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Introduction to Nonaccidental Properties

Nonaccidental properties, often abbreviated as NAPs, constitute a fundamental concept within the

field of cognitive psychology and visual perception, particularly concerning how the human visual

system achieves robust and efficient object recognition. These properties are critical perceptual

cues used by observers to identify objects regardless of the specific angle or distance from which

they are viewed. The term refers to features of a two-dimensional image that are highly likely to

correspond to significant, stable three-dimensional features of the object itself. Crucially, a NAP is

a property that, if it exists in the 3D world, will almost always project onto the 2D retina in the same

way, unless the observer happens to be viewing the object from a highly specific, singular, and

therefore statistically improbable viewpoint--an "accidental" viewpoint. This reliability makes NAPs

powerful tools for perceptual categorization and achieving object constancy.

The psychological significance of nonaccidental properties lies in their ability to bridge the gap

between the continuously changing sensory input, which is the 2D retinal image, and the stable,

constant representation of an object in memory, which is the 3D structural description. For

instance, when an observer sees two parallel lines in a projected image, the visual system

assumes that those lines correspond to two parallel edges in the three-dimensional object, rather

than assuming the object has non-parallel edges that just happen to align perfectly from the current

viewing angle. This assumption is a powerful heuristic that drastically simplifies the computational

load required for identification. Without reliance on NAPs, every slight movement of the head or

change in viewing distance would potentially generate a novel stimulus requiring a new recognition

process, rendering the visual world chaotic and unintelligible for consistent interaction.

Therefore, nonaccidental properties are normally used as cues for objective recognition because

they possess the defining characteristic of being relatively unaffected by the viewpoint an

observer takes. This resilience against viewpoint changes allows the visual system to quickly

extract the core structural components of an object, minimizing the need for mental rotation or

extensive memory matching against multiple stored views. This efficiency is paramount for

effective interaction with the environment, enabling rapid categorization of objects. The recognition

process, leveraging these stable features, moves beyond mere image matching toward

establishing a consistent structural description of the world, providing a strong basis for spatial

reasoning and navigation.

Theoretical Foundation: Recognition-by-Components (RBC)

The most influential theoretical framework integrating nonaccidental properties into a

comprehensive model of perception is Irving Biederman's Recognition-by-Components (RBC)

theory, first proposed in the 1980s. RBC posits that complex objects are decomposed into a

relatively small, finite set of basic volumetric primitives, which Biederman termed "geons," short for
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geometric ions. According to this theory, the identification of an object depends primarily on

identifying the configuration of its constituent geons, and crucially, the human visual system

identifies these geons almost exclusively through the detection of nonaccidental properties present

in the object's retinal projection. RBC is fundamentally a structural description theory, asserting

that recognition is mediated by the spatial relationships between these basic parts, rather than by

holistic, image-based templates that are view-dependent.

The RBC framework suggests a highly structured, hierarchical recognition process involving

several key stages. Initially, the visual system must extract elementary features like edges and

vertices from the 2D image. Following this, the system identifies the nonaccidental properties

associated with these contours, such as whether lines exhibit parallelism, whether a vertex is

symmetrical, or whether edges are collinear. This step is critical because these NAPs are used

immediately thereafter to parse the image into the corresponding geons. Finally, the specific

configuration and spatial relationship of the identified geons are matched against structural

descriptions stored in long-term memory. This process is highly efficient because the set of geons

is constrained (estimated at around 36 distinct shapes), and NAPs ensure that geon identity is

maintained across various viewing conditions, reinforcing the model's predictive power.

A central tenet of RBC, which highlights the importance of NAPs, is the principle of viewpoint

invariance. This principle states that once the geons and their structural relations have been

extracted using nonaccidental properties, object recognition remains stable and reliable even when

the object is rotated significantly in depth. This means the visual system does not need to store

thousands of different views of a single object, such as a hammer; it only needs to store its

structural description--a configuration consisting, perhaps, of a short, wide block geon (the head)

attached perpendicularly to a long, thin cylinder geon (the handle). This profound representational

economy is achieved because the nonaccidental properties defining those geons are preserved

across the vast majority of viewing angles, confirming the hypothesis that NAPs provide the

necessary input for successful geon extraction and subsequent recognition across diverse

circumstances.

