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The Physical Symbol System Hypothesis: Defining Intelligence

The Physical Symbol System Hypothesis (PSSH) stands as one of the most foundational and

influential propositions in the fields of artificial intelligence, cognitive psychology, and philosophy of

mind. Formulated by Allen Newell and Herbert A. Simon in their seminal work, it offers a rigorous

theoretical framework attempting to define the very nature of intelligence in computational terms. At

its core, the hypothesis asserts a strong, dual claim regarding the relationship between a specific

type of physical system--the Physical Symbol System--and the emergence of general intelligent

behavior. This assertion is not merely descriptive; rather, it proposes a necessary and sufficient

condition that dictates whether a physical structure can genuinely exhibit the breadth and

complexity of intelligent action typically associated with human cognition. The scope of PSSH is

immense, serving as the philosophical underpinning for the "Good Old-Fashioned AI" (GOFAI)

paradigm, which dominated early research efforts by focusing on symbolic manipulation as the key

to unlocking artificial general intelligence. Understanding this hypothesis requires a deep

appreciation for the precise meaning assigned to both necessity and sufficiency in this

computational context, as these terms carry specific, impactful implications for the design and

theoretical limits of intelligent machines, suggesting that intelligence is fundamentally a process of

symbol manipulation, irrespective of the substrate upon which that manipulation occurs.

The hypothesis explicitly states that a system must meet these criteria to be deemed capable of

general intelligence: "A physical symbol system has the necessary and sufficient means for

general intelligent action." The first component, necessity, dictates that any physical system,

regardless of its biological or electronic constitution, that demonstrates general intelligent action--

the ability to adapt, reason, solve complex problems, and learn across diverse domains--must

inherently be structured as a physical symbol system. This is a powerful constraint, suggesting that

intelligence cannot arise from purely non-symbolic, emergent, or connectionist mechanisms alone,

positing instead that the underlying architecture must support the creation, modification, and

interpretation of discrete symbols representing objects, concepts, or relations. Conversely, the

second component, sufficiency, provides an optimistic outlook for the field of AI, asserting that

any physical symbol system, if correctly structured and provided with the appropriate processes

and knowledge base, can be arranged to exhibit general intellectual action. This sufficiency claim

provides the theoretical justification for the entire enterprise of creating artificial intelligence through

programming and rule-based systems, implying that intelligence is achievable through purely

algorithmic means operating on symbolic representations, thereby rendering the substrate

(whether silicon or biological tissue) secondary to the functional organization of the symbolic

processes themselves.

Crucially, the PSSH goes beyond simply stating that computation is relevant to intelligence; it

specifies the exact nature of the required computation. It implies that intelligence is not merely

about processing information but specifically about processing information structured as symbols
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that can be combined into complex structures, or expressions. This focus on symbolic

representation distinguishes the PSSH from alternative theories that prioritize sub-symbolic

processing, such as neural networks or emergent dynamics. The elegance of the hypothesis lies in

its parsimony, suggesting that a small set of fundamental properties--the ability to manipulate

symbols--is the critical gateway to achieving the vast complexity of human-level intelligence.

Furthermore, the hypothesis mandates that the system must be physical; that is, it must exist in

the real world and operate according to the laws of physics, emphasizing that the processes,

whether realized by neurons in a brain or transistors in a computer, must be concrete and

implementable, ensuring the theory remains grounded in realizable engineering rather than purely

abstract philosophical speculation. Thus, the PSSH fundamentally links the abstract realm of logic

and representation to the concrete reality of physical computation.

Historical Context and Formulation by Newell and Simon

The formulation of the Physical Symbol System Hypothesis is inextricably linked to the pioneering

work of Allen Newell and Herbert A. Simon during the mid-twentieth century, a period often

referred to as the birth of artificial intelligence. Their collaboration, rooted initially in economics and

computer science, blossomed into a unified theory of cognition based on the principles of

computation. The intellectual environment of the 1950s and 1960s was characterized by the rapid

development of digital computers and early attempts to formalize logic and problem-solving, setting

the stage for a computational theory of mind. Newell and Simon were instrumental in developing

early AI programs, such as the Logic Theorist (1956) and the General Problem Solver (GPS,

1957), which demonstrated that complex human-like reasoning processes could be effectively

simulated by machines operating on symbolic structures. These early successes provided the

empirical evidence that fueled their theoretical generalization: that the mechanisms underlying

human thought were inherently symbolic and computational in nature.

