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  Behavior analysts refer to a decrease in response rate following repeated, 

contingent presentations of a reinforcing stimulus as a product of satiation.  Other 

evidence suggests that these decreases may often be due to habituation to the sensory 

properties of the reinforcing stimulus.  The investigation reported here sought to 

determine whether decreases in operant responding by 3 adults with developmental 

disabilities were due to satiation or habituation.  During baseline, participants placed 

poker chips into a container, and no reinforcement was available.  Within subsequent 

phases, participants received diet lemon-lime soda on a fixed-ratio (FR) schedule of 

reinforcement.  In one condition, the color of the soda was constant throughout the 

session, and in another condition food coloring was added several minutes into the 

session.  Results for at least 2 participants indicated that: (a) soda functioned as a 

reinforcer for placing poker chips in the can; (b) response rates decreased within the 

session to baseline levels; and (c) response rates increased following a change in the 

color of the soda within the session.  Results for the third participant were less clear.  

The results support the argument made by other researchers that the terms habituation 

(a weakening of a behavior following contact with the reinforcing stimulus) and stimulus 

specificity (a strengthening of a behavior following a change in the reinforcing stimulus) 

may be more appropriate descriptors of within-session changes in responding.  The 

factors associated with habituation and satiation, as well as both basic and applied 

research examples, are discussed. 
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CHAPTER 1 

INTRODUCTION 

Habituation refers to a decrease in responsiveness to a stimulus when that 

stimulus has been presented repeatedly or for a prolonged time (e.g., Groves & 

Thompson, 1970; Thompson & Spencer, 1966).  Behavior analysts most frequently 

have used this term to describe decreases in respondent, or “reflexive” behavior as a 

function of repeated contact with unconditioned or conditioned stimuli (Mazur, 1990); 

however, recent discussions suggest that habituation may also appropriately describe 

decreases in operant responding due to repeated presentation or prolonged exposure 

to stimuli functioning as reinforcers (McSweeney & Murphy, 2000).  This suggestion 

seems at odds with the commonly held position that such decreases in operant 

responding are due to a process of satiation.   

In the behavior analytic literature, the term satiation typically refers to decreases 

in the reinforcing value of a stimulus following repeated presentations of that stimulus, 

as evidenced by a decrease in the rate of responding (Malott, Whaley, & Malott, 1993).  

However, other disciplines use this term in reference to decreases in consumption of 

ingestive stimuli after repeated consumption (Mook, 1996).  This more generally 

accepted definition of satiation can be distinguished from that espoused by behavior 

analysts in several ways.  First, this definition limits the term to decreases in classes of 

behavior associated with the introduction of food or fluid into the body.  Second, 

whereas the behavior analytic definition of satiation identifies a decrease in reinforcer 

effectiveness as responsible for decreases in responding, the specific mechanism(s) 

associated with satiety effects are not specified by other disciplines.  In fact, a great 
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deal of research has been conducted to identify the factors associated with satiation, 

and the effects of a wide range of variables have been described (see discussion 

below).  Third, although the more common definition of satiation does not specify 

mechanisms of action, changes in antecedent stimulus conditions, rather than a change 

in the value of the reinforcer, are implicated.  That is, responding declines due to 

biological conditions that affect the ability or propensity of the organism to consume, or 

take in, further quantities of the stimulus.  Finally, and by definition, decreases in 

responding maintained by non-consumable reinforcers cannot be explained in terms of 

the commonly held notion of satiation.  For the purposes of the current paper, the term 

“satiation” will describe a decrease in the consumption of an ingestive stimulus following 

its repeated consumption (i.e., the term will be used in a manner that is consistent with 

its cross-disciplinary definition).  At issue here is that different definitions will yield 

different predictions about behavior. 

Factors associated with satiation are well documented.  Satiety factors include 

such physiological processes and products as oral stimulation, distension of the 

stomach, distention of the duodenum, and increases in blood sugar level, among 

others.  In recent years, the differences between traditional and behavior analytic 

conceptions of satiation have attracted the attention a handful of researchers (see 

Murphy, McSweeney, Smith, & McComas, 2003); however, most behavior analysts 

continue to use the term to describe both the repeated presentation of a stimulus as 

well as its reductive effects on behavior that has been reinforced by that stimulus. 

Habituation occurs when an organism is repeatedly exposed to some stimulus 

and the organism’s responsiveness to that stimulus weakens over time (Murphy et. al, 
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2003).  The factors associated with habituation are relatively well understood, 

particularly with regard to respondent behavior.  Habituation of respondent behavior 

refers to “a decrease in the strength of a response after repeated presentation of a 

stimulus that elicits the response (Mazur, 1990, p. 44).  Thompson and Spencer (1966) 

developed a preliminary list of characteristics of behavior undergoing habituation (or 

dishabituation), which has since been expanded by other researchers and is broadly 

accepted in the habituation literature (McSweeney et al., 2000).  The presence of these 

attributes is accepted as indicative of the effects of habituation rather than satiation. 

