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PHYSICAL SYMBOL SYSTEM HYPOTHESIS

Primary Disciplinary Field(s): Cognitive Science, Atrtificial Intelligence (Al), Philosophy of Mind
Proponents: Allen Newell and Herbert A. Simon

1. Introduction and Core Postulate

The Physical Symbol System Hypothesis (PSSH) stands as one of the most foundational and
influential postulates in the history of artificial intelligence and cognitive science. Formally
introduced by Allen Newell and Herbert A. Simon in their seminal 1976 Turing Award Lecture,
"Computer Science as Empirical Inquiry: Symbols and Search," the hypothesis provides a crucial
framework regarding the necessary and sufficient conditions required for any system--biological or
computational--to exhibit general intelligent action. Essentially, the PSSH posits that intelligence
arises from the ability of a system to manipulate symbols, which are abstract representations of
real-world objects, concepts, or procedures. This theoretical commitment underpinned the
dominant paradigm of classical Al, often referred to as "Good Old-Fashioned Al" (GOFAI),
asserting that human thought processes are fundamentally a form of symbolic computation.

The power of the PSSH lies in its rigorous assertion regarding the scope and nature of intelligence.
Newell and Simon defined a Physical Symbol System (PSS) as a machine that operates in the
physical world and is capable of processing, retaining, and manipulating symbols, which are
organized into complex structures. The core claim of the PSSH is twofold, encompassing both
necessity and sufficiency. The necessity claim suggests that any physical system capable of
general intelligent action must, by its nature, be a physical symbol system. This implies that
systems lacking symbolic capabilities are fundamentally incapable of robust, generalized
intelligence akin to human cognition.

Conversely, the sufficiency claim asserts that any physical symbol system can be organized and
programmed further to exhibit general intellectual action. This latter claim is particularly optimistic,
suggesting that the engineering challenge of creating artificial intelligence is primarily a matter of
constructing the correct symbol manipulation rules and knowledge bases, provided the system
meets the basic criteria of a PSS. Therefore, the hypothesis establishes a profound link between
the abstract world of symbols and the physical realization of intelligence, locating the essence of
mind within structured informational processing rather than specific biological substrates.

2. The Definitions of Necessity and Sufficiency

The explicit breakdown of the hypothesis into necessary and sufficient conditions provides a robust
philosophical and empirical testbed for Al research. The necessary condition--that intelligence
requires a PSS--is often justified by observing the fundamental requirements of human problem-
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solving. When humans engage in complex tasks, such as solving mathematical equations, playing
chess, or planning a route, they rely on representations (symbols) to stand for elements in the
environment and employ logical operations (processes) to transform those representations into
solutions. If a system, regardless of its architecture (neural or silicon), successfully exhibits
intelligence, Newell and Simon argued it must implicitly or explicitly be performing these symbolic
operations.

The sufficient condition--that a PSS is enough to produce intelligence--fueled decades of research
based on the premise that programming a computer to manipulate symbols correctly would
inevitably yield intelligence. This belief guided the development of systems like the General
Problem Solver (GPS) and various expert systems which sought to codify human knowledge into
rules and symbols. The concept suggests that once the system has mechanisms for designation
(creating a symbol for an object), representation (forming symbolic expressions), and manipulation
(using processes to alter expressions), the fundamental requirements for intelligence are met, and
higher-level cognition is merely an elaboration of these basic symbolic functions.

It is important to note the distinction between a PSS and merely a computer. While all modern
digital computers meet the criteria of being a PSS due to their ability to store and process symbolic
data, the hypothesis requires that the system be arranged to show general intelligent action. Thus,
while a simple calculator is a PSS, it does not demonstrate general intelligence, highlighting that
while the architecture is necessary, the sophisticated organization and programming of that
architecture are what provide the sufficient condition for advanced cognitive behavior.

3. Key Concepts and Components of a Physical Symbol System

A Physical Symbol System is characterized by specific functional properties that allow it to
operate on and manipulate symbolic structures. These properties distinguish the PSS from mere
input-output devices or simple state machines, providing the computational depth required for
complex problem-solving. Understanding these components is critical to grasping the operational
basis of the PSSH.

