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Abstract 
The term articulation in cartography denotes the division of signs into their constituent parts. From the point of view of 
articulation, the signs are separated into three groups: signs without articulation (cannot be divided into simpler 
parts); signs with a single articulation (the components, of which they are composed, do not have their own meaning) 
and signs with a double articulation (they consist of two or more elements that have their own meaning). 

The meaning of double articulation signs is not described in the legend, but their constituent parts are characterized. 
On the map field, these components are combined in different ways. This gives the general meaning of double articula-
tion signs, which carries more information than the sum of the meanings of their components. 

The usage of double articulation allows a large number of characters to be constructed with few structural elements. 
This results in language economy and makes signs easier to understand: it is necessary for the map reader to memorize 
a small number of signs in order to understand the meaning of a large number of signs on the map. Therefore, double-
articulation signs are easier to recognize and more meaningfully assigned. They allow to encode more information in 
them without requiring the creation of many new signs in the legend. 

This article discusses the basic rules for constructing double articulation signs. Two types of components are defined: 
base units (showing the location of the object and its basic meaning) and additional units (explaining the type of the 
object or its quality features). The basic requirements for these elements and the ways of combining them in one sign 
are shown. Examples of successful and unsuccessful application in existing maps are given. 

Keywords: sign system, articulation of the signs, sign system with double articulation, meaning of signs, semiotic econ-
omy 

1. ARTICULATION  

1.1 What is articulation? 

The term articulation is used in different sciences, having different meanings: 

 In phonetics: the formation of clear and distinct sounds in speech. 

 In music: clarity in the production of successive notes. 

 In medicine: something that consists of two or more parts, where the parts are joined and able to move in relation 
to each other; 

 In anatomy: a joint (an area where two bones are attached for the purpose of motion of body parts);  

 In dentistry: the contact of the teeth in the upper jaw and the teeth in the lower jaw; 

In all of these cases, articulation denotes the ratio or interaction of two or more parts. 
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1.2 Articulation in semiotic 

In semiotics, articulation is called the division of signs into their signifying components. One of the fathers of modern 
semiotics, Ferdinand de Saussure, points out that signs can contain other signs. Then they become ‘complex signs’, such 
as the word ‘twenty-nine’, which contains the ‘simple signs’ twenty and nine. (Chandler, 2004) 

The purpose of articulation is to decompose a sign into basic (elementary) structural units so that each of them can be 
examined. In this way, more appropriate sign systems can be created to describe the depicted objects or to express the 
meaning of the signs. 

The general theory of articulation, as described by Daniel Chandler, allows these levels to be: low level (first articula-
tion) and high level (second articulation). Signs with low level articulation can be divided into smaller elements that do 
not have their own meaning, i.e. they are not signs. Chandler (2007) called them ‘non-signifying sign elements’. Signs 
with high-level articulation are composed of elements that have independent meaning, i.e. from other signs. Sich are all 
cartographic signs, as they are composed of one or more graphic signs, each of which is assigned a certain meaning in 
the legend. 

It should be born in mind that in semiotics articulation is the division of signs according to their meaning (mostly se-
mantic) and not physical components. Semiotics do not study the structural side of articulation because all words con-
sist of sequentially arranged sounds (when pronounced) or letters (when written). 

2. ARTICULATION OF THE SIGNS 

In classical semiotics, three levels of sign articulation are considered: 

 Signs without articulation; 

 Signs with single articulation; 

 Signs with double articulation. 

The term ‘double articulation’ was first used by the French linguist André Martinet (Martinet, 1961). 

2.1 Signs without articulation 

Signs without articulation are extremely simple and cannot be broken down into simpler units. For 
example, the red circle used in Fig. 1 is a simple geometric figure, which does not contain other 
structural elements. That is why it is a sign without articulation. Such characters are perceived quick-
ly, but do not allow additional information to be encoded in them. 

2.2 Signs with single articulation 

Signs with single articulation have more than one lower level component. But each of these elements 
does not have its own meaning. For example, the Morse code is composed of dots and dashes (Fig. 
2), which are combined in different ways to obtain characters for letters, numbers and punctuation. 
The only function of any point or dash is to distinguish one character from another. Outside the sign, 
they have no independent function. 