Among the common characteristics of habituation are sensitization, 

dishabituation, spontaneous recovery, and stimulus specificity (McSweeney & Murphy, 

2000).  Sensitization refers to an increase in responding following the first few 

presentations of a repeatedly presented stimulus.  Dishabituation describes an increase 

in responsiveness to a stimulus following the addition of a “strong, different, or extra 

stimulus” (p. 349).  Spontaneous recovery refers to an increase in responsiveness to 

pre-habituation levels when the stimulus to which the organism has habituated has not 

been presented for some time.  Finally, stimulus specificity refers to a disruption of 

habituation by unpredictable changes in the stimulus.  Typically, this disruption is 

observed as an increase in or strengthening of the effect of the stimulus on behavior. 

The effects of habituation on respondent behavior have been documented in a 

well-developed, empirical body of knowledge.  However, McSweeney and her 

colleagues argue that these characteristics can be observed in dynamic changes in 

operant (R – S) contingencies as well as respondent (S – R) relationships.  That is, 

whereas most behavior analysts limit the use of the term to respondent phenomena, 
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McSweeney and her colleagues have conducted a series of experiments whose 

outcomes indicate that operant behavior exhibits most, if not all, of the characteristics of 

behavior undergoing habituation when reinforcers are repeatedly presented.  These 

findings suggest that habituation, rather than (or, in the case of consumable reinforcers, 

in addition to) satiation, may account for many of the changes in operant behavior that 

occur as a function of repeated contact with reinforcing stimuli. A complete, accurate 

theory of operant learning is dependent upon a thorough understanding of these two 

distinct effects. 

The behavior-analytic notion of habituation and the traditional definition of 

satiation are closely related, share common characteristics, and may occur in tandem 

when the repeatedly presented stimulus is consumed, as with food or liquid.  However, 

they are not homologous processes, and the relationship between them appears to be 

complex.  For example, whereas habituation can be a satiety factor (e.g., researchers 

have suggested that decreases in responsiveness to the oral sensory properties of food 

may contribute to satiation), many of the factors associated with satiation appear to be 

unrelated to habituation (e.g., distension of the duodenum is not a feature of 

habituation).  Therefore, although both definitions predict decreases in responding 

maintained by ingestive stimuli as reinforcement, other effects might be different.  For 

example, if satiation is responsible for decreases in the consumption of food, changes in 

a presumably arbitrary property of the food, such as the color, should have no effect on 

consumption or associated responses.  However, if habituation is responsible for 

decreases in consumption and related responses, then changing an arbitrary property 

of the stimulus should produce a temporary strengthening of the response as a function 
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of stimulus specificity.  Without systematic analyses of these differential effects, the 

relative contributions of both satiation and habituation are unclear. 

 Decreases in responding following repeated or prolonged access to a reinforcer 

have long been reported in the behavioral literature (e.g., Grott & Neuringer, 1974; Holz 

& Azrin, 1963).  Skinner demonstrated an interest in within-session changes in 

responding that occurred as a function of fluctuating levels of deprivation (Skinner & 

Morse, 1958).  Conrad, Sidman, and Herrnstein (1958) examined the effects of 

deprivation and satiation on behavior maintained on differential reinforcement of low-

rate (DRL) schedules.  In this study, five rats and a rhesus monkey were exposed to a 

DRL schedule of reinforcement with limited hold following systematic deprivation and 

satiation.  Reinforcement was contingent on responses that were at least 20 s apart.  

The authors found that performance was only minimally affected by deprivation or 

satiation except after very brief deprivation or when the subjects were near satiation.  In 

this case, longer inter-response times (IRTs) became more frequent.  In this early 

example, the term satiation was used to describe both an experimental procedure as 

well as a behavioral effect.   

More recently, researchers have directly addressed the moment-to-moment 

changes in operant responding that result from repeated exposure to a reinforcer (e.g., 

McSweeney & Murphy, 2000; McSweeney & Roll, 1993; McSweeney & Weatherly, 

1998).  In an effort to determine the extent to which satiation contributes to changes in 

responding and can predict performances, DeMarse, Killeen, and Baker (1999) 

examined the effects of systematically prefeeding pigeons on a key-pecking response.  

Pigeons were first tested to determine how much food the pigeons could consume in 1 
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hr.  The pigeons were then grouped according to whether the pigeons exhibited large- 

or small-capacity feeding patterns.  Of the 20 pigeons, four that consumed the least 

amount of food were placed in the small-capacity (SC) group and four that consumed 

the most food were placed in the large-capacity (LC) group.  Each pigeon was then 

exposed to an experimental procedure in which access to the food hopper was 

contingent upon key pecking.  The duration of access varied systematically with each 

pigeon.  The results indicated that within-session decreases in key-pecking occurred 

more rapidly with pigeons in the SC Group than with pigeons in the LC Group and 

occurred more rapidly under conditions of longer access to the food hopper.  These 

outcomes indicated correlations between both responding and the amount of food 

consumed (as predicted by both the behavior-analytic and traditional concepts of 

satiation) as well as between responding and “capacity” (as predicted only by the 

traditional concept of satiation).  The authors suggested that a physiological mechanism 

(i.e., crop size) might determine a pigeon’s feeding capacity, and, consequently, the 

pigeon’s sensitivity to satiation.  However, the authors conducted no direct 

measurement of crop size; rather, crop size was inferred from the rate at which 

responding decreased following access to reinforcement, a somewhat circular definition.    

