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Adults with mental retardation in a group home received popcorn or coffee reinforcers for sorting
plastic dinnerware. In Part 1 of the experiment, reinforcers were dispensed according to a variable-
interval 60-s schedule for sorting dinnerware of one color and according to a variable-interval 240-s
schedule for sorting dinnerware of a different color in successive components of a multiple schedule.
Sorting rates were similar in baseline, but when a video program was shown concurrently, sorting of
dinnerware was more resistant to distraction when correlated with a higher rate of reinforcement. In
Part 2 of the experiment, popcorn or coffee reinforcers were contingent upon sorting both colors of
dinnerware according to variable-interval 60-s schedules, but additional reinforcers were given in-
dependently of sorting according to a variable-time 30-s schedule during one dinnerware-color com-
ponent. Baseline sorting rate was lower but resistance to distraction by the video program was greater
in the component with additional variable-time reinforcers. These results demonstrate that resistance
to distraction depends on the rate of reinforcers obtained in the presence of component stimuli but is
independent of baseline response rates and response-reinforcer contingencies. Moreover, these results
are similar to those obtained in laboratory studies with pigeons, demonstrating that the determination
of resistance to change by stimulus-reinforcer relations is not confined to controlled laboratory settings
or unique to the pigeon.

Key words: response rate, resistance to change, behavioral momentum, variable-interval schedules,
variable-time schedules, response-reinforcer contingencies, stimulus-reinforcer relations, sorting be-
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Behavior tends to persist under altered con-
ditions once it has been established by a history
of reinforcement in the presence of a discrim-
inative stimulus. This persistence suggests that
discriminated operant behavior may be con-
strued as having momentum. The momentum
metaphor for behavioral persistence has been
fruitful in both basic and applied analyses.
This article reports the application to humans
(in a naturalistic setting) of basic research par-
adigms for the study of behavioral momentum
that have been developed with nonhuman sub-
jects.

In classical mechanics, momentum is de-
fined as the product of the mass and velocity
of a moving body. The change in its velocity
when a given external force is applied is in-
versely proportional to its mass. Thus, the ve-
locity of a heavy body is more resistant to change
than that of a light body. Nevin, Mandell, and
Atak (1983) suggested a parallel for free-op-
erant behavior: Baseline rate of responding is
analogous to velocity, and the resistance of that
rate to change by a separate operation serves
to assess the analogue to mass.

In applied work, one goal of treatment is to
establish and maintain desirable behavior at a
high rate in the presence of appropriate stimuli
and to ensure persistence of that behavior in
related situations after treatment is discontin-
ued. In terms of the momentum metaphor, the
goal is to establish both high velocity and large
mass, which combine to give high behavioral
momentum. Thus, it is important to identify
the determiners of both response rate and re-
sistance to change.

Experimental studies with pigeons, rats, and
monkeys have demonstrated that resistance to
the rate-decreasing effects of procedures such
as extinction, reduced deprivation, alternative
reinforcement, punishment, and conditioned
suppression is an increasing function of the
rate, amount, or immediacy of reinforcement
obtained in the presence of a discriminative
stimulus and the duration of the reinforcement
history (see Nevin, 1979, 1988, for review).
For example, Nevin (1974; see also Nevin et
al., 1983) arranged multiple variable-interval
variable-interval (multiple VI VI) schedules
with different rates of reinforcement in two
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successive schedule components signaled by
distinctive stimuli. Under these conditions, re-
sistance to change, assessed by presenting free
food between components or by extinction, was
greater in the component with the higher rate
of reinforcement. However, multiple VI VI
schedules confound the rate of response-con-
tingent reinforcers with the overall rate of re-
inforcer presentation in a component, so that
the effects of response-contingent reinforcers
and stimulus-reinforcer relations cannot be
separated.
Some recent studies have suggested that