The formal articulation of the PSSH was presented in their highly influential 1976 paper, "Computer

Science as Empirical Inquiry: Symbols and Search," which served as the basis for Simon's

acceptance speech for the Turing Award. In this work, they sought to establish computer science

not merely as a branch of mathematics or engineering, but as an empirical science capable of

generating and testing hypotheses about both artificial and natural intelligence. The PSSH

emerged from their extensive observation of how humans and programs solve complex, ill-defined

problems--a process they identified as fundamentally involving heuristic search through vast

spaces of possibilities, guided and constrained by symbolic representations. They observed that

effective problem solvers utilize symbols to represent states, goals, and operators, enabling the

system to evaluate potential paths and select actions intelligently. This methodological approach,

generalizing from successful AI implementations to a universal theory of intelligence, cemented the

PSSH as the central thesis of classical AI research, providing a clear roadmap for how machine

intelligence should be constructed.

ARABPSYCHOLOGY.C
OM

https://encyclopedia.arabpsychology.com/?p=16934
https://encyclopedia.arabpsychology.com
https://encyclopedia.arabpsychology.com


PHYSICAL SYMBOL SYSTEM HYPOTHESIS 4

Encyclopedia of psychology encyclopedia.arabpsychology.com

The crucial transition made by Newell and Simon was moving from the specific observation that

computers can solve certain problems to the sweeping claim that all general intelligence must

operate on this principle. They conceptualized the physical symbol system as the defining

characteristic that separates mere calculation from intelligent action. This historical context clarifies

that the PSSH was not an abstract philosophical speculation but a direct inductive generalization

derived from the practical construction of working intelligent systems. They recognized that the

ability of the computer to manipulate abstract data structures--to treat data as symbols and

instructions as processes acting on those symbols--was the cognitive breakthrough. Consequently,

the PSSH provided a crucial bridge, linking the formal theory of computation (Turing machines)

with the empirical reality of psychological phenomena, positioning symbolic AI as the primary

paradigm for cognitive modeling for decades, and influencing fields ranging from linguistics

(through theories of syntactic structure) to expert systems design.

Defining the Physical Symbol System

To fully grasp the hypothesis, a precise definition of a Physical Symbol System (PSS) is

essential. Newell and Simon defined the PSS not merely as a computer, but as a machine capable

of carrying out specific, fundamental operations necessary for symbolic processing. A PSS is

characterized by several interrelated components and capabilities that allow it to represent the

world, process information, and ultimately exhibit intelligent behavior. These capabilities include

the retention of symbols, the creation of symbol structures (expressions), the modification of these

structures, and, critically, the ability to interpret expressions as instructions for further processing.

The foundational elements of a PSS are the symbols themselves--patterns that designate or refer

to something else, be it an object in the external world, a concept, or an internal state of the

system. These symbols are the elementary units of representation that the system manipulates,

serving as the system's internal language.

A PSS must possess four core capabilities that define its function. Firstly, it must have a

mechanism for symbols to be held in memory, meaning they must exist physically (hence,

"physical symbol system") and be manipulable by the system's processes. Secondly, the system

must be able to form expressions, which are complex structures composed of symbols. These

structures allow the system to represent relationships, hierarchies, and complex concepts--for

example, combining the symbols for "dog," "chase," and "cat" into a meaningful sentence or

proposition. Thirdly, the system must incorporate processes for modifying, creating, copying, and

destroying symbols and symbol structures. These processes are the operational engine of the

system, enabling learning, inference, and dynamic problem solving. They allow the system to

respond to new information by altering its internal representations. Finally, and most critically, a

PSS must be capable of interpretation, meaning that some expressions within the system can be

treated as programs or instructions that the system executes. This self-referential capacity--where

data can become code--is what gives the PSS its universal computational power, allowing it to
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adapt its own behavior based on the symbolic structures it processes.