Symbols: These are physical patterns that can occur as components of another entity called an
expression. Crucially, a symbol designates or refers to something external to the system itself,
whether that external entity is an object, a concept, or another internal system state. Examples
include words in a language, tokens in a programming language, or nodes in a semantic network.
Expressions (Symbol Structures): Symbols are concatenated or linked together to form symbol
structures or expressions. These structures provide complex representations of relationships,
states of affairs, or rules. The structure itself is physical, meaning it exists in a specific memory
location or configuration, enabling the system to read, write, and manipulate it.

Designation: This is the mechanism by which a symbol can point to, or refer to, an object. For a
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system to be intelligent, it must be able to use symbols to designate specific things, allowing the
system to process information about the external world indirectly through its internal symboaolic
model.

Processes of Manipulation: The PSS must contain processes that operate on the expressions to
create, modify, copy, store, and destroy symbols and symbol structures. These processes must be
carried out physically by the system, often manifesting as computational algorithms or rule-based
inference engines that transform one state of knowledge into another.

4. Historical Development and the GOFAI Paradigm

The roots of the PSSH are deeply intertwined with the earliest successes of artificial intelligence
research in the mid-20th century. Following the seminal Dartmouth Workshop in 1956, researchers
focused on demonstrating machine intelligence through programs that utilized logical inference and
search heuristics. Newell and Simon's work on the Logic Theorist (1956) and the General
Problem Solver (GPS, 1957) provided the empirical evidence that later formalized the PSSH.
These early programs showed that complex, goal-oriented behavior could be achieved by
manipulating abstract symbols according to well-defined rules, thereby suggesting a profound
connection between computation and cognition.

The PSSH crystallized the philosophical commitment that guided the first few decades of Al,
asserting that intelligence is fundamentally about logical inference over symbolic representations.
This approach dominated the field, leading to the creation of expert systems--programs designed
to mimic the decision-making ability of a human expert--which thrived during the Al boom of the
1980s. These systems codified vast amounts of specialized domain knowledge into 'if-then’ rules
and symbolic structures, effectively treating the expert's knowledge base as a massive, organized
symbol system capable of search and inference. The PSSH thus provided the theoretical
justification for treating the mind as a computer and the computer as a model for the mind.

The formal presentation of the PSSH in the Turing Award lecture cemented its place as the central
dogma of cognitive architecture. It offered a unifying theory for computer science and psychology,
suggesting that both disciplines were fundamentally concerned with the manipulation of information
structures. This period is often characterized by the belief that intelligence could be captured
entirely by formalizing knowledge and procedures, viewing cognition as inherently syntactic
processing--the manipulation of symbol tokens independent of their semantic meaning, provided
the rules for manipulation were correctly structured.

5. Applications in Cognitive Modeling and Al Architectures

The PSSH has profoundly influenced the design of specific Al architectures and cognitive models
intended to replicate human-level intelligence. One of the most significant architectural legacies
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derived directly from the PSSH is the Soar cognitive architecture, developed largely by Allen

Newell and his colleagues. Soar is explicitly designed as a PSS, aiming to provide a
comprehensive theory of human cognition based on symbolic processing, goal-directed behavior,
and learning through chunking.

In practice, applications based on the PSSH excel in domains where knowledge is highly
structured and rules are explicit. This includes areas such as planning, scheduling, theorem
proving, and certain types of medical diagnosis systems. These systems leverage the efficiency of
symbolic search algorithms, often relying on massive state spaces and sophisticated heuristics to
navigate through the potential combinations of symbols and expressions to reach a desired
solution. The success of these applications, particularly in proving mathematical theorems or
playing games like chess (culminating in Deep Blue's victory over Garry Kasparov), served for
decades as primary evidence supporting the sufficiency claim of the PSSH.

Beyond traditional Al, the PSSH shaped the early understanding of human memory and problem-
solving within cognitive psychology. Models based on production systems--collections of condition-
action rules that fire when symbolic conditions are met--were developed to simulate human short-
term and long-term memory structures, further blurring the lines between computational theory and
empirical psychological findings. Even as newer paradigms have emerged, the capacity of
symbolic systems to handle abstract reasoning and logical deduction remains unparalleled in
specific, rule-intensive environments.

6. Criticisms: The Symbol Grounding Problem

Despite its dominance, the PSSH faced substantial criticism, primarily stemming from the lack of
robustness in symbolic systems when dealing with the ambiguity and complexity of the real world.
The most profound philosophical challenge came from the Symbol Grounding Problem,

articulated forcefully by Stevan Harnad. This critigue questions how the internal symbols
manipulated by the PSS acquire meaning or "grounding" in the external world.