Defining Viewpoint Invariance

Viewpoint invariance, in the specific context of structural recognition theories, refers to the

essential capacity of the visual system to recognize an object as the same persistent entity despite

substantial variations in its orientation, scale, or position relative to the observer. Nonaccidental

properties provide the essential informational criteria required to establish this invariance. A

property is classified as nonaccidental if the conditional probability of it appearing in the 2D image,

given that the underlying 3D structure possesses that feature, is extremely high across nearly all

possible viewing angles in the environment. Conversely, the probability of that same property

appearing merely due to a highly improbable chance alignment of non-corresponding 3D features--
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a scenario termed an "accidental view"--is statistically negligible. This inherent statistical

robustness is precisely what makes NAPs reliable indices for accurate 3D structural interpretation.

Consider the projection of a cube onto the retina. If the edges of the cube are truly parallel in the

3D world (a nonaccidental property), they will appear parallel or nearly parallel in the 2D projection

from almost any vantage point, excluding highly exceptional cases of extreme foreshortening. If,

however, the object's edges were converging in 3D but only appeared parallel from one precise

angle (an accidental property), the slightest lateral movement of the observer would immediately

break that alignment and reveal the convergence. The human visual system implicitly assumes the

former case, relying on the statistical likelihood that the observed parallelism reflects a stable

structural property. This reliance on the nonaccidental nature of the projection is the mechanism

that minimizes the dependency on viewer-centered coordinates and allows for the rapid transition

to an object-centered representation necessary for deep recognition.

The effectiveness of nonaccidental properties in achieving viewpoint invariance has significant

implications for how object memory is organized and accessed. If object recognition were heavily

dependent on specific viewing angles, the brain would necessitate an astronomical amount of

storage capacity to catalogue every possible projection of every known object, a computationally

intractable task. By efficiently extracting NAPs, the system is able to encode the object based on

its intrinsic geometric structure, leading to a highly compact and efficient memory representation.

This structural encoding ensures that recognition performance does not significantly degrade when

an object is presented from a previously unseen perspective, provided that the critical

nonaccidental properties defining the object's constituent geons remain visible to the observer.

Specific Examples of Nonaccidental Properties

A small but highly potent set of nonaccidental properties is hypothesized to be centrally utilized by

the visual system for the purpose of geon identification. These properties specifically relate to the

relationships between edges, lines, and contours in the projected image. Identifying these specific

features allows the visual system to infer the underlying geometric structure of the 3D object

rapidly and reliably. Key examples include collinearity, which is the property where points or line

segments lie on a common straight line; parallelism, where lines are parallel in the image plane,

strongly suggesting parallel edges in 3D; and symmetry, where the object appears symmetrical

when viewed orthogonally, implying structural symmetry in the object itself. The perception of these

NAPs is highly reliable and forms the backbone of the structural description process.

Other crucial nonaccidental properties involve the geometric characteristics of vertices and

endings. For instance, the property of cotermination refers to the perception that multiple lines

meet at a single, shared point, typically forming junctions like Y-junctions or arrow-junctions. This

strongly indicates the existence of a true vertex in the 3D space, where edges physically meet. The
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characteristic of curvature, particularly the sign of the curvature (whether convex or concave), is

also nonaccidental, as the curvature of an edge generally remains consistent regardless of

viewpoint. Furthermore, the shape and composition of junctions--such as the difference

between straight lines meeting (a corner) versus curved lines meeting (a shoulder)--provide

definitive cues about the geon types involved, helping to differentiate, for example, between a

planar surface and a curved surface.