2.3 Signs with double articulation 

Signs with double articulation contain signs that have their own meaning. Fig. 3 shows an example of 
the use of signs with double articulation in traffic sign system: the shape of the sign indicates its func-
tion (triangular signs are warning and round signs are prohibitive); and the figure in the center carries 
the meaning of the warning / prohibition. Signs with double articulation consist of smaller semantic 
elements.  

  

 

Fig. 1 

 

Fig. 2 

 

Fig. 3 

Proceedings Vol. 1, 8th International Conference on Cartography and GIS, 2020, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

125



2.4 Language economy 

Sign systems with double articulation offer greater ‘language economy’ or ‘semiotic economy’. They allow to build a 
huge number of significant second-level elements by using a relatively small number of low-level elements. Semiotics 
view this property as inherent only in mankind. Animals do not use double articulation in their behavior and language 
of communication. According to Chandler (2007), Hockett views it as a ‘key constructive property’ of language, and 
Louis Hjelmslev views it as a ‘defining characteristics’ of the languages used by man (Hjelmslev, 1961). 

To explain semiotic economy, Hervey (1982) uses the terms ‘figurae’ and ‘signa’. The first term indicates the number 
of notations, and the second - the number of their semantic combinations. Hervey gives an example with the designa-
tions of the taps in the bathroom, which have three designations (‘figurae’): H, W and C. From them are obtained three 
meanings ‘signa’: H - hot water, W - warm water and C - cold water. In this example, the ratio ‘figurae’ / ‘signa’ is 
1:1, i.e. we do not have an economy of linguistic means. On the other, MacEachren gives another example: On a map, 
with different geometric shapes, seven different manufacturers are marked. The type of their production is shown in 
three different colors of the figures. In this case are used 10 designations - 7 shapes and 3 colors, from which 21 differ-
ent combinations can be obtained. Therefore, the ratio ‘figurae’ / ‘signa’ is 1: 2.1, i.e. we have twice as many mean-
ings as there are signs. This, according to MacEachren (1995, p. 240), means, „... that we have a system with huge se-
miotic economy.“  

We have a system with double articulation when one of the sign is basic and can be used independently, i.e. it indicates 
an object of a higher step in the classification scheme. In the example from Fig. 3 this is the shape of the road sign. 
Other signs that make up the sign with double articulation do not have the ability to be used on their own. In 
MacEachren’s example above, shapes can be used without being colored in different colors, but colors cannot be used if 
there are no shapes. They only make sense when combined with a base sign. 

3. GENERAL THEORY OF CARTOGRAPHIC ARTICULATION 

3.1 Level of articulation in Cartography 

Initially, in cartography, the term ‘articulation’ was used to denote an emphasis on certain aspects of what was depicted 
on the map (see Halford J. Mackinder). With the entry of semiotics into cartographic science, it began to be used to 
divide signs into semantic units. 

The signs studied by linguistics are always arranged in a linear sequence (the sentences lose their meaning if the places 
of the words in them are mixed up). In contrast, the cartographic signs can be combined in various ways in the field of 
the map: they create connections of proximity, neighbourship, intersection, etc. The environment of the signs also cre-
ates additional meaning. The same graphic symbol placed in a different place on the map indicates different objects. 
Signs have richer possibilities of expression using Bertin's six visual variables, so there are many more ways to articu-
late cartographic signs. 

According to Charles Peirce each sign on the map has two sides: sign vehicle and meaning.  Each of these sides can 
create three levels of articulation. 

The meaning of cartographical sings has three components: 

 Sense – what kind of object represent the sign; 

 Value – the ratio between the sign and other signs on the map (such as size, brightness, frequency of 
use), which adds worth to the objects being displayed. 

 Feature – characteristics of depicted object, shown on the map.  

Each of the three components of the meaning of the sign can be without articulation, with single or double articulation. 
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As sign vehicle, symbols have the following structure: 

  Graphic primitives: the smallest constructive elements of the 
signs, to which no specific meaning is assigned by the legend. They can 
have their own meaning thanks to their visual variables (according to 
Bertin: size, shape, color, value, orientation, texture). For instance, on an 
ornithological map the color of the sign can show the type of bird habitat 
(swamp, field, forest, mountain), the form of the primitive - the way of 
nesting, and the texture - the eating habits of birds. 

 Graphic signs, which consist of one or more graphic primitives. 
They denote general mental concepts, such as city, road, and factory, 
due to what is stated in the legend or due to their traditional usage. Fig. 
4 shows how four graphic primitives form a graphic sign, which receives 
from the legend the ability to mark bushes on the map. 