The structural requirements of a PSS ensure that it possesses the necessary machinery for

general computation, conceptually mirroring the architecture of the universal Turing machine, but

specialized for practical problem-solving. Specifically, the PSS requires a memory structure

capable of storing and accessing a large number of symbols and a processor capable of executing

the elementary symbolic processes quickly and reliably. The physical nature of the system is

paramount; the symbols are not abstract mathematical entities but concrete patterns (e.g., bits,

electrical charges, or neural firings) that can be reliably manipulated by physical laws. This

grounding ensures that the theory is implementable and testable. The PSSH argues that the

manipulation of these physical patterns, according to specific rules, is precisely what constitutes

intelligent action, making the internal configuration and dynamic processes of the symbol

structures the central focus of cognitive investigation and AI development. The effectiveness of the

system is therefore tied directly to the richness and fidelity of its symbolic representations and the

efficiency of its search and manipulation processes.

The Necessity Argument: Intelligence Requires Symbolic Structure

The necessity clause of the PSSH--that any system exhibiting general intelligence must be a

physical symbol system--is perhaps the most contentious aspect of the hypothesis, fundamentally

challenging alternative, non-symbolic theories of mind. This claim asserts that the specific

requirements of intelligence, such as logical inference, planning, abstract reasoning, and language

use, intrinsically demand a symbolic architecture. Intelligence involves dealing with the world

representationally, meaning the system must hold concepts about things that are not immediately

present and must be able to manipulate these concepts systematically. For example, planning a

complex journey requires representing future states, potential obstacles, and alternative routes

symbolically, allowing the system to mentally simulate outcomes before committing to physical

action. Newell and Simon argued that only a PSS provides the fundamental mechanism for these

essential cognitive capabilities, as non-symbolic systems lack the requisite structure for systematic,

compositional representation.

The argument for necessity often hinges on the concept of compositionality. Human intelligence

is characterized by the ability to combine a limited set of concepts (symbols) into an almost infinite

number of meaningful, complex thoughts (expressions). This combinatorial explosion of meaning is

readily supported by symbolic structures where meaning is derived from the symbols themselves

and the syntactic rules governing their combination. If intelligence were non-symbolic, the system

would struggle to generalize knowledge or handle novelty effectively, as every new situation might

require a completely novel, non-systematic response. A physical symbol system, by contrast,

allows for the decomposition of complex problems into smaller, manageable symbolic components,

which can then be solved using general algorithms, such as means-ends analysis or heuristic
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search. This systematic approach to problem decomposition is viewed by PSSH proponents as a

hallmark of intelligent behavior that cannot be reliably achieved without discrete, manipulable

symbolic representations.

Furthermore, the necessity argument addresses the issue of intentionality and reference.

Intelligent systems must be able to refer to external objects, abstract properties, or internal states.

The symbol in a PSS serves as the physical pointer--the concrete pattern that stands for the

abstract concept. Without this mechanism of explicit reference, the system cannot engage in

meaningful discourse, derive logical conclusions about the world, or learn effectively by associating

new information with existing concepts. Therefore, the PSSH posits that the capacity for general

intelligence is tightly coupled to the capacity for symbolic representation and manipulation. While

connectionist systems (like early neural networks) may exhibit high performance on specific tasks,

Newell and Simon maintained that true general intelligence--the ability to operate across domains

and handle highly abstract concepts--requires the structural support of a PSS to manage the vast

search spaces and the intricate web of relational knowledge inherent in human-level cognition. The

necessity claim thus functions as a powerful theoretical boundary condition for defining the scope

of AI research.

The Sufficiency Argument: Computational Power and Universal Solvability

The sufficiency clause of the PSSH--that any physical symbol system can be arranged to exhibit

general intellectual action--provides the powerful optimism and engineering mandate for classical

AI. This claim suggests that intelligence is ultimately a computational phenomenon achievable

entirely through the implementation of symbolic processing algorithms. If a system meets the

definition of a PSS, possessing the capabilities to store symbols, form expressions, execute

processes, and interpret instructions, then it inherently possesses the raw computational power

required to solve any problem that is, in principle, solvable by intelligence. This sufficiency

argument relies heavily on the equivalence between the PSS and the theoretical concept of a

Universal Turing Machine.