Applied researchers also have relied on the notion of satiation as an explanation 

for apparent decrements in reinforcer effectiveness.  However, the applicability of this 

concept to describe the results of applied experiments is often more questionable than 

in basic studies.  Whereas food is most commonly used as a reinforcer in basic 

research (and, thus, satiation is a factor to be considered when response rates 

decrease following repeated presentation of the reinforcer), applied researchers apply 
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the term when discussing decreases in responding following repeated presentations of 

reinforcers that are often non-edible, such as attention and activities.  

For example, studies of the effects of motivating operations often investigate 

patterns of behavior that occur following repeated or continuous presentation of a 

reinforcer or the denial of access to reinforcers (see Iwata, Smith, & Michael, 2000, for a 

review).  Vollmer and Iwata (1991) examined the effects of withholding reinforcers or 

providing free access to reinforcers prior to sessions in which participants earned those 

reinforcers contingent upon completing a simple task.  The participants, 5 adult males 

with mental retardation, were exposed to three classes of reinforcers, food, music, and 

social praise.  The results indicated that when the reinforcers: were withheld prior to a 

session, responding occurred at much higher rates compared to baseline.  When 

participants were exposed to the reinforcer prior to the session, responding generally 

occurred at rates that were higher than during baseline but lower than during conditions 

when there was no pre-session exposure.  Although the authors discuss these findings 

in terms of deprivation and satiation, satiation (according to the common definition) does 

not appear to be an appropriate account for differences in responding under conditions 

in which music and praise were presented as reinforcers.  However, the behavior-

analytic concept of satiation is not at odds with these outcomes, and so the data 

generated in this and similar studies (Brown, Wacker, Derby, Peck, Richman, Sasso, 

Knutson, & Harding, 2000; Worsdell, Iwata, Conners, Kahng, & Thompson, 2000) 

provide no differential support for either a habituation or satiation account.  Although a 

habituation account would predict within-participant differences in levels of responding 

between classes of reinforcers (i.e., less responding would be expected to occur 

7 



 13

following repeated presentations of food than other stimuli, because both habituation 

and satiation could occur with food), no such analyses were conducted in these studies.   

Rincover and Newsom (1985) demonstrated such patterns when comparing the 

behavior of 3 children with autism under conditions of “satiation” with edible (e.g., 

candy, cookies, cereal) and sensory (e.g., tickling, music, textured fabric) reinforcers.  

The children were trained to make two-stimulus discriminations between colors and/or 

letters, and the reinforcers were delivered contingent upon correct responding.  Edible 

and sensory stimuli produced similar patterns of within-session decreases in responding 

when only a single stimulus was delivered during a session.  However, when a variety 

of either edible or sensory reinforcers was used within a session, more rapid decreases 

occurred with edibles than with sensory stimuli.  The authors concluded that delivering 

multiple sensory reinforcers established patterns of behavior that were more resistant to 

satiation than did delivering single reinforcers or multiple edible reinforcers.  

Alternatively, this pattern of differentiation in behavior maintained by either multiple 

sensory stimuli and/or multiple edible stimuli would be expected if both satiation and 

habituation were operative.  Whereas only habituation could account for decreases in 

responding maintained by multiple sensory stimuli, both habituation and satiety factors 

could contribute to decreases in responding maintained by consumable items such as 

food.  Furthermore, habituation would be likely to proceed less rapidly with multiple 

rather than single stimuli, and so even further differentiation would be expected when 

multiple stimuli were used in both conditions. 

A number of applied studies discuss satiation as a factor related to the efficacy of 

noncontingent reinforcement (NCR) procedures (Hagopian, Crockett, van Stone, 
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DeLeon, & Bowman, 2000; Kahng, Iwata, Thompson, and Hanley, 2000).  DeLeon, 

Anders, Rodriguez-Catter, and Neidert (2000) examined the effects of delivering 

noncontingent access to toys contingent on the self-injury of a girl with autism.  Toys 

were presented as a single set, in which only one set of toys was available (crayons and 

a coloring book), as a rotating set in which two sets of toys (crayons and a coloring book 

or dolls) were rotated every 10 min, or as a multiple set, in which both sets of toys were 

concurrently available.  The lowest rates of self-injury and the highest rates of stimulus 

engagement occurred in the multiple set condition.  The authors concluded that the 

failure of the single set of toys to compete with automatically maintained self-injury 

might have been due to satiation on the items.  Although these outcomes are consistent 

with the behavior-analytic usage of the term satiation , they are equally consistent with a 

habituation account. 