maintained response rate (velocity) depends on
operant, response-reinforcer contingencies,
whereas resistance to change (mass) depends
on Pavlovian, stimulus-reinforcer relations
(Nevin, 1984; Nevin, Smith, & Roberts, 1987;
Nevin, Tota, Torquato, & Shull, 1990). For
example, Experiment 1 by Nevin et al. (1990)
with pigeons arranged identical VI schedules
of food reinforcement in two schedule com-
ponents and also arranged concurrent re-
sponse-independent reinforcement according
to variable-time (VT) schedules in one com-
ponent (conc VI VT). This procedure weakens
the response-reinforcer relation in the com-
ponent with added VT reinforcers because not
all reinforcers are contingent on responses. At
the same time, it strengthens the stimulus-
reinforcer relation in that component because
more reinforcers occur in the presence of its
component stimulus. Baseline response rates
were lower but resistance to change was greater
in the component with added VT reinforcers,
consistent with the notion that response rate
is determined by response-reinforcer contin-
gencies whereas resistance to change depends
on stimulus-reinforcer relations.

In a group home setting, Mace et al. (1988)
used the momentum metaphor to suggest a
way to establish compliance with requests in
retarded humans. They reinforced compliance
with requests that were likely to be obeyed and
then observed persistent compliance with re-
quests that ordinarily were not obeyed. In re-
lation to the notion of behavioral momentum,
their work suggests that when several instances
of a response class (compliance) have occurred
and have been reinforced, the class gains mo-
mentum so that other members of the class
become more probable in related conditions.
The paradigm used by Mace et al. (1988)

differed from that used by Nevin and his as-

sociates in several ways. In particular, Mace
et al. arranged continuous reinforcement for
compliant behavior, with the result that re-
sponse rates and reinforcer rates were inter-
dependent. Thus, response rate cannot be sep-
arated from the consequences of responding in
the determination of resistance to change. By
contrast, the multiple VI VI schedules used by
Nevin and his colleagues ensured that-obtained
rates of reinforcement were largely indepen-
dent of component response rates, so their ef-
fects could be separated.

Here, we report data on resistance to change
of an everyday activity of humans with mental
retardation in a group home setting. The ex-
perimental paradigms are modeled on those
used by Nevin and his colleagues with pigeons
in controlled experimental sessions, but resis-
tance to change is assessed by a method (dis-
traction by television) that is relevant to nat-
ural human situations. Part 1 of the experiment
asks whether resistance to distraction of hu-
man performance in the group home setting
depends on reinforcer rates in the components
of multiple VI VI schedules in the same way
as does resistance to change of nonhuman per-
formance in controlled experimental settings
(e.g., Nevin, 1974). Part 2 asks whether re-
sistance to distraction of human performance
in the group home setting is enhanced by ad-
ditional response-independent reinforcers in
one schedule component in the same way it is
for pigeons in experimental settings (Nevin et
al., 1990).

These studies bear upon both basic and ap-
plied issues in the analysis of behavior. With
respect to basic issues, Pavlovian determina-
tion of resistance to change has been suggested
by experiments with pigeons as subjects, key-
lights as stimuli, key pecking as the response,
and food as the reinforcer. There is reason to
believe that pigeons are biologically predis-
posed to peck at localized visual stimuli sig-
naling food in Pavlovian fashion (Schwartz &
Gamzu, 1977). Therefore, replication with
other species, stimuli, responses, and reinforc-
ers is needed to ascertain whether the processes
determining resistance to change are unique
to biologically prepared relations.
With respect to applied issues, McDowell

(1982, 1988) has shown that concurrent al-
ternative reinforcement decreases the rate of
unwanted behavior, regardless of whether it is
contingent on an explicit competing response
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or is independent of responding. However,
Nevin et al. (1990) showed that although con-
current reinforcement decreased baseline re-
sponse rate in a schedule component, it also
enhanced resistance to change in that com-
ponent. Similar results with humans in an ap-
plied setting would suggest that alternative re-
inforcement may not be a desirable method for
reducing unwanted behavior: Although it may
decrease the rate of unwanted behavior, it may
also increase the persistence of that behavior.
The following experiments address these basic
and applied issues.

