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Visuospatial Sketchpad

Primary Disciplinary Field(s): Cognitive Psychology, Cognitive Neuroscience

1. Core Definition and Function

The Visuospatial Sketchpad (VSS) is a fundamental component of the influential Baddeley and

Hitch model of working memory. It serves as the dedicated subsystem responsible for the

temporary storage and active manipulation of visual and spatial information. Often colloquially

referred to as the brain's "inner eye," the VSS allows individuals to mentally construct, rehearse,

and transform visual images or spatial layouts without relying on external sensory input. This

capacity is critical for tasks requiring spatial awareness and visual problem-solving, providing a

temporary mental workspace analogous to a scratchpad.

Functionally, the VSS handles two distinct, yet highly integrated, types of data: visual information

(concerned with "what" things look like--color, shape, texture, and form) and spatial information

(concerned with "where" things are--location, movement, and navigation). This dual processing

ability distinguishes the VSS from other components of working memory, such as the Phonological

Loop, which exclusively processes auditory and linguistic data. The VSS ensures that the cognitive

system can hold necessary non-verbal information in an accessible state while the Central

Executive performs complex cognitive operations.

A primary function of the VSS involves the creation and maintenance of mental images. If an

individual is attempting to draw a complex figure or recreate a pattern, the VSS holds the image of

the target object--either retrieved from long-term memory or perceived in real time--allowing for

guided reproduction onto paper. Crucially, this mental representation is highly perishable; much

like information stored on a temporary digital clipboard, the image rapidly decays unless actively

rehearsed or refreshed by the central executive or by repeatedly consulting the original stimulus.

This rapid decay underscores the difference between the transient nature of working memory and

the enduring storage capabilities of long-term memory.

2. Historical Context: The Baddeley and Hitch Model

The conceptualization of the VSS arose from the pioneering work of psychologists Alan Baddeley

and Graham Hitch in 1974. Prior to their groundbreaking research, cognitive scientists largely

relied on the unitary concept of Short-Term Memory (STM), which treated all temporary storage as

a single system. Baddeley and Hitch challenged this view by demonstrating that short-term storage

was not unitary but comprised multiple, semi-independent systems working under the supervision

of a controlling attentional mechanism--the Central Executive.

The evidence supporting the fractionation of working memory, and thus the existence of the VSS,

ARABPSYCHOLOGY.C
OM

https://en.wikipedia.org/wiki/Working_memory#Baddeley_and_Hitch_model
https://en.wikipedia.org/wiki/Working_memory#Baddeley_and_Hitch_model
https://en.wikipedia.org/wiki/Phonological_loop
https://en.wikipedia.org/wiki/Phonological_loop
https://en.wikipedia.org/wiki/Central_executive
https://en.wikipedia.org/wiki/Central_executive
https://scales.arabpsychology.com/?p=36376
https://scales.arabpsychology.com
https://scales.arabpsychology.com


Visuospatial Sketchpad 3

PSYCHOLOGICAL SCALES scales.arabpsychology.com

came primarily from dual-task interference experiments. Researchers found that performance on a

visual task (requiring the VSS, such as tracking moving objects) was impaired when

simultaneously performing a second visual task, but was largely unaffected by a concurrent verbal

task (requiring the Phonological Loop, such as reciting numbers). Conversely, verbal task

performance was impaired by concurrent verbal demands but not by visual ones. This finding

provided strong empirical support that the temporary processing of visual and spatial information

utilized a separate, dedicated resource, leading to the formal designation of the Visuospatial

Sketchpad.

The introduction of the VSS was a significant theoretical shift, moving the field away from passive

storage models toward models emphasizing active, dynamic processing. The working memory

model, incorporating the VSS, allowed researchers to explain complex phenomena like reasoning,

comprehension, and learning--processes that require the simultaneous maintenance and

manipulation of information across different sensory modalities. The VSS is therefore not just a

storage container; it is an active mechanism essential for complex cognitive engagement with the

physical world.