The common use of the term satiation in behavior analytic literature to describe 

phenomena that may be attributable to other factors, such as habituation, suggests a 

need for empirical analyses that can distinguish between the effects of these factors.  If 

the concepts predict identical behavioral effects, then the use of a single standardized 

term that is acceptable across disciplines may be appropriate (e.g., perhaps the 

standard notion of satiation should be expanded to include the effects of non-

consumable stimuli) or, alternatively, data should be described merely in objective 

terms, without implying underlying mechanisms.  However, if the concepts predict 

different effects, then researchers must be able to discriminate between the different 

effects in order to discriminate the influences of satiation and habituation.   

In an example of an attempt to distinguish between satiation and habituation 
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effects, Aoyama and McSweeney (2001) empirically investigated the effects of three 

habituation factors - spontaneous recovery, dishabituation, and stimulus specificity - on 

the wheel-running behavior of rats.  Rats were provided free access to a running wheel 

during 30-min sessions.  Three findings were observed.  First, longer pre-session 

deprivation (2 days vs. 1 day) resulted in higher rates of running and smaller within-

session decreases in running (spontaneous recovery).  Second, adding an extra event, 

in this case briefly applying a brake to the wheel or illuminating the houselight following 

initial within-session decreases in responding, resulted in an increase in responding 

(dishabituation).  Lastly, altering the wheel by applying tape to the running surface 

during the second half of the session resulted in faster running in that portion of the 

session than when tape was absent (stimulus specificity).  Although within-session 

decreases in responding occurred proportionally with the duration of access to the 

wheel, these decreases were not the result of either satiation or fatigue (Belke, 1997).  

Had either of these factors been responsible for the changes in responding, then 

applying a wheel brake, illuminating the houselight, or applying tape to the surface of 

the wheel should not have resulted in increased rates of responding.  These results 

strongly suggest that another mechanism, habituation, contributed to the decreases in 

wheel running.  

The purpose of the present study was to extend basic research by examining the 

relative contributions of satiation and habituation on the behavior of humans.  

Specifically, a procedure designed to disrupt habituation was used to determine whether 

habituation was, in part, responsible for within-session decreases in behavior 

maintained by edible stimuli. 
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CHAPTER 2 

METHOD 

Participants 

Three adults with developmental disabilities participated in the study.  Andy was 

a 36-year-old male, who was diagnosed with a mental disorder secondary to febrile 

illness at age 3, dementia secondary to febrile illness, impulse control disorder, 

paraphilia, bipolar disorder, and profound mental retardation.  He exhibited no 

expressive language but was able to follow simple, 1-step directions.  Andy had initially 

been referred for an assessment of stimulus preferences at a service project operated 

by the researchers (Behavior Analysis Resource Center [BARC]) and was invited to 

participate in the current experiment.  Katrina was a 35 year-old woman, who was 

diagnosed with impulse control disorder and severe mental retardation.  She had 

relatively complex expressive and receptive language repertoires.  Katrina was referred 

to BARC for functional assessment of her self-injurious behavior (head banging).  Emily 

was a 22-year-old female who was diagnosed with intermittent explosive disorder, mood 

disorder, pervasive developmental disorder, and severe mental retardation.  She had 

relatively complex expressive and receptive language repertoires and had been referred 

to BARC for functional assessment of her self-injurious behavior (head banging, hand 

biting).  Each participant was screened for the ability to reliably engage in the target 

behavior. 

Setting and Materials 

 All procedures took place at the BARC facility, which was located on the 

premises of the large residential and training facility where the participants resided.  
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Sessions were conducted in a 3-m x 3.5-m room that contained a 61-cm x 122-cm table 

and two chairs.  Attached to the top of the table in front of the participant (approximately 

30 cm from the edge of the table) was a clear plastic canister that measured 

approximately 25 cm in height by 15 cm in diameter (see figure 1 for a diagram of the 

table, canister, and seating arrangements for the participant and experimenter).  A 5-cm 

x 4-mm opening in the lid of the canister allowed the participants to insert 4.5-cm x 3-

mm poker chips into the canister.  Additional materials included diet lemon-lime soda, 

clear, plastic medicine cups used to deliver the soda, blue food coloring, and a digital 

timer used during reinforcement conditions to notify the experimenter when to change 

the stimulus.  Although no change in the stimulus occurred during the No Change 

condition, the timer was present during all conditions to control for any disruption in 

responding attributable to the sound of the timer. 

Design and Measurement 

 The experimenters used a modified multi-element design to examine the effects 

of within-session changes in the color of a reinforcing stimulus on the rate of 

responding.  Following several baseline sessions, experimental conditions were 

alternated quasi-randomly in a multi-element format.  For Andy, a pre-session coin toss 

determined the condition to be presented.  For Katrina and Emily, upcoming session 

types were determined using a computerized random number function.  For all 

participants, no condition was conducted more than twice in succession (i.e., if the 

same condition was presented consecutively, that condition was ineligible for the next 

selection).   

