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1. Introduction

The	goal	of	theoretical	semiotics	has	always	been	to	figure	out	how	semiosis	unfolds	to	
produce structures that bear meaning. As is well known, the frameworks for describing 
these structures by Saussure (1916) and Peirce (1938-1958) allowed semiotics to develop 
into a veritable autonomous discipline in the twentieth century. Essentially, for a structure 
(a sound, a manual gesture, an object, and so on) to constitute a sign, it must: (1) have 
a distinguishable physical form; (2) refer to, represent, or model something other than 
itself; and (3) be recognized or interpreted as a meaning-bearing structure by sign-users. 
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Abstract
The approach to studying signs and sign systems, known as modeling systems theory, derives 
from the work of the Moscow-Tartu School of semiotics. After being largely excluded from 
mainstream semiotic theory and practice, it is now becoming more and more a major trend 
in semiotics. The theory envisions a sign structure (or form) as a model of some referent and 
that the models we make of the world become signs that elicit interpretation of that world. 
The theory has been applied to the study of biological systems, mathematical cognition, and 
the origins and development of human cultures. This paper presents an overview of modeling 
systems theory; differentiation among “forms”, “signs”, and “models” as separate, yet 
interrelated, dimensions of semiosis. It describes the features of these dimensions, integrating 
them into an overall theory of semiosis. The main aim is to synthesize several of the suggestions 
that	the	present	author	has	previously	put	forward	in	this	regard	and	which	reflect	a	growing	
trend in semiotics to revisit basic sign theory in terms of the concept of modeling systems.
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Inherent in this triadic conceptualization is the implicit notion that forms, signs, and 
models are intrinsically intertwined in the production of semiosis. Although this seems to 
be self-evident, it is still not part of the general theoretical lexicon of all semioticians, and 
historically, it had to await its formal articulation by the Moscow-Tartu School, known as 
modeling systems theory (MST) (see Sebeok and Danesi 2000 for a historical overview of 
MST).

MST has nonetheless become a broad movement within semiotics today, albeit still 
to a limited extent. Basically, it proposes that a sign structure (or form) is a model of 
something and, vice versa, that the models we make of the world (mathematical formulas, 
scientific theories, musical structures, words, drawings, and so on) are signs that elicit 
interpretation. The theory has been applied fruitfully in recent years to the study of 
biological systems (Kull, 2001; El-Hania, Arnellos, Quieroz, 2007), the description of 
mathematical structures (Danesi and Bockarova, 2014), the analysis of culture (Lotman, 
1980),	among	many	other	aspects	of	signification.

The purpose of this paper is to revisit this general triadic notion—namely that forms, 
signs, and models are different, yet interrelated, dimensions of semiosis—in a synoptic 
way, given that MST has now proven to be a powerful framework for understanding 
semiosis in all species. As Sebeok and Danesi (2000) claimed a decade and a half ago, the 
adoption of MST into general semiotic theory would greatly enhance the attractiveness 
of semiotics to scientific disciplines such as biology, artificial intelligence, quantum 
physics, and theoretical mathematics by simplifying the abstruse terminological apparatus 
that	besets	theoretical	semiotics.	More	specifically,	 this	paper	aims	to	bring	together	in	
a synthetic fashion several of the suggestions that the present author has previously put 
forward in this regard (Danesi, 2003, 2005, 2007). 

