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Although cartography is one of the oldest image sciences, it was considered in the cartographic literature not as an 
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1 Preliminary remarks  
 
Cartography is a spatial science par excellence. It is one of the oldest spatial sciences. The formation of theoretical 
reflections on spatial problems already began in antiquity. Claudius Ptolemy created the foundations of map network 
design theory in the 2nd century AD. To call cartography a spatial science is a matter of course. The situation is quite 
different with the designation of cartography as a visual science, although the tackling of spatial science problems has 
been connected with visual science aspects from the very beginning. While the general image science that is emerging in 
the present day regards cartography as one of the oldest image sciences, such a view is not yet present in the cartographic 
literature.  

The implicit denial of the pictorial character of cartography has historical roots. In antiquity, the same term ("pinax") 
was used for the image and for the map. In the Renaissance, the term "pictura" was also used for the map. At the end of 
the 16th century, the concept of the map began to be separated from the concept of the picture. This is evidenced by the 
remarks of Phillip Apian, who was commissioned by the Bavarian duke to combine landscape and map in a painting of a 
barrel vault: "Thus a mappa or land table should not be made according to the perspectif, but should be laid in the 
ground.... The perspective always requires a sky; but a map laid in the ground requires only ground and earth". (quoted 
from Regelmann, 1902.) The map is thus a picture without sky and without central perspective.  

Even at the beginning of the 17th century, the map was still regarded as a picture, for example by Philipp Clüver in 
1624 in his standard geographical work "Introducio in universam geographiarm…". As a result of the increasing 
scientification of cartography in the following centuries, the concept of a map became completely detached from the 
concept of a picture. This was intended to set the map, which was based on scientific principles, apart from the pictures, 
which had no or a lesser degree of abstraction and generalisation. This secession gave rise to the conceptual triad "image 
- map - text", which is still often used today (e.g. Glauser, Kiening, 2007). The strict separation of map and image 
allowed such technical terms to emerge as "picture map" and "map image". A few decades ago, the map-image 
relationship was already reflected in the US literature, but only in a laconic form. Arthur Robinson and Barbara B. 
Petchenik in 1976 considered the mysterious character of the map to be a special form of representational symbolism 
between image and language (Robinson, Petchenik, 1976, 1). However, the development of the similarities and 
differences between the map and the other types of images seemed irrelevant to theoretical cartography and consequently 
was not addressed comprehensively. The neglect of the map's pictorial properties led to map semiotics adopting primarily 
a language-oriented orientation for a long time.  

Another area of modern cartography was the development of cartographic communication theory with a strong 
emphasis on information theory, in which the map as a medium of information transmission took centre stage. As a 
result, terms such as "ground plan image" and "representation", which at least implied a connection between the map and 
the image, disappeared from the definitions of the map. They were replaced with terms such as "carrier of information", 
"representation of geospatial data" and "carrier of geodesics". The above-mentioned developmental tendencies explain, at 
least in part, cartography's regrettable ignorance of the processes of scientific change that have taken place since the 
beginning of the 1990s, which are referred to as the "imagic turn", the "pictorial turn" and the "iconic turn".  
 
 
 
 
 
 
 
 
 



 
4 
 

In recent times, cartography has received special attention in the cultural and social sciences due to the attention paid to 
the problem of space, which is referred to as the "spatial turn", the "topographical turn", the "topological turn" and also 
the "geographical turn”. These "turns" revealed another desideratum of theoretical cartography that despite some 
approaches to the cartographic concept of space, there is no systematic cartographic theory of space. An essential 
prerequisite for cartography to assume its due role in the canon of image studies is the specifically cartographic reflection 
of image studies theories. Image and space are inextricably linked in the map; therefore the image-theoretical 
explanations can only be made in a close context with the spatial-theoretical consideration.  
 
