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PEAK PROCEDURE

Peak Procedure

Primary Disciplinary Field(s): Experimental Psychology, Behavioral Analysis, Animal Cognition,
Neurobiology of Timing

1. Core Definition and Purpose

The Peak Procedure is a specialized methodology employed in behavioral analyses designed

primarily to measure and characterize an organism's perception and estimation of specific time
intervals. It is fundamentally an extension of the standard fixed-interval schedule of reinforcement

(FI), but introduces critical non-reinforced trials to isolate the temporal control exerted by the
schedule. In essence, the procedure determines the moment in time when a subject expects a
reward to become available, providing highly precise data regarding the underlying mechanisms of
interval timing. This methodology is crucial for understanding how biological systems, from rats and
pigeons to humans, encode, store, and utilize temporal information in guiding their actions.

The core principle hinges on mixing standard, rewarded fixed-interval trials with interspersed 'peak
trials' or 'empty trials.' During a standard FI trial, the first response emitted after a predetermined
interval (e.g., 30 seconds) results in reinforcement. The behavioral pattern typically generated by
this schedule is characterized by a gradual increase in response rate, forming the classic "scallop"
pattern, culminating in a high response rate just before and immediately after the reinforcement
delivery. The strategic insertion of peak trials, which are significantly longer (often two to three
times the duration of the fixed interval) and feature the complete omission of reinforcement, forces
the organism to reveal its internal estimate of the reward time, as their response behavior
temporarily mirrors the expectation built during the rewarded FI trials.

The purpose of utilizing the Peak Procedure transcends simple behavioral measurement; it serves
as a powerful tool for testing quantitative models of internal clock mechanisms. By providing a
clear, continuous behavioral measure of temporal expectation, researchers can precisely study
how various experimental manipulations--such as the administration of psychoactive drugs,
changes in sensory stimuli, aging, or neurological lesions--affect the accuracy and precision of the
organism's internal clock. The resulting data, often plotted as a response-rate function across the
duration of the peak trial, yields highly reliable metrics that are indispensable for empirical work in
the neuroscience of timing.

2. Procedural Methodology

Implementing the Peak Procedure requires meticulous control over the experimental environment
and the schedule of reinforcement. The first phase involves extensive training on a specific,
moderate fixed-interval schedule (FI-T), where T represents the target time interval. During this
phase, the organism learns to associate the elapsed time T with the availability of reinforcement.
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The training phase must continue until the response pattern stabilizes, typically showing the
characteristic accelerating response rate that peaks just at or shortly after time T. This initial
training establishes the subject's baseline temporal expectation upon which the critical
measurements will be taken.

Once the baseline is established, the experimental phase begins, characterized by the introduction
of the non-reinforced peak trials. These trials are randomly interspersed among the standard
reinforced FI-T trials. Crucially, the duration of the peak trials (often referred to as 'T-prime' or T')
must be long enough to capture the entire expected response curve, usually set at 2T or 3T. The
subject, having no external cues distinguishing a standard trial from a peak trial at the outset,
begins responding based on its learned temporal expectation. Because reinforcement never
occurs during the peak trial, the organism's response rate will rise, peak around time T, and then
decline sharply as the subject realizes the expected reinforcement is absent and the trial is
proceeding into an unexpected duration.

The key to the Peak Procedure's effectiveness lies in its ability to generate a continuous, time-
based measure of behavior. The cumulative data collected over many peak trials are averaged and
plotted, creating a near-symmetrical, inverted U-shaped curve. This curve visually represents the
organism's subjective temporal distribution. The point in time where the averaged response rate
reaches its maximum defines the estimated interval, known as the Peak Time. The spread or
variance of the curve around the peak time is equally critical, indicating the precision or variability
of the organism's internal timing mechanism, a measure often quantified by the coefficient of
variation.

3. Relationship to Fixed-Interval Schedules

The Peak Procedure is conceptually inseparable from the standard fixed-interval (FI) schedule, as
the latter provides the necessary training foundation. The FI schedule demands temporal
discrimination from the organism; reinforcement is conditional not just on a response, but on the
response occurring after a specific delay. This requirement naturally leads to the acquisition of
temporal control over behavior, where the response rate is modulated by the passage of time.
Without this reliable baseline established through consistent FI reinforcement, the organism would
lack the temporal expectation required for the Peak Procedure to yield meaningful data.

However, the standard Fl schedule itself is inadequate for precisely measuring the perceived time
interval. In an FI schedule, the delivery of the reinforcer at time T truncates the behavioral pattern,
meaning the full extent of the organism's expectation--what would happen if the reward did not
arrive--is never observed. The organism receives immediate feedback (the reward) which restarts
the timing process for the next interval. The brilliance of the Peak Procedure is that it removes this
feedback loop during the critical measurement trials, allowing the intrinsic, internally guided
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temporal response pattern to fully manifest.

By comparing the data from the reinforced FI trials (used for training and maintenance) with the
unreinforced peak trials (used for measurement), researchers can distinguish between generalized
responding and true temporal tracking. The shape and location of the response curve during the
unreinforced trials directly reflect the memory and expectation of the trained interval (T),
uncontaminated by the immediate effects of reward delivery. Thus, the Peak Procedure
operationalizes the internal clock by quantifying the temporal distribution of responding under
conditions where the external contingency is temporarily suspended.

4. Measurement and Data Analysis

The analysis derived from the Peak Procedure is highly quantitative, focusing on specific metrics
extracted from the averaged response curve generated during the empty trials. The primary
metrics are Peak Time (PT), Peak Spread (PS), and Overall Response Rate (ORR). These
measures allow for rigorous comparison across different experimental conditions or different
subjects.