2. Modeling Systems

The inspiration for the development MST in semiotics came initially from the work of the 
biologist Jakob von Uexküll (1909). The Moscow-Tartu School adopted, developed, and 
applied von Uexküll’s insights to the study of language and culture (Birnbaum, 1990). 
Basically, von Uexküll argued that each species possesses a unique anatomical-biological 
semiosic system for processing information from the Umwelt that allows it to construct 
inner models of that information which it needs for its life schemes. Animals with widely 
divergent biological information-processing systems have little or no access to the models 
of other species. In other words, each species is designed to take in and process that part 
of the Umwelt that it needs and to construct its Innenwelt. This does not block cross-
species communication because, some signals and responses to the Umwelt are universal. 
It is not the goal here to enter into the discussion of Umwelt theory (see, for instance, 
Deely, 2001; Lotman, 2002; Kull, 2010; Ferreira and Caldas, 2013). Suffice it to say 
that it became the basis of the Moscow-Tartu School’s overall approach to the study of 
semiosis across species.
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Epistemologically, the goal of theoretical semiotics is to figure out why and how 
certain forms are perceived as signs (that is, meaning-bearing structures) and how they are 
used by humans to model and thus understand reality. The intrinsic interconnection among 
form, sign, and model is actually rather obvious. Consider an engineer’s blueprint for 
building a bridge. The blueprint is a model constructed on paper or on a computer screen 
to provide the details of bridge building in outline form, but also containing mathematical 
and structural information. In order for the bridge to be built, however, the model needs 
to be interpreted by engineers and builders. It is thus a representamen (or sign form) that 
guides the construction process. So, the blueprint possesses the triadic characteristics of 
semiosis—it	has	a	specific	form	that	is	designed	to	model	something	(a	bridge)	and	which	
guides the construction process. An illustration such as this is self-evident of the triadic 
nature of semiosis, but what about a simple word such as cat? In a fundamental sense 
every word is a model, since it allows us to refer to and envision some object through 
its physical (phonemic) form. This is what Saussure called the relation between the 
signifier	and	the	signified—the	form	and	its	content.	The	phonemic	form	cat now clearly 
constitutes a sign. But it also creates a mental model of “catness,” which can be used to 
identify and differentiate other animals in the Umwelt. In other words, the form cat evokes 
all the features that make up an Innenwelt modeling of cats—whiskers, tails, and retractile 
claws.	Creatures	that	do	not	fit	this	model	are	now	perceived	as	different;	those	that	do,	
but have a different form (size, for example) can be linked to an even broader model of 
catness. In English, the name for that model is feline. And within this modeling system we 
can use further differentiations to include felines such as lions, tigers, cougars, jaguars, 
and so on. We might then consider further distinctions as being useful. The words Siamese 
and Persian are two such distinctions. 

Starting in the 1960s, the late Thomas A. Sebeok (1963, 1968) started promoting 
MST as a paradigm for theoretical semiotics, arguing that it allowed semioticians to look 
at semiosic phenomena from a broader biological perspective (Sebeok, 1972, 1990, 1991, 
1994, 2001). As editor of Semiotica, he devoted a 1999 to MST from which the current 
biosemiotic movement took its initial cue (Nöth, 2001). 

From the outset, MST showed many parallels with Peircean semiotics. For example, it 
maintains	that	there	is	no	single	modeling	system,	but	rather	three,	reflecting	the	Peircean	
trichotomy of firstness, secondness, and thirdness in semiosis. The primary modeling 
system	is	the	most	basic	one.	It	is	defined	as	the	instinctive	ability	to	model	the	sensory	
or perceptual properties of referents by constructing forms through imitation, replication, 
resemblance, mimesis, or simulation. The forms constructed in this way are then perceived 
as iconic signs. The secondary modeling system involves creating models of time, space, 
and other existential referents by constructing forms that involve relationships, such as 
using	the	index	finger	to	indicate	where	an	object	is.	The	forms	constructed	in	this	way	
are indexical signs. Finally, the tertiary modeling system consists of forms created and 
learned in cultural context as models of historically-meaningful structures. The signs used 
in this way are called symbolic.
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The use of primary, secondary, and tertiary modeling systems in place of iconicity, 
indexicality,	and	symbolicity	is	 thus	not	just	a	terminology	maneuver.	Rather,	 it	allows	
us to connect the form of meaning-bearing structures to their functions as models of the 
Umwelt. In other words, icons, indexes, and symbols are signs derived from the primary, 
secondary, and tertiary modeling systems. 