The PSSH implies that intelligence is purely a matter of syntactic manipulation--the rules governing
how symbols are shuffled. However, critics argue that if a system manipulates symbols based
solely on their form (syntax) without understanding their connection to the world (semantics), it is
merely performing a sophisticated form of bookkeeping. Harnad famously likened this to a person
trapped in a room shuffling Chinese symbols based on a rulebook written in English, without ever
understanding the meaning of the Chinese characters (the Chinese Room argument, popularized
by John Searle, addresses related concerns). If the meaning of the symbols is always supplied by
an external observer (the programmer or user), the system itself is not genuinely intelligent but
merely a clever simulator.

Addressing the Symbol Grounding Problem requires linking internal, abstract symbols to external,
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non-symbolic sensory experiences and motor interactions. This led to a significant shift in Al
philosophy toward embodied cognition, connectionism, and dynamical systems theory, which
prioritize learning directly from interaction with the environment rather than relying exclusively on
pre-programmed, ungrounded symbolic representations. The difficulty symbolic systems face in
handling perception, pattern recognition, and common sense knowledge--areas where rules are
difficult to formalize--further emphasized the limitations inherent in systems that privilege formal
syntax over sensorimotor grounding.

7. Alternative Paradigms and the Rise of Connectionism

The limitations of the PSSH, particularly in areas like pattern recognition and learning from noisy
data, spurred the development of alternative cognitive architectures. The most notable alternative
is Connectionism, which models cognition not through discrete symbols and explicit rules, but
through networks of interconnected nodes (neural networks) that process information in a
massively parallel, distributed manner. Connectionist systems, which gained prominence in the
1980s and especially in the modern era of Deep Learning, represent knowledge implicitly as
numerical weights and patterns of activation, rather than as explicit symbolic structures.

Connectionists challenged the necessity claim of the PSSH, arguing that intelligence does not
require a symbol system in the classical sense. They demonstrated that complex behaviors, such
as learning language past tense rules or recognizing complex images, could emerge robustly from
statistical learning and adaptation, bypassing the need for pre-programmed symbolic rules. While
symbolic systems are strong in logical deduction, connectionist systems excel at generalization,
feature extraction, and handling ambiguity, suggesting that true intelligence might require a hybrid
approach that integrates the strengths of both paradigms.

Furthermore, the rise of Embodied and Situated Cognition theories provided a third major
challenge, rejecting the PSSH's view of cognition as disembodied computation. These theories
argue that intelligence is inextricably linked to an agent's physical body and its dynamic interaction
with the environment. If intelligence is largely about skillful interaction and adaptation rather than
just logical inference over internal representations, then the PSSH--which focuses heavily on
abstract, internal symbol manipulation--may be an insufficient model for natural intelligence.

8. Legacy and Modern Relevance

Despite the significant challenges posed by connectionism and the symbol grounding problem, the
PSSH remains a vital theoretical cornerstone. It provides the most coherent explanation for how
abstract reasoning, planning, and language composition are achieved. Modern Al often sees a
resurgence of symbolic methods, particularly in hybrid systems that attempt to combine the robust
learning capabilities of neural networks with the logical rigor of symbolic processing. For instance,
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systems may use deep learning (connectionism) for perception and grounding, but then feed the
resulting abstract concepts into a symbolic planning system (PSSH) for higher-level strategic
reasoning.

The hypothesis established the fundamental vocabulary for discussing computational models of
mind, forcing researchers to define precisely what is meant by "representation” and "process." It
provided the initial formal definition that allowed computer science to claim relevance to the study
of the mind. Even critics utilize the PSSH as the benchmark against which alternative, non-
symbolic models must be measured, demonstrating its lasting impact as the canonical hypothesis
for computational intelligence.

In summary, the PSSH successfully identified that the manipulation of information structures is
crucial for intelligence. While its claim of necessity and sufficiency has been vigorously debated
and challenged by the practical success of hon-symbolic machine learning, its theoretical clarity
continues to inform areas of Al that require explainability, transparency, and logical deduction,
ensuring its enduring legacy in both computer science and cognitive science.
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