstract shape (3.2). 
•• 'word' « word (3.2). 

Concerningg the arrangement of elements, Horn lists six types of 'topologies' 
orr 'syntactical structures': 

•• 'proximity grouping' « spatial clustering (2.5.1). 
•• 'network' « linking (2.5.1). 
•• 'boundary' « separation by a separator (2.5.1). 
•• 'concentric' « meaningful space with a radial dimension (2.5.2). 
•• 'level' = horizontal separation or horizontal lineup (2.5.1). 
•• 'matrix' « simultaneous combination (2.5.4) of a horizontal separation and a 

verticalvertical separation (2.5.1). 
Missingg concepts in this context: metric axes (2.5.2), metric spaces (2.5.2), 
nestingnesting (2.5.4) and the possible recursive nature (2.1) of syntactic structures. 

Knowlto nn (1966) distinguishes three 'parts' of a graphic representation -
'elements',, their 'pattern of arrangement', and their 'order of connection': 

•• 'elements' * elementary graphic objects (2.3). 
•• 'pattern of arrangement' « positioning in graphic space (2.2 and 2.5). 
•• 'order of connection' * linking (2.5.1). 
Missingg concepts in this context: other types of object-to-object relations 
suchh as containment (2.5.1). 

Accordingg to Knowlton, each of the 'parts' mentioned above may be 'iconic', 
'analogical',, or 'arbitrary': 

•• 'iconic' « literal (3.1.1). 
•• 'analogical' == metaphoric (3.1.2). 
•• 'arbitrary' = arbitrary-conventional (3.1.5, for graphic objects) or arbitrary 

(2.5,, for graphic relations). 
Missingg concepts in this context: metonymie graphic objects (3.1.3). 

Kosslynn (1994) divides graphic representations into four types: 
•• 'diagrams' ^pictures (4). 
•• 'maps' ~ maps (4). 
•• 'charts' * link diagrams (4). 
•• 'graphs' * statistical charts (4). 

Hee distinguishes two types of multipanel displays: 
•• 'pure multipanel display' = graphic multiple (2.5.4). 
•• 'mixed multipanel display' = multipanel display (2.5.4). 
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Krampenn (1965) distinguishes three 'kinds of graphic signs': 
•• 'pictograph' * picture (3.2). 
•• 'diagram' = abstract shape (3.2). 
•• 'phonogram' = word (3.2). 

Lakof ff  (1987) proposes 'image schemata' which he believes play a crucial 
rolee in human cognition. These include: 

•• 'linear order schema' * lineup (2.5.1). 
•• 'link schema' * linking by a connector (2.5.1). 
•• 'container schema' = containment by a container (2.5.1). 
•• 'front-back schema' « superimposition (2.5.1). 

Lohsee et al. offer a classification of graphic representations into: 
•• 'graphs' « statistical charts (4). 
•• 'time charts' * time charts (4). 
•• 'network charts' « link diagrams (4). 
•• 'maps' = maps (4). 
•• 'cartograms' «= statistical maps (4). 
•• '(graphic) tables' * tables (4). 
•• 'pictures', 'structure diagrams', and 'process diagrams' * pictures (4). 
•• 'icons' * symbols (4). 
Missingg concepts in this context: grouping diagrams, and hybrids of the 
listedd types (e.g. chronological link diagram, statistical time chart) (4). 

Peircee (1885,1886,1902), distinguishes different types of signs: 
•• 'icon', subdivided by Peirce into: 

-- 'image' « a literal graphic object (3.1.1). 
-- 'metaphor' * a metaphoric graphic object (3.1.2). 
-- 'diagram' * a representation that involves metaphoric (3.1.1) graphic 

relations. relations. 
•• 'index' seems to be related to metonymie correspondence (3.1.3), but 

iss possibly not applicable to intentional graphic representation. 
•• 'symbol' = an arbitrary-conventional graphic object (3.1.3). 
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Richardss (1984, 2000, 2002) approaches graphic representations as consisting 
off  'significant elements' and their 'relational features': 

•• 'significant element' « elementary graphic object (2.3). 
•• 'relational feature' * graphic relation (2.1). 
Missingg concepts in this context: composite graphic objects (2.1), nesting 
(2.5.4)) and the possible recursive nature (2.1) of syntactic structures. 

Richardss analyzes graphic representations with regard to three 'modes of 
interpretation': : 

•• 'mode of depiction' « mode of expression (3.2). 
•• 'mode of organization' » type of graphic relations (2.1). 
•• 'mode of correspondence' « type of correspondence (3.1). 
Inn Richards' approach, 'mode of depiction' and 'mode of correspondence' 
applyy to 'significant elements', while 'mode of organization' applies to 
theirr 'relational features'. 

Concerningg possible modes of depiction for significant elements, Richards 
distinguishes: : 

•• 'figurative' ~ realistic picture (3.2). 
•• 'semi-figurative' * schematic picture (3.2). 
•• 'non-figurative' « abstract shape (3.2). 

Concerningg possible modes of organization for relational features of signifi
cantt elements, Richards distinguishes: 

•• 'variation' « graphic relations (2.1) that express order or quantities (3.4). 
•• 'linking' te linking (2.5.1). Linking expresses concept-to-concept relation-

shipsships (3.4). 
•• 'grouping' = graphic relations (2.1) that express categories (3.4), e.g. rela

tionss of spatial containment (2.5.1). 
Missingg concept in this context: types of metric spaces (e.g. integral versus 
compositecomposite metric spaces, graphic multiples, shared-axis multipanels) (2.5.2,2.5.4). 