3. Defining Models, Forms, and Signs

The term model has been used constantly in science and mathematics as a synonym 
for theory or formula (Tarski, 1933; Black, 1962) or else as an analogy for grasping 
something (a set of billiards balls in casual movement is a model for gas molecule 
movement). Even an equation such as the Pythagorean one, c2 = a2 + b2, is seen to be a 
model of, initially, the intrinsic structure that the sides of a right triangle possess. It is also 
a model for testing relations among numbers, known as Pythagorean triples. A model can 
now	be	defined	as	a	form	that	allows	us	to	compress	information	in	a	formal	way	and	thus	
constitutes	an	efficient	means	of	encoding	that	information.	Scientific	and	mathematical	
models are, literally, “forms of knowledge” that elicit special kinds of interpretations. 
Now, a form	is	defined	as	the	actual	physical	make-up	of	a	model.	Diagrams	of	the	atom	
might have different forms, according to the models (or theories) of atomic structure 
assumed to be applicable. The model then becomes a sign because it entails some level 
interpretation by various users of the model. So, to put it in a formulaic way, “a form is a 
model is a sign.” 

As is well known, semiotics emerged as the study of physical symptoms, when 
Hippocrates	identified	the	need	to	understand	a	bodily	“mark”	(semeion) as a special type 
of biological form. The Hippocratic semeion is a natural form produced by the body that 
indicates some physical aberration. The objective of medicine is to understand or interpret 
such forms in order to create clinical strategies for diagnosing and treating the diseases.

In human semiosis, forms may be purely imaginary, in which case they are equivalent 
to mental images, or they may be externalized—that is, given physical form—in which 
case	they	are	signs.	Traditional	semiotic	theory	has	actually	identified	four	main	types	of	
semiosic phenomena: (1) signs (words, gestures); (2) texts (stories, theories, drawings); (3) 
codes (language, music, and so on); and (4) figural assemblages (metaphors, metonyms, 
and so on). In MST, these are seen as different kinds of forms with different modeling 
functions (Sebeok and Danesi, 2000): (1) individual signs are singularized forms, (2) 
texts are composite forms, (3) codes are cohesive forms,	and	(4)	figural	assemblages	are	
connective forms. This type of terminology is meant to allude to the underlying modality 
of any semiotic form as “something stands for something else in some way.” This is why 
we interpret a text such as a novel holistically, as something that stands for something 
else, not in terms of the individual words and paragraphs used to create the text. In other 
words, a text is really a “larger sign.” Similarly, a code is a “system of signs” that can 
be	employed	cohesively	to	stand	for	something	in	various	ways.	The	Roman	alphabet,	
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for instance, is a code that contains forms (letters and other characters) that can be used 
cohesively	to	construct	word	forms.	Finally,	a	figural	assemblage	is	a	form	that	connects	
other forms in meaning-bearing ways. An animal metaphor, such as John is a pussycat, 
connects human personality to perceived animal characteristics as represented in animal 
stories for children, surnames based on animal names, totemic symbols, and so on.

The	foregoing	classification	now	suggests	four	basic	principles	of	semiosis:

1. Semiosis involves producing forms of various types to process information coming from 
the Umwelt so as to be able to model and understand it.

2. Knowledge is indistinguishable from the forms used to stand for the Umwelt.
3. Modeling entails three levels or dimensions, called primary, secondary, and tertiary. These 

correspond to iconicity, indexicality, and symbolicity.
4. There are four types of form-constructing strategies—singularized, composite, cohesive, 

and connective. The difference occurs in the size of the forms and their functions. 
Nevertheless, all possess the basic semiosic modality of “something standing for 
something else in some way.”

The key concept in semiotics has always been that no single form can bear meaning 
unless it enters into systematic connections with other forms. The method of inquiry 
implicit in MST is to show how different forms, signs, and models constitute interrelated 
semiosic phenomena. 