The PSS is considered computationally universal; any computation that can be performed by any

other computational device can also be performed by a PSS. Therefore, if human intelligence is

indeed the result of some form of physical process, and if that process is computable (a

foundational assumption often shared with functionalism), then the PSS has the necessary power

to simulate or replicate that process. The challenge for AI engineers is not one of fundamental

limitation but one of engineering: discovering the correct symbols, representations, and search

heuristics required to guide the system effectively. The sufficiency claim implies that the barrier to

achieving general AI is not the underlying hardware or the architectural type (provided it is a PSS),

but the complexity of the knowledge base and the sophistication of the heuristic search

mechanisms employed to navigate the massive space of potential solutions.
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This perspective transforms the quest for artificial intelligence into a search problem. Intelligence,

according to PSSH, is achieved when the system efficiently employs its symbolic processes to find

solutions within the space of possible symbol structures. The core processes enabling sufficiency

include: the ability to generate a vast array of potential solutions (symbol structures), the capacity

to test the validity or utility of those structures (evaluation), and the employment of sophisticated

search control strategies (heuristics) to avoid combinatorial explosion. Because a PSS can

manipulate symbols arbitrarily, it can represent any domain of knowledge and adapt its operational

rules (its interpretation processes) dynamically, thereby fulfilling the definition of general intelligent

action--the ability to cope with a wide variety of tasks in a flexible manner. The sufficiency

argument, therefore, solidifies the belief that building an intelligent machine is fundamentally a

programming exercise involving the skillful design of symbolic representations and control

mechanisms.

Implications for Artificial Intelligence and Cognitive Science

The Physical Symbol System Hypothesis served as the dominant paradigm for both Artificial

Intelligence (AI) and Cognitive Science for several decades, defining the research agenda and

providing a unifying theoretical framework. In AI, the hypothesis provided the intellectual

justification for the development of expert systems, knowledge-based systems, and classical

planning algorithms. If intelligence equals symbolic manipulation, then the practical goal of AI is to

encode human knowledge and reasoning rules explicitly into a machine in the form of symbols and

logical statements. This led to significant breakthroughs in areas requiring formalized reasoning,

such as medical diagnosis (MYCIN), logical theorem proving, and complex scheduling tasks, all

built on the bedrock of symbolic representation and heuristic search.

In Cognitive Science, the PSSH fostered the view of the human mind as an information processing

system--specifically, a symbol manipulator. This led to the development of detailed computational

models of human cognition, such as the ACT-R (Adaptive Control of Thought--Rational)

architecture, which explicitly models cognitive processes (like memory, learning, and decision-

making) as operations on symbolic structures. The hypothesis offered a way to bridge the gap

between abstract psychological theories and concrete computational implementation, allowing

researchers to test hypotheses about human reasoning by simulating them on a PSS. This

approach emphasized the modularity of mind, viewing various cognitive functions as specialized

sets of symbolic processes operating within the overall architecture. The hypothesis thus provided

a powerful explanatory tool for understanding how abstract thought could be realized in a physical

system.

However, the PSSH also implied certain limitations and directions for research. It suggested that

systems that do not rely on explicit, high-level symbolic representations--such as those dealing

purely with sensory motor control or perception at a low level--would struggle to achieve general
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intelligence unless their operations could be abstracted into symbolic form. The PSSH emphasized

a top-down approach: understand the symbols and rules, and intelligence will follow. This

framework structured research around creating formal languages for representation (like predicate

logic or semantic networks) and designing efficient search algorithms. While later AI approaches,

particularly connectionism and deep learning, challenged the absolute necessity of high-level

symbolic processing, the PSSH remains the historical and philosophical core from which modern

cognitive theories often differentiate themselves, continuing to shape discussions about the role of

representation, architecture, and computation in intelligence.