2 The map in the context of the image-sign relationship  
 
Semiotics assumes that the representation of something else or the reference to something else is an invariant 
characteristic of signs. This very general concept of sign was already coined by the founders of semiotics, such as 
Charles Sanders Peirce (1839-1924) in particular. In contemporary Semitic literature, the semiotic properties of the map 
are explicitly reflected. According to Dagmar Schmaucks, maps are "semiotically very complex: they combine graphic 
and textual elements with one another, and on the level of individual signs one finds all the sign types distinguished by 
Peirce ... distinguished by Peirce. Strongly iconic (= depictive) is the representation of the outline of the territory, but 
also the representation of trees by pictograms and that of waters by blue areas. Indexical (= indicative) are, for example, 
wind arrows on weather maps, and finally symbolic (= conventional) are all names and numbers outside and inside the 
map" (Schmaucks, 1998, 10).  

Winfried Nöth also distinguishes between index, icon and symbol in the typology of the cartographic sign. The 
juxtaposition of image and map is still present in semiotic literature: "In contrast to images, maps ... are more similar to 
language in that they use an elaborate system of arbitrary symbols ...more similar to language in that they use an 
elaborate system of arbitrary symbols ..." (Nöth, 1998, 481). The map according to Jacques Bertin is a monosemiotic 
system whose elements are clearly defined, in contrast to polysemiotic pictures (Bertin, 1967, 10). In general image 
science, the complete extension of the concept of sign to the concept of image is widely accepted. Klaus Sachs-Hombach, 
who gave important impulses to the formation of general image science, regards maps as images. He distinguishes 
between three basic types of images: representational images, structural images and reflexive images. The 
representational images presuppose a perceptual, perceptual similarity, whereas the structural images presuppose only a 
structural similarity. Diagrams are assigned to the structural pictures. "Maps can be regarded as a predecessor of 
diagrams, in which a smooth transition from representational images to structural images can be observed". (Sachs-
Hombach, 2003, 201)  

For a long time, the invariant characteristics of the image were determined on the basis of an ontological concept of 
the image, which assumed a causal relationship between the depicted and the image, and consequently also a similarity 
between the depicted and the image. Modern art plunged the principle of similarity into a crisis. The theoretical critique 
of the principle of resemblance came from the semioticians. Nelson Goodman eliminated resemblance from the definition 
of the essence of the image (Goodman, 1968). Umberto Eco considered it a naïve notion that resemblance was an 
essential property of the image (Eco, 1975). Since image semiotics considered similarity neither a sufficient nor a 
necessary condition for pictorial representation, Goodman attempted to distinguish between the image and the linguistic 
symbol system through their syntactic features. According to this, the image is non-disjunctive, syntactically impervious 
and infinitely differentiated (Goodman, 1968; 1995, 130 ff.). The syntactic structure of the image is dense because its 
sign bodies have no disjunction. In a photograph, there are continuous transitions between individual halftones or 
between individual colours. There is always a third tone between a dark spot and a less dark spot. The linguistic symbol 
system, on the other hand, is disjunctive, syntactically dense and finitely differentiated. The linguistic symbol systems 
continue to have a regular structure. Words consist of letters and sentences of words. Number systems also have a regular 
structure. The basic syntactic structure of images, on the other hand, is not only leaky, but non-linear and non-regular 
(Goodman, Elgin, 1993, 22, 162-173). In our opinion, the peculiarities listed by Goodman refer only to certain types of 
images. The map as a disjunctive sign system is the key witness to the fact that the syntactic features given by Goodman 
are not invariant features of the image. Aerial photographs and satellite images, by depicting a section of the earth's 
surface, represent spatial structures with a global reference in a spatially similar way, but unlike the map they are not 
disjunctive. Disjointness in the case of the map is achieved through the application of map signatures. This explicative 
disjointness leads to the segmentation of the space of the represented object. The map can also have elements that are not 
disjunctive, such as shading or areal map signatures that represent transitions. Inserting photos as signatures also gives 
the map non-disjunctive elements.  
Those image theorists who start from a phenomenological conception of the image and hold the view that images can 
function as signs but that an image need not necessarily be a sign, such as Lambert Wiesing, are in the minority (Wiesing, 
1998). However, one should take Wiesing's warning seriously that the inflationary understanding of signs leads to the 
danger of becoming meaningless (Wiesing, 2007, 157).  
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There is also resistance on the part of art history to subordinate images completely to signs (Belting, 2005). Sachs-
Hombach tried in vain to mediate between the two camps by suggesting that images should be regarded as "signs close to 
perception" (Sachs-Hombach, 2003, 74).  

