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Computer of Averaged Transients (CAT)

Primary Disciplinary Field(s): Neurophysiology, Cognitive Neuroscience, Digital Signal

Processing, Electroencephalography (EEG)

1. Core Definition

The Computer of Averaged Transients (CAT) refers to a specialized signal processing instrument

and methodology developed primarily for neurophysiological research, most notably for the

analysis of electroencephalographic (EEG) data. This tool is designed to overcome the inherent

challenge of detecting weak, time-locked neural responses--known as evoked potentials or event-

related potentials (ERPs)--which are typically obscured by the far higher amplitude of continuous,

spontaneous background EEG activity. The CAT achieves this detection through the sophisticated

application of repetitive sampling and algebraic summation, effectively acting as a highly specific

digital filter.

The fundamental operational goal of the CAT is to dramatically enhance the ratio of signal to noise

(SNR). By repeatedly presenting a specific stimulant (sensory, motor, or cognitive) and recording

the resulting sequential electrical reactions documented by EEG over many trials, the system can

computationally generalize these responses. The resulting averaged waveform represents the

predictable electrical response locked precisely in time to the occurrence of the stimulus, allowing

the specific neural event to be measured quantitatively.

This computerized generalization process is critical because it permits the desired reactions (the

transients or ERPs) to be reliably differentiated from the overwhelming "sound" of continual,

random cortical activity, which constitutes the noise component. Before the advent of instruments

like the CAT, researchers struggled immensely to isolate these subtle occurrence-related

possibilities, rendering fine-grained analysis of the brain's real-time processing capabilities largely

inaccessible. The development and deployment of the CAT thus represented a pivotal

technological advancement that transformed the field of cognitive neurophysiology.

2. Etymology and Historical Development

The concept underlying the Computer of Averaged Transients--signal averaging--predates the

widespread availability of digital computers, rooted in the mathematical necessity of extracting a

predictable signal from random interference. Early attempts to utilize this methodology in biology

often relied on cumbersome analog devices or laborious manual summation techniques. However,

the practical realization of the CAT as a robust research tool began in the late 1950s and early

1960s with the miniaturization and increased speed of solid-state digital circuitry.

The introduction of dedicated, relatively affordable digital hardware specifically tailored for
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biological signal averaging marked the true emergence of the CAT. These early machines were

specialized pieces of equipment, often housed in research laboratories and some advanced clinical

settings, distinct from general-purpose laboratory computers. They utilized dedicated memory

banks (registers) to sequentially store and sum the incoming digitized segments of EEG data.

The development of the CAT allowed the field of event-related potential research to flourish.

Previous studies had been limited to highly robust, high-amplitude evoked responses, but the CAT

enabled the reliable investigation of components related to higher-order cognitive functions, such

as attention, decision-making, and memory. While modern EEG analysis is typically performed

using powerful software packages on general-purpose computers, the term CAT remains

historically significant, denoting the instrumental hardware that first made these precise

neurophysiological measurements possible.

3. Key Characteristics and Function

A defining characteristic of the CAT is its reliance on the principle of time-locking. To function

effectively, the instrument must receive a reliable trigger signal that marks the precise onset of the

stimulus or event being studied. This trigger synchronizes the data acquisition process, ensuring

that the same segment of neural activity, relative to the event, is sampled and stored in the

memory registers during each trial repetition.

The primary function involves digitization and summation. Incoming analog EEG signals must first

be converted into digital data points. The CAT then samples a predetermined epoch (e.g., 500

milliseconds) following the stimulus trigger and adds these digitized voltage values, point by point,

to the cumulative sum stored in its memory. This repetitive addition process is the core mechanism

by which the signal is algebraically enhanced.

Another key characteristic relates to the nature of the transient signals it is designed to capture. A

transient is, by definition, a brief, non-continuous fluctuation in activity. The CAT specifically targets

these event-related possibilities, isolating them from the continuous background noise. The

resulting averaged waveform, displayed upon completion of the desired number of trials, provides

a clear and significantly amplified representation of the brain's typical, measurable response to the

specific stimulus presented.