3.1 Singularized forms
Singularized	forms	are	those	made	specifically	to	represent	a	singular	(unitary)	referent	
or referential domain. These can be verbal or nonverbal. The English word cat, or the 
equivalent Spanish word gato, are verbal singularized forms standing for the referent 
(carnivorous mammal with a tail, whiskers, and retractile claws); a drawing of a cat is 
a nonverbal (visual) equivalent. Singularized forms include not only words, but also 
gestures, bodily postures, facial expressions, tones of voice, visual forms (such as 
drawn figures), intonation patterns, and graphic forms (alphabetic, ideographic, and 
so on). These allow us to create models (word portraits, drawings, and so on) of single 
objects, unitary events, individual feelings, and so on. These are, in effect, “recognition-
enhancing models,” that allow for the detection of relevant incoming sensory information 
in a structure-making fashion. There have been several attempts to identify and classify 
these forms. Among these, Peirce’s typology with sixty-six varieties is surely the most 
comprehensive, far-reaching, and sophisticated of all such attempts.

Six general categories of singularized forms can be extrapolated from the relevant 
MST literature (Sebeok, 1994). These are: the symptom, the signal, the icon, the index, 
the symbol, and the name. A symptom is a natural singularized form produced by bodily 
processes.	A	signal	is	a	singularized	form	that	naturally	or	conventionally	(artificially)	is	
intended to trigger some reaction on the part of a receiver. Humans create witting signals 
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for psychosocial purpose—for example, nodding, winking, glancing, looking, nudging, 
kicking, head tilting. As the linguist Karl Bühler (1934, p. 28) observed, such signaling 
forms	act	as	social	regulators,	eliciting	or	inhibiting	some	action	or	reaction.	Artificial,	
mechanical, or electronic signaling systems have also been created for communicative 
purposes. An icon is a simulative singularized form that is intended to display a 
perceptible	resemblance	to	its	referent	in	a	compressed	way.	Roman	numerals	are	iconic	
singularized forms because they imitate their referents in a visual way (one stroke = 
one unit, two strokes = two units, three strokes = three units); onomatopoeic words 
(boom, zap, whack, and so on) are also singularized iconic forms constituting attempts 
to simulate their referents in an acoustic way. An index is relational singularized form 
that is intended to put objects in relation to each other. Examples of indexical modeling 
include	the	pointing	index	finger,	words	such	as	here, there, up, and down, and various 
visual forms (such as arrows). A symbol is a culturally-based form. For example, a cross 
figure	can	stand	for	the	concept	“Christianity;”	a	V-sign	made	with	the	index	and	middle	
fingers	can	stand	for	the	concept	“peace.”	The	ability	to	model	the	world	symbolically	is	
evidence that human consciousness is not only attentive to sensible properties (resulting 
in iconic modeling activities), and to spatiotemporal and relational patterns (resulting in 
indexical modeling activities), but also to all kinds of referents (actual and potential) in 
and	of	themselves.	Finally,	a	name	is	a	singularized	form	that	identifies	a	human	being	
(Alexander, Sarah, Charlotte) or, by connotative extension, an animal, an object (such 
as a commercial product, a boat), an animal (such as a horse, a pet), or event (such as 
a	hurricane).	A	name	has	indexical	qualities	because	it	 identifies	a	person	and,	usually,	
points to his or her ethnic origin; it also has symbolic qualities because, like any word, it 
is a product of conventionalized representational practices. 

3.2 Composite forms
A story about cats constitutes a different kind of form than singularized ones. Called 
traditionally a text, it constitutes a composite form created to represent various aspects 
of a referent or referential domain in a composite (combinatory) manner. It results by 
using	forms	in	a	structurally-defined	way,	such	as	narrative	structure.	A	singularized	form	
models something that has unitary structure; a composite form, on the other hand, models 
something by means of the combination of other forms to represent something that has 
compositional meaning structure. Sentences, drawings, narratives, theories, conversations, 
and so on are all examples of composite forms. These are constructed to fit together 
structurally, but which are, as a whole, different from any of their constituent forms taken 
individually. A novel, for instance, is made up of words following one after the other. But 
conceptually it is not just the sum of the meanings of the words; rather, a novel constitutes 
a composite form that generates its own interpretation(s). Drawings, theories, and other 
textual forms are interpreted in this fashion. This is, in fact, what people do when they 
discuss a novel’s meaning by referring to parts of the novel, to its plot, to its characters, 
and so on. But in all such discussions, the parts are related to the overall interpretation, 
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rather than seen as separate from it.
There are as many types of composite forms as there are singularized ones. For 