Concerningg possible modes of correspondence for significant elements, 
Richardss distinguishes: 

•• 'literal' « literal (3.1.1). 
•• 'semi-literal' ~ involving both 'literal' and 'non-literal' correspondence. 
•• 'non-literal' « metaphoric (3.1.2), metonymie (3.1.3), rebus-based (3.14) or 

arbitrary-conventionalarbitrary-conventional (3.1.5). 
Missingg concept in this context: application of type of correspondence to 
graphicgraphic relations (not only 'significant elements', but also the 'grouping, 
linking,, or variation' that is achieved by their 'relational features', can be 
'literal'' or 'non-literal'). 

Rogerss (1989) distinguishes four types of 'icons': 
•• 'resemblance icon' * literal graphic object (3.1.1). 
•• 'symbolic icon' « metaphoric graphic object (3.1.2). 
•• 'exemplar icon' « metonymie graphic object (3.1.3). 
•• 'arbitrary icon' « arbitrary-conventional graphic object (3.1.5). 
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Strothottee and Strothotte (1997) (and many other authors) distinguish 
betweenn 'iconic' signs (which 'resemble what they stand for'), and 'symbolic' 
signss (such as 'geometric primitives, arrows, lines, and text labels'): 

•• 'iconic' sign * a pictorial (3.2), literal (3.1.1) graphic object. 
•• 'symbolic' sign * a non-pictorial (3.2), arbitrary-conventional (3.1.5) graphic 

object. . 
Missingg concept in this context: pictorial graphic objects (3.2) that involve 
otherother than literal correspondences (3.1.2-3.1.5). The elephant for example 
thatt stands for the Republican Party - is it an 'iconic' sign or a 'symbolic' 
sign?? See the discussion in section 3.2. 

Tuft ee (1983, 1990, 1997) makes the distinction between 'data ink' and 'non-
dataa ink': 

•• 'data ink' = the ink used for information objects (3.3). 
•• 'non-data ink' = the ink used for reference objects and decorative objects 

(3.3). . 
Tuftee promotes 'layering and separation' and the use of 'small multiples': 

•• 'layering and separation' « the use of visual levels (2.2). 
•• 'small multiples' ^graphic multiple (2.5.4). 

Tverskyy (1995, 2001) approaches graphic representations as consisting of 
'elements'' and their 'spatial relations': 

•• 'elements' * elementary graphic objects (2.3). 
•• 'spatial relations' * spatial relations (2.5). 

Concerningg 'elements', Tversky lists 'general principles' of pictographs and 
symbols: : 

•• 'straightforward' depictions «literal graphic objects (3.1.1). 
•• 'synecdoche' or 'metonymy' ~ metonymie graphic objects (3.1.3). 
•• 'rebus principle' « rebus-based graphic objects (3.1.4). 
•• 'schematic' icons « schematic graphic objects (3.2). 
•• 'conventionalized', 'arbitrary' depictions ~ arbitrary-conventional graphic 

objectss (3.1.2). 
Missingg concept in this context: metaphoric graphic objects (3.1.2). 

Concerningg 'spatial relations', Tversky examines 'spatial metaphors': 
•• 'spatial metaphor' » metaphoric (3.1.1) spatial relation (2.5.1 and 2.5.2). 
Missingg concepts in this context: types of metric spaces (e.g. integral versus 
compositecomposite metric spaces, graphic multiples, shared-axis multipanels) (2.5.2 and 
2.5.4),, and, in general, nesting (2.5.4) and the possible recursive nature (2.1) 
off syntactic structures. 
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Twyman' ss (1979) 'schema for the study of graphic language' (1979) is a 
matrixx that sets out two phenomena against each other: 

•• 'mode of symbolization' « mode of expression (3.2) ) 
•• 'method of configuration' « syntactic structure (2.5). 

Concerningg mode of symbolization, Twyman distinguishes: 
•• 'pictorial' ^pictorial (3.2). 
•• 'schematic' « abstract (3.2). 
•• 'verbal/numerical' « word and/or number (3.2). 
•• 'pictorial and verbal/numerical' « pictorial combined with word and/or 

numbernumber (3.2). 
Concerningg method of configuration, Twyman distinguishes: 

•• 'pure linear' « lineups (2.5.1). 
•• 'linear interrupted' « segmented lineups (2.5.1). 
•• 'list' « Twyman's examples for this category include simple vertical line-

ups,ups, lineups of lineups, and simple tables (2.5.1). 
•• 'linear branching' w tree structures of linking (2.5.1). 
•• 'matrix' « tables (2.5.1), bar charts (2.5.2), and metric spaces that are com

posedd of two orthogonal metric axes (2.5.4). 
•• 'non-linear directed' and 'non-linear open'*5 arbitrary spatial structures 

(2.5)) and integral metric spaces (2.5.2). 
Missingg concepts in this context: containment (2.5.1), types of composite 
metricmetric spaces (e.g. graphic multiples, shared-axis multipanels) (2.5.4), and, in 
general,, nesting (2.5.4) and the possible recursive nature (2.1) of syntactic 
structures. . 

Wilkinso nn (1999) uses some non-standard terms: 
•• 'aesthetic attributes' « visual attributes (2.4). 
•• 'guides' « reference objects (3.3). 
•• 'facets' « graphic multiple (2.5.4). 





CHAPTERR 6 

Conclusions s 

Inn this thesis we have proposed a framework for parsing the syntactic 
structuree of simple as well as complex information graphics (Chapter 2). In 
addition,, this framework includes an examination of graphic interpretation 
(Chapterr 3) and classification (Chapter 4), and can be used to analyze exist-
ingg graphic theories (section 5.2). We have applied this framework to all 
examplee figures in the thesis, providing standardized analyses in the figure 
captions.. The terminology of the proposed framework is summarized in the 
Glossaryy at the very end of this thesis. 

Wee now briefly return to the aims and claims that we discussed in Chapter 1. 
Thesee concerned the proposal of a syntactic approach, which is intended to 
bee comprehensive and unifying, and which may apply in different cultural 
contexts. contexts. 