Signs: without          
articulation 

with single articulation 
with double articulation low level high level 

Cartographic 
sign 

    

Graphic sign 

Graphic        
primitive 

Fig. 5 Articulation in depth of cartographic sign 

 Cartographic signs, which consist of one or more graphic signs. Through them in the field of the 
map are depicted specific objects of reality. By placing the cartographic signs on the map, they inherit the 
qualities of the map field (scale, projection, coordinate system, etc.) and get two new specific characteris-
tics: location (which allows them to represent specific objects) and surroundings (ambient signs). Due to 
these new features they acquire a new set of meanings that are missing in their constituent graphic signs. 

 Super-signs, which are obtained by mentally combining cartographic signs in the process of working 
with the map. Due to this combination of signs on the map, data that is not directly set by the cartographer 
can be extracted. The highest level of organization of the signs will not be considered as a source of articu-
lation of the signs because it is created in the reader's mind. In addition, super-signs may contain a huge 

number of combinations of signs. 

The ways of combining the graphic primitives into graphic signs and 
the graphic signs into cartographic signs are shown in Fig. 5 

The three types of sign meanings (sense, value and feature) can be 
obtained at any of the four levels of the sign structure. Graphical 
primitives, thanks to their visual variables, can indicate belonging to a 
certain type of objects (rivers are formed in blue) and value (larger 
primitives have a greater value than smaller ones) and show proper-
ties of objects (by orientation or by pattern). The legend can describe 
all three types of meanings, so graphic signs can give cartographical 
signs sense, value and feature. This feature allows them to make 
much more and more complex semantic combinations than those 
used in linguistics.  

Entity Meaning 

 
Graphic 

primitive 

No meaning in 
legend 

 Graphic sign In legend: Brush 

 
Cartographic 

sign 
On the map: 
Single brush 

 
Super sign 5 m north of the 

path 

Fig. 4 Graphic entity and its meaning 
 

 

Fig. 6 
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Therefore, the structure of cartographic articulation is significantly more complex. Instead of the three levels of articula-
tion as it is in linguistics, in cartography can be obtained 27 levels of articulation (see Fig. 6). 

3.2 Construction of signs with double articulation 

Signs with double articulation have two types of meaningful elements: 

 a principal sign that has two main functions: to 
show the basic meaning of the sign and to indicate the 
location (insertion point) of the symbol. 

 one or more extra signs that allow a more precise 
classification of the objects or show specific charac-
teristics of their objects. 

In addition, double-articulated signs may have one or 
more not signifying sign elements that give aesthetic 
value or graphic weight to them. They do not change 
the meaning, but make the symbols easier to notice or 
more attractive to the reader. 

The principal sign shows the general meaning of the 
whole signs group. On Fig. 7 the principal sign shows 
general meaning (warehouse). The extra signs give a 
complementary classification of the objects depicted 
through them. In this way, even if the map reader 
does not understand the meaning of each of them, he 
will be able to understand the general meaning of the 
sign, in this case: warehouse. 

The components of the sign with double articulation 
must be constructed in such a way that there is no 
doubt as to which the principal is and which the extra 
signs are. This is usually achieved by making the 
principal sign considerably larger. When the meaning 
of the extra signs is very important, they are shown 
with brighter colors to make them easier to notice, as 
done on Fig. 9. 

In order to be able to perform their functions, the 
principal signs must meet the following conditions: 

 
to have a well-defined insertion point, because they 
determine the location of the depicted object; 

 to depict an object of a higher level of classifica-
tion, compared to the sign with double articulation, in order to be able to understand base meaning of the 
sign with double articulation, without understanding the meaning of the extra signs; 

 to allow seamless addition of extra signs (without losing some of their content).  

The greatest economy of the language is obtained when the extra signs can be combined with several principal signs. 
Fig. 8 shows how an extra sign gives meaning to different principal signs by adding them to the warehouse and factory 
signs. Thus, the reader has to memorize fewer notations and the probability of errors in assigning the meaning decreas-
es.  