Independent observers using handheld computers scored data.  Observers 
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collected data on target responses (placing a poker chip into a canister), liquid delivery, 

and, for Katrina and Emily only, consumption time (the number of seconds that elapsed 

from the moment that any part of the participant’s body made physical contact with the 

cup containing the liquid to the moment that physical contact was broken.  All 

participants used their hands to manipulate the cup on all occasions.     

Procedure 

Preference assessment.  Prior to the study, each participant completed a 

preference assessment to identify an appropriate stimulus to use as a potential 

reinforcer.  The nature of the study dictated that the stimulus must be a clear, 

consumable liquid.  A multiple-stimulus-without-replacement preference assessment 

(DeLeon & Iwata, 1996) was used to evaluate the participants’ relative preferences 

among various consumable liquids, such as soft drinks, sport drinks, and flavored 

waters.  For each participant, diet lemon-lime soda, hereafter referred to as soda, was 

identified as a preferred liquid and was used as the consequence for the target behavior 

during the experiment. 

Baseline and general procedure.  All sessions were 30 min in duration.  Sessions 

were conducted once per day, 2 to 3 days per week.  During each session, the 

participant and experimenter sat at the table perpendicular to one another (see Figure 

1).  The canister, several medicine cups containing soda, and several stacks of poker 

chips were located on the table top to the left of the experimenter (see Figure 1).  The 

experimenter placed a poker chip on the table approximately 30 cm in front of the 

participant (between the experimenter and the container), then said, “Do this,” and 

placed a poker chip into the can.  Although a graduated prompting procedure (verbal 
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and visual prompting, physical assistance) had been developed to teach the participants 

to respond correctly, it was never necessary to deliver more than the initial verbal and 

visual prompt (i.e., all participants independently emitted the target behavior following 

the first prompt on the first trial).  The session timer was activated when the participant 

placed a poker chip into the can.  Although soda was delivered following the initial 

response (except during baseline), the initial response was not recorded for purposes of 

data collection and analysis.  When the participant placed a poker chip into the can, the 

experimenter placed another chip on the table, except for those responses that 

completed the reinforcement schedule requirement (see below). 

No change.  When the participant completed the reinforcement schedule 

requirement (i.e., contingent upon inserting poker chips into the canister according to 

the currently operative reinforcement schedule), the experimenter placed a cup 

containing 15 ml of soda at the location on the tabletop where chips had previously 

been presented.  That is, instead of placing another chip at the assigned location, a cup 

of soda was placed at that location.  Cups of soda were delivered according to 

progressive fixed-ratio (FR) schedules: FR 3 (FR 1, FR 2, then FR 3 for the remainder 

of the session) for Andy and FR 20 (FR 1, FR 2, FR 3, FR 4, FR 5, FR 10, FR 15, then 

FR 20 for the remainder of the session) for Katrina and Emily.  The ratio requirement 

was escalated following completion of one response at the previous schedule value. 

Clear/blue.  The Clear/Blue condition was identical to the No Change condition 

except that the color of the soda was changed from clear (as it comes from the can), to 

blue several mins into the session by adding 2 drops of blue food coloring to 355 ml 

(one can) of soda prior to the session.  The change in color occurred at the 15th min of 
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the session for Andy and at the 21st min for Katrina and Emily.  The timing of the color 

change was determined based on visual inspection of the data from the No Change 

sessions.  The color change occurred once decreases in responding were evident. 

Blue/clear.  Katrina and Emily participated in the Blue/Clear condition, which was 

identical to the Clear/Blue condition, except that the order of stimulus presentation was 

reversed.  Thus, soda containing blue food coloring was presented as a consequence 

for schedule completion at the beginning of sessions, and clear soda was presented for 

responses that completed schedule requirements at and following the 21st min.  The 

purpose of this condition was to control for the possibility that changes in responding 

following the color change might have been related to the color itself rather than the 

change in color.  That is, this procedure was designed to minimize the impact of 

potential idiosyncratic differences in sensitivities to reinforcement by blue soda versus 

clear soda. 
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CHAPTER 3 

RESULTS 

  Response rates for Katrina and Emily represent adjusted mean responses/min 

(rpm).  Because these participants responded at such high rates, consuming the 

reinforcers tended to disrupt responding and consumption time masked the 

reinforcement effect.  Factoring out consumption time allowed for a direct comparison of 

the relative rates of responding between conditions, particularly between reinforcement 

conditions and baseline.  Means were adjusted by dividing the number of responses in 

a given min by the number of seconds in which responding could occur (i.e., 60 minus 

consumption time) multiplied by 60.  Means are calculated from the last five sessions in 

each condition.   

 Figure 2 represents mean responses/min (rpm) for each condition for Andy.  

