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Pictures, maps, diagrams, and gestures are iconic representations. They convey meaning in
a way that is fundamentally different from language. Where words bear an arbitrary relationship
to what they express, iconic representations encode content through structured correspondences
between their form and what they represent. Iconic representation is central to human cognition
and communication: it underlies the perception of space and magnitude, the interpretation of
pictures and maps, the production of gesture and sign language, and the recent advances in com-
puter vision and artificial intelligence. The concept of iconicity originated in the theory of signs,
but has since developed through waves of interdisciplinary research in cognitive science. Once
defined narrowly in terms of resemblance, iconic representation is now understood using a range
of flexible theoretical tools. Ongoing debates concern the semantic properties of icons, the role of
convention, and the status of iconic representation in perception. Broader connections link iconic-
ity to artificial intelligence, the emerging field of super-linguistics, and the study of multi-modal
communication.

1 History
The concept of iconic representation was introduced at the end of the 19th century by the

philosopher and logician Charles Sanders Peirce (1998), who used it to define a broad class of
signs that included pictures, maps, diagrams, and 3D models. For Peirce, icons formed one of a
triad of sign types along with indexes and symbols. He defined icons as signs whose meaning is
governed by resemblance. Symbols, which include words and sentences, were defined as those
signs whose meanings are determined by convention and usage. Finally, indexes, which included
the likes of weather vanes and demonstrative pointing, fix meaning by physical connection to their
subject matter.

At least since Plato’s idea of art as mimesis—the imitation of nature—philosophers have recog-
nized the distinctive connection between images and what they represent. By situating this idea
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within a broader theory of signs, Peirce framed iconicity and symbolic language as two distinct
but equally systematic strategies for the expression of meaning.

After Peirce, the study of iconicity has evolved in roughly three waves, leading up to the
present. The works of Peirce and his contemporary, Ferdinand de Saussure (1959), gave rise to
semiotics, the self-described “science of signs,” which drove the first wave of iconicity research
from the 1940s into the 1980s. Semioticians expanded the range of iconic phenomena beyond tech-
nical signs, to include the rich variety of communication in everyday life—from facial expressions
and vocal imitation to advertisements and traffic signs (Nöth, 1990). While semiotics as a dis-
cipline arguably never achieved a stable scientific methodology, it made lasting contributions to
the structural analysis of diagrams, maps, and film (Metz, 1974; Bertin, 1983), the study of social
and political meaning in images (Barthes, 1977), and the empirical understanding of iconicity in
language (Dingemanse, 2018).

Starting in the 1960s and extending through the 2000s, a second wave of interest in iconicity—
or its cognates, analog, depictive, and map-like representation—emerged across the cognitive sci-
ences. Within cognitive psychology, researchers investigated iconic and echoic memory, ana-
log magnitude representations, number representation, and mental imagery, sparking a high-
profile debate between pictorialist and descriptivist accounts of mental representation (Carey, 2009;
Pylyshyn, 2003; Kosslyn et al., 2006). In parallel, psychologists established the perception and
comprehension of pictures, maps, and diagrams as a legitimate area of empirical study (DeLoache
et al., 2003). Within logic, a series of seminal studies demonstrated that diagrams and maps could
support formal deduction with a rigor that paralleled symbolic logic (Shin, 1994; Allwein and Bar-
wise, 1996; Casati and Varzi, 1999). Meanwhile, linguists documented a rich inventory of iconic
phenomena in the lexicon, in gesture, and in sign language (McNeill, 1992; Liddell, 2003). And
philosophers advanced detailed theories of depiction, iconic mental representation, and the struc-
tural and semantic properties of icons (Block, 1983; Camp, 2007). The rise of computer graphics
during this period also yielded a computational understanding of image-making, from ray tracing
to nonphotorealistic rendering, which laid the groundwork for the computational understanding
of images and image-making (Durand, 2002). Work in the second wave of iconicity research was
carried out against the backdrop of widespread focus on linguistic analysis and symbolic com-
putation. In this context, iconicity was often considered peripheral to scientific and philosophical
study. Critics found iconic representations to be incomplete, vague, inaccurate, or merely sup-
portive (Fodor, 2008, ch. 6), and iconicity researchers often went to lengths to overturn these
assumptions (Shin, 1994).