Peak Time is the independent variable of greatest interest, defined as the moment during the peak
trial when the rate of responding is maximal. This metric serves as the organism's best estimate of
the fixed interval (T) on which it was trained. Shifts in the Peak Time--either earlier or later than the
trained interval--are interpreted as changes in the speed of the internal clock. For instance,
administration of certain stimulants might cause the Peak Time to shift earlier, suggesting the
internal clock is running faster, whereas depressants might delay the Peak Time.

Peak Spread, or the variance around the Peak Time, is equally crucial. This measure reflects the
precision, or temporal variability, of the interval estimation. In the context of established timing
models like Scalar Expectancy Theory (SET), the Peak Spread is expected to increase
proportionally with the trained interval length (T); this phenomenon is known as the scalar
property of timing. A wider, flatter response curve indicates greater variability and less precise
timing, which might result from factors such as aging or attentional deficits. Finally, the Overall
Response Rate, which is the total number of responses emitted during the peak trial, measures
motivation or general motor output, helping researchers distinguish between deficits in timing
specifically and deficits in general behavioral vigor.

5. Historical Context and Origin

The development of the Peak Procedure emerged from the need for more precise methodologies
to study temporal control within the framework of experimental psychology and operant
conditioning. While traditional FI schedules demonstrated that animals could indeed time intervals,
they did not offer a continuous measure of temporal expectation. The procedure was refined and
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popularized in the 1970s and 1980s by researchers focused on formalizing internal clock
mechanisms, particularly building upon the foundational work of B. F. Skinner and subsequent
studies on schedules of reinforcement.

Its widespread adoption coincided with the rise of formal information-processing models of timing,
most notably the Scalar Expectancy Theory (SET) developed by Church and Gibbon. The Peak
Procedure provided the necessary empirical data to test the core tenets of SET, especially the
scalar property, which dictates that the standard deviation of temporal estimates increases linearly
with the mean estimated interval. Because the Peak Procedure yields both the mean estimate
(Peak Time) and the standard deviation (Peak Spread), it became the gold standard for validating
and refining these theoretical models, cementing its place as an indispensable tool in the field of
timing research.

6. Applications in Timing Research

The versatility of the Peak Procedure has facilitated its use across a vast range of experimental
applications, providing insights into the biological substrates and psychological factors that
modulate temporal perception. A primary area of application is in Neuropharmacology.
Researchers utilize the procedure to assess how various drugs, including stimulants (like
methamphetamine or cocaine), depressants (like alcohol), or medications targeting specific
neurotransmitter systems (such as dopamine or serotonin), affect the speed and precision of the
internal clock. These studies are critical for understanding the neural mechanisms underlying
temporal deficits observed in various clinical populations.

Beyond pharmacology, the Peak Procedure is extensively used in studies of cognitive variables
such as attention and memory. By manipulating the predictability of the trial duration or the sensory
context, researchers can investigate how attentional allocation influences the fidelity of the
temporal judgment. Furthermore, it is a key methodology in studies of aging and neurological
disorders. Comparing the peak performance of young versus aged subjects often reveals a
broadening of the peak spread (increased variability) in older organisms, suggesting a deterioration
in the temporal fidelity of the internal clock mechanism. Similarly, animal models of diseases like
Parkinson's or schizophrenia often show distinct alterations in Peak Time or Peak Spread,
correlating with the temporal dysregulation seen in human patients.

More recently, the procedure has been adapted for use in human timing studies, often utilizing
computer interfaces where subjects press a key or button based on an expected interval. While the
constraints differ slightly from animal research (e.g., verbal instructions are possible), the
underlying principle of measuring the distribution of responding around an expected time point
remains the same, providing a continuous behavioral marker of temporal expectation that is difficult
to capture using simple reaction time tasks.
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7. Theoretical Implications for Timing Models

The data consistently generated by the Peak Procedure has had profound implications for the
theoretical understanding of interval timing. The most consistent finding--that the spread of the
response curve is proportional to the peak time--is the primary evidence supporting the core
assumption of Scalar Expectancy Theory (SET). SET posits that time is measured by an internal
pacemaker that emits pulses into an accumulator, and the variability of timing (the scalar property)
arises from noise inherent in the clock or memory processes. The symmetrical, Gaussian-like
curve observed in the Peak Procedure data is a direct prediction of SET, suggesting that temporal
judgments are normally distributed around the mean expected interval.

However, the Peak Procedure has also driven the development of alternative and more nuanced
models. For example, some data suggest that the rising limb (pre-peak) and the declining limb
(post-peak) of the response curve might be governed by different processes--the former reflecting
the initiation of timing and the latter reflecting the decision to stop responding based on
accumulated temporal error and memory comparison. This observation has led to the emergence
of Oscillator Models and Behavioral Timing Models (BTM), which seek to explain minor
asymmetries or non-scalar effects sometimes observed in the Peak Procedure data that are not
perfectly accounted for by the classic SET framework.

Ultimately, the procedure serves as a critical bridge between empirical observation and
mathematical modeling. Any comprehensive model of interval timing must be able to successfully
simulate the characteristic inverted U-shaped function, the relationship between peak time and
trained interval, and the scalar variance observed in Peak Procedure results. Its rigorous
methodology ensures that theoretical advancements remain grounded in highly reliable,
guantifiable behavioral data.

8. Further Reading

Behavior analysis (Wikipedia)

Fixed-interval schedule (Wikipedia)

Interval timing (Wikipedia)

Scalar Expectancy Theory (Wikipedia)
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