AA SYNTACTIC FRAMEWORK 

Wee have offered a proposal for the syntactic decomposition of graphic 
representationss that can be applied recursively. We gave an example of a 
nestingg of four levels of decomposition, when describing the syntactic 
structuree of figure 2-03. Different types of nested syntactic structures were 
discussedd in subsection 2.5.4. We have proposed the notion of different 
syntacticsyntactic roles that graphic objects may play within a syntactic structure -
thesee syntactic roles were discussed in section 2.5.3. The notion of meaningful 
spacespace was introduced, and distinctions were made between integral metric 
spaces,spaces, composite metric spaces, and distorted metric spaces. We have compared 
ourr approach to the related approaches that were proposed by Richards 
(1984)) and Horn (1998), which are both more limited in their set of syntactic 
structuress that they describe, and which neither discuss recursive nesting, 
norr the possible structures of metric spaces. 
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Comingg up with a set of basic syntactic structures, from which composite 
syntacticc structures can be constructed, did involve certain choices that had 
too be made. An example of such a choice is our approach to 'partitioned 
graphicc spaces', which was discussed at the beginning of subsection 2.5.2. 

AA COMPREHENSIVE FRAMEWORK 

Thee example figures that were analyzed cover a wide range of different 
typess of graphics (see the Figure Index towards the end of this thesis for an 
overview).. We have not yet come across an example of a graphic represen-
tationn that could not be analyzed in terms of the proposed framework. This 
doess not, of course, mean that we will not find such an example in the future. 

AA UNIFYING FRAMEWORK 

Soo far it seems that nobody has mapped out in detail how the various termi-
nologiess of different graphic theories can be related to each other. We have 
takenn up this challenge in the 'term comparison tables' and in the literature 
discussionn at the end of most (sub-) sections, using the proposed framework 
ass a 'common denominator' for the numerous concepts that have been 
proposedd in the literature. In section 5.2, we have provided a brief overview 
off  how many existing approaches to graphic theory can be 'translated' into 
thee concepts of this framework. By 'translating' them into the terms of this 
framework,, any two of the existing graphic theories can be compared to 
eachh other. One of the conclusions of this exercise is that many approaches 
offerr subsets of the same superset of relevant concepts (the superset that we 
havee tried to present here), but that many authors have used terms in differ-
ent,, sometimes opposite ways, in order to describe these concepts. In the 
end,, it is of course not the terms that are important, but the concepts that are 
involved. . 

CULTUREE DEPENDENCE 

II  have claimed in Chapter 1 that the framework proposed in this thesis is 
concernedd with possible 'universal' principles of graphic representation, not 
onlyy applicable to a broad spectrum of different types of graphic represen-
tations,, but probably also extending across different cultures. We have done 
noo research to confirm these claims, so most things we say in this regard wil l 
bee based on speculation. The principles that were discussed in this thesis 
seemm to be applicable to various non-Western graphic representations, such 
ass Egyptian hieroglyphs (discussed in subsection 3.1.4) and graphic repre-
sentationss used by American Indians (discussed by Tversky 1995, 2001). 
Mostt of the proposed types of object-to-object relations are based on Gestalt 
principless of human perception, which also seem to hold across different 
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cultures.. Maps in all cultures make similar uses of integral metric spaces, 
pointt locators, surface locators, and labels. Examples from various cultures 
aree known concerning phenomena of metaphor, metonymy and rebus. An 
examplee of culture dependence in graphic structures is directionality, which 
iss discussed by Tversky (1995, 2001), and in subsection 3.1.5 of this thesis. 

WHATT IS IT ALL GOOD FOR? 

Thee primary value of this work lies in the theoretical domain of the system-
aticc analysis of various aspects of graphic representation. We have shown in 
thiss thesis that the proposed framework can be successfully applied to the 
analysiss of a broad range of example graphics, as well as to the analysis and 
comparisonn of a large number of existing graphic theories. In addition, we 
hopee that the development of the proposed concepts can form a basis for 
moree practical work with graphic representations. Possible practical appli-
cationss might include the analysis of design problems with specific graphics. 
Prescriptionn of 'rules of good design' was not an aim of this thesis. Never-
theless,, the thesis does provide a language that may be useful when dis-
cussingg the phenomena that are involved in good and bad design. The 
proposedd concepts concerning the composition and decomposition of syn-
tacticc structures could be used to generate and discuss different design 
alternativess for a given graphic representation problem. 

Anotherr possible area of application is in document analysis and data 
miningg research that aims at information retrieval through automatic pars-
ingg of graphic representations. Parsing requires a syntactic framework. 
Researchh in computer science is developing in both directions, concerning 
automaticc parsing as well as automatic generation. Continuing the work 
presentedd here, the proposed framework could be integrated into a com-
puter-basedd design tool for generating graphic representations, possibly in 
combinationn with existing systems for static or interactive visualizations. 
Suchh software has the potential to serve as a cognitive tool, allowing people 
too create and explore different visual representations of the information that 
theyy are working with. These are exciting challenges for future research. 
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Abstract t 

Inn this thesis we propose a framework for the analysis of graphic represen-
tationss of information. Graphic representations seem to play an increasingly 
importantt role in our lives. While our common sources of information (e.g. 
books,, newspapers) used to be almost completely textual, we are now seeing 
moree and more diagrams, pictograms, maps and charts. We see such graphic 
representationss on paper as well as on signage and on screen. Some types of 
graphicc representations have developed due to recent advances in computer 
technology,, while others can already be found on archeological objects from 
ancientt cultures. In this thesis, 'graphic representations' are taken to include 
prehistoricc maps and Egyptian hieroglyphs as well as family tree diagrams, 
pictoriall  statistical charts, and modern 3-D computer visualizations. In the 
contextt of this investigation we wil l limi t ourselves to static representations. 