 

warehouse  

warehouse for explosives 

warehouse for hazardous 
chemicals 

warehouse for petroleum 
products 

warehouse for other 
hazardous materials 

principal       extra    double articulation  

  sign              sign               sign 

Fig. 7  Creating a double articulation sign 

From (Marinova, 2017) 

 

warehouse for hazardous 
materials  

factory for hazardous 
materials  

principal       extra    double articulation  

   sign            sign                sign 

Fig. 8 An extra sign add meaning to two principal signs 
(Marinova, 2018b) 
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3.3 Sign systems with three-level 
articulation 

 The sign with double articulation can 
consist more than one extra sign.  By add-
ing more extra sign to the principal sign, 
an additional meaning can be given to a 
sign with double articulation. This allows 
to show more characteristics of the objects 
depicted on the map or to create an addi-
tional classification. Fig. 9 shows an ex-
cerpt from a sign system in which extra 
signs on the one hand clarify the type of 
materials produced or stored and also its 
state in case of disaster. 

3.4 Sign systems with multi-level 
articulation 

A cartographic example of multilayer articulation is shown in Fig. 10. The signs are from the manual for creating spe-
cial military maps of the US Army1. The total number of signs is over 1000. They cannot be remembered even by the 
most intelligent reader. With the introduction of several levels of articulation, it is now necessary to memorize four 
principal signs (Friend, Hostile, Neutral, and Unknown) plus a number of complementary symbols. Since four addition-
al levels of articulation have been introduced, the number of different characters is reduced to 50-60, which can be 
memorized relatively easily. For example, the sign  of the bottom row in all combinations means a place for repair 
and can be added to any sign, indicating some kind of technique. The three-circle sign , introduced on the penul-
timate line, indicates wheeled transport for all types of equipment in all signs. 

   Friend        Hostile        Neutral      Unknown 

Principal signs: 

Level of extra signs: 

1. Armoured forces 

2. Armoured amphibious 

3. Armoured wheeled amphibious 

4. Maintenance of armoured wheeled 
amphibious  

Fig. 10 Example for Sign systems with multi-level articulation  
The multi-layered articulation results in a very large economy of language. However, the signs are read very slowly 
because they look like Chinese hieroglyphs. On the one hand, they become very large in size (so that several extra signs 
can be placed), and on the other hand, the assignment of the meaning of the signs is slow and requires some effort from 
the map reader. Therefore, multi-layered articulation is only recommended when creating specialist map when the signs 
are required to convey a large amount of information. 

                                                           

1 Document COMMON WARFIGHTING SYMBOLOGY (US_Army, 2008) descripts all signs and contains 1090 
pages. 

 

affected explosives 
warehouse  

destroyed chemical  
warehouse 

unaffected factory for 
hazardous materials 

principal       extra           extra    double articulation  

   sign            sign            sign                sign 

Fig. 9  Two extra signs in a sign with double articulation 

(Marinova, 2018a) 
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4. HOW TO CREATE SIGN SYSTEMS WITH DOUBLE ARTICULATION 

4.1 Principal signs 

Principal signs can be of two types:  

1. Large signs in which to place extra signs, such as those shown in Fig. 9 and Fig. 10;  

2 Small signs around which to place extra signs; 

 4.1.1 Large signs  

Such signs do not show the exact location of the depicted 
object, but they quickly attract attention, due to their size. 
Other advantages are: 

a) The possibility of placing several extra signs in the area 
of the sign (see Fig. 10 and Fig. 14), which describe the 
object which is mapped better; 

b) By using a combination of different visual variables of 
the principal sign’s outline and background, a large number 
of object characteristics can be represented on the map. Fig. 
11 shows the possibility to present using all six visual varia-
bles using different outlines and five visual variables using 
different backgrounds, which gives a huge number of com-
binations (not all of them are practically possible). 

4.1.2 Small signs 

The size of these signs does not allow extra signs to be placed in them, but allows the 
location of the depicted objects to be indicated exactly. Extra signs must be located around 
the principal sign. Their size must be larger to attract the attention of the map reader. Fig. 
12 shows how public buildings are depicted on US Topo Maps. Principal sign allows to 
accurately display the shape and location of buildings, and the extra sign shows the type of 
building. The distance between the signs must be chosen so that they can be easily 
grouped visually and there is no doubt to which sign they belong. When using several 
extra signs, the fulfillment of this requirement is difficult to achieve. 