Responding occurred at very low rates during baseline (M=.13 rpm), but reinforcement 

had a clear effect during the No Change (M=1.96 rpm) and Clear/Blue (M=2.19 rpm) 

conditions in which placing the poker chips into the can produced soda. 

Figure 3 depicts within-session patterns of responding for Andy.  The mean rpm 

over the last five sessions are collapsed into 3-min bins and plotted as a function of 

session duration.  Within-session decreases are clearly observable in both conditions 

during the first half of the session, during which time procedures were identical.  At the 

15th min responding occurred at 1.67 mean rpm for both the No Change and Clear/Blue 

conditions, a decrease from 2.19 and 2.24 mean rpm, respectively, for min 1 to 15 (i.e., 

prior to the color change).  After the 15th min, responding continued to decrease for a 

time in the No Change condition, where no color change occured but increased in the 
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Clear/Blue condition, in which the color of the soda was changed to blue.  The greatest 

discrepancy in responding under the 2 conditions occurred at the 7th 3-min bin, min 19 

to 21 (M=3.8 responses/min during the No Change condition and M=6.8 responses/min 

during the Clear/Blue condition).  The decreases in responding and the effects of the 

change in color were temporary, with responding increasing in the No Change condition 

and decreasing in the color change condition by the 8th 3-min bin (min 21 to 24).  

Interobserver agreement was calculated for the number of poker chips placed into the 

can for 63% of the sessions and yielded an agreement of 94%. 

The results for Andy indicate that soda functioned as a reinforcer for placing 

poker chips into the can.  The results also indicate that mean response rates decreased 

within-session across all conditions, but that mean response rate in the Clear/Blue 

condition increased following a change in the reinforcing stimulus.  Finally, these 

changes were temporary, resulting in variable responding during the remainder of the 

session.  

Figure 4 represents the adjusted mean rpm for Katrina in each condition.  

Responding occurred at relatively high rates during baseline (M=14.27 rpm).  

Responding increased, however, following the addition of reinforcement in the No 

Change (M=18.21 rpm), Clear/Blue (M=19 rpm), and Blue/Clear (M=19.46 rpm) 

conditions. 

Figure 5 shows adjusted mean poker chips within-session across 3-min bins.  At 

the 21st min responding occurred at 19.28 mean rpm in the No Change condition, 17.14 

mean rpm in the Clear/Blue condition, and 16.97 mean rpm in the Blue/Clear condition, 

a slight decrease from 19.62, 18.24, and 18.91 mean rpm respectively for min 1 to 20 
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(i.e., prior to the color change).  After the 21st min, responding continued to decrease in 

the No Change condition, but increased in the Clear/Blue and Blue/Clear conditions.  

Responding at the 10th 3-min bin occurred at 13.9 mean rpm in the No Change 

condition, 24.28 mean rpm in the Clear/Blue condition, and 22.66 mean rpm in the 

Blue/Clear condition.  Interobserver agreement was calculated for 83% of sessions and 

yielded agreement of 90%. 

Results for Katrina indicate that soda functioned as a reinforcer for placing poker 

chips into the can.  Mean rates of responding decreased within sessions; however, 

mean response rate increased following a change in the color of the soda, and mean 

response rate continued to decrease in the No Change condition. 

Figure 6 represents adjusted mean rpm for Emily in each condition on an FR 20 

schedule of reinforcement.  Responding occurred at relatively high rates during baseline 

(M=16.02 rpm).  Responding increased slightly following the addition of reinforcement in 

the No Change (M=18.2 rpm), Clear/Blue (M=18.94 rpm), and Blue/Clear (M=17.91 

rpm) conditions. 

Figure 7 shows adjusted mean poker chips within-session across 3-min bins on 

an FR 20 schedule of reinforcement for Emily.  During the 21st min responding occurred 

at 18.41 mean rpm in the No Change condition, 17.89 mean rpm in the Clear/Blue 

condition, and 17.80 mean rpm in the Blue/Clear condition - again, only a slight 

decrease from 19.67, 19.26, and 18.87 mean rpm respectively for min 1 to 20 (i.e., prior 

to the color change).  Changing the color of the soda had little effect on the rate of 

responding.  Responding at the 10th 3-min bin occurred at 17.43 mean rpm in the No 

Change condition, 19.98 mean rpm in the Clear/Blue condition, and 17.47 mean rpm in 
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the Blue/Clear condition.   

Figure 8 represents the adjusted mean rpm for Emily in each condition on an FR 

5 schedule of reinforcement.  As noted previously, responding occurred at relatively 

high rates during baseline (M=16.02 rpm).  Responding again increased slightly 

following the addition of reinforcement in the No Change (M=18.87 rpm), Clear/Blue 

(M=18.53 rpm), and Blue/Clear (M=18.26 rpm) conditions. 