METHOD
Subjects

Subject 1 was a 38-year-old male with a
diagnosis of severe mental retardation (IQ =
36). He spoke in complete sentences using a
limited vocabulary and routinely followed one-
and two-step instructions. No physical hand-
icaps that might interfere with manipulating
the task materials were apparent. The sub-
ject's psychiatrist prescribed 10 mg of Haldol
b.i.d. to control episodic aggression. The sub-
ject had resided in large, state-operated insti-
tutions from the age of 6 to 33 years old.

Subject 2 was a 45-year-old male who scored
in the low average range of intellectual func-
tioning (IQ = 75). His expressive and recep-
tive language was normal. Due to a history of
delusional and threatening speech, Subject 2
resided most of his life in hospitals and insti-
tutions. He received 100 mg of Mellaril b.i.d.
for these behavior problems. At the time of the
present study, both subjects had lived in a uni-
versity-affiliated community group home for
approximately 3 years. Both subjects volun-
teered to participate in the study and coop-
erated fully.

Setting and Materials
Sessions for Subject 1 were conducted in the

kitchen of the group home. The subject was
seated at the end of an oblong table (1 m by
2 m) with the experimenter on his left and one
or two data collectors on his right. A randomly
shuffled pile of 40 red or green plastic eating
utensils and a cylindrical container (10 cm
diameter, 14 cm high) were positioned on the
table in front of the subject. The experimental
task, sorting, consisted of removing utensils
from the pile one at a time and placing the

pieces in the container. Reinforcers were five
kernels of popcorn handed to the subject in a
small plastic cup.

Sessions for Subject 2 were conducted in the
subject's bedroom. The subject sat at a 1-m
square table opposite the experimenter and
next to one or two data collectors on his left.
The materials and nature of the sorting task
were identical to those described for Subject 1.
The reinforcer consisted of handing the subject
a transparent measuring cup containing 50
mL of black coffee.

Response Measures and Data Collection
The dependent measure for both parts of

the experiment was the rate (per minute) of
sorting responses. A sorting response was de-
fined as the cycle beginning with lifting a uten-
sil from the pile and ending with the utensil
touching the bottom of the container. The in-
dependent variables were response-dependent
reinforcement (Parts 1 and 2) and response-
independent reinforcement (Part 2). The for-
mer was defined as the experimenter handing
a cup of popcorn or coffee to Subjects 1 and
2, respectively, within 2 s of a sorting response.
The definition of the latter consisted of pre-
sentation of the reinforcer cup when the subject
(a) did not have a utensil in hand and (b) had
not placed a utensil in the container within
the last 5 s.

Dependent and independent variables were
measured by a human observer using a count
within 10-s interval recording procedure
(Johnston & Pennypacker, 1980). A second
independent observer collected data during a
minimum of 35% of the total sessions, includ-
ing at least one session during both distracting
stimulus phases. Interobserver agreement on
response and reinforcer occurrences was cal-
culated on a point-by-point basis by dividing
the number of agreements by the number of
agreements plus disagreements and multiply-
ing by 100%. Mean occurrence agreement for
the dependent and independent variables was
91% or higher for both subjects.

Procedure
Baseline. Reinforcement was arranged using

a multiple-schedule procedure. Daily sessions
consisted of four 3-min components, two each
using exclusively red or green utensils. Red
and green utensil components were presented
in random order each session and separated



F. CHARLES MACE et al.

by 2-min intervals devoid of materials, rein-
forcers, and social interaction. During Part 1
of the experiment, sorting responses for Sub-
ject 1 were reinforced on a VI 60-s schedule
during red utensil components, and sorting
during green utensil components was rein-
forced on a VI 240-s schedule. The reinforcer-
color pairing was reversed for Subject 2. The
experimenter began each component with the
instruction, "You can sort for popcorn (or cof-
fee)" and handed one utensil to the subject.
The experimenter provided neither approval
nor disapproval of the subjects' behavior dur-
ing or after sessions. Components ended with
the experimenter saying, "Okay, you can take
a break."