Graphicc representations can be regarded as expressions of visual lan-
guages.. The primary aim of the thesis is to examine the main principles of 
thesee visual languages, regarding both their graphic syntax and their inter-
pretation. . 

Inn Chapter 1 we lay out the context of this work, discussing the notions of 
graphicgraphic representation and of visual language, and we elaborate on the aims of 
thiss thesis. 

Inn Chapter 2 we examine the syntax ('grammar') of graphic representa-
tions.. Section 2.1 provides an overview of our approach to graphic syntax 
andd its recursive nature. A graphic representation may be elementary or 
composite.. We regard a composite graphic representation as consisting of a 
graphicgraphic space, a set of graphic objects and a set of graphic relations that these 
graphicc objects are involved in. A graphic object may itself be a composite 
graphicc representation, so this approach can be applied recursively. Graphic 
relationss may concern either spatial structure or variations of visual attributes. 
Onn a subway map for example, the colored lines, the station markers, and 
theirr textual labels are all graphic objects. Some of the graphic relations be-
tweenn the colored lines involve variations of a visual attribute, in this case 
color.. Some of the graphic relations between station markers involve spatial 
structure,structure, in this case their spatial positioning, and their connectedness by 
thee colored lines. In section 2.2 we briefly explore graphic space, which is the 
substratee of all spatial relations within graphic representations. In sections 
2.33 and 2.4 we take a brief look at elementary graphic objects and their visual 
attributes. attributes. 

Byy far the longest section is section 2.5, in which we explore the various 
typess of basic and composite syntactic structures into which graphic objects 
cann be arranged within a graphic space. We regard the syntactic structure of 
aa graphic representation as a set of graphic relations. These graphic relations 
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mayy be object-to-ofcyecf relations or object-to-space relations. An object-to-
objectobject relation is a relation between objects (subsection 2.5.1), while an object-
to-spacee relation is a relation between an object and one or more points in a 
meaningfulmeaningful space (subsection 2.5.2). For example, the labeling of a city on a 
mapp of a country involves an otyect-to-object relation between two objects: 
thee name of the city (a textual label), and the 'city-dot' that marks the city's 
location.. The name of the city wil l usually be placed close to the 'city-dot', 
eitherr above or below it, or to its left or right. The spatial positioning of the 
'city-dot'' itself however, involves an object-to-space relation between the 
'city-dot'' and a specific point in the meaningful space of the map. Similarly, 
aa line that connects two boxes in a flow chart involves object-to-ofcy'ecf rela-
tionss between the line and the two boxes, while a curve in a two-axis chart 
involvess ob]ect-to-space relations between the curve and a set of specific 
pointss in the meaningful space of the chart. 

Closelyy related to the above is the notion of syntactic roles. Somewhat 
comparablee to the different syntactic roles that words can play within the 
syntacticc structure of a sentence (e.g. the role of noun phrase or verb phrase), 
graphicc objects can play different syntactic roles within the syntactic struc-
turee of a graphic representation. We examine these different syntactic roles 
(subsectionn 2.5.3), and discuss how they differ with regard to the spatial 
'anchoring'' that they involve. A 'city-dot' on a map for example functions as 
aa point locator (anchored to a point in a meaningful space), a word under-
neathh a bar in a bar chart functions as a label (anchored to the object that it 
labels),, and an arrow in a flow chart functions as a connector (anchored 
betweenn the objects that it connects). Other possible syntactic roles of 
graphicc objects include separators (e.g. dividing lines), containers (e.g. a 
framingg box), line locators (e.g. a curve in a two-axis chart), surface locators 
(e.g.. a lake on a map), and metric bars (e.g. the bars in a bar chart). 

Wee round up section 2.5 with a discussion of different types of composite 
syntacticc structures (subsection 2.5.4). We examine the graphic multiple for 
example,, which consists of two or more variations of a graphic representa-
tion.. Other types of composite syntactic structure include the multipanel with 
aa shared axis, and the background-inset display. 

Inn Chapter 3 we deal with various aspects of the interpretation of graphic 
representations.. First we discuss type of correspondence (section 3.1), which we 
definee as the relationship between what is shown and what is meant. The 
mainn types of correspondence that we distinguish are literal, metaphoric, 
metonymie,metonymie, rebus-based, and arbitrary-conventional. For example, a pictogram 
thatt indicates a restaurant by showing a knife and fork, is a metonymie 
graphicc object, while the relative spatial positioning of graphic objects along 
aa time line involves a metaphoric use of graphic space. After type of corre-
spondencee we discuss mode of expression (section 3.2), which concerns the 
classificationn of graphic objects into pictorial objects (in a spectrum from 
realisticc to schematic pictures) and non-pictorial objects (abstract shapes, 
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wordss and numbers). Sorting out a confusing issue in the literature, we 
discusss the non-trivial relationship between type of correspondence and mode of 
expression.expression. We then discuss the informational roles (section 3.3) that graphic 
objectss may play within a graphic representation, distinguishing between 
referencereference objects (e.g. legends, labeled axes, grid lines), the actual information 
objectsobjects (which would have to be adjusted if the represented information 
wouldd change, e.g. a curve plotted in a two-axis chart), and decoration ob-
jects.. We conclude Chapter 3 with some very brief remarks on the types of 
representedrepresented information that may be involved in graphic representations 
(sectionn 3.4). 

Inn Chapter 4 we offer a classification system of graphic representations, 
givingg principled descriptions of the proposed types of graphic representa-
tions,, and discussing existing classification systems. 

