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The Nature and Definition of Mixed Reinforcement Schedules

A mixed reinforcement schedule (mix) constitutes a compound schedule of reinforcement

characterized by the sequential presentation of two or more independent simple schedules, where

the critical defining feature is the absence of a discriminative stimulus (SD) signaling which

component schedule is currently in effect. In essence, the subject encounters alternating rules for

reinforcement delivery, yet the environmental context, including all relevant stimuli, remains

constant throughout the alternation. This critical lack of a signaling cue means the organism cannot

discriminate between the conditions governing the different components, leading to a generalized

response pattern that represents a blend or average of the behavior required by the individual

schedules.

This scheduling paradigm is fundamental to the experimental analysis of behavior because it

isolates the effect of the schedule itself from the effect of stimulus control. When a subject is

exposed to a mixed schedule, they are effectively operating under a state of perpetual uncertainty

regarding the parameters of the reinforcement contingency. For instance, a schedule might

alternate between a Variable Interval (VI) schedule and a Fixed Ratio (FR) schedule. When the

schedule shifts from VI to FR, the environment looks identical, forcing the subject to maintain a

response rate that is viable under both conditions, resulting in a unique behavioral outcome distinct

from the predictable patterns observed in simple or multiple schedules.

The core concept is that the reinforcement process is compounded: two or more contingencies are

present, but the physical environment provides only a single, unified stimulus context. The

schedule only changes after a specific criterion is met, such as the passage of time or the delivery

of a certain number of reinforcements, or after a predetermined number of responses. This

structural arrangement ensures that any observed response patterning is solely attributable to the

internal mechanisms of generalization and averaging, rather than external stimulus control, making

the mixed schedule a powerful tool for analyzing non-discriminated behavior in operant

conditioning.

Distinction from Multiple Schedules (MULT)

Understanding the mixed schedule necessitates a sharp contrast with the multiple reinforcement

schedule (MULT), as these two compound schedules are often confused but operate under

fundamentally different principles of stimulus control. In a multiple schedule, two or more simple

schedules are presented sequentially, but each component schedule is associated with a unique

and reliable discriminative stimulus (SD). For example, a red light might signal a Fixed Interval (FI)

schedule, while a green light signals a Variable Ratio (VR) schedule. The subject, in this case,

readily learns to discriminate between the contingencies and adjusts their behavior accordingly.

Conversely, the mixed schedule explicitly removes these differential cues. The single, unchanging
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stimulus (or lack of differential stimulus) is present throughout the operation of all component

schedules. This seemingly small difference--the presence versus the absence of the SD--has

profound consequences for the resulting behavioral profile. In a multiple schedule, the subject

exhibits distinct behavioral patterns appropriate to each signaled component (e.g., the scallop

pattern characteristic of FI under the red light, and the high steady rate characteristic of VR under

the green light).

The absence of discriminative stimuli in the mixed schedule prevents the development of

differential responding. Consequently, phenomena such as behavioral contrast, which is a

hallmark of multiple schedules (where a decrease in responding during one component leads to an

increase in responding during the other), do not typically occur in mixed schedules. The response

rate observed under a mixed schedule is generally stable and intermediate, reflecting a

compromise response strategy that maximizes reinforcement across all possible, yet

indistinguishable, contingencies. This inability to differentiate mandates a generalized response

that averages the reinforcement efficiencies of the components.

Operational Characteristics and Implementation

The implementation of a mixed schedule requires careful definition of the component schedules

and the rules governing their alternation. A mixed schedule, denoted typically as mix FI x VI, for

example, involves the delivery of reinforcement according to the rules of FI, followed by a switch to

VI, all while the environment remains perceptually identical to the organism. The alternation can be

based on several criteria, ensuring that the subject cannot predict the shift.