The following brief theoretical remarks on the image-sign relationship also aim to mediate between the two 
contrasting views. From the perspective of cartography, an important question is the relationship between the concepts of 
image and sign. Image semiotics and also general image science dominate the structural characteristics of images and of 
signs. However, for a differentiated consideration of the image-sign relationship, more due attention should be paid to its 
functionality. This requires the inclusion of aspects of perception psychology and action theory. Several publications deal 
with image functions and image action (cf. e.g. Klaus Sachs-Hombach, 2001), but so far no general theory on image 
function and image action has been developed by general image science. Since this problem goes far beyond cartographic 
questions, our point of view can only be sketched out here.  

The starting thesis in this regard can be formulated as follows: Not all images function as signs, but all images can 
function as signs. Whether an image functions as a sign and how it functions as a sign depends not only on the intentions 
of the image creators but also on the action situation of the image recipients. In images viewed in immersive mode, the 
sign character of the image is eliminated. Immersiveness also means self-referentiality. An immersive image is not a sign 
because it does not represent something else and does not point to something else. Such a case is present in the mirror 
image and in virtual reality images. When viewing images that reproduce a realistic rendition of the objects merely by 
means of transformation and abstraction, but without class formation and generalisation (as in the case of film, 
photographs and paintings, for example), the recipients of the image in many cases consciously or unconsciously strive 
for an immersive mode of viewing and the sign-like quality is pushed back. Everything in the image that enables an 
immersive or partially immersive mode of viewing is referred to here as iconic. Accordingly, an image in which 
immersive self-reference predominates should be called iconic. Even a wholly iconic image, i.e. an icon can function as a 
sign if the self-referentiality is supplemented with a reference to something else or if the self-referentiality is removed. 
These differences can be explained with a simple example. An apple in a still life is iconic; in a depiction of Adam and 
Eve, the apple refers to the Fall, so it is iconic and sign-like. In a map, the image of an apple could symbolise orchards. In 
this case, the self-referentiality is completely removed and the image is exclusively emblematic. Such an image is an icon 
only from the origin, otherwise it is arbitrary. In the paintings of non-objective painting, the non-iconic self-referentiality 
is only removed or partially removed when one wants to recognise the intentions of the painter. In this case, the non-
representational painting also functions as a sign.  

Various forms of iconicity and symbolicity occur in the images. They are only briefly explained here in a cartographic 
context. Cartographic iconicity can be distinguished between spatial-structural and physiognomic iconicity. Spatial-
structural iconicity is an invariant property of all maps. Physiognomic iconicity, on the other hand, which results from 
the similarity to the external appearance of the reference objects, occurs only occasionally in the maps. Such iconicity is 
found, for example, in the realistic representation of water surfaces or forest areas. Cartographic symbolicity can be 
distinguished between iconic and non-iconic symbolicity. From a semiotic point of view, iconic symbolicity, where an 
icon represents another object, is somewhat strange, as it is both iconic and arbitrary. In this form of iconicity, an object 
class is formed that is represented by an icon. The icon functions here as a symbol. Non-iconic symbolic pictoriality 
includes arbitrary geometric map signatures and map diagrams. From these remarks, it is evident that there is an 
overlapping relation between image and sign in functional terms. This conception of the image-sign relationship has 
methodological advantages, as it enables a more differentiated analysis of the sign character of the images.  
 