During Part 2 of the experiment, a VI 60-s
schedule of reinforcement was in effect during
both red and green utensil components. How-
ever, in addition to the VI 60-s schedule, re-
sponse-independent reinforcers were delivered
on a VT 30-s schedule during the red com-
ponent for Subject 1 and during the green com-
ponent for Subject 2 (i.e., a conc VI VT sched-
ule).

Reinforcer deliveries were scheduled using
an audiotape played into an earphone worn

by the primary observer. Simultaneously with
the subject's first sorting response after the
response-dependent reinforcement interval was
signaled, the observer rang a kitchen timer in
order to make clear to the subject the contin-
gent relationship between reinforcer deliveries
and sorting responses. For response-indepen-
dent reinforcement, the observer rang the timer
as soon as the subject was not engaged in a
sorting response (according to the definition
above). Immediately after the timer rang, the
experimenter promptly handed the subject the
reinforcer cup. Reinforcers were not in the
subject's field of vision at other times. Inter-
reinforcement intervals (IRI) were random-
ized in both components with ranges of 15 s
to 45 s, 30 s to 90 s, and 120 s to 360 s during
the VT 30-s, VI 60-s, and VI 240-s schedules,
respectively. Timing of the component dura-
tion stopped when the subject touched the re-
inforcer cup and resumed when the experi-
menter handed a utensil to the subject.

Concurrent distracting stimulus. This con-
dition was designed to assess resistance to
change under mult VI VI (Part 1) and mult
VI VI/VT (Part 2) schedules of reinforce-
ment. The baseline multiple-schedule proce-

dure remained in effect while a distracting
stimulus was presented concurrently. The dis-
tracting stimulus was a videotape of action
excerpts from a popular music/dance televi-
sion program played at moderate volume on a
33-cm color television positioned 1.5 m in front
of the subject at eye level. The videotape was
played during the entire component, including
during reinforcer deliveries, and was turned
off during the intervals between components.

Experimental Design
For both subjects, the multiple-schedule

baseline procedure (A) and concurrent dis-
tracting stimulus procedure (B) were pre-
sented according to an ABAB experimental
design. Baseline phases continued until sta-
bility was evident visually and were followed
by two sessions of the concurrent distracting
stimulus condition.

RESULTS
Figure 1 shows response rates for both sub-

jects under baseline and concurrent distracting
stimulus conditions during Part 1 of the ex-
periment. The baseline multiple-schedule VI
60-s VI 240-s procedure resulted in very sim-
ilar response rates across schedules, baseline
phases, and subjects (see Table 1). One ex-
ception was the increased response rate from
Baseline 1 to Baseline 2 evident in both com-
ponents for Subject 2.
The effects of presenting a distracting stim-

ulus concurrently with the sorting task as-
sessed relative resistance to change under the
two VI schedules. Responding during both VI
schedules decreased while the videotape was
played. However, response rates during the
component with the higher rate of reinforce-
ment (i.e., the VI 60-s schedule) were consis-
tently higher than during the component with
the lower reinforcement rate (i.e., the VI 240-s
schedule). Further, response rates for both
subjects were consistently lower during the sec-
ond session of the distracting stimulus condi-
tion, indicating a progressive weakening of the
effects of reinforcement during this condition.

Results of Part 2 are presented in Figure 2.
During baseline conditions, sorting responses
occurred consistently at higher rates for both
subjects during the VI 60-s schedule than dur-
ing the VI 60-s VT 30-s schedule (see Table
1). The proportion of the overall baseline VI
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Table 1

Mean responses per minute during baseline and concur-
rent distracting stimulus (CDS) conditions for Parts 1 and
2 of the experiment, and median pigeon subjects during
baseline and free-feeding (FF) (Nevin et al., 1983) or
prefeeding (PF) (Nevin et al., 1990). CDS, FF, and PF
means are also expressed in parentheses as proportions of
baseline response rates.