Inn Chapter 5 we examine how the framework developed in this thesis can 
bee applied to the analysis and discussion of real-world graphic representa-
tions,, as well as to the analysis of graphic theories from the existing litera-
ture.. Concerning the application to real-world graphic representations, we 
brieflyy discuss the standardized analyses in the captions of the numerous 
examplee figures throughout the thesis. Concerning the literature, we show 
forr a large number of existing graphic theories how they can be 'translated' 
intoo the terms of this framework. 

Finally,, in the Conclusions (Chapter 6), we make an attempt to assess the 
valuee and the possible applications of this work. 
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Inn dit proefschrift worden een systeem en een begrippenkader ontwikkeld 
voorr de analyse van grafische representaties van informatie. Grafische 
representatiess lijken steeds belangrijker te worden in ons leven. Terwijl in 
hett verleden de gebruikelijkste bronnen van informatie (bijvoorbeeld boe-
ken,, kranten) bijna volledig tekstueel waren, zien we tegenwoordig steeds 
meerr diagrammen, pictogrammen, kaarten en grafieken. We zien zulke 
grafischee representaties zowel op papier en op borden, als op beeldscher-
men.. Sommige vormen van grafische representatie zijn ontstaan door re-
centee ontwikkelingen in de computertechnologie. Andere vormen zijn al te 
vindenn op archeologische objecten uit de oudheid. In dit proefschrift omvat 
dee term 'grafische representatie' zowel prehistorische kaarten en Egyptische 
hiërogliefenn als familiestambomen, beeldstatistieken en moderne 3-D com-
putervisualisaties.. In het kader van dit onderzoek beperken we ons tot 
statischee representaties. 

Grafischee representaties kunnen worden beschouwd als uitdrukkingen in 
visuelee talen. Het hoofddoel van dit proefschrift is het onderzoeken van de 
basisprincipess van deze visuele talen, zowel voor wat betreft hun grafische 
syntaxiss als voor wat betreft hun interpretatie. 

Inn hoofdstuk 1 zetten we de context van het onderzoek uiteen. We be-
sprekenn de noties van grafische representatie en van visuele taal. Verder wordt 
aandachtt besteed aan de doelstellingen van dit proefschrift. 

Inn hoofdstuk 2 wordt de syntaxis ('grammatica') van grafische representa-
tiess behandeld. Sectie 2.1 geeft een overzicht van onze benadering van 
grafischee syntaxis en syntactische recursiviteit. Een grafische representatie 
kann elementair zijn of samengesteld. We vatten een samengestelde grafische 
representatiee op als bestaande uit een grafische ruimte, uit een verzameling 
vann grafische objecten, en uit een verzameling van grafische relaties tussen deze 
grafischee objecten. Een grafisch object kan zelf ook weer een samengestelde 
grafischee representatie zijn; deze decompositie kan dus recursief worden 
toegepast.. Grafische relaties hebben betrekking op ruimtelijke structuur of op 
visuelevisuele attributen. Op een metro-plattegrond bijvoorbeeld zijn zowel de 
gekleurdee lijnen, de markeringen van de haltes, als de tekstuele labels grafi-
schesche objecten. Sommige van de grafische relaties tussen de gekleurde lijnen 
bestaann uit variaties van een visueel attribuut, in dit geval kleur. Sommige 
vann de grafische relaties tussen de markeringen van de haltes hebben betrek-
kingg op ruimtelijke structuur, in dit geval ruimtelijke positionering en verbin-
dingg door gekleurde lijnen. In sectie 2.2 gaan we kort in op grafische ruimte -
hett substraat van alle ruimtelijke relaties in grafische representaties. Secties 
2.33 en 2.4 bevatten korte beschouwingen over elementaire grafische objecten en 
hunn visuele attributen. 
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Inn sectie 2.5 onderzoeken we de verschillende soorten van elementaire en 
samengesteldee syntactische structuren waarin grafische objecten kunnen 
wordenn gerangschikt in een grafische ruimte. We beschouwen de syntacti-
schee structuur van een grafische representatie als een verzameling van 
grafischee relaties. Hierbij maken we een verschil tussen object-object relaties 
enn object-ruimte relaties. Een object-object relatie is een relatie tussen objecten 
(subsectiee 2.5.1), terwijl een object-rwimte relatie een relatie is tussen een 
objectt en één of meerdere punten in een betekenisvolle ruimte (subsectie 2.5.2). 
Hett labelen van een dorp op een kaart bijvoorbeeld, houdt een object-object 
relatiee in tussen twee objecten: een dorpsnaam (een tekstueel label) en de 
stipp die de positie van het dorp aangeeft. De positie van de naam is door-
gaanss boven of onder die stip. De ruimtelijke positionering van de stip zelf 
houdtt een object-rwz'mfó relatie in, namelijk die tussen de stip en een specifiek 
puntt in de betekenisvolle ruimte van de kaart. Op een soortgelijke manier 
houdtt een pijl in een stroomdiagram een object-object relatie in, tussen de lij n 
enn de twee objecten die verbonden worden door die lijn. Een curve in een 
assenstelsell  daartegen houdt een object-ruimte relatie in, tussen de curve en 
eenn verzameling specifieke punten in de betekenisvolle ruimte van het 
assenstelsel. . 