3 Image types  
Icons that do not function as symbols could be called icon images. They are not associated with generalisation, but only 
with transformation and with low levels of idealisation and typification. The individual rendering of the pictorial objects 
is predominant. From a semiotic point of view, an icon image can only be conceived as a single sign. Therefore, only a 
diffuse relation can exist between the individual parts of the sign. Consequently, their semiotic analysis, even when they 
function as signs, is not very productive. Photographs and paintings, among others, belong to this type. Aerial 
photographs and satellite images can also be classified here. When they are transformed into a map, the implicit 
denotation is transformed into an explicit denotation and the diffuse syntax is transformed into a disjunctive syntax. In 
distinguishing further types of images, the question arises as to how those images that are not icon images and are not 
non-representational images should be designated by a general term. It is suggested that they be called structural model 
images. Their further subdivision can be made according to whether they consist of sign systems or not. According to 
their basic structure the map belongs to the sign system structure model images.  
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The semantics of the individual map signs are based on class formation and therefore they are associated with 
generalisation. They also have a disjunctive syntax. Structural model images that do not consist of sign systems, on the 
other hand, are not associated with generalisation, but with high levels of abstraction and typification. Iconocity is 
therefore limited compared to icon images. A prototype of this image class is, for example, the stick figure image. The 
syntax is less diffuse, but also only approximately disjunctive. This image type includes certain map-related 
representations, such as the panoramas, block images and profiles. Within the sign system structure model images, two 
types of images can be distinguished as to whether they primarily have an iconic or a visualised spatial structure. The 
map belongs to the first type, the diagram to the second. The map is a very complex image. According to its basic 
structure, it belongs to the sign system-structure model images, but it can also be combined with all image types. The 
sign system structure model images differ from sign systems that are not images (e.g. writing) in that their spatial 
structure influences the semantics (Pápay, 2005, 16). Non-image sign systems, such as writing, have spatial properties, 
but their spatial attributes are irrelevant in terms of their syntax and semantics. Pictorial sign systems differ from non-
pictorial sign systems in that the former have spatially relevant syntax. When non-pictorial sign systems are inserted into 
images, they can acquire spatially relevant syntax that has an impact on semantics. For example, some of the fonts 
inserted into the map function as map signs and therefore their spatial reference can acquire semantic meaning. Such a 
case exists, for example, when the extent of a mountain range is merely indicated by the spatial location of the mountain 
name.  
 
4 The map in the context of the image-space relationship  
 
The first step towards the creation of a cartographic theory of space could be the determination of the basic properties of 
cartographic space, which is attempted below. A methodological novelty here is that the determination of the invariant 
properties of cartographic spaces is carried out from the perspective of image and spatial science. Such an integrative 
perspective is complicated by the fact that a theoretically comprehensive analysis of image spaces is a desideratum of 
general image science. The individual image sciences only reflect on individual aspects of the image space as a spatial 
representation, such as the problem of central perspective. Moreover, these aspects are discussed on different, 
incompatible levels (Günzel, 2009). For centuries, cartographic literature has paid particular attention to the following 
aspects: depiction of the three-dimensional surface of the earth in a two-dimensional map and depiction of the three-
dimensional relief in a two-dimensional map. In recent decades, the cartographic problem of space has also been 
discussed from the perspective of spatial theory, e.g. by Aleksandr F. Aslanikasvili, William Bunge, Ulrich Freitag, 
Jürgen Bollmann, James M. Blaut, Wolf Günther Koch, Konrad Großer, John Pickles, and Reinhard Mang (on the 
discussion of spatial theory in cartography, see Pápay, 2009).  

Spatiality is an essential characteristic of all images. In our opinion, pictorial spaces belong to a type of space that has 
not yet been explicitly identified. For a long time, the concept of space was shaped by physics. Recently, there has been a 
pluralisation of spaces, especially in the cultural and social sciences (cf. Schlögel, 2007, 67). Within this framework, 
more concrete conceptions of space emerged. Most image sciences, including cartography, require a further, more 
concrete and thus also a more anthropological conception of space that reflects the spatial relations between the visually 
heterogeneous appearance elements of bodies. This type of space, which results from the simultaneous visual disparity of 
real objects, could be called "concrete visual space". This conception of space is undoubtedly a long overdue profanation 
of the conception of space, which is a consistent continuation of the "practical desacralisation of space" called for by 
Foucault [Foucault] 991, 67. The pictorial spaces themselves belong to this type of space, for they too are produced 
through visual disparity. According to this, the map is not merely a representation of space, but is space itself. The 
following aspects can be distinguished in the map space:  

1. extension of the individual sign bodies; 
2. positional relationships of the individual sign bodies to each; 
3 position of the individual drawing bodies in the map space. 