example, syndromes are composite forms which collectively indicate or characterize 
a disease, a psychological disorder, or some other abnormal condition. An example of 
an iconic composite form is an imitative drawing of a scene or a photo of someone. An 
illustration of an indexical composite form is a topographical map, which is constructed 
to refer to spatial or temporal phenomena in an integrative way. A simple example of a 
symbolic composite is a mathematical formula. Finally, a composite name, such as the 
name and surname, consists of several identifiers providing various kinds of culture-
specific	information—where	the	person	is	from,	what	his	or	her	parentage	is,	and	so	on.	
Composite modeling is not a specific capacity of human semiosis. It is found in other 
species. One well-known example is the honeybee dance that appears to share with human 
modeling the feature of displacement, that is, of conveying information in the absence of 
the referential domain to which it calls attention.

3.3 Cohesive forms
Classifying a cat in the feline	category	exemplifies	a	third	type	of	modeling	strategy—
namely, the tendency to organize certain types of forms in some cohesive fashion. A code 
can	be	defined	as	a	system	of	specific	form	types	(singularized,	composite,	connective)	
that allows for the representation of referents perceived to share common traits (for 
example, mammals of a certain type). It can be compared to a computer program or to a 
common recipe. Both have a set of instructions that convert information from one form 
into another. A language code provides a set of phonetic, grammatical, and lexical forms 
that the makers and interpreters of words and verbal texts can recognize and convert 
into messages. Generally speaking, for some cohesive representational need there is an 
optimum code or set of codes that can be deployed. For example, the composer of an 
opera will need to deploy at least three form-making sources in the construction of his or 
her text: the musical code, the verbal code, and the theater code (all in place at the time of 
the composition).

There are as many types of cohesive systems as there are singularized or composite 
ones. For example, the body’s immune system is a natural code consisting of interacting 
organs, tissues, cells, and antibodies which allow one to become aware of the difference 
between	oneself	and	the	world.	An	example	of	a	simple	mechanical	(artificial)	signaling	
code is the common traffic light system: different colors inform a driver or pedestrian 
to	stop,	move	forward,	or	slow	down.	The	Roman	numeral	system	is	an	example	of	
an artificial system of numerical forms fashioned in part iconically. An example of an 
indexical code is the system of street signs that provide information, among other things, 
about the distance of certain places from specific locations, about the direction one is 
traveling in. An example of a symbolic code is the totemic one that contains natural 
objects or animals believed by a particular society to have spiritual significance and 
adopted as emblems.
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3.4 Connective forms
Finally, the use of the word cat in an expression like Alex is a cool cat is the result of a 
modeling strategy known traditionally as figurative or figural. The word cat in this case is 
a connective form resulting from the linkage of different types of referents (or referential 
domains)—a human referent with a feline referent. Much has been written recently on 
connective forms (Lakoff and Johnson, 1980, 1999; Danesi 2001; Fauconnier and Turner 
2002,	2008;	Lakoff,	2008)	and	these	need	not	be	discussed	here.	Suffice	it	to	say	that	they	
exemplify what Peirce called an abductive force in the making of new information or in 
the repackaging of already-known information. 

In essence, connective forms result when abstract concepts are represented in terms of 
concrete ones. The conceptual metaphor thinking is seeing, for example, is a connective 
form because it delivers the abstract concept of thinking in terms of forms associated with 
the concrete concept of seeing:

1.　I do not see what your ideas have to do with anything.
2.　We are unable to visualize what your idea is about.
3.　Just look at this equation; it is really interesting.
4.　I view the theory of evolution differently from you.