One common method of alternation is based on the passage of time. A schedule might run under

Component A for five minutes, then automatically switch to Component B for the next five minutes,

regardless of the subject's behavior. Another method is based on the delivery of reinforcement

itself; once a reinforcer is delivered under Component A, the system immediately switches to

Component B. This method links the transition directly to the successful completion of the current

contingency, making the schedule highly sensitive to the subject's overall response rate.

Crucially, regardless of the alternation rule, the experimenter must ensure that no extraneous

stimuli accidentally acquire discriminative control. If the apparatus makes a slight click when the

contingency changes, or if the experimenter's movements inadvertently correlate with the schedule

shift, the mixed schedule could degenerate into an accidental multiple schedule. Therefore, highly

controlled, often soundproof and visually sterile, environments are necessary to maintain the

integrity of the non-discriminated nature of the mixed schedule. The goal is to force the organism to

rely solely on internal behavioral history and generalized expectations, as opposed to external

environmental cues, to guide its responding.
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Behavioral Effects and Resulting Response Patterns

The primary behavioral consequence of the mixed reinforcement schedule is the establishment of

a composite or generalized response pattern. Since the subject cannot identify the current

reinforcement rule, the response rate settles at a level that is optimal for securing reinforcement

across the entire session, regardless of which component is currently active. This outcome

contrasts sharply with the distinct, component-specific patterns seen in multiple schedules.

Consider a mixed schedule combining a Fixed Interval (FI) and a Variable Ratio (VR) component.

FI schedules typically produce a slow response rate immediately following reinforcement, followed

by an acceleration (the characteristic FI scallop). VR schedules, conversely, produce high, steady

rates of responding. When these are mixed without external cues, the resulting behavior is neither

a clear scallop nor a purely high rate. Instead, the subject tends to maintain a moderate, steady

rate of response throughout the session. This moderate rate represents the subject's attempt to

meet the ratio requirement (VR) while simultaneously avoiding the long pauses that would be

inefficient during the interval period (FI).

This generalized response reflects a behavioral compromise. If the subject responds too slowly,

they miss opportunities during the ratio component. If they respond too quickly, they expend

unnecessary energy during the interval component, particularly if the interval is long. The stable,

generalized responding observed under mixed schedules is therefore a powerful indicator of the

failure of stimulus control; the behavior is controlled only by the history of reinforcement density

and the averaging of the required response efforts of the component schedules. This

generalization demonstrates how organisms manage uncertainty when external environmental

information is insufficient for accurate prediction.

Theoretical Implications for Stimulus Control and Generalization

Mixed schedules hold significant theoretical importance, primarily serving as critical tools for

investigating the boundaries of stimulus generalization and the necessity of discriminative control

in operant learning. The fundamental finding that subjects fail to develop differential responding in

a mixed schedule reinforces the principle that behavior is primarily governed by external, reliable

cues, rather than the subtle, internal shifts in reinforcement rules alone.

In the framework of generalization theory, the mixed schedule illustrates a complete overlap of the

generalization gradients for the two component schedules. If the SD for Schedule A and the SD for

Schedule B are identical (or non-existent), the subject cannot form two distinct gradients; the

behavioral output is thus located at the center, representing the modal response tendency across

both contingencies. This provides strong empirical support for theories that emphasize the role of

environmental signals in partitioning the behavioral repertoire.
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Furthermore, mixed schedules are often used to study the phenomenon of schedule interaction.

While multiple schedules demonstrate interactions through contrast effects, mixed schedules

demonstrate interaction through averaging and interference. The demands of one schedule

component inevitably interfere with the efficiency of responding under the other component. For

instance, the high response rate required by a ratio schedule might carry over into the subsequent

interval schedule, leading to excessive responding (superstition) during the early part of the

interval, a clear demonstration that the behavioral inertia from the previous contingency persists in

the absence of a reset signal.