Experimental
condition Subject 1 Subject 2

Part 1

Baseline 1, 2, M
VI 60 s 21.5, 22.9, 22.2 22.4, 28.0, 25.2
VI 240 s 21.8, 21.9, 21.9 22.5, 28.2, 25.4

Concurrent Distracting Stimulus 1, 2, M
(Proportion of baseline)
VI 60 s 15.4, 18.7, 17.1 11.5, 6.8, 9.2

(.72) (.82) (.77) (.51) (.24) (.37)
VI 240 s 11.9, 10.9, 11.4 5.4, 1.3, 3.4

(.55) (.50) (.52) (.24) (.05) (.13)
Part 2

Baseline 1, 2, M
VI 60 s 22.1, 22.4, 22.3 28.0, 28.2, 28.1
VI 60 s 20.0, 19.0, 19.5 21.3, 19.9, 20.6
VT 30 s

Concurrent Distracting Stimulus 1, 2, M
(Proportion of baseline)
VI 60 s 6.8, 5.7, 6.3 4.4, 2.1, 3.3

(.31) (.25) (.28) (.16) (.07) (.16)
VI 60 s 20.9, 12.2, 16.6 11.8, 7.5, 9.7
VT 30 s (1.05) (.64) (.85) (.55) (.38) (.47)

Median pigeon

Nevin et al. (1983) Nevin et al. (1990)
Schedule BL FF BL PF

VI 86 s 119.6 70.1 (.59)
VI 360 s 105.9 30.2 (.29)
VI 60 s 44.0 11.9 (.27)
VI 60 s VT 30 s 37.8 17.0 (.45)

VI VT schedule than with VI reinforcement
alone during every session that included the
distracting video stimulus. Further, response
rates decreased relative to baseline, with one

exception (Subject 1, first phase of conc VI VT
reinforcement with the concurrent distracting
stimulus). For both subjects, responding de-
celerated over the two sessions of the concur-

rent distracting stimulus condition, thus show-
ing the diminishing effects of reinforcement in
the presence of a competing stimulus.

Table 1 summarizes the results for both parts
of the experiment expressed as mean response

rate and proportion of baseline by subject and
experimental condition. Also indicated in Ta-
ble 1 are results of median pigeon subjects,
averaged over baseline and free-feeding ses-
sions (Nevin et al., 1983) or prefeeding ses-
sions (Nevin et al., 1990).

DISCUSSION
The results reported above demonstrate that

(a) the resistance of human performance to
distraction is a positive function of the fre-
quency of reinforcement signaled by task-re-
lated stimuli (Part 1) and (b) this effect is
independent of the baseline response rate and
the response-reinforcer contingency (Part 2).
These findings are entirely consistent with the
basic research literature on nonhuman per-
formance. This consistency is illustrated in
Figure 3, which presents the results reported
above and those of previous studies with pi-
geons in the same form. The upper left panel
presents average response rates during base-
line (BL) and distraction (CDS) conditions for
each subject in Part 1 of the present experi-
ment. The upper right panel presents data for
the median pigeon in a study by Nevin et al.
(1983) for a condition in which the ratio of
reinforcer rates was 4:1, as in Part 1 of the
present experiment. For the pigeons, resis-
tance to change was assessed by presenting
food during periods between schedule com-
ponents; this produces effects that are similar
to those of concurrent reinforcement for a com-
peting task (e.g., Pliskoff, Shull, & Gollub,
1968), which may in turn be viewed as equiv-
alent to distraction. The human and pigeon
assessment procedures may be seen as similar
in that both reduce the value of the pro-
grammed reinforcer relative to concurrent or
successive alternatives. The data are similar in
that baseline response rates differed relatively
little and that responding decreased less in the
presence of stimuli correlated with more fre-
quent reinforcement.
The lower left panel of Figure 3 presents