Nauww gerelateerd hieraan is de notie van syntactische rollen. Zoals woor-
denn verschillende rollen kunnen spelen in de syntactische structuur van een 
zinn (bijvoorbeeld de rol van onderwerp, gezegde, of lijdend voorwerp), zo 
kunnenn grafische objecten verschillende syntactische rollen spelen in de 
syntactischee structuur van een grafische representatie. We onderzoeken deze 
verschillendee syntactische rollen (subsectie 2.5.3), en gaan in op verschillen 
watt betreft hun ruimtelijke 'verankering'. Een stip voor een dorp op een 
kaartt bijvoorbeeld, fungeert als een punt-markeerder (verankerd in een punt 
inn de betekenisvolle ruimte). Een woord onder een staaf in een staafdiagram 
fungeertt als een label (verankerd aan het object dat wordt gelabeld). En een 
pijll  in een stroomdiagram fungeert als een connector (verankerd tussen de 
objectenn die worden verbonden). Andere mogelijke syntactische rollen van 
grafischee objecten zijn die van separator (bijvoorbeeld een scheidslijn), contai-
nerner (bijvoorbeeld een omsluitend kader), lijn-markeerder (bijvoorbeeld een 
curvee in een assenstelsel), ulak-markeerder (bijvoorbeeld een meer op een 
kaart)) en kwantitatieve staaf (bijvoorbeeld de staven in een staafdiagram). 

Sectiee 2.5 wordt afgesloten met een bespreking van verschillende soorten 
samengesteldesamengestelde syntactische structuren (subsectie 2.5.4). We behandelen onder 
anderee de graphic multiple, die in principe bestaat uit twee of meer variaties 
vann een grafische representatie. Andere soorten samengestelde syntactische 
structurenn zijn bijvoorbeeld de multipanel met een gedeelde as, en de achter-
grondgrond met inzet. 

Inn hoofdstuk 3 gaan we in op verschillende aspecten van de interpretatie 
vann grafische representaties. We bespreken eerst het type correspondentie 
(sectiee 3.1), dat we definiëren als de relatie tussen dat wat wordt getoond en 
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datt wat wordt bedoeld. De typen correspondentie die we onderscheiden zijn: 
letterlijk,letterlijk, metaforisch, metonymisch, rebus-gebaseerd, en willekeurig-conventioneel. 
Eenn pictogram bijvoorbeeld dat een restaurant aangeeft door middel van een 
mess en een vork is een metonymisch grafisch object, terwijl de grafische 
ruimtee metaforisch wordt gebruikt als grafische objecten langs een tijdslijn 
wordenn geplaatst. Na het type correspondentie bespreken we de manier van 
expressieexpressie (sectie 3.2). Die heeft betrekking op de classificatie van grafische 
objectenn in afbeeldende objecten (in een spectrum van realistisch tot schema-
tisch)) en niet-afbeeldende objecten (abstracte vormen, woorden en getallen). 
Ingaandee op een verwarrend probleem in de bestaande literatuur, bespreken 
wee ook het niet-triviale verband tussen type correspondentie en manier van 
expressie.expressie. Verder gaan we in op de informatieve rollen (sectie 3.3) die grafische 
objectenn kunnen spelen in een grafische representatie. We maken onder-
scheidd tussen referentie-objecten (bijvoorbeeld legenda's, gelabelde assen, 
rasterlijnen),, daadwerkelijke informatie-objecten (die veranderd moeten 
wordenn als de informatie verandert, bijvoorbeeld een curve in een assenstel-
sel)) en decoratie-objecten. We sluiten hoofdstuk 3 af met enkele opmerkingen 
overr de verschillende soorten van informatie die grafisch kunnen worden 
gerepresenteerdd (sectie 3.4). 

Hoofdstukk 4 introduceert een classificatiesysteem voor grafische represen-
taties.. Gebaseerd op de in dit proefschrift ontwikkelde concepten, geven we 
eenn beschrijving van de te onderscheiden types van grafische representatie. 
Vervolgenss vergelijken we dit systeem met reeds bestaande classificatiesys-
temen. . 

Inn hoofdstuk 5 geven we aan hoe de in dit proefschrift gestelde benade-
ringg kan worden toegepast op de analyse en discussie van grafische repre-
sentatiess in de praktijk, plus op de analyse van grafische theorieën in de 
bestaandee literatuur. Wat betreft de toepassing van onze benadering op 
voorbeeldenn van grafische representaties in de praktijk, wijzen we de lezer 
opp de talrijke voorbeelden van grafische representaties in dit proefschrift, 
diee in hun onderschrift worden geanalyseerd en geclassificeerd. Wat betreft 
dee literatuur laten we voor een groot aantal bestaande grafische theorieën 
zienn hoe ze 'vertaald' kunnen worden naar de door ons voorgestelde be-
grippen. . 

InIn de conclusies tenslotte (hoofdstuk 6) doen we een poging om de waar-
dee en de mogelijke toepassingen van dit werk te beoordelen. 
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Glossary y 

Thiss is a glossary of key terms that are proposed and used in this thesis. 
Termss in italics are cross-references to other entries in the glossary. The 
numberss in parentheses at the end of each entry refer to the (sub-) section of 
thee thesis in which the concerned concept is discussed. 

arbitrary-conventiona ll  (a type of correspondence): Type of correspondence is 
arbitrary-conventionall  if it seems to be based on pure convention. Note 
thatt in many cases the current users of the concerned representation 
mayy simply not be aware of the fact that the representation originated 
involvingg one of the other types of correspondence (3.1.5). 

background-insett  display (a type of composite syntactic structure): A back-
ground-insett display is a nested syntactic structure that consists of a su-
perimpositionperimposition of one or more composite graphic objects on a background 
objectt (2.5.4). 

basicc syntactic structure: See syntactic structure. A basic syntactic structure 
mayy be a positioning in a meaningful space, a spatial clustering, a separation 
byy a separator, a lineup, a linking by a connector, a containment by a con-
tainer,tainer, or a superimposition (2.5). 

cluster::  See spatial clustering. 
compositee graphic object: A composite graphic object is a graphic object that 

consistss of a graphic space, a set of graphic objects that are contained in this 
graphicc space, and a set of graphic relations in which these contained 
graphicc objects are involved. A graphic object may be either a composite 
graphicc object itself, or it may be an elementary graphic object (2.1 and 2.3). 