These properties are fundamental because they provide necessary and sufficient information about

the type of geon present. For example, detecting two parallel, straight edges that abruptly

terminate defines a rectangular block or prism geon. Detecting a smooth, continuous contour that

terminates at a single point, forming an arc, helps define a conical or cylindrical geon. Because

these properties are stable, an observer may use nonaccidental properties in navigation or

recognition tasks, such as noting that "the building with the perfectly parallel columns" or "the sign

with the perfectly symmetrical logo" serves as a landmark or recognition point when giving

directions for example. These structural descriptions derived from NAPs are stable anchors in an

otherwise dynamic and changing perceptual environment.

Contrast with Accidental Properties

To fully appreciate the efficiency and power of nonaccidental properties, it is essential to contrast

them sharply with their counterpart: accidental properties (APs). Accidental properties are

defining features of the 2D retinal image that only appear under a singular, highly unique, or

"accidental" viewpoint. If the observer moves even slightly, the accidental property instantly

vanishes or transforms dramatically. The visual system, recognizing the unreliability of these

features, generally discounts accidental properties because they are poor indicators of the object's

true 3D structure. Reliance on APs would lead to frequent misidentification and a catastrophic lack

of object constancy every time the observer or the object shifted position.

A classic perceptual illustration of an accidental property is the phenomenon of illusory visual

alignment, such as when a distant mountain peak appears to touch the roof of a nearby house,

creating a visual confluence. From that specific, narrow vantage point, the mountain and house

appear contiguous, but this is a mere coincidence of viewing angle; a small lateral step by the

observer breaks the alignment immediately and reveals the depth separation. In terms of contour

features, an accidental property might be two edges of a cube that are perpendicular in 3D space

appearing perfectly aligned (collinear) in the 2D image due to a precise angle of foreshortening. If

the recognition system were to rely on this accidental collinearity, the structural description derived

would be profoundly incorrect as soon as the viewpoint shifts even marginally.

The visual system's preference for interpreting visual input based on NAPs rather than APs reflects

a fundamental cognitive assumption known as the genericity principle or the likelihood principle.
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This principle dictates that the visual system interprets input in the manner that is least dependent

on a specific, highly unique viewpoint. When confronted with an ambiguous retinal projection that

could arise either from a stable, nonaccidental 3D feature or from a highly specific accidental

alignment, the system defaults to interpreting the input as reflecting the stable, nonaccidental

feature, as this is statistically the most probable origin. This computational shortcut is vital because

it ensures that the perceived world remains stable, predictable, and amenable to consistent

recognition and interaction across various spatial transformations.

Role in Perceptual Organization and Geon Detection

Nonaccidental properties are instrumental in the complex process of perceptual organization,

which involves segmenting the continuous visual scene into discrete, meaningful objects and their

component parts. Before an object can be assigned meaning or recognized, its boundaries must

be clearly defined and its parts must be appropriately grouped. NAPs serve as the primary criteria

for determining where one geon ends and another begins, ensuring that the object is parsed at

points corresponding to concavities or deep indentations in the object's 3D structure. These points

of articulation, which are vital for separating components, often correspond precisely to junctions

defined by nonaccidental properties, such as the intersection points of multiple contours.

The reliable detection of NAPs initiates the crucial process of geon identification. Once the system

identifies, for example, the NAP of parallelism between two opposing contours, it immediately

imposes a severe constraint on the interpretation of the contained volume, suggesting a uniform

width characteristic of extended geons such as bricks, cylinders, or wedges. Similarly, the NAP of

symmetry strongly suggests the presence of a principal axis of elongation, which is central to the

definition of many geon types. This rapid and robust detection of structural features allows the

visual system to quickly generate a preliminary structural description, which is then used for

efficient retrieval from long-term memory representations.

Furthermore, the strategic use of NAPs provides a compelling theoretical explanation for the

phenomenon of robust recognition despite degradation or occlusion. Research by Biederman

and others has repeatedly demonstrated that object recognition remains remarkably accurate even

when a significant percentage of the object's contour information is removed, provided that the

critical junctions--the locations where NAPs are most salient--remain intact and visible. If

recognition relied strictly on overall visual similarity or image template matching, such occlusion or

deletion would be devastating to performance. However, because NAPs provide the necessary

invariant information to extract the geons, the system can utilize the structural description to fill in

the missing details and complete the perceived form, confirming the overriding importance of these

structural cues over local, view-dependent pixel information.
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Neurological and Experimental Evidence

Both experimental psychology and cognitive neuroscience have contributed substantial converging

evidence supporting the critical and specialized role of nonaccidental properties in human vision.

