
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

The language of graphics

von Engelhardt, J.

Publication date
2002

Link to publication

Citation for published version (APA):
von Engelhardt, J. (2002). The language of graphics. [Thesis, fully internal, Universiteit van
Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/the-language-of-graphics(c136c6f0-b987-4264-aeef-db053ea56a61).html


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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i , , 

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-fil ll  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-
tur ee 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. 
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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. 



40 0 22 Graphic syntax 

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-
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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. 



62 2 22 Graphic syntax 

^^ Ecceformulam,vfum,atQue 
ftruifturamm Tabularum Ptolomxi.cum quibufdam locis,iri 

quibuss ftudiofus Geognphu fe faris exerccre potcft. 

S E P T E N T R I O. . 
parss fupcrior. 

parss inferior. 
M E R I D I E S . . 

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.) 



80 0 22 Graphic syntax 

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. 
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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. 



90 0 22 Graphic syntax 

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.) 