compositee metric space (a type of meaningful space): A composite metric 
spacee is a metric space that is constructed by combining two or more metric 
axesaxes and/or integral metric spaces. In a composite metric space, a ratio be-
tweenn two spatial distances is only perceived as meaningful if these two 
distancess are measured in certain directions (2.5.2). Compare with: integral 
metricmetric space. 

compositee syntactic structure: A composite syntactic structure is a syntactic 
structurestructure that is constructed from two or more basic syntactic structures, 
throughh simultaneous combination and/or nesting (2.5.4). 

connectorr  (a syntactic role): A connector is a graphic object in the shape of an 
arrow,, band or line that is anchored to two other graphic objects (nodes), 
connectingg them (2.5.1). 

containerr (a syntactic role): A container is a graphic object that contains other 
graphicc objects by visually surrounding them (2.5.1). 

containmentt  by a container: Containment is a basic syntactic structure, see 
containercontainer (2.5.1). 
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decorationn object (an informational role): Decoration objects are graphic objects 
thatt serve neither as information objects nor as reference objects, and that 
couldd be erased without affecting the intended representation of infor-
mationn (data). They serve as embellishment, and may or may not be re-
latedd to the context and theme of the represented information (3.3). 

distortedd metric space (a type of meaningful space): A distorted metric space 
iss a meaningful space that can be thought of as a metric space that was 
printedd on a 'rubber sheet' and then stretched non-homogeneously, pre-
servingg both order and approximate directions, but not preserving the 
ratioss of spatial distances (2.5.2). 

elementaryy graphic object: An elementary graphic object is a graphic object at 
thee most detailed level of a syntactic decomposition. The level of detail 
off  a syntactic decomposition wil l usually be chosen such that, with re-
gardd to semantics, an elementary graphic object wil l be a 'basic-level' 
meaningfull  object (often standing for some concept, entity, or occur-
rence)) (2.3). 

graphicc multipl e (a type of composite syntactic structure): A graphic multiple 
iss a multipanel display in which the panels can be regarded as variations 
off  a single representation. These variations have the same design and 
thee same general syntactic structure (usually based on a meaningful space), 
butt they display different data (2.5.4). 

graphicc object: Graphic representations, as well as their graphic constituents, 
aree graphic objects. A graphic object may be an elementary graphic object 
orr a composite graphic object (2.1 and 2.3). 

graphicc relation: A graphic relation may be either an object-to-object relation 
orr an object-to-space relation (2.1). 

graphicc representation: A graphic representation is a visible artifact on a 
moree or less flat surface, that was created in order to express informa-
tionn (1). 

graphicc space: Graphic space is the two-dimensional or (virtual) three-
dimensionall  space that is displayed within a graphic object (2.2). 

graphicc sub-object: A graphic sub-object is a graphic object that is part of a 
compositecomposite graphic object (2.1 and 2.3). 

gri dd line (a syntactic role): A grid line is a line-shaped graphic object that 
servess to mark a meaningful space (2.5.3). 

informatio nn object (an informational role): Information objects are those 
graphicgraphic objects within a graphic representation that would have to be ad-
justedd if the information (data) that one intends to represent would 
changee (3.3). Compare with: reference object and decoration object. 

informationa ll  role: The informational role of a graphic object is the role that it 
playss within a graphic representation with regard to the conveying of in-
formation.. We distinguish three main informational roles: information 
object,object, reference object, or decoration object (3.3). 
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integrall  metric space (a type of meaningful space): An integral metric space is 
aa two- or three-dimensional metric space in which all geometric proper-
tiess of Euclidian space are subject to interpretation. This means that in 
ann integral metric space, a ratio between two spatial distances is per-
ceivedd as meaningful, regardless of the directions in which these two 
distancess are measured (e.g. horizontally, vertically, diagonally, or in 
anyy direction in-between) (2.5.2). Compare with: composite metric space. 

labell  (a syntactic role): A label is a graphic object that is anchored to another 
graphicc object by spatial clustering (sometimes also involving containment 
orr superimposition), or through linking by a connector (2.5.1). 

legendd object (an informational role): Legend objects are graphic objects that 
explainn symbols and/or visual attributes that are used in a graphic repre-
sentation.sentation. Most legend objects are composite graphic objects, structured as a 
tablee with one column displaying (some of) the used symbols and/or 
visuall  attributes, and another column displaying a verbal or numerical 
explanationn of their meaning (3.3). 

lin ee locator  (a syntactic role): A line locator is a graphic object that is anchored 
too a specific line in a meaningful space (2.5.3). 

lineup::  A lineup is a basic syntactic structure in which graphic objects are 
arrangedd in a 'string': Each object is perceived as having two neighbor-
ingg objects, except for the two objects at either end of the lineup (2.5.1). 

linking ::  Linking is a basic syntactic structure that involves connectors (2.5.1). 
litera ll  (a type of correspondence): Type of correspondence is literal if what is 

shownn is based on similarity to the physical object or physical structure 
thatt is meant, or on similarity to a prototypical example of the kind of 
physicall  object that is meant (3.1.1). 

meaningfull  space: The graphic space of a composite graphic object is a meaning-
full  space if spatial positions in it are subject to interpretation regardless 
off  whether or not there are graphic sub-objects present at those positions 
(2.5.2). . 

metaphoricc (a type of correspondence): Type of correspondence is metaphoric 
iff  it is based on a (supposed) analogy between what is shown and what 
iss meant. This may concern either a shared functional characteristic or a 
structurall  analogy (3.1.2). 

metonymiee (a type of correspondence): Type of correspondence is metonymie 
iff  it is based on a mental association due to the fact that there is (or used 
too be) a relationship of physical involvement between what is shown 
andd what is meant. For example, what is shown 'is a part of' or 'is a pos-
siblee result of' what is meant, or in some other way it 'plays a role in' 
whatt is meant (3.1.3). 

