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CAPACITY MODEL

Primary Disciplinary Field(s): Cognitive Psychology, Attention Theory, Human Factors
Engineering

1. Core Definition

The Capacity Model represents an influential class of theories within cognitive psychology that
characterizes human attention not as a fixed structural processing mechanism but as a finite,
measurable supply of mental effort or energy. This conceptual framework posits that the human
ability to execute cognitive operations, such as perception, memory retrieval, and decision-making,
relies on a limited pool of resources. These resources are analogous to fuel or energy that must be
allocated across concurrent tasks. Unlike earlier structural models which focused on fixed
bottlenecks in the processing stream, capacity models emphasize the quantitative limits of the
system, asserting that performance success or failure is determined by the availability of resources
relative to the task demands. When the total cognitive load required by the environment exceeds
the available capacity, a measurable degradation in performance occurs, often manifesting as an
attention deficit or task error.

Central to this model is the idea of flexible allocation. The limited pool of resources is not rigidly
assigned but can be strategically distributed across competing cognitive tasks based on the
perceived importance, complexity, and priority of those tasks. This allocation process is mediated
by higher-level cognitive control mechanisms, which dynamically monitor the demand and supply
curves. Therefore, capacity models provide a framework for understanding not only why people fail
at multitasking but also how they prioritize tasks--by consciously or unconsciously dedicating a
greater proportion of the finite resources to the most critical stimuli or objectives.

2. Theoretical Context: Attention as a Limited Resource

The rise of the Capacity Model marked a significant evolution in attention research, shifting the
primary explanatory focus from structural constraints to energetic limits. Earlier models of attention,
particularly the influential filtering theories popularized by Donald Broadbent in the late 1950s,
treated attention primarily as a selection mechanism--a bottleneck designed to prevent the sensory
system from being overloaded by irrelevant information. These models focused on the "where" and
"when" of selection (e.g., early vs. late selection). However, these structural accounts struggled to
adequately explain phenomena where the introduction of a second task degraded performance on
the first, even if the stimuli were processed through different sensory channels, suggesting that the
limitation was energetic rather than purely structural.

In response, researchers, most notably Daniel Kahneman in his seminal 1973 work, "Attention and
Effort," developed the Capacity Model. Kahneman's framework proposed a unitary, flexible pool of
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capacity, regulated by the individual's overall state of arousal. This resource pool could be
deployed to various simultaneous activities. The theoretical leap was that tasks compete for this
shared, limited resource. If a person attempts two demanding tasks concurrently, the total required
capacity (Task A + Task B) might surpass the available supply (Capacity Pool), leading to an
inability to maintain optimal performance on one or both tasks. This resource perspective offered a
more comprehensive and quantifiable way to analyze complex real-world scenarios, such as
driving while engaging in conversation, where the difficulty of either task could fluctuate and
directly impact resource consumption.

3. Historical Development and Refinements

Daniel Kahneman's 1973 formulation provided the bedrock for capacity research, characterizing
the model through several interactive components: the general capacity pool, the level of arousal
influencing the size of that pool, and the mechanisms of allocation (dispositions and momentary
intentions). While highly successful, the concept of a single, undifferentiated resource pool faced
empirical challenges, particularly concerning dual-task interference. Studies showed that
interference was often greater when tasks shared similar modalities (e.g., two auditory tasks) than
when they involved different modalities (e.g., one auditory and one visual task), suggesting that
capacity might be compartmentalized.

This led to the development of more sophisticated, refined capacity theories, such as the Multiple
Resource Theory (MRT) proposed by Christopher Wickens in 1984. MRT maintains the core
principle of limited capacity but argues against a single, universal pool. Instead, MRT posits that
capacity resources are separate and domain-specific, divided along three primary dimensions:
stages of processing (e.g., perception/central processing vs. response execution), modalities of
input (e.g., visual vs. auditory), and codes of processing (e.g., spatial vs. verbal). Under MRT,
performing two tasks that draw from separate resource pools (e.g., a visual monitoring task and an
auditory memory task) results in far less interference than two tasks that compete for the same
pool (e.g., two visual tasks). This evolution allowed capacity models to explain the intricacies of
dual-task performance with greater precision, becoming particularly valuable in fields requiring the
management of simultaneous cognitive demands, such as aeronautical engineering and military

operations.

