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SYMBOLIC REPRESENTATION

Primary Disciplinary Field(s): Cognitive Science, Psychology, Linguistics, Philosophy

1. Core Definition and Mechanisms

Symbolic representation refers to the fundamental cognitive process through which mental states,

ideas, concepts, and external objects are expressed and processed internally using abstract

proxies--symbols. As noted in foundational psychological definitions, this process involves

expressing complex mental phenomena in a symbolic way, typically through the use of established

systems such as words, sounds, or formalized logical notations. A symbol, in this context, is an

entity (a sound, a mark, or a data structure) that stands for or refers to something else (its

referent), allowing the mind to manipulate, store, and retrieve information about the world without

direct sensory input.

The mechanism relies heavily on a mapping function between the internal representation (the

symbol) and the external or conceptual entity it denotes. This mapping must be systematic and

stable for meaningful thought and communication to occur. For example, the spoken word "dog" is

a symbolic representation that triggers the conceptual understanding of the animal, independent of

the physical presence of any specific dog. This ability to use abstract tokens to stand in for real-

world entities or abstract ideas--such as justice or time--is what distinguishes human cognition and

facilitates complex reasoning, planning, and language acquisition. Understanding how the brain

creates, manipulates, and interprets these symbolic structures is central to the field of cognitive

science.

Furthermore, symbolic representation allows for the efficient storage of knowledge. Instead of

storing every sensory detail of every encountered object, the mind assigns a symbolic label or

schema, reducing cognitive load and enabling generalization across categories. This reductionist

approach is crucial not only for memory but also for the computational models of mind which view

thinking as the manipulation of symbols according to precise, internalized rules, much like a

computer executing a program.

2. Historical Context and Philosophical Roots

The philosophical study of representation dates back to antiquity, particularly concerning the

relationship between thought, language, and reality. However, the modern academic

understanding of symbolic representation was formalized significantly by philosophers and

logicians who explored the nature of signs. A seminal contribution comes from Charles Sanders

Peirce, who developed the field of semiotics, classifying signs into three types: icons (signs

resembling their referent), indices (signs causally related to their referent), and symbols (signs

arbitrarily related to their referent, relying on convention).
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During the mid-20th century, the concept gained immense traction with the rise of formal logic,

theoretical linguistics (spearheaded by Noam Chomsky), and the burgeoning field of computer

science. The development of digital computers provided a powerful metaphor for the mind,

suggesting that mental processes could be understood as rule-governed operations performed on

discrete, symbolic structures. This perspective cemented the idea that human thought involved

manipulating symbolic codes, thereby laying the groundwork for the influential school of thought

known as Symbolicism or the Computational Theory of Mind (CTM).

The historical trajectory thus moves from philosophical speculation on ideas (e.g., Locke's concept

of ideas as mental representations) to the formal, mathematical treatment of symbols in logic (e.g.,

Frege and Russell), culminating in the psychological and cognitive modeling that views the brain as

a symbol-processing machine. This fusion of ideas provided a rigorous framework for studying how

meaning is created and utilized within the constraints of a physical system.

3. Key Characteristics of Symbols

Symbols used in cognitive representation possess several defining characteristics that differentiate

them from mere sensory data or indices. These characteristics are essential for enabling the

flexibility and power of human thought:

Arbitrariness: The relationship between the symbol (e.g., the sound "tree") and its referent (the

actual biological entity) is not inherent or natural, but rather established through social or learned

convention. There is nothing about the sound "tree" that intrinsically resembles a tree; this arbitrary

nature allows languages and representational systems to evolve dynamically and efficiently.

Intentionality: Symbols are always about something; they possess meaning and are directed

toward an object or concept. This intentional quality means that the symbol is used with the

conscious or unconscious purpose of standing in for its referent, distinguishing true symbolic

thought from mere associative patterns.

Systematicity: Symbolic representations rarely exist in isolation. They form part of a structured

system where the meaning of one symbol is often related to, and constrained by, the meanings of

other symbols in the system. For instance, understanding the symbol for "color" is dependent on

understanding symbols for specific colors like "red" and "blue," and the grammatical rules linking

them.

Productivity: The symbolic system enables the generation and understanding of potentially infinite

new combinations of symbols from a finite set of fundamental elements (e.g., words or grammatical

rules). This creative capacity, most evident in language, allows humans to describe entirely novel

situations, ideas, or entities that have never been encountered before.

These characteristics work in tandem to create a robust and highly flexible system of internal

thought capable of abstraction, generalization, and complex hypothetical reasoning, moving far
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beyond the simple input-output processing of immediate stimuli.

4. Symbolic Representation in Language and Communication

Language is arguably the most complex and powerful manifestation of symbolic representation.

Linguistic symbols, encompassing both written characters and phonemes (sound symbols), serve

as the primary means by which individuals express their internal mental states and communicate

abstract ideas. The fundamental structure of language is inherently symbolic, relying on a

sophisticated system of semantic and syntactic rules for encoding and decoding meaning.