Figure 9 shows adjusted mean poker chips within-session across 3-min bins on 

an FR 5 schedule of reinforcement for Emily.  During the 21st min responding occurred 

at 17 mean rpm in the No Change condition, 18.51 mean rpm in the Clear/Blue 

condition, and 21.55 mean rpm in the Blue/Clear condition, indicating an slight decrease 

in the No Change and Clear/Blue conditions when compared to min 1 to 20 (M=19.67 

and M=19.26 rpm, respectively) and an increase in the Blue/Clear condition when 

compared to min 1 to 20 (M=18.87 rpm).  As with responding on the FR 20 schedule of 

reinforcement, changing the color of the soda had little effect on response rate.  

Responding at the 10th 3-min bin occurred at 16.7 mean rpm in the No Change 

condition, 17.21 mean rpm in the Clear/Blue condition, and 17.51 mean rpm in the 

Blue/Clear condition.  Interobserver agreement was calculated for 53% of the sessions 

and yielded an agreement of 91%. 

The results for Emily demonstrated that, although soda appeared to function as a 

reinforcer for placing poker chips into the can, the addition of reinforcement increased 

rates of responding only slightly.  The results also indicated that responding did not 

decrease significantly within sessions during any condition and increased only slightly 

during one color-change condition following a change in the color of the soda. 
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CHAPTER 4 

DISCUSSION 

In general, the findings of this study indicate that habituation contributed to 

within-session decreases in operant responding maintained by a consumable liquid 

reinforcer for 2 of the 3 participants.  Had satiation been solely responsible for the 

within-session reductions in responding observed for Andy and Katrina, then increases 

in responding following color changes in the reinforcer would not have been predicted; 

rather, continuing decreases in responding, as seen in the No Change condition, would 

have been anticipated.  Therefore, these data suggest a tentative conclusion that both 

habituation and satiation contributed to within-session decreases in responding by these 

participants, and that changing the color of the soda functioned to disrupt the course of 

habituation. 

At least four characteristics of habituation (described by McSweeney & Murphy, 

2000) and two characteristics of satiation were observed in this study.  First, inspection 

of session-by-session outcomes (not shown here) revealed that higher rates of 

responding occurred at the beginning of each session (i.e., min 1) than at the end of 

each prior session (i.e., min 30).  That is, following decreases in response rates within 

sessions, responding recovered following a period (i.e., between sessions) during which 

the reinforcer was not presented (spontaneous recovery).  This outcome is consistent 

with both satiation and habituation.  Second, responding decreased within sessions 

following repeated presentations of the reinforcer (stimulus exposure).  This outcome is 

consistent with both satiation and habituation.  Third, for 2 of the 3 participants, 

changing the color of the reinforcer following decreases in responding during sessions 
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resulted in increases in response measures (stimulus specificity).  This outcome is 

consistent only with habituation.  Finally, a brief increase in responding often occurred 

following the first few presentations of the reinforcer at the beginning of each session 

(sensitization).  This outcome is consistent only with habituation, in which initial 

increases in response measures often precede decreases in those measures.  Satiation 

would not predict initial increases in responsiveness to a consumable reinforcer. 

The results of this study raise a number of procedural and conceptual questions.  

For example, it is unclear if longer sessions or denser FR schedules would have 

produced clearer outcomes.  In the present study, sessions were time-limited at 30 min; 

however, data generated by Katrina and Emily suggest that a better tactic would have 

been to run “no-change” sessions using escalating session durations and/or 

reinforcement densities until more significant decreases in responding were observed.  

Clearly, Emily’s data indicated that the session length and reinforcement schedules 

used in this study were insufficient to produce either satiation or habituation effects.  

Furthermore, longer sessions would have permitted a more extensive picture of the 

course of habituation and the duration of stimulus specificity effects.  Whereas data 

showed continuing separation of the data paths for Katrina, specificity effects were more 

transient for Andy, with data paths intersecting toward the end of the sessions.  

Some of the outcomes of this study suggest the presence of uncontrolled 

sources of reinforcement or other confounds.  The high rates of responding exhibited by 

Katrina and Emily during the initial no-consequence baseline indicate that placing poker 

chips in the container may have been maintained by factors other than the delivery of 

the soda.  In addition, within-session decreases in responding were not observed for 
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Emily, precluding an analysis of the effects of either satiation or habituation.  A number 

of variables might account for these outcomes.  For example, the extent to which the 

conditions of this experiment were similar to conditions under which the individual had 

been required to respond in the past is unknown.  Perhaps previous histories in which 

caregivers or trainers required long periods of effortful responding with minimal positive 

reinforcement had established such persistent performances.  For example, individuals 

with developmental disabilities often are exposed to habilitative and vocational training 

in which they are required to sit at a table and engage in repetitive tasks.  Failure to 

comply with these demands might result in reprimands or other aversive consequences.  

Thus, high rates of responding in the absence of, or in spite of, the delivery of positive 

reinforcers might occur.  Verifying or controlling for such histories was not possible in 

the current experiment.   