The third spatial aspect does not concern the relative position of the individual sign bodies, but their absolute position in 
the respective image space or map space. The reference system is generated by the image surface, by the extent of the 
entire concrete image space. Thus the image surface functions as a container, in Einstein's terms: as a "container". It 
determines, among other things, what is above, below, right, left or in the middle. Even though this spatial aspect is 
usually described as banal, it is of great importance for the image spaces because it serves to determine the position of the 
image elements. In the maps, the grid of degrees forms an additional reference system.  

In current philosophical spatial theory, particular attention is paid to the spatial models proposed by Gilles Deleuze 
and Felix Guattari (Quadflieg , 2009). These are two spatial models, "smooth space" and "notched space" (Deleuze, 
Guattari, 1997). The description of these spatial models is so broad that it allows for very different interpretations. Its use 
in image theory is also limited by the fact that it exclusively uses object spaces concern. 
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Nevertheless, the terms "smooth space" and "notched space" could be introduced into image-scientific theory and thus 
into cartographic spatial theory, but in complete deviation from the original definition of the term. The term "smooth 
space", modified for the image-scientific interpretation, could denote a homogeneous image space and the "notched 
space" an inhomogeneous image space. A smooth, homogeneous space is the container space, the image space or the map 
space. Notching occurs through pictorial disparity, it is predominantly visual but can also be tactile, as in maps for the 
blind. In the relief models, the notching is three-dimensional. In the standard maps (two-dimensional and static maps), 
notching is limited to the visually perceptible extent of the individual character bodies. There are also considerable 
differences between the various image types with regard to the extent and intensity of notching. The image spaces of icon 
images are often fully notched. Structural model images, and maps among them, on the other hand, are usually notched to 
a lesser extent and thus contain more smooth space. A map with extensive notching would also look very cluttered. The 
solid coloured areas in a map belong to the smooth space. Only the outlines belong to the notched space. The image 
spaces are associated with different levels of homogeneity and inhomogeneity. The notched space is inhomogeneous, but 
in metric terms it can be homogeneous and inhomogeneous. For example, a geometric drawing is metrically 
homogeneous. A central perspective image, on the other hand, is inhomogeneous (Pápay, 1998). The image space of the 
globe is primarily inhomogeneous (notched) but secondarily, i.e. metrically, homogeneous. Large-scale maps are 
metrically homogeneous, small-scale maps, on the other hand, are metrically selectively inhomogeneous, they are true to 
area, true to distance or true to angle. It leads to misinterpretation of the map if the metrically inhomogeneous structure of 
the map is interpreted as metrically homogeneous. While a homogeneous metric spatial structure in the cartographic 
space can only be achieved under certain conditions, the object space structure can always be correctly reproduced in it in 
topological terms. The characteristics of the image spaces have already been partly made in relation to the object spaces. 
However, the object space reference can also be considered under further aspects. The object space can be a concrete or 
an abstract space (for example, cognitive spaces, social spaces), and combinations are also possible. If the object space is 
a concrete visual space, then its representation in an image space is a representation, since object space and image space 
are of the same essence. Representations of space include, for example, aerial and satellite images. In cases where the 
object spaces are concrete non-visual spaces or abstract spaces, they are transformed into image spaces through 
visualisation. In spatial representation, a distinction should therefore be made between spatial representation and spatial 
visualisation (see Fig. 1).  

 
Fig. 1: Cartographic spaces in the system of space types. 

 
Furthermore, a differentiation of the image space elements can be made according to whether they have an object space 
reference or no object space reference: For example, in a map in which a forest area is marked with schematic tree 
signatures, the spatial relations between the tree signatures are an image space structure without an object space 
reference. The outlines of the forest area and its extent, on the other hand, have a reference to the structure of the object 
space. Image space components that spatially visualise non-spatial attributes (quantitative or qualitative properties) also 
do not have an object space reference, such as in maps where the size of place signatures is varied based on population 



numbers. Temporal changes can also be spatialised, i.e. spatially visualised, as is the case with certain map diagrams. In 
connection with the primary inhomogeneity of cartographic notched space, another aspect of cartographic space can be 
identified, differentiation. As already indicated, Nelson Goodman used the concept of differentiation to define the 
essence of the image. However, invariant characteristics for the images cannot be determined with this term. However, 
one can use this concept to characterise image spaces and develop it further. With the disjunctive sign systems that 
predominantly make up the map, one can distinguish between internal and external differentiation. The external 
differentiation is the totality of the spatial relations between the individual map symbols, which can be punctiform, linear 
and areal. As external differentiation can achieve enormous diversity, it makes the maps an effective store of information. 
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Even in a map that consists of a few dot-like characters, the external differentiation is high. The formula for calculating 
the external differentiation of dot-like map signatures is the following: Sum of spatial relations equals the square of the 
number of dot-like spatial elements minus the number of dot-like spatial elements:  