4.2 Extra signs 

Extra signs have various functions on the map: to give specific meaning to the signs, to present qualitative or quantita-
tive characteristics of the depicted object or to indicate its name. As extra signs can be used: 

1. Graphic primitives 

2. Graphic sign  

3. Inscription 

  

 

Shape 

Orientation 

Size 

Pattern 

Colour 

Value 

          Outline                     Background 

Fig. 11  

 

Post Office 
Police Station 
Fire Station 

State Emergency 
Services 

School 
Fig. 12  
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4.2.1 Graphic primitives  

Graphic primitives have no meaning on their own outside the sign with double articulation. They only serve to distin-
guish the signs. Fig. 13 shows an example of the usage of graphic primitives in the sign system of the medium-scale 
topographic maps in Bulgaria when depicting railways. Principal sign shows the general direction of railways with a 
line which is 0.8 mm thick. The extra signs indicate the number of lanes (one-way, two-way or three-way). To show the 
electrified railways, a second extra sign is provided, which is placed across the first. Dashes are used, as extra sign, 
which only makes sense when placed along the principal sign. 
4.2.2 Graphic signs 

As extra signs can be used symbols that are given a certain meaning in the legend or have their own meaning due to 
their traditional use. Then the meaning of the sign with double articulation is perceived faster and more securely. 

Fig. 14 shows an example of the Bulgarian topographic sign system for depicting shrubs. The principal sign shows the 
boundaries of the area occupied by vegetation. The legend gives the graphic sign the meaning to depict bushes, and to 
represent deciduous vegetation. The height of the bushes (2 m) is shown by an inscription. 

4.2.3 Inscriptions 

The use of inscriptions as extra signs has several advantages: they are perceived unconditionally; they allow a large 
number of characters to be formed without having to remember the meaning of each of them; they give the opportunity 

to write the name of the object and many of its characteristics. The inscriptions take 
up considerable amount of space on the map, but when placed around small principal 
signs they can be put in any free space around the sign. The meaning of the inscrip-
tions is appropriately assigned: it is very seldom wrong (usually when abbreviations 
are used). 

Inscriptions can be added in two ways: by placing them next to the sign (Fig.15a) 
and by combining them within the sign (Fig.15b). 

Inscriptions allow giving an exact quantitative characteristic to the object, as it is 
done in Fig. 14 (bushes are 2 m high). Combining several quantitative characteristics can lead to confusion and misun-

derstanding of the meaning of each of the inscriptions. In Fig.16 it is shown the description that the 
bridges of the small-scale topographic maps in Bulgaria have. The map user should know that the loca-
tion of the caption in the group indicates what feature it explains. In Fig.16 "44" shows the length of the 
bridge in meters, "6" - its width, and "50" - the load capacity in tons. The inscription "ЖБ" explains the 

 

railway 

one-way railway 

two-way railway , 

three-way railway 

principal                   extra         double articulation               extra             double articulation 

      sign                      sign                       sign                          sign                          sign 

Fig. 13 Creating a linear sign with double articulation through additional signs  

 

 

vegetation border          low-stemmed vegetation      shrubs      deciduous shrubs         height 2m     

   principal sign                                                          e  x  t  r  a      s  i  g  n  s                               double articulation 
sign 

Fig. 14 Creating an area sign with double articulation by several extra signs 

 

a                           b 

Fig.15 

 

Fig.16 
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type of construction - reinforced concrete. All these inscriptions well characterize the bridges, but can be understood 
only after prior training.  

A new meaning of the sign can be added through the inscriptions. Fig. 17 shows signs in which the meaning of the sign 
is explained by inscriptions. Such signs are less likely to be mistaken and easier to be remembered, but they are not 
associative (for example, if you do not know the meaning of abbreviations you cannot understand the meaning of the 
sign). But once the meaning is understood, it is seldom misunderstood.  

 Unknown  Friend    Neutral  Hostile    

Military intelligence interrogation 

Joint intelligence center 

Shore patrol 

Military police 

 
 

Fig. 17 (US_Army, 2008) 

5. CONCLUSION  

The creation of sign systems with double articulation gives great advantages when making maps: it allows to make a 
more detailed classification scheme; to show additional characteristics of the objects; to focus on their essential aspects. 
In general, double-articulated characters allow more information to be presented on the map. 

Limiting factors must also be taken into account: slower reading and perception of the characters, larger size of the 
signs, which lead to a greater risk of overlapping and intersecting characters. 
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