4. Key Characteristics of Capacity Models

Limited Supply and Flexibility: The foundational characteristic is that the available mental energy
for processing is finite. However, this supply is not static; it can be influenced by internal states,
such as motivation, fatigue, and crucially, arousal. Higher states of arousal often increase the total
available capacity up to an optimal point, beyond which further increases become detrimental
(consistent with the Yerkes-Dodson Law).
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Demand-Driven Performance Decrement: Unlike structural models where deficits are inevitable
due to the sheer volume of information, capacity models stipulate that performance failure occurs
specifically when the aggregated demands of all active tasks surpass the total capacity supply. The
deficit is proportional to the degree of resource overload, allowing for varying degrees of
performance degradation rather than an all-or-nothing breakdown.

Strategic Resource Allocation: The individual is viewed as an active agent capable of strategic
resource management. Resources are dynamically allocated based on an evaluation of current
task demands and the individual's priorities (momentary intentions). For example, if a sudden,
critical event occurs during a low-demand task, the system instantly reallocates the majority of its
available resources to the critical task, potentially starving the previously active, non-critical task.
Pervasiveness Across Cognitive Domains: Capacity limitations are not restricted to simple
sensory selection tasks but affect complex cognitive functions, including working memory,
decision-making, and long-term memory retrieval. Any operation requiring mental effort is
presumed to draw from the limited capacity pool, linking attention directly to the broader concept of

cognitive load.

5. Mechanisms of Attention Deficit

The Capacity Model provides a straightforward yet powerful mechanism for explaining the
occurrence of attention deficits: a fundamental failure to match supply with demand. When the
resources required (demand) to achieve adequate performance on current tasks outweigh the
resources available (supply), a cognitive overload state is reached. This imbalance necessitates a
compromise in allocation. If an individual is attempting to manage three tasks, A, B, and C, and the
combined required resources are 12 units while the available capacity is only 8 units, the system
must decide which tasks to reduce or drop entirely. This failure of resource allocation leads to the
observable attention deficit.

In practice, attention deficits resulting from capacity limitations often manifest in specific ways. If
the primary task (e.g., driving) is prioritized, the secondary task (e.g., recalling complex
information) will suffer, leading to errors in retrieval or delayed responses. Conversely, if a highly
engaging secondary task is given disproportionate resources, critical information related to the
primary task might be missed entirely, illustrating what is often termed inattentional blindness.
The model is particularly effective in explaining performance decrements related to fatigue, stress,
or sleep deprivation, as these states are theorized to directly reduce the size of the total available
capacity pool, thereby reducing the threshold at which overload occurs.

6. Significance and Application in Cognitive Science

The Capacity Model remains a cornerstone of modern cognitive science due to its utility in

explaining and predicting human behavior in complex, demanding environments. Its quantitative
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nature makes it highly applicable in areas where cognitive load management is crucial. In human
factors engineering and ergonomics, capacity principles are used to design user interfaces, control
panels, and automation systems that minimize the mental effort required of operators, ensuring
that resource demands do not exceed capacity, especially in high-stakes settings like air traffic
control or surgical procedures.

Furthermore, capacity theories are instrumental in clinical psychology and neuroscience. They
provide a theoretical basis for understanding developmental disorders, notably Attention Deficit
Hyperactivity Disorder (ADHD), where impaired executive function may hinder the efficient
management and strategic allocation of attentional resources. Treatment strategies often focus on
reducing the resource requirements of tasks through structured environments or training
individuals to improve their resource monitoring and allocation efficiency. The model also offers
insights into aging, where observed declines in multitasking ability are frequently attributed to a
reduction in the overall magnitude or flexibility of the central capacity pool.

7. Criticisms and Alternative Perspectives

Despite its broad explanatory power, the Capacity Model has faced substantial theoretical and
empirical criticism. The most persistent critique centers on the inherent vagueness of the term
"resource."” Critics argue that the concept of a generalized, undifferentiated mental energy pool is
poorly defined and difficult to measure independently of the tasks it is supposed to explain. If
attention is defined simply by the decrement in performance when performing multiple tasks, the
concept risks becoming circular: performance declines because capacity is limited, and capacity is
defined as whatever limits performance.

Alternative models have emerged to address these limitations. For example, some contemporary
views have moved away from resource quantification entirely, focusing instead on processing
efficiency. A key alternative is Perceptual Load Theory (Lavie, 1995), which suggests that attention

selection is automatically determined by the perceptual load of the primary task. When the load is
high, all processing capacity is consumed by the primary task, preventing distractors from being
processed (early selection). When the load is low, residual capacity allows the processing of
irrelevant stimuli (late selection). This model explains attentional failure without relying on a
general, abstract resource pool. Nevertheless, while these alternatives challenge the unitary nature
of the capacity model, the core idea--that cognitive limitations are governed by effortful processing
constraints--remains a fundamental tenet of modern cognitive psychology.
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