Philosophical analysis of iconicity did not begin in earnest until the late 1960s following Nel-
son Goodman’s influential arguments that resemblance could be neither sufficient nor necessary
for representation (Goodman, 1968, ch. 1). Around the same time, Umberto Eco mounted a critique
of iconic resemblance from a semiotic perspective (Eco, 1976). Both Goodman and Eco concluded
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that iconicity was not in fact a genuine scientific category, and pursued alternative taxonomic
projects. But as the concept of iconic representation continued to prove useful within cognitive
science, many philosophers began to question the simple identification of iconicity with resem-
blance. This prompted a renewed search for alternative foundations (Shimojima, 2001).

Since the 2010s, a third wave of iconicity research has emerged, characterized by greater syner-
gies and knowledge sharing across the cognitive sciences. This era has brought a major expansion
in the range of empirical examples under consideration, as research shifts toward more naturalistic
and multi-modal cases, including maps, sketches, iconic expressions in sign language, co-speech
gestures, comics, and film (Patel-Grosz et al., 2023; Tversky, 2019). And there is growing interest
in the status of iconic representations in neuroscience and psychology (Beck, 2018; Quilty-Dunn,
2020; Block, 2023). Formal methods once confined to the study of language—such as syntax, for-
mal semantics, discourse analysis, game theory, and machine learning—are now widely applied to
the study of iconic representation (Giardino and Greenberg, 2015; Patel-Grosz et al., 2023). Philo-
sophical analysis of iconicity has likewise turned towards increasing formal and empirical ambi-
tions (Shimojima, 2015; Camp, 2018; Greenberg, 2023). And the dramatic growth of vision science
and computer vision over the past three decades have propelled image-based computation to the
forefront of theoretical study (Kriegeskorte, 2015).

2 Core concepts

Sign, content, and system

Representations are physical states that function to encode meaningful content. Representa-
tions that are public, as opposed to those in the mind or brain, are known as signs. Signs include
symbolic representations like spoken words and sentences, as well as iconic representations like
Venn diagrams and line drawings. Signs are normally individuated in terms of their intrinsic
form, or structural features. The form of a line drawing, for example, consists of a geometric ar-
rangement of lines on a 2D plane, whereas the form of a sentence is a hierarchical arrangement of
linguistic elements.

The content of a sign is the literal aspect of its meaning: the information that a sign functions
to make explicitly available to its audience. For example, the content of a perspective drawing
specifies a 3D scene, the content of a Venn diagram is a collection of set-theoretic relations, and the
content of a declarative sentence is a proposition. To interpret a sign is to compute an acceptable
mapping from signs to contents, given a context.

Finally, a system of representation provides the link between a sign’s form and its content.
Generalizing the concept of a language, a system specifies a domain of possible signs and semantic
rules that map signs to meanings. Like languages, iconic systems such as perspective line draw-
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ings, Venn diagrams, and directed graphs each demand their own iconic semantic rules (Giardino
and Greenberg, 2015). Iconic representation as a whole is often assumed to correspond to a dis-
tinctive and natural class of such systems (see Figure 1).

Sign System of Representation Content

Word Lexicon Lexical content

Sentence Language Propositional content

Picture System of Depiction 3D Scene

Venn Diagram Venn System Set Relations

Figure 1: Systems of representation.

What is the defining feature of iconic systems of representation? Following the basic ingredi-
ents of representation—sign, content, and system—each of these may serve as a potential distin-
guishing dimension of iconic representation.

Among sign systems, iconic systems make use of a distinctive range of sign forms, contents,
and semantics (Shimojima, 2001). For example, many iconic signs have two-dimensional forms—
bar graphs, maps, and Venn diagrams are all examples—while expressions in spoken languages
are articulated as one-dimensional strings. Likewise, iconic systems tend to assign contents that
vary along continuous feature dimensions, in contrast with the discrete logical contents of lan-
guage (Haugeland, 1991). To be sure, there are exceptions: Venn diagrams and directed graphs,
for example, both involve discrete structures and logical contents. The common theme, however,
is that icons are typically enlisted to express content that is too granular or dense to be manageable
in language, and their forms tend to reflect this demand.

Today, most theorists hold that what is truly distinctive about iconic sign systems is the way
that content is encoded by the form of the sign, rather than features of the sign or the content
alone. The content of an iconic sign depends in some substantive way on the sign’s form; thus
the geographic content of a map is determined by its spatial layout, and the quantitative content
of a bar graph by the height of its bars. This form-dependency contrasts both with the arbitrari-
ness of symbolic representation and with the context-dependency of indexical representation (de
Saussure, 1959; Greenberg, 2023).