Criticisms and the Rise of Alternatives

Despite its foundational status, the Physical Symbol System Hypothesis has faced substantial

criticism, particularly following the rise of connectionism and embodied cognition paradigms in the

1980s and 1990s. One of the most famous challenges is the Chinese Room Argument, proposed

by philosopher John Searle. Searle argued that a system merely manipulating symbols according

to rules (as a PSS does) does not necessarily possess understanding or intentionality, suggesting

that symbolic manipulation alone is insufficient for true cognition, even if it is sufficient for functional

imitation. While the PSSH claims sufficiency for intelligent action, critics argue that this action lacks

genuine mental content, implying a failure to address the qualitative aspects of mind, or

consciousness.

A second major criticism centers on the symbol grounding problem. The PSSH assumes that

symbols have meaning (they refer to external concepts), but it does not adequately explain how

these arbitrary physical patterns acquire their meaning in the first place. If symbols are merely

manipulated according to rules without being inherently connected to the non-symbolic, perceptual,

or motoric experiences of the system, how can the system truly understand what its symbols

represent? Proponents of embodied cognition argue that meaning must be grounded in the

system's physical interaction with the environment, often requiring sub-symbolic processing

mechanisms that precede or co-exist with symbolic abstraction, suggesting that the PSS definition

might be incomplete or too high-level to explain the origins of intelligence.

The rise of connectionist models and deep learning constitutes the most significant practical

challenge to the PSSH's necessity claim. These models, inspired by the structure of the brain,

operate on sub-symbolic, distributed representations and learn through statistical association and

massive data processing, rather than explicit rule encoding. Modern deep neural networks have

achieved unprecedented success in tasks previously thought to require explicit symbolic reasoning

(like complex pattern recognition, translation, and strategy games). Critics argue that if intelligence

can emerge from non-symbolic, parallel processing architectures, then the PSSH's claim that a

physical system must be a symbol system to be intelligent is empirically false. While some

researchers attempt to reconcile these approaches by suggesting that deep learning systems
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implicitly discover or create internal symbolic representations, the fundamental difference in

mechanism challenges the universality of the PSSH as initially formulated by Newell and Simon.

Core Tenets of the Hypothesis: Summary of Necessity and Sufficiency

To summarize the enduring legacy and structure of the PSSH, it is beneficial to revisit its core dual

assertion, which provides a comprehensive definition for the boundary conditions of general

intelligence. The hypothesis encapsulates the entire research program of classical AI into two

powerful, interlocking claims about the nature of computation and mind. These claims serve not

only as a theoretical foundation but also as a strict demarcation criterion for what counts as a

viable model of intelligence, emphasizing that the form of representation is as crucial as the

process of computation itself. The underlying principle is that intelligence is not magic or an

unanalyzable emergent property, but a precisely definable outcome of complex, rule-governed

manipulation of physical tokens.

Necessity: This tenet establishes that symbolic processing is indispensable. Any system, whether

biological or artificial, that exhibits general intelligent action--characterized by planning, reasoning,

and abstract thought--must, at the fundamental level of its functional architecture, operate as a

physical symbol system. This means that intelligence requires the ability to represent concepts

discretely and systematically, enabling the combinatorial power necessary for complex thought.

Sufficiency: This tenet establishes that symbolic processing is adequate for intelligence. Any

physical symbol system, given the correct configuration of knowledge and appropriate heuristic

search algorithms, possesses the intrinsic computational power to achieve general intelligent

action. This provides the theoretical warrant for the entire field of symbolic AI, confirming that

intelligence is attainable through programming and algorithmic design without requiring non-

computational elements.

In conclusion, the Physical Symbol System Hypothesis provided the first coherent, testable

framework linking computation and intelligence. While contemporary research has broadened to

include sub-symbolic and embodied approaches, the PSSH remains essential for understanding

the nature of high-level abstract thought, structured reasoning, and language. It continues to

influence discussions about the limitations of non-symbolic AI and the critical role of representation

in achieving true artificial general intelligence, solidifying its place as a cornerstone of cognitive

science and the philosophy of computation. The hypothesis, while challenged, ensures that the

debate over the structure of intelligence remains focused on the fundamental question of how

physical systems manage to represent, reason about, and ultimately act upon the complex

information world.
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