Within language, symbolic representation occurs at multiple levels of abstraction. At the most basic

level, phonemes combine to form morphemes (the smallest meaningful units), which in turn

combine to form words. Crucially, the meaning of a complex sentence is not merely the sum of the

meanings of its individual words but emerges from the systematic rules (syntax) governing how

those symbols interact. For example, the sentence "The child loves the dog" uses the same

symbols as "The dog loves the child," yet the symbolic arrangement dramatically alters the mental

state being represented.

The efficiency of symbolic language allows for culture and knowledge transmission across

generations. Concepts that are highly abstract, such as mathematical principles, ethical

frameworks, or historical narratives, only become communicable and teachable because they can

be reduced to discrete, stable, and conventionalized symbolic forms. Without this mechanism,

human culture would be severely limited to the transmission of only immediate, concrete

experience.

5. The Computational Theory of Mind (CTM)

The Computational Theory of Mind (CTM), championed by thinkers like Jerry Fodor, places

symbolic representation at the center of cognition. CTM posits that the mind functions analogously

to a Turing machine: a device that manipulates physical tokens (symbols) based purely on their

structural properties (syntax), without regard for what those tokens mean (semantics). The

meaning, or semantic content, supervenes on the successful syntactic manipulation.

This approach defines thinking as computation--a formal, effective process carried out over a

system of internal representations often referred to as the Language of Thought (LoT), or

Mentalese. LoT is theorized to possess the crucial properties of systematicity and productivity,

mirroring natural language, but operating at a deeper, pre-linguistic level. If the mind truly operates

by manipulating symbols, then cognitive science can proceed by reverse-engineering the

algorithmic rules (the 'program') that the brain uses to process these symbolic inputs and generate

behavioral outputs.
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The strength of the CTM is its ability to explain how human beings can engage in rational inference

and logical deduction. Since symbols are discrete and their manipulation is rule-governed,

cognitive processes can be modeled with precision, allowing for the development of early Artificial

Intelligence (AI) systems known as Good Old Fashioned AI (GOFAI), which relied entirely on

expert systems programmed with symbolic rules to solve problems.

6. Significance in Cognitive Development

The acquisition of the capacity for symbolic representation is considered a pivotal milestone in

human cognitive development, dramatically separating early sensory-motor intelligence from

mature, abstract thought. Jean Piaget's influential theory of cognitive development identifies a

specific stage, the preoperational stage (roughly ages 2 to 7), marked by the emergence of the

symbolic function.

During this period, children transition from relying solely on direct experience to being able to use

one thing (a symbol, such as a word, an image, or a physical prop in play) to stand for another.

This transition is evident in the onset of language use, the ability to draw pictures that represent

objects, and the engagement in sophisticated symbolic play (e.g., using a broomstick as a horse).

This developmental leap allows for internalized thought, enabling the child to mentally rehearse

actions or solve problems without physically interacting with the environment.

Furthermore, the ability to handle symbols is foundational for literacy and numeracy. Learning to

read involves mapping visual symbols (letters and words) to auditory symbols (sounds and spoken

words) and ultimately to conceptual meaning. Similarly, mathematics relies entirely on an abstract,

formalized system of symbolic representation, where numbers, operators, and equations symbolize

real-world quantities and relationships.

7. Debates: Connectionism vs. Symbolism

While the symbolic paradigm dominated cognitive science for several decades, it faced significant

challenges from alternative models, most notably Connectionism. This debate centers on whether

cognition is best modeled by discrete, formal symbolic manipulation or by distributed, sub-symbolic

processing akin to neural networks.

Symbolic proponents argue that only discrete symbols can account for the systematicity,

productivity, and explicit logical nature of human reasoning and language. They contend that

symbols provide the necessary syntactic structure to maintain the coherence of complex thoughts.

However, critics argue that the symbolic approach suffers from the "frame problem" (difficulty in

specifying which symbolic rules are relevant in novel situations) and the "grounding problem" (how

symbols acquire meaning if they are only defined by other symbols within the system).
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Connectionist models, by contrast, propose that mental representations are not stored in discrete

symbols but are distributed across patterns of activity in a network of interconnected nodes

(neurons). Meaning emerges from the statistical weightings and activation patterns within the

network, rather than from explicit, predefined rules. While connectionism excels at tasks involving

pattern recognition, learning from examples, and handling fuzzy or inconsistent data, it struggles to

easily account for the systematic, rule-governed aspects of human syntax and logic, leading to

ongoing efforts to integrate the strengths of both symbolic and connectionist approaches into

hybrid models.

8. Further Reading

Cognitive Science (Wikipedia)

Semiotics (Wikipedia)

Language of Thought (Wikipedia)

Connectionism (Wikipedia)
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