Alternatively, it is possible that these participants’ performances were maintained 

by automatic reinforcement generated by the task itself.  Although this would account 

for high levels of responding during baseline conditions, evidence of habituation would 

eventually be expected to occur during extended sessions.  Anecdotally, all participants, 

(particularly Katrina) appeared to enjoy engaging in the task.  Although these effects 

were not reflected in the data, Katrina frequently approached the task as if it were a 

game, responded in bursts, and manipulated the cups of soda before consumption.  

Nevertheless, this participant’s data showed evidence of habituation and/or satiation 

(i.e., response measures decreased during sessions), as well as a disruption of 

habituation when the color of the soda changed (i.e., stimulus specificity). 

It is unclear if within-session decreases would have occurred more rapidly had 
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alternative sources of reinforcement been available.  Although additional materials with 

which participants could interact were not present in the room, Katrina and Emily 

frequently brought items with them into the session; however, their interactions with 

these items were minimal.  Andy, however, whose data showed the most significant 

within-session decreases, engaged in high rates of stereotypical behavior in all 

conditions.  Therefore, inclusion of alternative sources of reinforcement might be a 

useful strategy for producing within-session decreases in responding, permitting 

analyses of habituation and satiation effects.  However, the current procedures 

represent a “purer” test of such effects; therefore, it is suggested that longer sessions 

and/or increases in reinforcement densities would be preferred strategies. 

While findings in support of a habituation account for decreases in operant 

responding have been reported in the experimental literature, the results have received 

little attention from applied researchers.  Additional research is warranted to examine 

the conceptual and applied implications of the distinction between habituation and 

satiation.  Given that these accounts predict different patterns of responding, it may be 

important to understand their relative influences in applied settings.  For example, if 

habituation contributes to decreases in behavior, then some specific strategies for 

maintaining the effectiveness of stimuli used to teach and maintain appropriate 

behaviors would be suggested.  Procedures such as those implemented in the current 

study (changing an arbitrary feature of the reinforcer) might produce resistance to 

habituation, thereby improving operant performances.  On the other hand, that 

knowledge could also inform methods to decrease the effectiveness of reinforcers that 

maintain problem behaviors.  For example, noncontingent reinforcement procedures 
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should involve repeated, response-independent presentation of the consequences that 

maintain those behaviors in precisely the same manner on every occasion in order to 

avoid stimulus specificity and other factors that could increase the consequences’ 

power to maintain problem behaviors. 

The current results suggest that both habituation and satiation were responsible 

for decreases in responding.  In particular, results showing small and transitory 

increases in responding when the color of the soda was changed suggest that satiation, 

as well as habituation, were operative (i.e., more complete and extended recovery of 

response rates would have been predicted if only habituation was responsible for within-

session decreases in responding).  Questions about the relative contributions of 

habituation and satiation could be addressed by conducting procedures similar to the 

current experiment, using both ingestive and non-ingestive stimuli as reinforcers.  This 

would permit discrimination between “pure” habituation effects (using non-ingestive 

stimuli where satiation, as currently defined, could not occur) and the interactive effects 

of habituation and satiation (using ingestive stimuli, where both satiation and habituation 

can occur).   

The application of the concept of habituation to operant behavior has intuitive 

appeal as well as empirical support.  Previous findings have shown that repeated 

presentations of aversive stimuli result in decrements in their effects, both as punishers 

(Azrin, 1959) and as negative reinforcers (Smith, Iwata, Goh, & Shore, 1995).  Such 

outcomes are difficult to explain in terms of satiation (i.e., it seems counterintuitive to 

speak of “satiation” to an aversive stimulus); however, an habituation account for such 

effects, in which responsiveness, or sensitivity, to an aversive stimulus decreases as a 
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function of repeated or extended exposure, seems reasonable. 

In summary, the current data, combined with outcomes of basic research 

conducted by McSweeney and others, suggest that satiation and habituation are distinct 

processes and that both may contribute to within-session decreases in behavior 

maintained by ingestive stimuli.  If behavior analysts reconceptualize these effects in 

terms of satiation and habituation, then a range of questions about how these 

processes manifest themselves and how they may be incorporated into application 

arise.  Although these outcomes should be considered very preliminary, the implications 

for conceptual and applied extension are vast, and further research should be 

conducted to explore the potential impact of these findings. 
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Figure 1.  Diagram of experimental apparatus and placement of materials. 
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Figure 2.  Mean responses/min as a function of experimental condition for Andy.  
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Figure 3.  Within-session adjusted mean responses/min across 3-min bins for Andy. 
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Figure 4.  Mean responses/min as a function of experimental condition for Katrina. 
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Figure 5.  Within-session adjusted mean responses/min across 3-min bins for Katrina. 
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Figure 6.  Mean responses/min as a function of experimental condition for Emily (FR 20). 
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Figure 7.  Within-session adjusted mean responses/min across 3-min bins for Emily (FR 20). 
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Figure 8.  Mean responses/min as a function of experimental condition for Emily (FR 5). 
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Figure 9.  Within-session adjusted mean responses/min across 3-min bins for Emily (FR 5). 
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