Behavioral studies systematically manipulating the availability of NAPs versus APs consistently

demonstrate that recognition performance is directly and positively correlated with the presence of

nonaccidental information. When test images are specifically designed to preserve NAPs while

eliminating accidental cues (e.g., using simplified line drawings that maintain only junction

information), recognition remains highly successful. Conversely, when critical NAPs are

intentionally removed or distorted, even if most of the object's contour remains visually present,

recognition performance suffers significantly, often falling to chance levels.

Neuroscientific investigations, utilizing advanced imaging techniques such as functional Magnetic

Resonance Imaging (fMRI), have sought to localize the specific brain regions involved in

processing this structural invariance. Findings consistently suggest that regions within the ventral

visual stream, most notably the lateral occipital complex (LOC), are selectively sensitive to object

structure and viewpoint invariance. The LOC exhibits reduced activation when an object is merely

rotated in depth (a transformation that preserves NAPs), compared to when a completely novel

object is presented. This differential response indicates a specialized neural mechanism capable of

abstracting away from specific viewpoint-dependent features and focusing instead on the stable

structural description provided by the set of nonaccidental properties.

Further behavioral evidence comes from studies involving recognition priming and stimulus

degradation. Objects that are initially primed (recognized) based on their structural description,

which is inferred efficiently from NAPs, show significantly faster and more accurate recognition

times even when the subsequent presentation is from a dramatically different viewpoint. This

robust priming effect suggests that the memory representation accessed during the initial

recognition process is not tied to a specific image or viewing angle but rather to the stable, object-

centered geon structure derived instantaneously from the nonaccidental properties. These

collective findings validate the core claims of the RBC model, confirming that NAPs serve as the

primary input features driving the creation of the viewpoint-invariant structural descriptions that are

essential for successful human object recognition across diverse visual conditions.

Implications for Human Cognition and Technology

The deep understanding of nonaccidental properties extends far beyond the confines of theoretical

psychology, offering significant practical implications for both the study of human cognition and the

development of advanced technological systems. In cognitive science, NAPs provide a robust

explanation for why humans are so remarkably adept at recognizing novel objects rapidly and why

we can maintain object constancy so effortlessly in complex, dynamic visual environments. The
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immense efficiency gained by relying on these invariant features is central to the high-speed

processing capabilities of the human visual system, allowing attentional resources to be allocated

quickly toward higher-level cognitive tasks such as planning and decision-making.

In the realm of technology, particularly computer vision, machine learning, and robotics, the robust

principles underlying NAPs have been utilized extensively in the development of sophisticated

recognition algorithms. Designing algorithms that actively mimic the human reliance on viewpoint-

invariant features, rather than depending solely on pixel-by-pixel or template comparisons, allows

artificial systems to achieve significantly more robust and generalized object recognition. Systems

engineered to extract features like parallelism, collinearity, and cotermination, effectively mirroring

the geon extraction process, perform markedly better in cluttered environments, under varying

lighting conditions, and when objects are partially occluded, compared to traditional systems reliant

on view-specific templates.

Finally, the concept of nonaccidental properties provides a critical framework for understanding

visual development and learning throughout the lifespan. It is widely hypothesized that infants learn

to identify and categorize objects by first learning to detect and prioritize these robust, viewpoint-

invariant features over transient, surface-level details. By focusing on the inherent structural

components or "bones" of objects, rather than their superficial appearance from one angle, the

cognitive system rapidly builds a stable, generalizable lexicon of objects, forming the bedrock for

complex visual interaction and sophisticated spatial reasoning. This fundamental ability to abstract

geometric structure through the detection of NAPs is arguably one of the most critical and powerful

achievements of the mature human visual cortex.
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