4. Operational Principle: Signal Averaging

The effectiveness of the Computer of Averaged Transients hinges entirely on the statistical

properties of signal averaging. This method operates under the critical assumption that the desired

signal (the ERP) is coherent and consistently linked to the stimulus timing, while the unwanted

background noise (spontaneous EEG) is random and uncorrelated with the stimulus onset.
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When multiple trials are summed, the consistent signal adds constructively, meaning the signal

amplitude increases linearly in proportion to the number of trials ($N$). For example, after 100

trials, the signal component of the cumulative waveform will be 100 times stronger than the signal

component of a single trial. This predictable, linear growth is essential for making the signal

visually and measurably distinct.

Conversely, because the background noise is random (its voltage values fluctuate positively and

negatively without correlation to the stimulus), the noise tends to cancel itself out over multiple

summations. Mathematically, the amplitude of the random noise increases only in proportion to the

square root of the number of trials ($sqrt{N}$). Therefore, the overall improvement in the signal-to-

noise ratio is proportional to $sqrt{N}$. If 1,600 trials are averaged, the SNR improves by a factor

of 40 (the square root of 1,600), allowing signals that were previously undetectable to become

robust components of the final average waveform.

5. Applications in Research and Medicine

The instrumental methodology developed using the Computer of Averaged Transients is employed

extensively across various research laboratories and clinical hospital settings, fundamentally

transforming both basic neuroscience and medical diagnostics. In research, the CAT allowed

neuroscientists to map the temporal dynamics of cognitive operations with millisecond precision,

leading to the identification and characterization of dozens of distinct ERP components (e.g., the

N100, P300, and N400 components) that reflect specific stages of sensory processing, attention

allocation, and semantic analysis.

In clinical diagnostics, the technique is indispensable for assessing the integrity of sensory

pathways, particularly in patients who cannot provide voluntary responses, such as infants or

unconscious individuals. Common clinical applications include Auditory Brainstem Response

(ABR) testing, which uses signal averaging to assess hearing function and detect neural

conduction issues along the auditory pathway from the cochlea to the brainstem.

Furthermore, Visual Evoked Potentials (VEPs) are routinely measured using the CAT principle to

assess the health of the visual system and optic nerve, often utilized in the diagnosis and

monitoring of demyelinating diseases like multiple sclerosis. Somatosensory Evoked Potentials

(SSEPs) similarly employ averaging to monitor the function of peripheral nerves and spinal cord

pathways during complex surgeries, highlighting the vital role of this computerized technique in

ensuring patient safety and providing objective diagnostic information.

6. Significance and Impact

The introduction of the Computer of Averaged Transients ranks as one of the most significant

methodological developments in 20th-century neuroscience. Prior to its existence, the electrical
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activity of the human brain was largely viewed as a continuum of spontaneous activity, making the

subtle, moment-to-moment processing related to specific thoughts or events inaccessible to non-

invasive electrophysiological measurement.

The CAT validated the concept that specific mental events elicited quantifiable, time-locked neural

activity that could be reliably measured, thereby bridging the gap between observable behavior

and underlying brain physiology. This capability cemented the use of event-related potentials as a

primary, non-invasive method for studying the timing of information flow in the human nervous

system.

Although the physical hardware components referred to as "CATs" have been largely superseded

by sophisticated software packages running on modern computers, the core principle of signal

averaging remains absolutely foundational to neurophysiology, magnetoencephalography (MEG),

and functional magnetic resonance imaging (fMRI) analysis. The legacy of the Computer of

Averaged Transients is thus the establishment of a robust, mathematical framework for quantifying

neurocognitive processes, accelerating the understanding of how the brain responds to and

processes environmental stimuli.

7. Further Reading

Signal-to-Noise Ratio (SNR) in Data Acquisition

Evoked Potential (EP) and Clinical Applications

Event-related Potential (ERP) Methodology
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