average response rates during baseline and dis-
traction conditions for each subject in Part 2
of the present experiment. The lower right
panel presents the data of the median pigeon
in an identical experimental paradigm, in
which resistance to change was assessed by
prefeeding in the home cage before experi-
mental sessions (Nevin et al., 1990, Experi-
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ment 1). Nevin, Mandell, and Yarensky (1981) titatively similar to resistance to prefeeding, so
demonstrated that resistance to signaled re- the comparison is appropriate. The human
inforcement for an alternative competing re- and pigeon data are similar in that baseline
sponse (analogous to distraction) was quan- response rates are lower but resistance to
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change is greater in the presence of the stim-
ulus correlated with more frequent reinforcers.
The result common to all these studies is that
the persistence of responding in the presence
of a distinctive stimulus is a positive function
of the rate of reinforcer presentation correlated
with that stimulus, regardless of differences in
baseline response rates, response-reinforcer
contingencies, and methods for assessing per-
sistence.
The dependence of behavioral persistence

on stimulus-reinforcer relations and its inde-
pendence from response-reinforcer contingen-
cies suggest that persistence (mass in the mo-
mentum metaphor) is related to Pavlovian
processes. Some alternative theoretical inter-
pretations are discussed in detail by Nevin et
al. (1990) and will not be repeated here. For
present purposes, the important result is the
replication of well-established results for non-
human subjects in controlled experimental set-
tings with humans engaged in everyday tasks
in a natural setting. Whatever the theoretical
interpretation, these data show that the rela-
tions between resistance to change and the con-
ditions of reinforcement have substantial gen-
erality and cannot be ascribed to biological
preparedness of the sort that may be important
for pigeons pecking lighted keys for food re-
inforcers.
These results also have some practical im-

plications. Suppose, for example, that the sort-
ing behavior of our subjects had been judged
"undesirable" or "maladaptive," perhaps be-
cause it occurred at inappropriate times or oc-
cupied excessive time in the group home. Sup-
pose further that there was no obvious external
reinforcer maintaining it. Under these hypo-
thetical conditions, a therapist seeking to re-
duce its frequency would be likely to arrange
explicit reinforcers for some alternative be-
havior, as suggested by McDowell (1982,
1988). These reinforcers would probably de-
crease the frequency of sorting, but if they were
delivered in the situation in which sorting oc-
curred, they might well increase its persistence
even though they were contingent upon a dif-
ferent class of behavior. To the extent that this
outcome is likely, the therapist ought to con-
sider options for decreasing sorting before im-
plementing alternative reinforcement.
The likelihood of this outcome may depend

on several factors that deserve explicit inves-

tigation. First, it may be that frequent and
prolonged reinforcement for a topographically
different alternative will enhance the persis-
tence of the alternative as well as the persis-
tence of sorting, perhaps leading to predomi-
nance of the alternative behavior after therapy
terminates. Second, the enhanced persistence
of sorting that results from explicit alternative
reinforcement may depend on the relation be-
tween that reinforcer and the unknown rein-
forcer for sorting. We know from this study
and related work with pigeons (Nevin et al.,
1990) that an identical alternative reinforcer
enhances resistance to change, but perhaps the
effect would be reduced or even reversed if the
reinforcers were different. These questions re-
quire experimental analysis, which is encour-
aged by the present demonstration that find-
ings with nonhuman animals in the laboratory
are replicable with humans in applied settings.
More generally, if it is true that behavioral

persistence (mass) depends on stimulus-rein-
forcer relations and is independent of re-
sponse-reinforcer contingencies (which deter-
mine velocity), some light may be shed on the
oft-reported failures of persistence or gener-
alization in applied settings (see Stokes & Baer,
1977). In their efforts to establish and main-
tain high rates of desirable behavior with re-
sponse-reinforcer contingencies, applied
workers may neglect stimulus-reinforcer re-
lations. Conversely, if behavioral persistence
is independent of response-reinforcer rela-
tions, the use of intermittent schedules to es-
tablish high, reliable response rates (e.g., Bar-
ton & Ascione, 1979) may be misplaced if one
goal of treatment is to establish persistence. A
joint program of basic and applied behavior
analysis is needed to assess the determiners of
behavioral mass and velocity, which together
determine behavioral momentum.
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