3. Key Components and Subsystems

To account for the distinct ways in which visual appearance and spatial location are handled,

researchers, particularly Logie (1995), proposed that the VSS itself is not a monolithic structure but

is further subdivided into two specialized components that interact closely with the Central

Executive:

The Visual Cache: This component is responsible for the passive storage of visual information.

The Visual Cache holds static representations of objects, including their form, color, texture, and

other descriptive visual features. It is the storage element that maintains the image of the flower or

the specific color of a traffic light. The capacity of the cache is limited, and information is

susceptible to interference from new visual input.

The Inner Scribe: This component is responsible for active spatial processing and rehearsal. The

Inner Scribe processes the spatial relationship between objects, monitors the movement of objects,

and mediates the mental manipulation of images (such as rotation or transformation). It acts as a

rehearsal mechanism for spatial information, allowing the individual to track sequences of locations

or mentally navigate a path. Because it involves active planning and movement monitoring, the

Inner Scribe is often hypothesized to be more closely linked to motor control systems than the

Visual Cache.

The distinction between the Visual Cache and the Inner Scribe is supported by neuroimaging

studies and patient data, which often show dissociations where impairment in spatial memory

(Inner Scribe function) exists independently of impairment in object recognition (Visual Cache
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function), and vice versa. This dual-subsystem structure highlights the complexity necessary for

processing the rich array of visual and spatial data encountered in everyday life. For instance,

successfully navigating a familiar route requires both storing the visual landmarks (Visual Cache)

and actively rehearsing the sequence of turns and distances (Inner Scribe).

4. Role in Cognitive Processing and Navigation

The Visuospatial Sketchpad plays a critical, pervasive role in higher-order cognition, extending far

beyond simple image recall. It is indispensable for any task that requires the generation,

maintenance, or transformation of mental imagery.

One of the clearest manifestations of VSS activity is mental rotation. When presented with an

object and asked to judge if a second, rotated image is the same object, individuals rely heavily on

the VSS to mentally spin the image into alignment. The time taken to make a decision is

proportional to the degree of rotation required, demonstrating the active, resource-intensive nature

of VSS manipulation. Similarly, VSS resources are heavily taxed during complex problem-solving

domains such as geometry, physics, and engineering, where visualization of relationships between

three-dimensional objects is essential.

Furthermore, the VSS is fundamentally tied to spatial navigation and geographical orientation.

When a person receives verbal directions--for example, "Turn left at the post office, then go

straight for two blocks"--they use the VSS to construct a mental map, or cognitive map, of the

route. This allows the individual to track their location, anticipate upcoming turns, and compare the

perceived visual environment with the stored mental representation. In this context, the VSS

integrates with long-term memory systems (for storing familiar routes) and executive functions (for

planning and monitoring progress), highlighting its central role as an interface between perception,

memory, and action.

5. Capacity and Duration Limitations

A defining characteristic of the Visuospatial Sketchpad, mirroring the limitations of the working

memory system overall, is its severely restricted capacity and rapid decay rate. Research suggests

that the VSS can typically only hold information relating to approximately 3 to 4 discrete objects or

integrated visual features at any given time. This small limit places a significant constraint on

simultaneous complex visual tasks.

The duration for which information can be held in the VSS is equally limited. Unlike long-term

memory, which relies on structural change for permanence, VSS storage relies on continuous

attentional refreshment mediated by the Inner Scribe and overseen by the Central Executive. If

attention is diverted or if new, distracting visual or spatial stimuli are introduced, the contents of the

sketchpad rapidly degrade, often within a few seconds. This fragility necessitates constant
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rehearsal or frequent retrieval from long-term memory, explaining why, when drawing a flower from

memory, an artist must continually retrieve the visual representation from their long-term stores to

maintain the accuracy of the image.

Attempts to circumvent these capacity limitations often involve chunking, a strategy where

individual elements are grouped into meaningful, integrated units. For instance, instead of

remembering eight individual corners of a cube, the VSS may store the single, integrated concept

of "cube." This strategy effectively increases the amount of information that can be held within the

3-4 item limit, allowing the VSS to support more complex cognitive feats than its raw capacity might

suggest.