These are primary connective models, connecting an abstract concept such as ideas 
directly with a concrete referent (seeing). These models are basically iconic, allowing us 
to envision resemblances between the assembled conceptual forms. Once such models 
have been created, they become a new productive source for creating higher (= more 
abstract) connective forms (Danesi, 2001). The models resulting from such connections 
are indexical, that is, they point to previous models. Thus, for example, in utterances 
such as the following the abstract domain of thinking is rendered by domains that are 
themselves conceptual metaphors: namely, upward and scanning motions. These are 
examples of secondary connective models:

5.　How did you think up that idea?
6.　I must think over carefully your ideas.
7.　I really have to think through what you just said.

The third connective strategy produces highly symbolic thinking. In this case a 
secondary connective form such as think through can be connected to an image schema 
such as depth, producing utterances such as:

8.　I have to think through this very deeply.
9.　You always think through things in a superficial way.

Such connective forms are examples of tertiary connective modeling. A connective 
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form	may	also	be	the	product	of	metonymic	reasoning	(among	other	figural	assemblages).	
Metonymy entails the use of an entity to refer to another that is related to it. A metonymic 
connective form results when part of a domain starts being used to represent the whole 
domain (Lakoff and Johnson 1980: 35-40):

10.　She likes to read Dostoyevski (= the writings of Dostoyevski).
11.　He’s in dance (= the dancing profession).
12.　My mom frowns on blue jeans (= the wearing of blue jeans).
13.　Only new wheels will satisfy him (= car).

Ironic utterances are also connective forms. Again, it is not the purpose here to delve 
into	conceptual	metaphor	theory.	It	is	sufficient	to	point	out	that	the	concept	of	connective	
modeling allows us to show how the forms produced (metaphorical, metonymic, and so 
on) are part of a modeling system. As far as we know, connective modeling does not exist 
in other species.

4. Concluding Remarks

The purpose of this essay has been to argue that MST offers insights that would allow 
semiotics to understand semiosis across species and to relate the forms produced by 
different species to each other in systematic ways. And in the human realm it claims 
that signs, forms, and models are different interconnected facets of semiosis. A word 
is a model of something; a text also models something, but in a different way (through 
composition). Each form thus provides a clue as to the nature of the slice of the Umwelt 
that	it	encodes.	Semiosis	can	be	defined	as	the	neurobiological	capacity	to	produce	and	
understand forms (singularized, composite, and so on), modeling as the channeling of 
the semiosic capacity towards a representation of the Umwelt (the actual act of creating 
a form). Once the model is embedded in a particular situation it involves interpretation, 
thus making it a sign structure. MST thus reveals how the brain carries out its work of 
transforming sensory input from the Umwelt into internal forms (Innenwelt) and external 
forms	of	representation.	A	specific	form	is	thus	a	“cognitive	trace”	to	the	Innenwelt, and 
since concepts depend on how they are modeled, the form that knowledge takes depends 
on the type of modeling used.

MST takes the various facets of traditional semiotic analysis and connects them in an 
integrative fashion. Once the nature of the modeling process has been ascertained, then its 
forms and functions can be deduced or inferred from observation of the semiosic behavior 
involved. As Uexküll showed, the relatively simple, nonverbal models that animals 
produce	are	natural	forms	that	must	fit	their	Umwelt	sufficiently	to	secure	their	survival	
in their ecological niches. In human beings, modeling is so pervasive and powerful that 
it often becomes very sophisticated producing science, philosophy, art, music, and all the 
other forms that make the human Umwelt unique. 
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There are many questions that MST raises for semiotics. I believe that it is headed in 
the right direction and that the questions can be tackled along the way, as its applications 
to biosemiotic and mathematical systems have shown (and as mentioned above). The 
theory allows us to use a standard terminology for studying semiosis across species, 
which in turn, allows us to establish a taxonomy of notions, principles, and procedures for 
understanding semiosis itself. As Kalevi Kull (2001: 94) has aptly put it, it is very likely 
that the notion of model will produce a “better understanding of life itself.”
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