The forms of signs come in different degrees of structural complexity (Camp, 2007). First-
order signs are contentful representations that are structurally atomic, lacking any contentful con-
stituents. Examples include individual words (within sentences), individual bars (in a bar graph),
or isolated gauges (as in a thermometer). Complex signs are formed by applying second-order
rules of combination to first-order signs. The resulting complex structures are made up of first-
order atomic elements organized into syntactic, metrical, and topological structures, among others.
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Thus, bar graphs, pictures, and sentences are all complex in the sense that they are built up from
simpler meaningful elements.

It is important to note that a system may use some aspects of a sign to represent iconically,
while other aspects are used non-iconically. Thus in complex representational systems, there is of-
ten variation in iconic status between first- and second-order structural organization (Greenberg,
2023). For example, in a seating chart, the first-order atomic elements are words—paradigmatically
non-iconic signs—but the second-order structure is essentially map-like and iconic. Inversely, in a
bar chart, the first-order elements are scalar bars—a clear case of iconic representation—but their
second-order sequential organization on the page is often non-iconic and arbitrary (see Figure 2).

(a) (b) (c)

Figure 2: Orders of complexity. (a) A seating chart uses symbolic first-order
elements (words) in an iconic second-order spatial layout. (b) Maps combine
iconic and symbolic first-order elements into an iconic second-order structure.
(c) A bar chart uses iconic first-order elements (bars) in a non-iconic second-
order arrangement.

Resemblance and isomorphism

The traditional conception of iconicity is as representation based on resemblance, understood
as the sharing of selected properties and structure. For example, maps have been thought to have
the same spatial structure as the terrain they represent; and pictures have been thought to give rise
to optical arrays (or visual experiences) that have the same spatial organization as those elicited
by the scene depicted (Neander, 1987).

To extend this idea to diagrams and other non-pictorial icons, scholars have enlisted the con-
cept of isomorphism (or its variants), a generalization of resemblance that describes similarity of
abstract relational structures. For example, a timeline is isomorphic to the history it represents be-
cause spatial relations on the timeline may be mapped 1-1 with temporal relations in the history.
Thus, even though a 2D timeline and a history of events don’t resemble one another with respect to
their first-order properties, they may still stand in a significant relation of isomorphism. Because
of its generality, many theorists have proposed isomorphism as the defining feature of iconicity
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(Burge, 2018; Clarke, 2022; Lee et al., 2023; Block, 2023).
However, there is ongoing debate about whether isomorphism-based analyses can accom-

modate the full variety of iconic representation. One issue is that isomorphism only applies to
complex structures composed of representational parts; yet first-order analog gauges, like ther-
mometers or fuel gauges, lack parts but appear iconic in other respects (Peacocke, 2019; Maley,
2011; Block, 2023; Greenberg, 2023). In addition, many mathematical transformations that under-
gird iconic representation—such as scalar multiplication in scale maps, or pictorial projection in
depiction—are not relations of isomorphism. These transformations preserve important structure
but also introduce necessary differences between their relata (Goodman, 1968; Greenberg, 2021).

In response to difficulties of this kind, some have proposed to move from standard isomor-
phism, between the internal structure of a sign and the internal structure of its content, to a higher
level second-order isomorphism, between the whole set of signs in a system and the whole set
of contents. In second-order isomorphism, overall similarity relations between signs are thought
to map 1-1 onto overall similarity relations between contents. Intuitively, the thought goes, in
iconic representation, small changes to the sign result in small changes to the content (Shepard
and Chipman, 1970; Block, 2023).

A further response is to seek a broader notion of iconicity that includes isomorphism but also
accommodates differential transformations and first-order icons. Some have proposed to make
use of the concept of natural relations between sign and content to capture an intuitive notion of
mirroring without the formal strictures of isomorphism. It remains to be seen whether naturalness
can be made precise; it has been defined in terms of human psychology (Giardino and Greenberg,
2015), the tools of natural sciences (Burge, 2018), or universal mathematical structure (Greenberg,
2023). However naturalness is defined, it gives voice to the intuition that iconic representational
forms are intimately connected to their contents, in contrast with arbitrary sign-meaning pairs of
symbolic language.

Varieties of iconicity

The range of iconic representational systems in human use is vast. Early semiotic inquiry
focused on artifacts, such as pictures, maps, or diagrams, and these have often served as the point
of departure for later explorations of iconicity in language and in the mind. The basic taxonomic
distinctions are as follows.

Analog signs are structurally simple iconic signs which employ magnitudes along a single
dimension in the sign’s form to iconically represent magnitudes along a single dimension in the
world (Peacocke, 2019, ch. 2; Maley, 2011). Such representations include gas gauges, thermome-
ters, radial clocks, and analog scales (Figure 3).
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