6. Neural Correlates and Localization

Cognitive neuroscience research, utilizing fMRI and lesion studies, has identified distinct neural

networks that support the function of the Visuospatial Sketchpad, largely mapping its operations

onto specific regions of the cerebral cortex. Generally, the neural correlates of the VSS involve a

distributed system, incorporating areas responsible for visual input, spatial awareness, and

executive control.

The storage of visual object information (related to the Visual Cache) is primarily localized in the

ventral visual pathway, extending from the primary visual cortex into the temporal lobe, particularly

the inferior temporal cortex. Conversely, the processing and manipulation of spatial information

(related to the Inner Scribe) rely heavily on the dorsal visual pathway, often termed the "where"

pathway, which projects into the posterior parietal cortex. The parietal lobe is critical for

representing spatial location, movement, and coordinating attention in space.

Crucially, the executive functions necessary for actively transforming and refreshing the

information held in the VSS are mediated by the prefrontal cortex (PFC), particularly the

dorsolateral PFC. This area integrates the visual and spatial data, allocating attentional resources

to prevent decay and directing complex operations like mental rotation or sequential route

planning. Damage to specific parts of the parietal or prefrontal lobes can lead to distinct deficits in

VSS function, such as difficulty tracking object movements (spatial deficit) or inability to recall the

color and shape of objects presented moments before (visual deficit).

7. Clinical Significance and Assessment

The integrity of the Visuospatial Sketchpad is essential for normal cognitive functioning, and its

dysfunction is implicated in various clinical and developmental conditions. Deficits in VSS capacity

or efficiency are frequently observed in individuals diagnosed with developmental dyslexia,

Attention-Deficit/Hyperactivity Disorder (ADHD), and certain forms of acquired brain injury,

particularly those affecting the parietal or frontal lobes.
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For example, poor visuospatial working memory can hinder a child's ability to learn complex

mathematical concepts (such as carrying operations in arithmetic), which requires mentally aligning

numbers, or impede their capacity to copy complex diagrams or follow detailed instructions

requiring simultaneous visual tracking and motor execution. In clinical settings, assessment of VSS

function is vital for diagnosis and intervention planning.

Standardized tests used to measure VSS capabilities include the Corsi Block Tapping Task,

which assesses spatial span by requiring the patient to reproduce a sequence of tapped blocks,

and the Visual Pattern Span Test, which measures visual memory by having the patient recall

increasingly complex visual patterns. Performance on these tasks provides quantitative data on an

individual's visuospatial working memory capacity, allowing clinicians to identify specific cognitive

weaknesses and target remedial strategies aimed at improving attentional control and rehearsal

mechanisms.

8. Criticisms and Modern Refinements

While the Visuospatial Sketchpad remains a core component of the working memory model, the

original concept has undergone significant refinement based on subsequent research. One primary

early criticism centered on the model's failure to adequately explain how information from the VSS

and the Phonological Loop could interact and integrate with long-term memory for coherent recall.

This limitation was addressed in 2000 when Baddeley added a fourth component to the model: the

Episodic Buffer. The Episodic Buffer acts as a dedicated, limited-capacity interface that allows the

VSS and the Phonological Loop to bind information together into integrated episodes or complex

chunks. This addition greatly enhanced the model's explanatory power, particularly regarding how

the VSS supports multimodal learning and recall.

Furthermore, some alternative models of working memory, such as those emphasizing attentional

control over specific neural representations (e.g., the embedded-processes model), argue against

the strict segregation of the VSS and other components. These perspectives suggest that visual

and spatial memory might simply be different cognitive processes operating on the same

fundamental attentional resource pool, rather than relying on completely separate, dedicated

storage units. Nevertheless, the Visuospatial Sketchpad remains the most widely cited and

empirically supported framework for understanding the temporary handling of visual and spatial

information in human cognition.

Further Reading

Working memory (Baddeley and Hitch Model)

Visuospatial Sketchpad (Wikipedia)

Phonological Loop
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Central executive

Prefrontal cortex

Parietal lobe
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