ΣRr = Re

2
 -Re 

 
While external differentiation is an essential attribute of the presentation space, internal differentiation can be used to 

characterise the visualisation space. Its greater attention could even have an impact on cartographic terminology, e.g. it 
could contribute to a more consistent distinction between cartogram and cartodiagram. Figure 2 shows an attempt to 
create a more logical terminology. Here cartograms are distinguished from cartodiagrams on the basis of greater internal 
differentiation. Such a terminological distinction would also be practicable with regard to GIS software, because only one 
column of data is needed to create cartograms, in contrast to cartodiagrams. This division further refers to a shortcoming 
of GIS software, that they cannot be used to create tape diagrams and area diagrams. 
 

 
Fig. 2: Types of cartograms and cartodiagrams (suggested terminology) 

 
There are two room types in the map (Fig. 1). The primary space type is a presentation space, the secondary space 

type is a visualisation space. The visual disparity of the second (secondary) space type has no relation to the spatial 
structure of the object space, because it results from the visualisation of qualitative, quantitative attributes or their 
temporal change. The two types of space are nested within each other. The combination of presentation space and 
visualisation space can be analytical or synthetic. An analytical combination is created by using non-scale map 
signatures and by including diagrams in the map. The relationship between presentation space and visualisation space 
also has a practical reference. With thematic cartography and geographic information systems, there is a danger that the 
visualisation space becomes too large. This pushes the presentation space back. Such a case arises, for example, when 
figure diagrams are so large that the notch-free, smooth space literally disappears. In a professionally designed map, the 
balanced relation between presentation space and visualisation space is maintained, for example, in such a way that in the 
visualisation of quantitative data, no linear, but e.g. a logarithmic size gradation of the figure diagrams is carried out. This 
possibility is often not used by cartographically insufficiently educated users of GIS software, especially since some 



software does not even allow such a procedure or only makes it possible by a corresponding "manipulation" of the 
database. A special kind of analytical combination arises from the use of figure diagrams, whose spatial reference is not 
point-like but area-like, because their relation to each other is not iconic and therefore they have a visualised spatial 
structure. The synthetic combinations of the two types of space also have different types. In maps, a synthetic 
combination occurs when the visualisation space matches the presentation space in terms of area, as in the case of relief 
representation using elevation layers, for example. There are cartographic forms of presentation in which the presentation 
space is limited to the topological relations. In map anamorphs, the metric spatial properties are abstracted from. The 
spatial representation limited to the topological properties is further combined with spatial visualisation. Therefore, map 
anamorphs represent a transition between map and diagram. In this regard, it should be noted that to call only map 
anamorphs non-Euclidean, as is often done in cartographic literature, is not permissible, since, for example, the 
cartographic space of the globe is also non-Euclidean. In the cartoids, spatial visualisation is combined with the 
generalisation of topological properties. This cartographic form of representation is thus in the transitional area to abstract 
models that reproduce the spatial structure in natural or formalised language. They form a transition to representations in 
which abstract spaces (such as social spaces, communication spaces, and cognitive spaces) are visualised by concrete 
image spaces. 
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5 Concluding remarks  
 
The above statements are general theoretical explanations whose practical relevance could only be hinted at very briefly. 
It is conceivable that these explanations could provide impulses for more concrete interpretations. For example, a 
conceptually new approach to the history of cartography is quite conceivable in which image-theoretical aspects in 
connection with the unfolding of cartographic spaces are in the foreground. Cartography is one of the oldest image 
sciences and one of the oldest spatial sciences. Not only the historical tradition, but also the specificity of cartographic 
forms of representation obliges cartography not only to reflect on concepts of image and space theory, but also to actively 
contribute to their development. This contribution represents an attempt to do so.  
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