Experimental and Clinical Applications

In experimental psychology, the mixed reinforcement schedule is invaluable for dissecting the

mechanisms of behavioral adaptation under ambiguity. Researchers often employ mixed

schedules to create a baseline of non-discriminated behavior against which the introduction of new

stimuli or pharmacological agents can be measured. For example, a researcher might establish a

stable mix VI/FR schedule and then introduce a subtle cue to see how quickly the subject can learn

to differentiate the components, providing insight into the processing speed and salience required

for stimulus control to take hold.

The schedule also provides an experimental model for understanding human behavior in

environments characterized by vague or inconsistent reinforcement. Many real-world situations

mirror the structure of a mixed schedule: a person might be working on a task where the

requirements for success fluctuate unpredictably, but the work environment (the SD) remains the

same. Consider a customer service representative whose required effort varies drastically between

calls (e.g., one call requires a fast response/ratio; the next requires a long wait/interval), but the

phone interface is identical. The representative develops a generalized, average response strategy

to cope with this ambiguity.

In clinical settings, mixed schedules can help model the persistence of certain behaviors,

particularly those maintained by intermittent and unpredictable reinforcement where the subject

has failed to identify the controlling variables. Understanding the generalized response established

by a mix schedule can inform interventions aimed at introducing clear discriminative stimuli (SDs)

into the environment, thereby allowing the client to differentiate between times when a behavior will

be reinforced and times when it will not, which is a critical step in modifying maladaptive behavioral

patterns.

Challenges and Analytical Limitations

Despite its theoretical utility, the mixed reinforcement schedule presents significant challenges both

in implementation and analysis. The primary analytical difficulty stems from the fact that the
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response rate observed at any given moment is a mixture of two underlying processes. This

interference makes mathematical modeling and the prediction of absolute response rates

inherently more complex than analyzing simple or multiple schedules.

One major limitation is the difficulty in reliably separating the effects of the two component

schedules. Because the subject's behavior under component A affects their behavior under

component B (a carry-over effect), and vice versa, researchers must employ sophisticated

methods, such as momentary response analysis, to estimate the contribution of each schedule to

the overall behavior stream. The resulting data often exhibit higher variability compared to

discriminated schedules, making clear-cut conclusions harder to attain.

Furthermore, maintaining the purity of the mixed schedule is experimentally taxing. As noted

previously, the accidental introduction of a subtle discriminative cue--a slight change in ambient

noise, apparatus vibration, or even physiological feedback that the subject can learn to associate

with the schedule shift--can inadvertently turn the mixed schedule into a multiple schedule.

Constant monitoring and rigorous environmental control are necessary to ensure that the subject

truly operates under a condition of non-discrimination, thereby preserving the integrity of the

experimental investigation into generalization.

Summary of Key Concepts

The mixed reinforcement schedule is a crucial concept in operant psychology, primarily serving as

a mechanism to study non-discriminated learning and the averaging of behavioral requirements. Its

defining characteristic is the constancy of the stimulus environment despite the alternation of

reinforcement contingencies. The resulting behavior is a compromise that allows the organism to

maximize reinforcement across unpredictable conditions.

The critical features and resulting behavioral consequences can be summarized as follows:

Stimulus Control: The same discriminative stimulus (SD) is present throughout all component

schedules, preventing discrimination.

Alternation: Two or more simple schedules (e.g., FR, VI, FI, VR) are presented sequentially, often

alternating based on time or reinforcement delivery.

Response Pattern: The subject displays a generalized response rate, which is an average or

blend of the response patterns required by the individual components.

Contrast Effects: Behavioral contrast, characteristic of multiple schedules, is typically absent or

severely attenuated in mixed schedules.

Theoretical Use: Mixed schedules are used to study generalization, interference, and the limits of
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schedule control in the absence of environmental signals.

In conclusion, the mixed schedule provides a unique window into how organisms manage

uncertainty. By removing the environmental cues that typically guide behavior, researchers can

observe the inherent adaptability and compromise strategies utilized by subjects when faced with a

constantly shifting, yet visually uniform, environment.
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