metricc axis: A metric axis is a spatial dimension along which the ratios of 
spatiall  distances are perceived as meaningful. A metric axis establishes a 
metricmetric space (2.5.2). 
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metri cc bar  (a syntactic role): A metric bar is a graphic object in a bar chart that 
iss anchored to two points, extending between them: One end of a metric 
barr is anchored to the bar chart's base line (or base point in polar coor-
dinates).. The other end is anchored to a point at a distance from the base 
linee that is measured along a metric axis (thereby determining the bar's 
length/height)) (2.53). 

metri cc space (a type of meaningful space): A metric space is a graphic space in 
whichh metric aspects of spatial positioning are subject to interpretation, 
suchh as the ratios of distances between graphic objects (e.g. 'the distance 
betweenn A and B is twice the distance between B and C') (2.5.2). 

multipanell  display (a type of composite syntactic structure): A multipanel 
displayy is a nested syntactic structure in which two or more composite 
graphicgraphic objects are arranged as separate panels, next to each other (2.5.4). 

nestedd syntactic structure: A nested syntactic structure is a syntactic structure 
thatt involves nesting (2.5.4) 

nestingg (a way of constructing composite syntactic structures): In a nesting of 
syntacticsyntactic structures, a composite graphic object serves as a single graphic ob-
jectject in a syntactic structure at a 'higher level' (2.5.4). 

nodee (a syntactic role): 'Node' is the term that we use for the syntactic role that 
iss played by a graphic object that does not play any of the other syntactic 
roless that we have defined (e.g. label, connector, separator) (2.5.1). 

object-to-objectt  relation: An object-to-object relation is a graphic relation 
betweenn graphic objects (2.5.1). Compare with: object-to-space relation. 

object-to-spacee relation: An object-to-space relation is a graphic relation 
betweenn a graphic object and one or more points in a meaningful space 
(2.5.1).. Compare with: object-to-object relation. 

pointt  locator  (a syntactic role): A point locator is a graphic object that is an-
choredd to a specific point in a meaningful space (2.5.3). 

proportiona ll  division: In a proportional division the total surface or volume 
off  a graphic object is divided into sub-objects, and the relative sizes of 
thesee sub-objects are subject to interpretation (2.4). 

proportiona ll  repetition: A proportional repetition is an evenly spaced 
collectionn of several identical copies of a graphic object, usually arranged 
inn a lineup, in which the number of copies - and thus the size of the re-
sultingg composite object - expresses quantitative information (2.5.1). 

rebus-basedd (a type of correspondence): Type of correspondence is rebus-
basedd if it is based on the fact that (part of) the spoken word for what is 
shownn sounds like (part of) the spoken word for what is meant (3.1.4) 

referencee object (an informational role): Reference objects are those graphic 
objectsobjects within a graphic representation that a) serve to enable the interpre-
tationn of information objects, and that b) would not necessarily have to be 
adjustedd if the represented information (data) would change. Reference 
objectss can be divided into spatial reference objects and legend objects (3.3). 
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separationn by a separator: Separation is a basic syntactic structure, see separa-
tortor (2.5.1). 

separatorr  (a syntactic role): A separator is a line- or band-shaped graphic object 
thatt is anchored between other graphic objects, thereby separating them 
(2.5.1). . 

shared-axiss multipanel (a type of composite syntactic structure): A shared-axis 
multipanell  is a multipanel display consisting of panels that share a metric 
axis,axis, and that are arranged in a lineup - aligned with each other with re-
gardd to this shared metric axis (2.5.4). 

simultaneouss combination (a way of constructing composite syntactic struc-
tures):tures): In a simultaneous combination of basic syntactic structures, a set of 
graphicgraphic objects simultaneously participates in two or more basic syntactic 
structures,, at the same syntactic level of object decomposition (2.5.4). 
Comparee with: nesting. 

spatiall  clustering: Spatial clustering is a basic syntactic structure in which 
graphicgraphic objects are arranged into two or more groups through the use of 
within-groupp proximity versus between-group distance. The involved 
groupss of graphic objects are referred to as 'clusters' (2.5.1). 

spatiall  reference object (an informational role): Spatial reference objects are 
referencereference objects that mark a meaningful space (e.g. grid lines, axes and 
theirr annotations) (3.3). 

superimposition::  Superimposition is a basic syntactic structure that involves 
aa foreground object and a background object. The foreground object is 
perceivedd as being 'in front of' the background object, visually occlud-
ingg part of it (2.5.1). 

surfacee locator  (a syntactic role): A surface locator is a graphic object that is 
anchoredd to a specific surface in a meaningful space (2.5.3). 

syntacticc role: A syntactic role is a role that a graphic object may play within a 
syntacticsyntactic structure. We distinguish these syntactic roles: node, label, con-
nector,nector, separator, container, point locator, line locator, surface locator, volume 
locator,locator, metric bar, and grid line (2.5.1 and 2.5.3). 

syntacticc structure: The syntactic structure of a composite graphic object is a set 
off  graphic relations in which its constituent graphic objects are involved. A 
graphicc relation may be either an object-to-space relation or an object-to-
objectobject relation. A syntactic structure may be either a basic syntactic struc-
tureture or a composite syntactic structure. The graphic objects that are in-
volvedd in a syntactic structure may play different syntactic roles (2.5). 

typee of correspondence: Type of correspondence is the type of relationship 
betweenn what is shown and what is meant. Type of correspondence may 
bee literal, metonymie, metaphoric, rebus-based, or arbitrary-conventional (3.1). 

volumee locator  (a syntactic role): A volume locator is a graphic object that is 
anchoredd to a specific volume in a meaningful space (2.5.3). 
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